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23 Abstract – Two-dimensional (2-D) speckle tracking echocardiography (STE) is a 

24 relatively new imaging technique, introduced in veterinary medicine to aid the assessment of left 

25 ventricular (LV) myocardial function.  Among other indices, LV longitudinal strain and strain 

26 rate (SR) can be measured with this modality, and in dogs they are usually obtained from the left 

27 apical four-chamber (LAp4Ch) view. However, in this species, a good quality right parasternal 

28 four-chamber (RP4Ch) view can generally be attained, and the aim of this study was therefore to 

29 determine its feasibility and reliability for longitudinal strain and SR assessment, and to establish 

30 whether the two projections can be used interchangeably. Fifty-one healthy dogs and twenty-five 

31 dogs with various cardiac diseases were examined. Longitudinal global and segmental strains 

32 and global SR of the LV were obtained with 2-D STE by use of RP4Ch and LAp4Ch views. 

33 Intra-observer (within-day and between-day) and inter-observer variabilities were established, 

34 and strain and SR values obtained from the two views were compared.  

35 The RP4Ch view demonstrated to be feasible for the assessment of longitudinal strain and 

36 SR by use of 2-D STE in healthy and diseased dogs. However, out of sector motion of the apical 

37 segments could occur and induce tracking errors. The deformation parameters obtained from this 

38 view and the LAp4Ch view were often significantly different, and therefore they should not be 

39 used interchangeably. Further, the software employed in the present study performed better 

40 global than segmental strain analysis for both views.

41

42

43 Keywords: Canine, Two-dimensional speckle tracking echocardiography, Left ventricular 

44 longitudinal strain, Left ventricular longitudinal strain rate, Right parasternal four-chamber view
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49

50 ABBREVIATIONS

51 2-D Two-dimensional

52 CV Coefficient of variation

53 ECG Electrocardiography

54 ICC Intra-class correlation coefficient

55 LAp4Ch Left apical four-chamber          

56 LV Left ventricle

57 RP4Ch Right parasternal four-chamber

58 ROI Region of interest

59 SD Standard deviation

60 SR Strain rate

61 STE Speckle tracking echocardiography

62

63 Introduction

64 Two-dimensional (2-D) speckle tracking echocardiography (STE) constitutes a relatively 

65 new cardiac imaging technique, introduced in veterinary medicine to perform deformation 

66 analysis and support noninvasive assessment of left ventricular (LV) myocardial function 

67 (Chetboul et al., 2007). Deformation parameters assessed by 2-D STE include the so-called 

68 Lagrangian strain, defined as the length of a myocardial segment at end-systole compared to its 
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69 relaxed length at end-diastole, and strain rate (SR), which represents the change in length per 

70 unit of time (Armstrong and Ryan, 2010a; Blessberger and Binder, 2010; Voigt et al., 2015). 

71 These deformation indices can be calculated for specific vectors of directions, so that 

72 longitudinal, circumferential and radial strains can be obtained, representing different 

73 components of contraction (Blessberger and Binder, 2010). To perform strain analysis, 2-D STE 

74 uses a post-processing computer algorithm that tracks over time the motion of stable patterns of 

75 speckles, a series of artefacts that follow the myocardial movement and are generated at random 

76 by reflection, refraction and scattering of ultrasound beams (Armstrong and Ryan, 2010a, 2010b; 

77 Blessberger and Binder, 2010; Chetboul et al., 2007; Gorscan III and Tanaka, 2011; Hein et al., 

78 2015; Voigt et al., 2015). 

79 Two-dimensional STE has demonstrated to provide accurate measurements of LV 

80 dimensions and strains when validated against sonomicrometry in an experimental study in dogs 

81 (Amundsen et al., 2006), and diverse deformation parameters have shown good correlation with 

82 invasive indices of LV function, assessed as maximal rate of LV pressure increase (Culwell et 

83 al., 2011). Adequate feasibility, reproducibility, and repeatability for its use to aid LV assessment 

84 in healthy awake and sedated subjects have been reported (Chetboul et al., 2007, 2008; Santarelli 

85 et al., 2017; Wess et al., 2011). Moreover, various 2-D STE derived indices of LV function have 

86 been evaluated in canine patients with differing severities of myxomatous mitral valve disease 

87 (Smith et al., 2012; Suzuki et al., 2013; Zois et al., 2012, 2013a, 2013b), dilated cardiomyopathy 

88 (Chetboul et al., 2007, 2008), and before and after closure of patent ductus arteriosus (Chetboul 

89 et al., 2007, 2008; Hamabe et al., 2015; Spalla et al., 2016a, 2016b). Finally, 2-D STE has been 

90 used to assess LV function in various canine models of cardiac disease, including Duchenne 

91 muscular dystrophy (Takano et al., 2011).
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92 For the evaluation of LV longitudinal strain and SR, the standard left apical four-chamber 

