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Feasibility of radial and circumferential strain analysis using 2D speckle tracking 
echocardiography in cats
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ABSTRACT.	 The purpose of the present study is to investigate the feasibility of strain analysis using speckle tracking echocardiography (STE) 
in cats and to evaluate STE variables in cats with hypertrophic cardiomyopathy (HCM). Sixteen clinically healthy cats and 17 cats with 
HCM were used. Radial and circumferential strain and strain rate variables in healthy cats were measured using STE to assess the feasibility. 
Comparisons of global strain and strain variables between healthy cats and cats with HCM were performed. Segmental assessments of left 
ventricle (LV) wall for strain and strain rate variables in cats with HCM were also performed. As a result, technically adequate images were 
obtained in 97.6% of the segments for STE analysis. Sedation using buprenorphine and acepromazine did not affect any global strain nor 
strain rate variable. In LV segments of cats with HCM, reduced segmental radial strain and strain rate variables had significantly related 
with segmental LV hypertrophy. It is concluded that STE analysis using short axis images of LV appeared to be clinically feasible in cats, 
having the possibility to be useful for detecting myocardial dysfunctions in cats with diseased heart.
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Left ventricular concentric hypertrophy (LVH) is the most 
common pathologic condition of cardiac disease in cats. 
Hypertrophic cardiomyopathy (HCM) is a major underlying 
cause of LVH, but LVH has numerous secondary causes, 
such as systemic hypertension, hyperthyroidism, aortic ste-
nosis and acromegaly [1, 6, 13, 17, 31].

The gold standard method of morphological evaluation 
for LVH in clinical practice is echocardiography. LVH is 
generally diagnosed when the left ventricular (LV) diastolic 
wall thickness is 6 mm or more [1]. However, LVH of all 
feline patients is reportedly not symmetric in some etiolo-
gies of LVH including HCM, systemic hypertension and hy-
perthyroidism [1, 6, 7, 13]. In a word, LVH patterns in cats 
show variety. Furthermore, in the early stage of pathological 
conditions, hypertrophy of ventricular wall may not be obvi-
ous. For these reasons, morphological abnormalities of LV 
wall could not be detected by evaluations using the standard 
echocardiogram including B- and M-mode.

To detect myocardial dysfunctions of left ventricle in its 
early stage, the availability of tissue Doppler imaging (TDI) 
has been assessed in cats [20, 21, 38, 43]. However, in TDI, 
feasible measurement sites are limited, because of angle 
dependence. Speckle tracking echocardiography (STE) is 
an approach designed to assess myocardial functions of the 
ventricle and atrium using speckle patterns of myocardial 

tissue in a B-mode image [4, 5, 14, 37]. The capabilities of 
segmental and multi-directional assessments of myocardial 
functions using STE could possibly serve as one of the use-
ful tools in evaluations of local myocardial functions and 
early detection of myocardial dysfunctions.

However, since an analysis of STE strongly relies on the 
resolution of a B-mode image, and since a high heart rate in 
cats would influence the quality of images, the feasibility of 
STE should be evaluated first. The aims of this study are: 
(1) to assess the feasibility of application of STE to cats by 
using clinically healthy individuals and (2) to evaluate STE 
variables in cats with HCM.

MATERIALS AND METHODS

Study population: Sixteen clinically healthy cats (12 
domestic shorthairs, 1 Abyssinian, 1 Norwegian Forest Cat 
and 2 Russian Blues) were used in the present study as a 
control group. They were considered clinically normal when 
no evidence of cardiopulmonary and systemic disease that 
might influence their cardiac functions was noticed, based 
on a physical examination, an electrocardiogram (standard 
limb lead), thoracic radiography and echocardiography, 
a complete blood count, a serum biochemical test, a urine 
specific gravity of>1.035 and a systemic blood pressure of 
<170 mmHg in systole.

