
754

*Correspondence to: Fujii, Y.: fujiiy@azabu-u.ac.jp, Laboratory of Small Animal Surgery, School of Veterinary Medicine, Azabu University, 1-17-71 
Fuchinobe, Chuo-ku, Sagamihara-shi, Kanagawa, 252-5201, Japan

©2022 The Japanese Society of Veterinary Science

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd) 
License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

FULL PAPER
Internal Medicine

Reference intervals for echocardiographic 
measurements in healthy Chihuahua dogs
Seiya NIIMI1), Haruna KOBAYASHI2), Yukika TAKE1), Shiori IKOMA1),  
Saki NAMIKAWA1) and Yoko FUJII1)*

1)Laboratory of Small Animal Surgery, School of Veterinary Medicine, Azabu University, Kanagawa, Japan
2)Primo Animal Hospital, Kanagawa, Japan

ABSTRACT.	 Chihuahuas are one of the most common small breed dogs in Japan, and this breed 
is known to be predisposed to myxomatous mitral valve disease (MMVD). Echocardiographic 
assessment is essential for definitive diagnosis of MMVD in dogs as well as determining the stage. 
Because the Chihuahua’s body size is the smallest among the dog breeds and the widely used 
echocardiographic reference range is established on the basis of larger dogs, it is unclear whether 
the existing reference range can be applied to the Chihuahua breed as well. Therefore, this study 
aimed to determine an echocardiographic reference range for Chihuahua dogs. The left atrial 
short-axis diameter (LA), aortic valve short-axis diameter, interventricular septum thickness at end-
diastole, left ventricular internal dimension at end-diastole (LVIDd), and left ventricular posterior 
wall thickness at end-diastole from 47 healthy Chihuahuas were analyzed. These parameters 
increased logarithmically as body weight increased. Furthermore, LA and LVIDd were within the 
previously established reference range generated primarily from multiple breeds of moderate to 
large breed dogs.
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Chihuahuas are one of the most common small breed dogs in Japan. According to the Japan Kennel Club, fifty thousand or more 
Chihuahuas are raised and living in Japan [29]. Myxomatous mitral valve disease (MMVD) is the most common heart disease in 
dogs [10], and is particularly prevalent in small dogs, including Chihuahuas [4].

Echocardiography is an essential modality for diagnosing and assessing MMVD. Echocardiography can identify the abnormal 
morphology of mitral valve such as thickened mitral valve, ruptured cordae tendineae, which is needed to suspect the etiology 
of mitral valve regurgitation and allow for chamber size measurements, which are necessary to determine the disease stage and 
predict a development of congestive heart failure and cardiac-related death [6, 7, 11, 18]. Chamber size assessment of the left 
atrium (LA) and left ventricle is important in asymptomatic dogs with MMVD when diagnosing Stage B1 or B2; it can determine 
if early medical intervention is indicated or not. Echocardiographic parameters often depend on body weight (BW), body surface 
area, gender, age, heart rate (HR), and daily activity level [2, 16, 19–21, 23, 28]. It is difficult to estimate normal reference ranges 
for echocardiographic parameters using a simple linear regression model, even within the same breed [22]. Because there is a wide 
variety of body sizes and thoracic anatomy among dog breeds, some have established breed-specific reference ranges to accurately 
assess echocardiographic parameters, such as for English bulldogs [24], Dachshunds [13], and Cavalier King Charles Spaniels 
[21].

The echocardiographic reference range determined by Cornell et al. incorporated many dog breeds with a minimum BW of 2 kg 
but mainly included large breed dogs [3, 9]. Thus, it is unclear whether this reference range applies to Chihuahuas whose BW is 
often less than 2 kg. Small dogs have a larger heart volume relative to the thoracic cavity volume than that in large dogs [31]. On 
thoracic radiography, a Chihuahua’s heart silhouette is larger than that of a typical reference [25]. Therefore, this study aimed to 
determine the echocardiographic reference range in Chihuahuas and investigate whether the previously reported echocardiographic 
reference range is suitable for Chihuahuas.