93 (LAp4Ch) view is typically used in dogs, as it is in humans and cats (Lang et al., 2015; Silva et 

94 al., 2013; Sugimoto et al., 2015). However, a good quality four-chamber image is not always 

95 easy to obtain in canine patients from the left parasternal apical location, and in some cases, this 

96 view has been associated with tracking errors, especially due to side lobe artifacts that can 

97 invalidate strain data from the LV free wall (Griffiths et al., 2011; Wess et al., 2011). In horses, a 

98 modified four-chamber view obtained adjusting the standard right parasternal four-chamber 

99 (RP4Ch) view is used for analysis of longitudinal strain (Decloedt et al., 2011, 2012). Similarly, 

100 the RP4Ch view has been adopted for the purpose in goats, and the analysis demonstrated to be 

101 feasible (Berli et al., 2015). The conformation of the canine thorax allows the attainment of good 

102 quality right parasternal long–axis images, and the four-chamber view obtained from this 

103 approach has been previously compared with that imaged from the left parasternal apical 

104 location for the measurement of LV volumes and ejection fraction (Dukes-McEwan, 2002; Wess 

105 et al., 2010). 

106 To the authors’ knowledge, the use of the RP4Ch view for the assessment of longitudinal 

107 strain and SR has not been systematically investigated in dogs. The objective of the study 

108 reported here was therefore to determine the feasibility and reliability of the RP4Ch view for 

109 longitudinal strain and SR assessment in dogs, and to compare the values obtained from this 

110 view and the LAp4Ch view to establish whether the two projections can be used 

111 interchangeably. 

112 Materials and Methods

113 Study population
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114 Healthy and diseased client-owned dogs of any age and weight were prospectively 

115 recruited (from January 2015 until July 2018) at the Veterinary Teaching Hospital of the 

116 University of Murcia, and they were enrolled during routine consultations or belonged to staff 

117 members and students of the University of Murcia. Dogs were eligible for inclusion only if they 

118 had a complete electrocardiography (ECG)-gated echocardiography, with excellent-quality 

119 images and adequate frame rate (at least 60 Hz) that would allow reliable longitudinal strain 

120 analysis. The animals were considered healthy, or affected by a cardiac disease on the basis of 

121 the medical history and results of at least a physical examination, complete blood count, blood 

122 biochemical analysis, noninvasive blood pressure measurement, ECG, and conventional 

123 echocardiography. Additional exams were realized in specific cases if needed, such as thoracic 

124 radiography when congestive heart failure was suspected. Diagnosis of cardiac disease was 

125 based on commonly used echocardiographic criteria (Boon, 2011), and dogs with any concurrent 

126 extra-cardiac disease were excluded. The Owner consent was obtained for each dog before it was 

127 enrolled in the study. The study protocol was approved by the Ethics Committee of the 

128 University of Murcia.

129 Echocardiographic examination 

130 The echocardiographic examinations were performed by use of a commercially available 

131 ultrasound unita equipped with a multifrequency 1- to 5-MHz phased-array sector transducer 

132 with simultaneous ECG recording. The echocardiograms were obtained by a board-certified 

133 cardiologist (MJFP) or a supervised cardiology resident (GS) in accordance with published 

134 veterinary recommendations (Boon, 2011; Thomas et al., 1993). During examination, the dogs 

135 were gently restrained first in right and then in left lateral recumbences. Mild sedation with a 

136 combination of acepromazine (0,02 mg/Kg) and butorphanol (0,2 mg/Kg) given intramuscularly 
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137 was permitted if needed. All data were obtained for at least 4 consecutive cardiac cycles during 

138 stable sinus rhythm. 

139 Each echocardiographic examination was stored digitally for offline analysis, and 

140 measurements were obtained at a different time point by a single board-certified cardiologist 

141 (MJFP), using standard methods described elsewhere (Boon, 2011; Lang et al., 2005, 2015; 

142 Quiñones et al., 2002). Mean values over 3 cardiac cycles were used for statistical analysis. 

143 Two-dimensional speckle tracking echocardiography 

144 For analysis of 2-D STE data, images were recorded at rates of 60 to 90 Hz for at least 4 

145 consecutive cardiac cycles. The LV strain analysis was performed offline on a separate personal 

146 computer by use of dedicated softwareb. Recordings of good quality 2-D cine loops of the LV 

147 recorded from the LAp4Ch view and the RP4Ch view were used for assessment of longitudinal 

148 strain and SR.