The HCM group consisted of 17 client-owned cats with 
HCM diagnosed at the Azabu University Veterinary Teach-
ing Hospital (8 American shorthairs, 3 Domestic shorthairs, 
3 Scottish Fold, 1 Persian, 1 Chinchilla and 1 Russian Blue). 
They were clinically diagnosed as HCM when: 1) the in-
terventricular septum and/or LV free-wall thickness during 
end-diastoles (IVSd and LVFWd) were greater than 6 mm, 
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and the LV end-diastolic internal diameter (LVIDd) was 
less than 18 mm by M-mode imaging of the left ventricular 
short-axis obtained from the right parasternal view [1]. 2) 
Values of blood nitrogen urea and creatinine fell within the 
reference range in serum biochemical testing or they did not 
exhibit systemic hypertension, and 3) hyperthyroidism was 
excluded on the basis of clinical signs and biochemistry, in-
cluding serum T4 and hepatic enzyme concentrations. When 
a patient was younger than 4 years, hyperthyroidism was 
automatically excluded [8, 25]. HCM with a dynamic left 
ventricular outflow tract obstruction (LVOTO) was included 
in the present study. LVOTO was defined as a disturbed flow 
across the left ventricular outflow tract (LVOT) with an es-
timated pressure gradient greater than 30 mmHg concurrent 
with a late systolic acceleration [1, 27].

Systemic Arterial Blood Pressure Measurement: Systemic 
arterial blood pressure was measured indirectly on the tail or 
limb at a quiet and isolated place by the Doppler method as 
previously described using an aneroid sphygmomanometer 
(Tycos TR-2 Hand Aneroid Sphygmomanometer, Welch 
Allyn, Tokyo, Japan) [9]. Mean values of consecutive and 
stable measurements were used for the analysis.

Echocardiographic examination: Echocardiographic 
examinations were performed by two examiners (YF and 
HT) using one ultrasound machine (Vivid 7 dimension, GE 
Medical System, Tokyo, Japan). Cats were restrained manu-
ally in lateral recumbency. ECG monitoring (lead II) with a 
clear R wave recognition was recorded simultaneously using 
the same ultrasound machine used for the healthy cats. A 
transducer with 10 MHz was used to acquire all images. Data 
from 3 cardiac cycles were averaged and used for statistical 
analysis. Off-line STE measurements for main analysis were 
obtained by the same examiner (HT), and those for analysis 
of interobserver variabilities were by another (TI).

B-, M- and Doppler mode echocardiography: LV short-
axis images at the chordae tendineae (Ct) level between the 
mitral valve and papillary muscle for M-mode measurements 
(IVSd, LVIDd, LVPWd and fractional shortening [FS]) and 
those at the aortic root level for B-mode measurements of 
the left atrium size (diameters of left atrial diameter [LAD] 
and aortic root, and the left atrium to aorta ratio [LA/Ao]) 
[2] were obtained on right lateral recumbency. Left atrial 
enlargement was defined as LA/Ao > 1.5 [43]. The seg-
mental thickness of the interventricular septum below the 
aortic valve was measured at the end-diastole (IVSb) using 
long-axis images from a right-lateral recumbency view [29]. 
Apical 4 and 5 chamber images for Doppler measurements 
(velocity of transmitral flow during early and late diastole 
and their ratio [TMF; E wave, A wave, and E/A ratio], and 
that of a flow through LVOT, respectively) were obtained 
from a left lateral recumbency view. When EA fusion was 
seen, values of E and A waves of the cats were excluded 
from analysis (the same way as with STE and TDI).

Segmental thickness of the LV wall at the end-diastole 
was measured in the HCM group using LV short-axis images 
of the chordae tendineae level. The images used to measure 
LV wall thickness were the same as those used to analyze 
STE. The LV was divided into 6 regions (anteroseptum, 

anterior, lateral, posterior, inferior and septum), and those 
segments corresponded to the regions for the segmental 
strain and strain rate variables. The thickest region in each 
wall segment was measured.

Tissue Doppler echocardiography: The mitral annulus 
velocity (MAV) was measured at the lateral side in apical 
4 chamber views. Peak values of MAV during systole and 
early diastole (Sa and Ea, respectively) were obtained, and 
E/Ea was derived from E wave divided by Ea.

Speckle tracking echocardiography: Right parasternal 
short-axis views at the Ct were used to measure all strain 
and strain rate variables. Images were acquired in cine loops 
triggered by the QRS complex, saved in a digital format and 
analyzed using off-line software (EchoPAC PC, GE Medical 
System, Tokyo, Japan). The principle behind speckle track-
ing analysis has been reported in several previous studies 
[4, 5, 18, 23, 24, 34–36, 39, 40]. The cardiac cycles used for 
analysis were determined by a simultaneous ECG (from R 
to R wave).