MATERIALS AND METHODS

This study was approved by the Azabu University Experimental Animal Committee (approval number 201124-2). Client-
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owned or breeder-owned clinically healthy volunteer Chihuahuas aged between ten months to seven years were prospectively 
recruited. All dogs were reportedly healthy according to their owners and received a physical examination by a board-certified 
veterinary cardiologist (YF) and eight-year experienced veterinarian specializing in cardiology (SN). The body temperature, HR, 
and respiratory rate were measured. Careful thoracic auscultation was performed, and dogs with no obvious abnormal findings 
were included in the study. Dogs without heart murmur or with a very soft heart murmur (grade 1/6) or mid-systolic clicks were 
also included. Dogs under ten months or over seven years old, dogs with soft to loud heart murmurs (grade 2/6 or more) on 
auscultation, systemic chronic disease, or disease requiring treatment were excluded. Furthermore, dogs with a body condition 
score of 1 or 5 on a 5 point scaling system, and dehydration or overhydration on physical examination were also excluded. Dogs 
with abnormal echocardiographic findings such as significant valvular regurgitation, prolapse or thickening of mitral valve, or 
congenital heart disease, were also excluded.

Echocardiography
All transthoracic echocardiographic examinations were performed using an ultrasound system (Vivid E9; GE Healthcare, Boston, 

MA, USA) with phased-array transducers at nominal frequencies of 6–12 mHz. Echocardiography was performed by a board-
certified cardiologist (YF) or experienced veterinarian (SN) supervised by a cardiologist. Each dog was gently restrained in lateral 
recumbency without sedation during echocardiographic examination. A single trained observer reviewed and measured each study, 
and all parameters were recorded as the average of three or more measurements from consecutive cardiac cycles.

Left ventricular internal dimension at end-diastole (LVIDd) and end-systole (LVIDs), and left ventricular and interventricular 
wall thickness at end-diastole (LVPWd and IVSd, respectively) were measured from the right-side parasternal short-axis view at 
the chordae tendineae level using the M-mode method. The normalized left ventricular internal diameter in diastole (LVIDDN) 
was calculated according to the following formula: LVIDDN=LVIDd (cm)/(BW (kg)0.294) [9]. The percentage of change in the left 
ventricular diameter during systole (i.e., the fractional shortening [FS]) was calculated as FS (%)=100 ×(LVIDd−LVIDs)/LVIDd. 
Left atrial and aortic diameters were measured using the right parasternal short-axis view at the heart base level during end-systole, 
as previously described [17]. Briefly, the length of the line extending from and parallel to the commissure of the non-coronary and 
left coronary aortic valve cusps to the dorsal left atrial wall was recorded as the left atrial diameter. The aortic valve short-axis 
diameter (Ao) was measured along the commissure of the non-coronary and left coronary aortic valve cusps, bisecting the right 
coronary cusp. Then, the left atrial-to-aortic ratio (LA/Ao) was calculated. In addition to the dimensional measurements, pulsed-
wave Doppler was used to measure the blood velocity of left ventricular early filling wave (E-wave) using the left parasternal 
apical four-chamber view.

Ten prospective echocardiographic studies were randomly selected to evaluate intra- and interobserver variability. These ten 
studies were analyzed twice, one month apart, first by one author for quantification of intraobserver variability, and then by another 
author for quantification of interobserver variability; the results of each were unknown to the other.

Statistical analyses
Statistical analyses were performed using commercial software (SPSS Statistics version 27.0; IBM Corp., Tokyo, Japan). 

Statistical significance was set at P<0.05.
All variables were tested for normality using the Shapiro-Wilk normality test. The mean and standard deviation for each variable 

were calculated for normally distributed data, whereas data that failed tests were presented as medians and ranges.
The median, upper and lower reference limits and 90% confidence intervals of the limits were calculated using an open-source 

application (Reference Value Advisor version 2.1) [15]. The non-parametric method to determine reference intervals was used with 
the entire eligible dataset.

The effects of age, sex, BW, and HR on echocardiographic variables were evaluated using an analysis of covariance, and 
regression coefficients were estimated. For echocardiographic variables influenced by BW (LA, Ao, LVIDd, LVPWd, and IVSd), 
allometric scaling was performed. The coefficients of the allometric equation Y=aMb were calculated as previously described by 
Cornell et al. [9], where Y is the echocardiographic variable in question, M is BW, ‘a’ is the proportionality constant, and ‘b’ is the 
scaling exponent. These coefficients were used to reconstruct the predicted reference intervals for BW-dependent echocardiographic 
variables. LA size and LVIDd are important parameters for determining Stage B1 or B2, and MMVD guidelines recommend 
medical intervention for B2 [18]. Therefore, plots of these two parameters from our data with 95% prediction interval and the 
previously published prediction interval created by Cornell et al. were drawn in the same graphs and manually inspected.