149 Longitudinal strain was obtained by manual placement of 3 reference points (one on each 

150 side of the mitral valve annulus and the third at the apical endocardial border), after choosing the 

151 option “AP4”. The software then created a region of interest (ROI) with the automatic 

152 delineation of endocardial and epicardial borders, and the operator adjusted the ROI to best 

153 incorporate the entire myocardial thickness (Figure 1). The LV was divided into 7 segments 

154 (basal septal, midseptal, apical septal, apical, apical lateral, midlateral, and basal lateral) by the 

155 software in accordance with a standard segmentation model used for humans. The operator 

156 verified visually that the ROI followed the movements of each segment of the myocardium 

157 throughout the cardiac cycle. Retrace of the ROI was attempted if unreliable segments were 

158 present, but if these persisted, the dog was excluded from the study. The software algorithm 

159 performed speckle tracking across the myocardium, and a weighted average of the myocardial 
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160 deformation with the weighting greatest at the endocardium was used for strain calculation. 

161 Segmental and global strain and SR curves were derived (Figures 2 and 3). The global 

162 longitudinal strain waveform was created by the software using a weighted average of the 

163 regional strains. Global and segmental peak strain values were automatically provided by the 

164 software, while peak systolic and diastolic SR values were offered after placing the cursor at the 

165 appropriate time point along the global SR curves. 

166 Event timing for aortic valve closure was recorded from the flow profile of the LV 

167 outflow tract obtained by use of pulsed-wave Doppler ultrasonography.

168 Measurement reliability

169 To determine intra-observer within-day and between-day measurement variabilities, six 

170 echocardiograms were randomly selected from the whole population and subjected to repeated 

171 analyses by the same investigator (MJFP) at 2 different time points on a given day and on 2 

172 different days, respectively. Inter-observer measurement variability was also determined as a 

173 second investigator (GS) performed independent repeated analyses on the same 6 

174 echocardiograms. The observers were blinded to the results of the previous measurements when 

175 performing the analysis.

176 Statistical analysis 

177 Statistical analysis was performed with commercially available softwarec. Distribution of 

178 variables was tested for normality by use of the Shapiro-Wilk test ( = 0.05). Data were 

179 normally distributed, and mean and standard deviation (SD) for each normally distributed 

180 variable were calculated. Further, study population characteristics were analyzed using 

181 descriptive statistics and expressed as medians with range. 
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182 For the statistical analysis hereunder, as specified for each test, the dogs included were 

183 considered as a whole, or were assigned, according to their initial investigations, to one of the 

184 two following groups: (1) healthy, or (2) diseased. 

185 To compare the distribution of sex in the healthy versus the diseased group, the chi-

186 squared test was used, while the differences in age or weight were assessed with an unpaired 

187 student t-test. 

188 For the repeatability study performed on 6 subjects randomly selected from the whole 

189 population, mean and SD values resulting from strain analysis of the repeated examinations were 

190 used to determine inter-observer and within-day and between-day intra-observer coefficients of 

191 variation (CV), which were quantified as follows: CV = (SD of the measurements/average of 

192 measurements) X 100. Further, intra-class correlation coefficients (ICC) for global longitudinal 

193 strain values were calculated. 

194 A paired Student t test was then used to compare between the 2-D STE variables obtained 

195 from the LAp4Ch view and those obtained from the RP4Ch view in the whole population of 

196 dogs. To investigate if the sole presence or absence of cardiac disease had an effect on the results 

197 obtained, the same test was also performed within the separated groups of healthy and diseased 

198 dogs. Limits of agreement were analyzed by Bland-Altman analysis and ICC calculated for 

199 global longitudinal strain values, first considering the entire group of dogs and then the separated 

200 groups of healthy and diseased dogs.

201 Values of P < 0.05 were considered significant.

202 Results 

203 Study population
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204 The initial population comprised 87 dogs, but 11 were subsequently excluded due 

205 inappropriate tracking of the apical segments throughout the cardiac cycle.

206 The final study population comprised 76 dogs. Fifty-one dogs were healthy, while 25 had 

207 cardiac disease. The healthy group comprised 16 sexually intact females, 15 sexually intact 

208 males, 14 spayed females, and 6 castrated males. The age of the dogs in this group ranged from 8 

209 months to 12 years (median, 5.2 years), and the body weight ranged from 12 to 52 kg (median, 

210 28.6 kg). Eight dogs were mixed breeds; all other dogs were purebreds of 17 different breeds, the 

211 most common being Boxer (n = 7), Labrador Retriever (n = 7), American Staffordshire Bull 

212 Terrier (n = 4) and Doberman Pinscher (n = 4). Five dogs in this group were sedated to aid the 

213 echocardiographic examination.