The peak systolic radial and circumferential strains (SR 
and SC), and the peak radial and circumferential strain rates 
during the systole and early diastole (SrRs, SrRE, SrCs and 
SrCE) were measured at the level of Ct (Fig. 1). The E/ SrRE 
and E/ SrCE were derived from E wave divided by SrRE and 
SrCE, respectively. All strain and strain rate variables were 
calculated by 6 segmental values (anteroseptum, anterior, 
lateral, posterior, inferior and septum). A global value was 
calculated as the mean value in all 6 segments.

In the present study, simultaneous ECG monitoring was 
not recorded in some cats with HCM, who were nervous 
and excited during an examination. Ideally, their images 
should be excluded from analysis. However, comparisons 
between STE variables that analyzed with simultaneous 
ECG monitoring and those without such monitoring showed 
good agreement (statistics analysis was performed using 
Bland-Altman plotting [Table 1 and Fig. 2]), and images 
unattached simultaneous ECG monitoring were allowed to 
include statistical analysis. In case images in the absence of 
simultaneous ECG monitoring were used for STE analysis, 
the frame at the time LV contracts the most right before 
LV distension was considered as proper timing of the end-
diastole (R wave).

Study protocol: To determine the feasibility of radial and 
circumferential strain analysis using STE in the healthy cats, 
the following 4 factors were assessed: (1) percentage of LV 
wall segments capable of successfully analyzing strain and 
strain rate variables; (2) temporal resolution of images for 
STE analysis in cats; (3) influence of sedation; global strain 
and strain rate variables were obtained at the baseline and 15 
min after sedation with acetylpromazine (0.01 mg/kg, SC) 
and buprenorphine (0.0075 mg/kg, SC) and then compared 
in 10 cats out of the healthy cats; and (4) inter- and intraob-
server variabilities in offline analysis were also assessed in 
6 healthy cats.

Then, global strain and strain rate variables in cats with 
HCM were compared with those in the healthy cats. Fur-
thermore, segmental strain and strain rate variables were 
assessed for correlations with corresponding LV segmental 
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hypertrophy.
Statistical analysis: Statistical analysis between the 2 

groups was performed using a Student’s or Welch’s t-test 
when the data showed a normal distribution. When the nor-
mality test failed, a Mann-Whitney U-test was applied. One 
way ANOVA was applied for comparison of STE variables 
among the 6 segments of LV in the control groups. Assess-
ment of the influence of sedation was performed using a 
paired t-test. When the normality test failed, a Wilcoxon 
signed-rank test was applied. For the comparisons between 
STE variables that analyzed with simultaneous ECG 
monitoring and those without such monitoring to assess 
agreement, Bland-Altman plotting was applied. Intra- and 
interobserver variability was expressed as a mean of the ab-
solute difference as a percentage of the mean of two absolute 

measurements [24]. Multivariate regression analysis was 
applied to evaluate the relationships between STE variables 
and patient’s conditions. The relationships between seg-
mental STE variables and corresponding LV segmental wall 
thickness were determined by linear regression analysis. All 
parametric data were expressed as mean ± SD. Statistical 
significance was set at P<0.05.

RESULTS

The study population comprised the 16 healthy cats and 
the 17 cats with HCM. In the cats with HCM, atenolol (n=2), 
angiotensin-converting enzyme inhibitor (n=3) and throm-
boprophylaxis (n=2) were administered at the initial visit. 
One cat in the HCM group presented with congestive heart 

Fig. 1.	 Images of radial strain rate of a healthy cat (A) and a cat with hypertrophic cardiomyopathy (B). SrRs, radial 
strain rate during systole; SrRE, radial strain rate during early diastole; SrRA, radial strain rate during late diastole.