Intra- and interobserver variability was quantified by the coefficient of variation (CV), where CV=the mean difference between 
the measurements/the average of the measurements × 100%.

RESULTS

In total, 56 apparently healthy Chihuahuas underwent echocardiographic evaluation. Nine dogs were excluded due to 
auscultatory and/or echocardiographic findings: murmur grade >2/6 (n=7) and obvious mitral regurgitation (n=9). No dog was 
obese, lean or inadequately hydrated. Three dogs had a very soft murmur (grade 1/6) on careful auscultation in a quiet room, and 
echocardiography revealed trivial mitral regurgitation, which was considered hemodynamically insignificant. Thus, they were 
included in the study. Although careful auscultation did not detect a heart murmur, 38 dogs had trivial mitral regurgitation (such 
as a few Color-flow pixels) close to the mitral valve level. These findings were also considered insignificant, and the dogs were 
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included in the study.
Overall, 47 dogs (31 females and 16 males; 37 intact and 10 neutered) were included in the analysis. The median age was 29 

months (range, 10–80 months), and the median BW was 2.08 kg (range, 1.60–4.75 kg). The mean HR was 115 beats per min (bpm) 
(range, 76–184 bpm).

All echocardiographic variables were obtained from the entire study population, and all except IVSd had a normal distribution. 
Table 1 presents the results of the echocardiographic variables.

Covariance analysis revealed that LA (b=1.528; P<0.001), Ao (b=0.895; P<0.001), LVIDd (b=1.618; P<0.001), LVPWd 
(b=0.615; P<0.001), and IVSd (b=0.89; P=0.002) were positively correlated with BW. Allometric scales were calculated using 
the equation derived by Cornell et al. to generate BW reference intervals for LA, Ao, LVIDd, LVPWd, and IVSd (Figs. 1 and 2, 
Table 2). Age positively affected LVPWd (b=0.012; P=0.019), whereas HR negatively affected LVIDd (b= −0.027; P=0.021) and 
LVIDDN (b= −0.002; P=0.03). Sex did not influence the echocardiographic variables.

Table 3 presents the intra- and interobserver measurement variability results. Nearly all CVs were less than 6%. The coefficient 
of variation was <10% for all variables.

DISCUSSION

This study revealed that the heart size of the Chihuahua increases logarithmically with BW. Gender had no effect on heart 
size. In certain breeds, echocardiographic values differ between males and females [20]. Previous studies have revealed that age 
influences myocardial wall thickness and the lumen diameter [1, 27]. However, in our study, age slightly affected LVPWd in 
Chihuahuas, but it was considered to be of low clinical importance. This is probably because our study population was composed 
mainly of young dogs.

It has been reported that Chihuahuas’ vertebral heart score is higher than that of the conventional reference values [25]. In small 
breeds, the ratio of the heart volume to the thoracic cavity volume is small compared to that of large dogs [31]. However, the 
Chihuahua reference range calculated in this study was generally within the reference range obtained from multiple breeds reported 
by Cornell et al. [9]. Moreover, the reference intervals found for the Chihuahua breed appeared to be narrow in range.

The LA/Ao and LVIDDN eliminate the effects of BW, and these are commonly used to evaluate the size of the LA and left 
ventricle. In dog breeds such as boxers and beagles, the aortic diameter is relatively small, so the LA/Ao is large, and 1.73 is 
considered the upper limit of the normal range [26]; Visser et al. reported that the normal upper limit for LA/Ao was 1.7 [32]. 
Rishniw et al. investigated LA/Ao by dog type, reporting that, although the number of Chihuahuas was small, the LA/Ao of 
Chihuahuas was less than 1.6, similar to our results [26]. For LVIDDN, no Chihuahuas in this study exceeded the upper reference 
range of 1.85, determined by Cornell et al. [9]. Furthermore, sex, age, and BW did not affect LA/Ao or LVIDDN in our study.

The E-wave velocity was partially reflected by left ventricular filling pressure; therefore it has been used as a brief parameter of 
left atrial pressure in dogs with MMVD. Because previous studies have shown that elevated E-waves are associated with the onset 
of heart failure and cardiac death in MMVD [5], this parameter was included in this study. E-wave values of 1.2 m/sec or higher in 
dogs with MMVD are considered to indicate an increased risk of cardiogenic pulmonary edema [5]. The E-wave of healthy dogs 
has been reported to be 0.87 ± 0.13 m/sec (mean ± standard deviation) [8], which is approximately the same as our results.