214 The cardiac disease group comprised patients with a primary diagnosis of myxomatous 

215 mitral valve disease (n = 9), coexisting sub-aortic and pulmonic stenosis (n = 3), sub-aortic 

216 stenosis (n = 3), tricuspid valve dysplasia (n = 2), idiopathic dilated cardiomyopathy (n = 2), and 

217 1 of each of hypertensive left ventricular hypertrophy, aortic stenosis, mitral valve dysplasia, 

218 coexisting pulmonic stenosis and patent foramen ovale, pulmonic stenosis, and right bundle 

219 branch block with no identifiable structural heart disease. Nine dogs were sexually intact males, 

220 6 were sexually intact females, 6 were spayed females, and 4 were castrated males. The age of 

221 the dogs ranged from 3 months to 15 years (median, 5.9 years), and the body weight ranged from 

222 6 to 48 kg (median, 19.6 kg). Seven dogs were mixed breeds; all other dogs were purebreds of 13 

223 different breeds, the most common being Bull Terrier (n = 2) and Afghan Hound (n = 2). No dog 

224 in this group was sedated.
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225 Significant differences were detected comparing healthy and diseased dogs regarding to 

226 weight, being healthy dogs heavier (P = 0.000195).  No significant differences were present 

227 concerning sex or age.

228 Two-dimensional speckle tracking echocardiography 

229 Eleven out of 87 dogs comprising the initial population had to be excluded from analysis 

230 due to inappropriate tracking of the apical segments in the RP4Ch view. Results for 2-D STE 

231 variables in the remaining population of 76 dogs were determined (Table 1).

232 Coefficients of variation were calculated (Table 2). The 6 subjects randomly selected 

233 from the whole population for variability analysis included 4 healthy dogs and 2 dogs with 

234 cardiac disease (with a diagnosis of myxomatous mitral valve disease and tricuspid valve 

235 dysplasia, respectively). The reproducibility of global strain values obtained from the RP4Ch 

236 view was very good, as demonstrated by a within-day inter-observer CV of 5,1%, a between-day 

237 intra-observer CV of 1,4% and an inter-observer CV of 2,1%. Strain rate values were also within 

238 clinically acceptable limits (<15%). For segmental strain indices however, reproducibility was 

239 not always good: within-day inter-observer CVs ranged from 8,7% to 19,6%, between-day CV 

240 from 1,1% to 14,5%, and inter-observer CVs from 6,5% to 21,7%. 

241 Intra-class correlation coefficients for global longitudinal strain values were also 

242 determined as indices of intra- and inter-observer agreement. An excellent degree of congruence 

243 (Portney and Watkins, 2009) was found between repeated measurements obtained from the 

244 RP4Ch view by the same investigator at different time points on the same day (ICC = 0,968) and 

245 on two different days (ICC = 0,989), and between repeated measurements obtained by two 

246 different investigators (ICC = 0,987). 
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247 Statistically significant differences were found when global and most of segmental strain 

248 and SR indices obtained in all dogs from the LAp4Ch view were compared with those obtained 

249 from the RP4Ch view (Table 1). More specifically, the absolute values acquired from the RP4Ch 

250 view were usually higher. When the analysis was conducted within the separated groups of 

251 healthy and diseased dogs, significant differences were still found. However, within the group of 

252 healthy dogs, less segmental strain and global SR values showed differences compared with the 

253 group of diseased dogs (Table 1). The Bland-Altman scattegrams displaying the differences 

254 plotted against average values of the global longitudinal strain values obtained from the LAp4Ch 

255 view and the RP4Ch view showed wide limits of agreement, especially within the group of 

256 diseased dogs (Figure 4). Besides, the ICC demonstrated only a moderate correlation (Portney 

257 and Watkins, 2009) between repeated measurements obtained from the two views in the entire 

258 group of dogs (ICC = 0,683), and within the separated groups of healthy (ICC = 0,656) and 

259 diseased dogs (ICC = 0,711). 

260 Discussion and conclusions 

261 To the authors’ knowledge, the present study was the first in which the use of the RP4Ch 

262 view for the assessment of longitudinal strain and SR by use of 2-D STE was investigated in 

263 dogs. The results indicated that the above mentioned echocardiographic view can be feasible in 

264 healthy and diseased dogs to measure the longitudinal variables mentioned, but careful imaging 

265 acquisition and verification is necessary, as tracking errors due to inappropriate visualization of 

266 the apical segments during part of the cardiac cycle can occur and invalidate strain data. Further, 

267 the values obtained cannot be used interchangeably with those obtained from the most 

268 commonly used LAp4Ch view.
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269 In humans, longitudinal deformation is assessed by means of 2-D STE integrating values 

270 obtained from the apical two-chamber, four-chamber and five-chamber views (Blessberger and 

271 Binder, 2010), and following segmentation models that allow the assignment of individual 

272 segments to specific coronary artery territories (Cerqueira et al., 2002). In dogs, only one plane is 

273 generally used, and long-axis function of other segments is ignored as regional myocardial 

274 dysfunction secondary to myocardial infarcts is less common compared with humans (Wess et 

275 al., 2010), and dyssynchrony is not yet routinely assessed for cardiac resynchronization therapy 

276 or pacemaker optimization (Estrada and Chetboul, 2006; Gorscan III and Tanaka, 2011, Griffiths 

277 et al., 2011). For the scope, the four-chamber view obtained from the left parasternal apical 

278 location is typically chosen, and speckle tracking echocardiography performed from this view 

279 has been validated against sonomicrometry in an experimental study in dogs (Amundsen et al., 

280 2006). However, breathing artifacts and dropouts can sometimes be present in this projection, 

281 especially at the level of the LV free wall and apex, and lower feasibility of 2-D STE 

282 measurements obtained in these segments compared to those belonging to the interventricular 

283 septum has been reported (Griffiths et al., 2011; Wess et al., 2011).