Table 1.	 Assessment of effects of STE variables with or without simultaneous ECG during analysis in healthy 10 cats

Parameter Unit
Mean ± SD

Mean of the 
difference

Limits of 
agreement r P valueWith simultaneous 

ECG
Without simultaneous 

ECG
SR % 50.68 ± 8.05 52.11 ± 9.32 –1.53 ± 3.29 –8.00 to 5.14 0.94 <0.001
SrRs /sec 3.79 ± 0.57 3.94 ± 0.70 –0.15 ± 0.41 –0.96 to 0.67 0.81 0.0041
SrRE /sec –3.84 ± 1.19 –4.14 ± 1.16 0.29 ± 0.40 –0.51 to 1.10 0.94 <0.001
SC % –23.64 ± 3.75 –24.23 ± 4.76 0.59 ± 1.66 –2.73 to 3.91 0.95 <0.001
SrCs /sec –3.52 ± 0.46 –3.69 ± 0.53 0.17 ± 0.28 –0.39 to 0.73 0.85 0.0017
SrCE /sec 4.29 ± 1.32 4.44 ± 1.47 –0.15 ± 0.36 –0.87 to 0.57 0.97 <0.001

SD: standard deviation. r: coefficient of correlation. SR: peak systolic radial strain. SrRs: peak radial strain rate during systole. SrRE: 
peak radial strain rate during early diastole. SC: peak systolic circumferential strain. SrCs: peak circumferential strain rate during 
systole. SrCE: peak circumferential strain rate during early diastole.
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Fig. 2.	 Bland-Altman agreement plot comparing strain and strain rate variables analyzed with and without ECG monitoring in 10 healthy cats.

Table 2.	 Characteristics of healthy cats and cats with HCM

Parameter Unit Control Group HCM Group P value
Gender F/M F 8 / M 8 (16) F 2 / M 15 (17) –
BW kg 4.14 ± 1.05 (16) 4.39 ± 1.00 (17) 0.49
Age mo 40.56 ± 40.11 (16) 71.88 ± 50.24 (17) <0.05
HR bpm 182.75 ± 24.94 (16) 182.64 ± 43.58 (14) 0.99
SBP mmHg 142.98 ± 10.15 (16) 125.88 ± 15.16 (11) 0.0017
USG – 1.07 ± 0.02 (16) 1.04 ± 0.01 (6) 0.0011
BUN mg/dl 27.94 ± 4.85 (16) 30.72 ± 17.53 (16) >0.05
Cre mg/dl 1.61 ± 0.36 (16) 1.85 ± 1.15 (16) >0.05
IVSd cm 0.38 ± 0.05 (16) 0.64 ± 0.11 (17) <0.001
LVIDd cm 1.49 ± 0.20 (16) 1.53 ± 0.22 (17) >0.05
LVPWd cm 0.40 ± 0.05 (16) 0.55 ± 0.16 (17) 0.0012
FS % 42.71 ± 6.46 (16) 56.69 ± 7.87 (17) <0.001
IVSb cm 0.41 ± 0.06 (16) 0.70 ± 0.19 (16) <0.001
LAD cm 1.04 ± 0.13 (16) 1.39 ± 0.27 (16) <0.001
LA/Ao – 1.17 ± 0.09 (16) 1.36 ± 0.24 (15) <0.05
E cm/sec 67.45 ± 16.58 (16) 68.70 ± 22.68 (11) 0.87
A cm/sec 58.53 ± 13.18 (16) 66.91 ± 26.99 (11) 0.36
E/A – 1.19 ± 0.32 (16) 1.22 ± 0.78 (11) >0.05
LVOTV m/sec 0.96 ± 0.15 (16) 2.37 ± 1.51 (17) 0.0015
SAM – 0 (0%) (16) 5 (29%) (17) –
Sa cm/sec 7.83 ± 2.33 (16) 6.17 ± 1.47 (8) 0.079
Ea cm/sec 9.50 ± 2.67 (16) 6.76 ± 1.41 (7) 0.019
E/Ea – 7.43 ± 2.19 (16) 10.28 ± 4.41 (5) >0.05