Since Chihuahuas are predisposed to MMVD, data were collected from relatively young individuals, but, interestingly, many 
dogs included in this study already had trivial mitral regurgitation. Cavalier King Charles Spaniels have been reported to develop 
MMVD at a younger age than other breeds [12]. Chihuahuas may have the same tendency of early development of MMVD, 
although further investigation is warranted. Mitral regurgitations confirmed on echocardiography in the current study were not 
accompanied by a heart murmur in most cases and is similar to that reported in Dachshund and Norfolk terriers [14, 30].

Table 1.	 Echocardiographic values in healthy Chihuahuas (n=47)

Variable Median Mean SD Min-Max Lower RI 90% CI Upper RI 90% CI
LA (mm) 10.8 11.0 1.5 7.9–14.6 8.0 7.4–8.7 14.0 13.4–14.6
Ao (mm) 8.9 9.2 1.0 6.9–11.2 7.2 6.8–7.6 11.2 10.7–11.6
LA/Ao 1.20 1.20 0.10 0.90–1.49 0.99 0.95–1.03 1.41 1.37–1.46
IVSd (mm) 4.5 4.8 1.2 2.9–10.0 3.0 2.9–3.3 9.4 6.4–10.0
LVIDd (mm) 18.6 18.4 1.8 13.6–23.9 14.7 14.0–15.6 22.1 21.3–22.9
LVPWd (mm) 4.6 4.5 0.8 3.0–6.6 3.0 2.7–3.3 6.1 5.7–6.4
LVIDs (mm) 10.6 10.5 1.7 6.5–13.4 7.1 6.4–7.8 13.9 13.1–14.6
FS (%) 42.6 43.3 6.8 32.2–57.6 29.4 26.6–32.2 57.3 54.5–60.4
E-wave (m/sec) 0.65 0.67 0.10 0.40–0.93 0.47 0.43–0.51 0.86 0.82–0.90
LVIDDN 1.46 1.46 0.13 1.15–1.72 1.18 1.13–1.25 1.73 1.67–1.78
LA, left atrial short-axis diameter; Ao, aortic valve short axis diameter; LA/Ao, left atrial-to-aortic ratio; IVSd, interventricular 
septum thickness at end-diastole; LVIDd, left ventricular internal dimension at end-diastole; LVPWd, left ventricular posterior wall 
thickness at end-diastole; LVIDs, left ventricular internal dimension at end-systole; FS, fractional shortening; E-wave, peak velocity 
of early diastolic transmitral flow; LVIDDN, normalized left ventricular internal diameter in diastole; SD, standard deviation; Min-
Max, minimum maximum reference intervals; RI, reference interval; CI, confidence interval.
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There were some limitations to this study. First, the sample size was small for creating a reference range. In addition, since 
our study population was primarily young individuals, this result may not represent the reference range for the entire population. 
Further, of the 47 dogs, 34 dogs were included from a solo breeder; therefore, relatively genetically close individuals might be 
included, and genetic characteristics may be reflected in the results. Finally, mitral regurgitation on echocardiography was present 
in more dogs than expected. It was difficult to determine whether this mitral regurgitation was pathologically associated with 
MMVD, or whether it was a physiological feature in Chihuahua. No Chihuahua included in this study had obvious mitral valve 
thickening or prolapse. In addition, dogs with obvious mitral regurgitation were excluded from this study, so the effect on heart size 
was considered negligible.

Fig. 2.	 Left atrium (LA) diameter versus body weight after logarithmic transformation. The solid regression lines represent the 95% prediction 
interval from this study: Y=7.72 to 9.43 × M0.31. The dotted lines are the 95% prediction interval determined by the regression equation reported 
by Cornell et al.: Y=5.9 to 9.7 × M0.345.

Fig. 1.	 Left ventricular end-diastolic diameter (LVIDd) versus body weight after logarithmic transformation. The solid regression lines represent 
the 95% prediction interval from this study: Y=14.64 to 17.36 × M0.18. The dotted lines are the 95% prediction interval determined by the 
regression equation reported by Cornell et al.: Y=12.7 to 18.5 × M0.294.
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