284 Different echocardiographic planes might be recommended in the various species based 

285 on their peculiar anatomic characteristics (Abduch et al., 2014). For long-axis function 

286 assessment by 2-D STE, a subxiphoid approach providing an apical four-chamber view has been 

287 chosen in pigs (Ishikawa et al., 2015), left parasternal long-axis planes in mice, rats and rabbits 

288 (Kusunose et al., 2012), and sagittal long-axis planes in zebrafish (Hein et al., 2015). In horses, a 

289 modified four-chamber view obtained adjusting the standard RP4Ch view is used for 

290 longitudinal deformation analysis (Decloedt et al., 2011, 2012). Similarly, the RP4Ch view has 

291 been adopted in goats, in which the right parasternal approach is considered the only reliable 
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292 transthoracic echocardiographic access, as in other ruminants (Abduch et al., 2014; Berli et al., 

293 2015). A good quality four-chamber image can also be attained in most dogs from the right 

294 parasternal location (Dukes-McEwan, 2002; Thomas et al., 1993), and the present study 

295 demonstrated the ability of 2-D STE to quantify LV longitudinal strain and SR in dogs using this 

296 view, with adequate repeatability and reproducibility for clinical use, having most of the 

297 measurements CV values <15% (Chetboul et al., 2008). However, it is important to consider that 

298 in a relevant proportion of cases (approximately 13% of the initial population), the apical 

299 segments were not imaged in their full thickness throughout the whole cardiac cycle, as the 

300 epicardial portion ceased to be visible at least partially during diastole. Those cases were 

301 consequently excluded from further analysis, as the out of sector motion could limit accurate LV 

302 deformation assessment, unless the operator is using a software that bases strain analysis on 

303 endocardial tracking, as done in other veterinary studies (Caivano et al., 2016; Carnabuci et al., 

304 2013; Locatelli et al., 2016; Spalla et al., 2016a, 2016b) but not in the current one. In humans and 

305 horses, the apical segments are excluded from parasternal derived strain analysis when 

306 difficulties acquiring the apical region within the sector arc are present (Decloedt et al., 2011; 

307 Forsha et al., 2015), and the same could be necessary in some dogs based on the results of the 

308 present study. A more conservative practice would be to discard the measurements if any 

309 segments have been excluded.

310 Intra- and inter-observer variability appeared to be especially good for global longitudinal 

311 strain parameters, with CV values always < 10%. However, repeatability and reproducibility 

312 were less acceptable for some segmental strain values, with the highest variability observed for 

313 the basal septal segment (within-day intra-observer CV 19,6%) and the midlateral segment 

314 (inter-observer CV 21,7%). Nevertheless, it should be observed that the LAp4Ch view did not 
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315 perform superiorly in the present study, as a high variability was also identified assessing some 

316 of the same and other segments from this view. Based on these results, 2-D STE would seem less 

317 applicable for the assessment of cardiac segmental function in dogs, at least when using the 

318 software employed in the present study. Global values are, however, considered an acceptable 

319 representation of the entire LV deformation, and are more commonly used than segmental values 

320 (Smith et al., 2012; Zois et al., 2012), especially because ischemic cardiomyopathy is not a 

321 common disease in dogs. In addition, the segmentation systems used currently by the software 

322 employed in the present and in most canine studies could be inaccurate and of little value in 

323 dogs, as they are developed to provide the best agreement with the available anatomic data in 

324 humans and reflect the coronary perfusion territories, based on clinical application in this species 

325 (Cerqueira et al., 2002; Smith et al., 2012; Voigt et al., 2015). Therefore, taking into account that 

326 global longitudinal strain could be one of the most commonly used 2-D STE-derived parameter, 

327 ICC were also determined in the present study for this specific value, confirming its consistency 

328 and reproducibility when obtained from the RP4Ch view. 