BW: Body weight. HR: Heart rate. SBP: Systolic blood pressure. USG: Urine specific gravity. BUN: 
Blood urea nitrogen. Cre: Creatinine. IVSd: interventricular septum wall thickness at end-diastole. 
LVIDd: left ventricular end-diastolic internal diameter. LVPWd: left ventricular posterior wall thick-
ness at end-diastole. FS: fractional shortening. IVSb: interventricular septum wall thickness above 
aortic valve at end-diastole. LA: left atrial diameter. LA/Ao: left atrium to aorta ratio. E: peak veloc-
ity of transmitral flow during early diastole. A: peak velocity of transmitral flow during late diastole. 
LVOTV: peak velocity of flow through left ventricular outflow tract. SAM: Systolic anterior motion 
of mitral valve. Sa: peak of mitral annulus velocity during systole. Ea: peak of mitral annulus velocity 
during early diastole.
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failure, though others had no clinical sign. Seven cats exhib-
ited a dynamic obstruction of LVOT. Although few cases had 
mitral regurgitation, they are judged as mild, because regions 
of their jet signals are limited. Only four cats had left atrial 
enlargement. The case characteristics and echocardiographic 
parameters are documented in Table 2.

Assessment of strain and strain rate variables using STE 
and feasibility of STE analysis in healthy cats: Results of 
global strain and strain rate variables in the healthy cats are 
shown in Table 3. In comparison of segmental variables 
among LV 6 segments, a significant difference was seen in 
all circumferential variables (SC; P<0.001, SrCS; P<0.001 
and SrCE; P=0.003). However, no significant difference was 
seen in radial variables among the segments (SR; P=0.93, 
SrRS; P=0.27 and SrRE; P=0.76) (Fig. 3).

Ninety-seven point six percent of segments (281/288) 
were able to perform semi-auto tracking for an analysis of 
strain and strain rate variables. Although a fusion of E and 
A waves of SrR was not seen, one of SrC was observed in 3 
cats out of the 16 healthy cats (18.8%).

The frame rate of acquired images used for STE analysis 
was 146.9 ± 13.1 fps (119–167 fps), and the rate per cardiac 
cycle (FPC) was 48.8 ± 5.9 frames.

Global strain and strain rate variables with and without 
sedation were compared (Table 4). No significant difference 
was seen between the 2 groups in any parameter. The intra- 
and inter-observer variability of each parameter is shown in 
Table 5.

Assessment of strain and strain rate variables in cats with 
HCM: Results of global strain and strain rate variables us-
ing STE in the cats with HCM are shown in Table 3. SrRE, 
E/SrRE, SrCE and E/SrCE exhibited significant differences 
between the healthy cats and those with HCM. However, 
multivariate regression analysis showed no significant re-
lationships between STE variables and patient’s condition, 
gender and age (Table 6). A fusion of E and A in SrR was 
observed in 9 cats and in SrC in 11, respectively, out of the 
17 cats with HCM (52.9 and 64.7% each).

Measuring segmental LV wall thickness in HCM cats, pat-
terns of LVH had variety. Relatively dominant hypertrophy 

Table 3.	 Global strain and strain rate variables in healthy cats and cats with HCM

Parameter Unit Control Group HCM Group P value
Radial SR % 47.13 ± 13.18 (16) 42.68 ± 17.29 (17) 0.41

SrRs /sec 3.57 ± 0.48 (16) 3.67 ± 1.08 (17) 0.74
SrRE /sec –3.69 ± 0.82 (16) –2.59 ± 0.63 (8) 0.0030 a)

E/SrRE – –18.8 ± 5.27 (16) –29.31 ± 9.07 (8) 0.0015 a)

Circumferential SC % –24.38 ± 4.64 (16) –23.15 ± 6.11 (17) 0.52
SrCs /sec –3.43 ± 0.55 (16) –3.57 ± 1.06 (17) 0.62
SrCE /sec 4.52 ± 1.37 (13) 3.24 ± 0.78 (6) 0.049 a)

E/SrCE – 16.4 ± 6.3 (13) 23.42 ± 6.06 (6) 0.035 a)

a) Significant difference, SR: peak systolic radial strain. SrRs: peak radial strain rate during systole. SrRE: peak 
radial strain rate during early diastole. SC: peak systolic circumferential strain. SrCs: peak circumferential strain rate 
during systole. SrCE: peak circumferential strain rate during early diastole.

Fig. 3.	 Segmental strain and strain rate variables in left ventricular 6 segments of healthy cats.SR, radial strain; SrRs, radial strain rate dur-
ing systole; SrRE, radial strain rate during early diastole; SC, circumferential strain; SrCs, circumferential strain rate during systole; SrCE, 
circumferential strain rate during early diastole.
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in intraventricular wall and LV free wall was seen in 10 and 
3 cats, respectively, out of the cats with HCM (59 and 18% 
each). Meanwhile, nearly homogeneous hypertrophy was 
seen in 4 cats out of the same (24%). Comparison of segmen-
tal strain and strain rate variables between LV wall segments 
with hypertrophy (thickness of LV wall during end-diastole 
is 6 mm or more) and those without hypertrophy (the same 
is less than 6 mm) in the cats with HCM revealed significant 
differences in SR and SrRE (Table 7). However, no sig-
nificant difference was observed in circumferential variables 
(Table 7). Segmental radial variables (SR and SrRs) and 
corresponding LV segmental wall thickness also showed 
significant relations, though their correlations were weak 
(SR, r= –0.23 P=0.018; SrRs, r= –0.20 P=0.047; and SrRE, 
r= –0.20 P=0.062). No significant relation was observed in 
segmental circumferential variables (SC, r= –0.038 P=0.707; 
SrCs, r= –0.081 P=0.418; and SrCE, r= –0.0017 P=0.987).

DISCUSSION

In the present study, we assessed the feasibility of analysis 
for radial and circumferential strain variables using STE in 
cats. Because of the relatively high heart rates of cats, it was 
anticipated that a somewhat inferior resolution in 2D images 
may have compromised the STE analysis. However, the STE 
proved both feasible and clinically acceptable in healthy 
cats. A high-frequency transducer allowed us to record an 

Table 4.	 Effect of sedation in healthy 10 cats

Parameter Unit Awake Sedated P value
Heart rate bpm 180 ± 25 179 ± 19 0.44
Radial SR % 50.7 ± 8.05 44.7 ± 16.9 0.09

SrRs /sec 3.79 ± 0.57 3.85 ± 0.71 0.58
SrRE /sec –3.84 ± 1.19 –3.89 ± 0.84 0.88

Circumferential SC % –23.6 ± 3.75 –23.3 ± 4.7 0.62
SrCs /sec –3.24 ± 1.05 –3.71 ± 0.50 0.44
SrCE /sec 4.29 ± 1.32 4.06 ± 0.99 0.19

SR: peak systolic radial strain. SrRs: peak radial strain rate during systole. SrRE: 
peak radial strain rate during early diastole. SC: peak systolic circumferential 
strain. SrCs: peak circumferential strain rate during systole. SrCE: peak circumfer-
ential strain rate during early diastole.

Table 5.	 Intra- and interobserver variability of each 
parameter in offline analysis

Parameter Intraobserver 
(%)

Interobserver 
(%)

Radial SR 5.54 8.45
SrRs 4.1 8.09
SrRE 12.07 15.64

Circumferential SC 4.93 5.56
SrCs 6.75 4.75
SrCE 6.6 5.43

SR: peak systolic radial strain. SrRs: peak radial strain rate 
during systole. SrRE: peak radial strain rate during early 
diastole. SC: peak systolic circumferential strain. SrCs: 
peak circumferential strain rate during systole. SrCE: peak 
circumferential strain rate during early diastole.

Table 6.	 Multivariate regression analysis to evaluate rela-
thionships between STE variables and patient's condition, 
gender and age

Parameter β P value
SR Patient’s condition –0.137 0.507

Gender 0.109 0.577
Age –0.335 0.740

SrRS Patient’s condition –0.018 0.930
Gender 0.126 0.526
Age –0.038 0.846

SrRE Patient’s condition 0.291 0.172
Gender 0.007 0.970
Age 0.234 0.239

SC Patient’s condition 0.109 0.597
Gender 0.124 0.527
Age 0.148 0.448

SrCS Patient’s condition –0.088 0.669
Gender 0.139 0.478
Age 0.143 0.464

SrCE Patient’s condition –0.327 0.101
Gender –0.009 0.959
Age –0.17 0.358

SR: peak systolic radial strain. SrRs: peak radial strain rate during 
systole. SrRE: peak radial strain rate during early diastole. SC: 
peak systolic circumferential strain. SrCs: peak circumferential 
strain rate during systole. SrCE: peak circumferential strain rate 
during early diastole.