329 As imaging the LV from RP4Ch window is often considered technically less demanding, 

330 especially in narrow-chested dogs, this view has been previously compared with the left apical 

331 one for the evaluation of certain parameters of LV function (Dukes-McEwan, 2002; Wess et al., 

332 2010). In a study involving healthy dogs of different breeds, results of this comparison showed 

333 that the RP4Ch view maximized ejection fraction and LV volumes measured with the length-

334 area method, with less marked differences in narrow, deep-chested dogs (Dukes-McEwan, 

335 2002). Another study, including Doberman Pinschers only, determined that LV volume could be 

336 measured with the Simpson’s method of discs from either view, with good agreement between 

337 both projections (Wess et al., 2010). In the present study, it was demonstrated that the RP4Ch 
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338 view is not always a viable alternative to the LAp4Ch, as the out of sector motion of the apical 

339 segments can invalidate strain data in some dogs. Further, global longitudinal strain and other 2-

340 D STE variables showed significant differences when the two echocardiographic projections 

341 were compared, and therefore the measurements obtained are not interchangeable. It is unclear to 

342 which extent could the discrepancy observed be related to the presence or absence of cardiac 

343 disease, as most of the differences in global and segmental strain values persisted when sub-

344 analysis within the groups of healthy and diseased dogs were performed, while SR values did not 

345 show differences in healthy subjects. Further, Bland-Altman analysis provided wider limits of 

346 agreement in the group of diseased dogs, while ICC were lower in the group of healthy subjects. 

347 Regrettably, the fact that the number of individuals in the two groups was uneven, and that only 

348 a few dogs were available for each subcategory of cardiac disease, makes the interpretation of 

349 the above results difficult and limits the evaluation of the effects of a specific pathology on the 

350 measurements.  

351 As every region in the myocardial walls creates its individual pattern of speckles (Hein et 

352 al., 2015), the results obtained could suggest that the two projections image different regions or 

353 segments of the LV, even if both display four-chamber planes. For instance, it is reported that the 

354 RP4Ch view do not include the true apical region in animals (Abduch et al., 2014). Another 

355 explanation could be a difference in the quality of tracking of the segments displayed, related to 

356 the distinct orientation of the heart within the plane in the two views. In fact, speckle tracking 

357 works better along the ultrasound beam than across beams, and tracking across beams works 

358 better in regions adjacent to the transducer than in the far field of the image as lateral resolution 

359 decreases in depth with sector probes (Forsha et al., 2015; Støylen, 2013; Voigt et al., 2015).  In a 

360 study conducted in a human pediatric population, a modest influence of angle insonation and 
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361 target depth on echocardiographically derived peak systolic longitudinal strain was demonstrated 

362 through the comparison of standard windows to alternative ones obtained from near-orthogonal 

363 planes, which yielded significant different values (Forsha et al., 2015). The use of 

364 echocardiography to obtain the images from which strain is derived would introduce the angle 

365 and depth dependence not inherent to strain analysis (Forsha et al., 2015). Axial resolution is 

366 superior to lateral resolution, which further worsens in the far field, and image acquisition of the 

367 myocardium from different windows can change the ratio of axial to lateral resolution for a given 

368 segment (Forsha et al., 2015; Støylen, 2013). The comparison of longitudinal strain values 

369 obtained from alternative imaging windows or off-axis apical windows with  apically derived 

370 strain values derived from standard apical images is therefore discouraged (Forsha et al., 2015), 

371 as supported by the results of the present study.

372 In dogs, a complete echocardiographic examination includes the attainment of the four-

373 chamber view from the left parasternal apical approach, which is essential to analyze the 

374 atrioventricular inflows and to perform the TDI analysis, as the Doppler sample volume needs to 

375 be aligned parallel to the blood flow and to the myocardial wall, respectively (Abduch et al., 

376 2014; Boon, 2011). Therefore, strain analysis should be performed by 2-D STE on good quality 

377 images obtained from this location, as this approach has been validated and more extensively 

378 investigated, and values obtained in healthy and diseased dogs are available for comparison 

379 (Chetboul et al., 2007, 2008; Hamabe et al., 2015; Santarelli et al., 2017; Smith et al., 2012; 

380 Spalla et al., 2016a, 2016b; Suzuki et al., 2013; Takano et al., 2010; Wess et al., 2011; Zois et al., 

381 2012, 2013a, 2013b). However, the use of the RP4Ch view might be considered when the 

382 LAp4Ch offers images of suboptimal quality or invalid 2-D STE-derived strain data. In such 

383 cases, the view employed for strain assessment should be recorded, and taken into account when 
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384 results obtained on different occasions from the same individual are compared, as alternating the 

385 use of different projections could lead to misinterpretation of any difference as a real change in 

386 cardiac function. Further, as previously mentioned, values obtained from the RP4Ch should not 

387 be compared with reported values derived from standard apical views.

388 The present study had limitations. The group of healthy dogs included individuals of 

389 several canine breeds with a wide range of weights, and therefore reference ranges were not 

390 established. However, it was not the intention of the authors to provide reference ranges, but to 

391 assess the feasibility and reliability of the RP4Ch view for longitudinal strain and SR assessment 

392 in dogs. Further studies including a larger population of healthy subjects would be needed for the 

393 purpose, and separate reference values for different breeds or software may be necessary. In fact, 

394 it has been demonstrated that body size impacts long-axis function (Kusunose et al., 2012). 