Table 7.	 Comparison of segmental radial strain and strain rate variables between left ventricular wall segments with and without 
hypertrophy in cats with HCM

Parameter Unit Non-hypertrophic segments Hypertrophic segments P value
Segmental LV wall thickness in diastole Mean ± SD mm 4.86 ± 0.59 (53) 6.86 ± 0.90 (49) <0.001a)

Range mm 3.6–5.9 – 6.0–9.3 – –
SR % 47.27 ± 17.15 (53) 37.72 ± 17.68 (49) 0.007a)

SrRs /sec 3.82 ± 1.13 (53) 3.51 ± 1.06 (49) 0.15
SrRE /sec –3.34 ± 1.36 (41) –2.68 ± 1.27 (44) 0.024a)

SC % –23.26 ± 8.54 (53) –23.03 ± 6.89 (49) 0.88
SrCs /sec –3.69 ± 1.22 (53) –3.45 ± 1.18 (49) 0.32
SrCE /sec 3.41 ± 1.44 (48) 3.49 ± 1.48 (45) 0.79

a): Significant difference, LV: left ventricle. SR: peak systolic radial strain. SrRs: peak radial strain rate during systole. SrRE: peak radial 
strain rate during early diastole.
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adequate quality of images and frame rates, even in cats with 
a small-sized heart. On the other hand, the FPC in cats ap-
peared to be lower (48.8 ± 5.9 fpc) due to their high heart 
rates, when compared with those in dogs and humans (61.7 
± 20.9 [39] and 57-71fpc [42], respectively). Therefore, it 
might prove less accurate to assess STE parameters using 
time intervals in cats, compared with those in dogs and hu-
mans.

Furthermore, EA fusion due to their high heart rates would 
often interfere with assessment of diastolic function in cats, 
although it also posed even in TDI analysis and TMF mea-
surements. In the present study, EA fusion was frequently 
exhibited in the circumferential strain rate rather than in the 
radial one. Keeping the cats as relaxed as possible or us-
ing sedatives to maintain low heart rate for them might help 
to diminish the prevalence of EA fusion when scanning an 
echocardiogram. It has been reported that decreased heart 
rate using drugs allows for assessment of E and A wave 
separately in cats [34].

The inter- and intraobserver variabilities of strain analysis 
in cats appeared to be satisfactory in the present study. Seda-
tion with a combination of acepromazine and buprenorphine 
did not significantly influence strain and strain rate variables 
using STE in the present study. Since increased heart rates 
due to excitement during scanning may lead to a poor quality 
of images and EA fusion, sedation should be used as needed.

We evaluated whether or not it is possible to find sig-
nificant difference of STE variables in cats with overt heart 
disease that may be detectable by morphological assessment 
using echocardiogram, in comparison with healthy cats. STE 
analysis in the present study could detect significant decrease 
of global radial and circumferential strain rate during early 
diastole in the cats with HCM, compared with healthy cats. 
In the present study, since almost cats with HCM did not 
have congestive heart failure and even left atrial enlargement, 
reduced global SrRE and SrCE may suggest the presence of 
impaired LV diastolic function due to LV hypertrophy and 
fibrosis in relatively early stage. However, since multivari-
ate regression analysis did not show significant relationships 
between the STE variables and patient’s condition, global 
STE variables in radial and circumferential directions could 
not detect impaired LV myocardial function.

Actually, in some studies in human patients with HCM, 
circumferential strain and strain variables have increased 
abnormally compared with controls in contrast to the stud-
ies described above and the present study [10, 15]. Values 
of circumferential strain also have been suggested to be 
different among layers of LV (epicardial, mid-myocardial 
and endocardial layers) in normal human subjects [3]. 
Furthermore, since endocardium is most susceptible to the 
deleterious effects of fibrosis and hypoperfusion [22], endo-
cardial circumferential strain has been suggested to be able 
to identify regional ischemia accurately [19]. These factors 
may be one of the causes to occur the discrepancy in re-
sults of studies when circumferential strain is analyzed in a 
whole LV segment. Further assessments for circumferential 
strain and strain variables of the layers separately may be 
needed in cats. On the other hand, it has been suggested that 

circumferential strain variables increase or preserved appear 
to maintain to the normal LV ejection fraction as a compen-
sation for longitudinal and radial strains [26, 42]. Because 
of different regional contributions of laminar mechanisms, 
regional systolic LV wall thickening is various. Sheet dy-
namics and sheet geometry of LV are important to systolic 
wall thickenings [11]. Further assessment of each change of 
strain variables in the 3 directions among different regions of 
LV in HCM of cats is needed.

In the present study, systolic indices of global STE vari-
ables including SR, SC, SrRs and SrCs did not decrease 
significantly in cats with HCM compared with controls. 
However, a significant decrease in longitudinal strain using 
TDI in cats with HCM has been previously reported [43]. 
Since it has been reported that LV myocardial contraction 
and relaxation were first impaired in the longitudinal direc-
tion among radial, circumferential and longitudinal ones 
in subclinical human patients with cardiovascular risk fac-
tors [26], longitudinal strain parameters might be sensitive 
enough to detect myocardial dysfunction in cats as well as 
humans. A further study to assess longitudinal deformation 
in cats will be necessary.

In the present study, a significant difference was seen in 
segmental radial strain and strain rate variables between 
hypertrophic and non-hypertrophic segments. Furthermore, 
segmental radial strain and strain rate variables had sig-
nificant correlation with segmental LV thickness. It has been 
reported that LV segmental fibrosis and end-diastolic wall 
thickness were significantly related to segmental longitu-
dinal strain in human patients with HCM [12, 33]. Assess-
ing LV functions segmentally using STE, local ventricular 
dysfunctions could be detected even in the radial direction 
in the present study. This potentiality of STE may be use-
ful in detections of left ventricular dysfunction in its early 
stage and asymmetric or local LVH with no concern for 
angle dependence. In addition, segmental values of strain 
and strain rate variables in radial direction are more invari-
ant than those in circumferential direction among the LV 6 
segments of normal subjects in the present study. The results 
of previous report using normal adults support the results of 
our present study [16]. This invariability may be useful to 
assess regional myocardial dysfunctions of LV.

This study had several limitations. First, diagnosis of LVH 
was based on morphological rather than pathological criteria. 
At the same time, we did not assess LV functions invasively, 
such as hemodynamic indices or severity of LV fibrosis, us-
ing MRI. Affected cats or LV segments may be included as 
normal and vice versa. Second, few cats with HCM were 
given medications, such as atenolol, at their examinations, 
and the fact that such medications may influence LV systolic 
and diastolic functions shall be taken into consideration [30, 
41]. Third, in the present study, HCM cats with LVOTO 
were included in our analysis. HCM with LVOTO might 
have different LV systolic or diastolic myocardial functions 
compared with HCM which have no obstruction through LV 
outflow tract [10, 38]. Fourth, the male-female ratio was dif-
ferent between the control and HCM groups in the present 
study, because feline HCM is prevalent in male. LV func-
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tions have been reported to have gender-specific change in 
human studies [28]. In healthy human adults, longitudinal 
and circumferential strains, except for a radial one, have 
showed a significant difference between genders [16]. Fur-
thermore, a significant difference in age was also seen in the 
2 groups of our study. Age-specific change in LV function 
also needs to be taken into consideration [28]. Longitudinal 
strain and strain rate have been reported to decrease signifi-
cantly in an older population compared with a young one in 
a human study, though no significant difference was seen in 
the radial and circumferential strain and strain rate in systole 
and early diastole [32]. Further studies to assess gender- and 
age-specific differences in strain and strain rate variables us-
ing STE are warranted even in cats.

In conclusion, radial and circumferential strain analysis 
using STE was considered clinically feasible for assessing 
cardiac functions in cats. In LV segments of cats with HCM, 
reduced segmental radial strain and strain rate variables have 
possibility to have relations with LV segmental hypertrophy. 
In short axis image of LV in cats with HCM, radial strain and 
strain rate variables have possibility to detect myocardial 
dysfunctions locally and early. Further studies are warranted 
to demonstrate clinical availability of STE in cats.
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