395 Besides, the vendor dependency of the software system used should be taken into account: as the 

396 algorithms employed to perform deformation analysis are proprietary, the values obtained in the 

397 present study may differ from those obtained by use of another (Voigt et al., 2015). Another 

398 limitation for the use of the values obtained in healthy dogs as reference would be the sedation 

399 employed in a small number of subjects. Their inclusion in the study was allowed considering 

400 the results of a previous study, demonstrating that the sedation protocol used do not affect 

401 significantly 2-D STE-derived parameters (Santarelli et al., 2017).  Finally, the differences 

402 encountered in the comparative study between echocardiographic views may have been 

403 complicated by small variations in image quality, cardiac cycles, heart rates, and frame rates 

404 there were not statistically evaluated. Regarding heart rate, it did not appear to vary significantly 

405 during the scans, and cardiac cycles with stable sinus rhythms were analyzed; further, in a recent 

406 study strain and SR variables in the longitudinal direction were not significantly different when 
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407 various pacing rates were applied (Suzuki et al., 2013c). Besides, by choosing patients with good 

408 acoustic windows and image quality, and maintaining frame rates within a narrow range (60–90 

409 Hz), we attempted to minimize these confounders, but we cannot exclude their partial 

410 contribution to the differences encountered.

411 In conclusion, the RP4Ch view was feasible for the assessment of longitudinal strain and 

412 SR by use of 2-D STE in healthy and diseased dogs in the present study. However, out of sector 

413 motion of the apical segments was present in approximately 13% of the dogs initially included. 

414 Further, the deformation parameters obtained were often significantly different from those 

415 obtained from the most commonly used LAp4Ch view, and therefore they should not be used 

416 interchangeably. Global longitudinal parameters showed a good repeatability and reproducibility, 

417 while segmental strains from both views were less reliable, suggesting a safer use of the software 

418 system employed for a global assessment of cardiac function in dogs.  

419

420 Footnotes

421 a. iE33 ultrasound system, Philips Medical Systems, Andover, Mass.

422 b. Qlab 2D Strain software, version 9.0, Philips Medical Systems, Andover, Mass.

423 c. IBM SPSS statistics for Windows, version 19.0, IBM Corp, Armonk, NY.

424
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585 Figures legend

586 Figure 1 – Representative 2-D echocardiographic image obtained from a healthy dog providing 

587 an end-diastolic right parasternal long-axis view of the LV in which an ROI drawn by the 

588 software has been adjusted by the operator manually to better incorporate the entire myocardial 

589 thickness. The myocardium has been automatically divided into 7 segments by the software in 

590 accordance with standard segmentation models used in humans. The 7 segments are as follows: 

591 basal septal (ISB [yellow]), midseptal (ISM [light blue]), apical septal (SApic [green]), apical 

592 (Ápice [white]), apical lateral (LApic [purple]), midlateral (ALM [dark blue]), and basal lateral 

593 (ALB [red]). Peak strain values for each segment are indicated and represent the corresponding 

594 percentage. A simultaneous ECG recording is present. Ick marks on the righ side are at intervals 

595 of 5 mm.

596 Figure 2 - Representative 2-D echocardiographic image obtained from a dog with tricuspid 

597 dysplasia (top) and a longitudinal time-strain curve obtained by use of 2-D STE (bottom). In the 

598 2-D image, the myocardium has been divided into 7 segments by the software. The 7 segments 

599 are as follows: basal septal (ISB [yellow]), midseptal (ISM [light blue]), apical septal (SApic 

600 [green]), apical (Ápice [white]), apical lateral (LApic [purple]), midlateral (ALM [dark blue]), 

601 and basal lateral (ALB [red]). Peak strain values for each segment are indicated and represent the 

602 corresponding percentage. A simultaneous ECG recording is present. The bottom panel provides 

603 color-coded longitudinal strain curves for each segment and a global longitudinal strain curve 

604 (dotted white line).  

605 Figure 3 – Representative 2-D echocardiographic image obtained from a healthy dog (top) and a 

606 longitudinal time-SR curve obtained by use of 2-D STE (bottom). In the 2-D image, the 

607 myocardium has been divided into 7 segments by the software. The 7 segments are as follows: 
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608 basal septal (ISB [yellow]), midseptal (ISM [light blue]), apical septal (SApic [green]), apical 

609 (Ápice [white]), apical lateral (LApic [purple]), midlateral (ALM [dark blue]), and basal lateral 

610 (ALB [red]). A simultaneous ECG recording is present. The bottom panel provides color-coded 

611 longitudinal SR curves for each segment and a global longitudinal SR curve (dotted white line).  

612 Figure 4 – Bland-Altman plots for global longitudinal strain (%) in a population of 75 dogs 

613 comprising 50 healthy animals and 25 animals with various cardiac diseases (caption A), and 

614 within the groups of 50 healthy (caption B) and 25 diseased (caption C) dogs. The differences of 

615 the global longitudinal strain values, obtained from the right parasternal four-chamber view and 

616 the left apical four-chamber view, are plotted against average values from both views. The mean 

617 differences (red middle line) and the range containing the mean of the differences ± 1.96 SD 

618 (green lines) are shown.
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631 Table 1—Mean ± SD values for STE-derived longitudinal strain and SR obtained from the 

632 LAp4Ch and the RP4Ch views in healthy dogs and dogs with various cardiac diseases.

Total (n=76) Healthy group (n=51) Diseased group (n=25) 

LAp4Ch RP4Ch LAp4Ch RP4Ch LAp4Ch RP4Ch

Global St (%) –20,6 ±3,8a –23,4 ± 4,4a –20,8 ± 3,2b –23,2 ± 3,3b –20,4 ± 4,9c –23,8 ± 6,1c

Basal septal St (%) –18,6 ±5,6a –20,7 ± 5,5a –18,5 ± 5,7 –20 ± 5 –18,7 ± 5,3c –21,9 ± 6,4c

Midseptal St (%) –24,4 ± 6,7 –24,7 ± 6,3 –24,2 ± 6,4 –25,2 ± 6,4 –23,4 ± 9,1 –28,6 ± 7,9

Apical septal St (%) –23,8 ±6,7a –27,4± 6,6a –24,1 ± 5,3b –26,9 ± 5,8b –21,8 ± 7,1c –27,7 ± 6,8c

Apical St (%) –22,6 ± 5,4a –26,4 ± 5,7a –22,9 ± 4,3b –25,8 ± 5b –20,6 ± 6,5c –27,4 ± 7,1c

Apical lateral St (%) –21,8 ± 6a –26,1 ± 6,1a –22,4 ± 5,8b –25,4 ± 5,5b –21,8 ± 6,9c –21,8 ± 8,1c

Midlateral St (%) –21 ± 6,4 –22,2 ± 6,4 –20,6 ± 6,1 –22,4 ± 5,5 –21 ± 7,4 –22,4 ± 6,6

Basal lateral St (%) –21,1 ± 5,9 –22,4 ± 5,7 –21,2 ± 5 –22,4 ± 5,3 –21,2 ± 6,8 –22,5 ± 6,5

Peak S SR (1/s)      -2,3 ± 0,6a -2,5 ± 0,5a -2,4 ± 0,6 -2,5 ± 0,4 -2 ± 0,6c -2,4 ± 0,6c

Peak E diastolic SR(1/s) 1,8 ± 0,6a 2,3 ± 0,6a 1,9 ± 0,5 2,2 ± 0,6 1,7 ± 0,7c 2,3 ± 0,7c

Peak A diastolic SR(1/s)                  1,4 ± 0,6 1,4 ± 0,6 1,4 ± 0,4 1,3 ± 0,6 1,5 ± 0,7 1,5 ± 0,5

633 a, b, c Significant differences between values obtained from the two different views (P < 0.05).

634 St = Strain. S= systolic. SR = Strain rate. E = Early diastolic. A = late diastolic. 
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643 Table 2—Intra-observer (within-day and between-day) and inter-observer variability (CV in %) 

644 of STE-derived longitudinal strain and SR obtained from the LAp4Ch and RP4Ch views in 6 

645 dogs.

Intra-observer 

(Within-day) CV (%)

Intra-observer 

(Between-day) CV (%)

Inter-observer 

CV (%)

LAp4Ch RP4Ch LAp4Ch RP4Ch LAp4Ch RP4Ch

Global St 5,6 5,1 3,1 1,4 3,2 2,1

Basal septal St 16,9 19,6 16,2 6,6 6,6 8,5

Midseptal St 10,4 16,3 20,5 7,1 17,2 12,4

Apical septal St 9,1 9,8 9,6 14,5 17,4 9,7

Apical St 7,3 8,7 6,4 1,1 10 6,5

Apical lateral St 14,1 13,3 9,7 4,8 5,3 7,6

Midlateral St 2,3 17,4 14,1 8,8 14,3 21,7

Basal lateral St 15,6 16,9 10,6 10,2 17,2 16,6

Peak S SR 4,4 9,4 8,1 6,3 7,8 4

Peak E diastolic SR 10,5 10,3 10,8 9,3 8,8 3,6

Peak A diastolic SR 13,6 14,2 11 8,5 14,2 13,1

646 St = Strain. S= systolic. SR = Strain rate. E = Early diastolic. A = late diastolic. 
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