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Echocardiographic Investigation of Canine Myxomatous Mitral Valvular Disease 

Sonya R. Wesselowski 

ABSTRACT 

 

Objectives:  To further characterize the echocardiographic anatomy of the canine mitral valve in 

healthy dogs and those affected by myxomatous mitral valve disease (MMVD), and to compare 

the level of agreement between two methods of assessment of left atrial size in identification of 

left atrial enlargement in dogs with MMVD.   

Animals: Sixty dogs with MMVD and 22 normal dogs were prospectively studied with 2-

dimensional echocardiography. 

Methods:  The length (AMVL), width (AMVW) and area (AMVA) of the anterior mitral valve 

leaflet and the diameter of the mitral valve annulus in systole (MVAs) and diastole (MVAd) were 

measured. Left atrial size was evaluated with the left atrial to aortic root ratio (LA:Ao) and by 

measuring left atrial volume indexed to body weight (LA Vol/BW).  All patients were staged 

using published ACVIM guidelines and separated into groups B1 and B2/C. 

Results: Measurements of AMVL, AMVW, AMVA, MVAs and MVAd were all significantly 

greater in the B2/C group than in the control group. AMVW was significantly greater in group 

B1 than control. Twelve dogs had left atrial enlargement identified with LA Vol/BW that were 

considered normal using LA:Ao. Diagnostic disagreement between these two measurements was 

significant (P = 0.00012). The majority of dogs with diagnostic disagreement had concurrent 

echocardiographic evidence of more advanced mitral regurgitation.
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Conclusions: Relative to normal dogs, AMVL, AMVW, AMVA, MVAs and MVAd are greater 

in patients with advanced MMVD. LA Vol/BW may be superior to LA:Ao for identification of 

mild left atrial enlargement 
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1. Introduction & Literature Review 

Mitral valve anatomy 

 The mitral valve apparatus is composed of the mitral valve leaflets, chordae tendineae, 

papillary muscles, and the mitral valve annulus.
1-3

  The two mitral valve leaflets are structurally 

distinct from one another and are typically referred to as the anterior and posterior leaflets, 

however they have also been termed the aortic and mural leaflets, respectively.
4,5

  The anterior 

leaflet is distinguished by its fibrous continuity with the aortic valve.
4,6

  It is also distinctly 

broader than the posterior leaflet, with the basal to free edge length being at least twice that of 

the posterior leaflet in humans.
3
  The canine anterior mitral valve leaflet is also known to be 

significantly longer than the posterior leaflet.
2,5,7

  Histologically, the canine mitral valve has four 

layers.
6,8

 The atrialis and ventricularis are thin layers of endothelial cells that line the atrial and 

ventricular surface of the valve leaflets, respectively.
6,8

  The fibrosa layer is immediately above 

the ventricularis layer and is composed of dense collagen and scattered fibroblasts.  It is 

continuous with the mitral valve annulus at the proximal aspect and with the collagen core of the 

chordae tendineae at the distal aspect.
8
  The final layer is a layer of loose connective tissue rich 

in proteoglycans and glycosaminoglycans known as the spongiosa.
6
  It lies just beneath the 

atrialis layer and contains ground substance that embeds a collection of elastic fibers, collagen, 

fibroblasts and Anichkov’s cells.
6
     

 The chordae tendineae originate from the two left ventricular papillary muscles and insert 

into the mitral valve leaflets.  The chordae provide crucial support to the majority of the valvular 

tissue and must not be too long or too short, lest inversion of the leaflets or inappropriate leaflet 

coaptation arise.
5
  Those chordae that branch in a fan-like pattern to insert into the margins of the 
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commisural tissue between valve leaflets are known as commmisural chordae, while chordae that 

insert into the valve leaflets themselves can be further classified based on the leaflet into which 

they insert and the location of insertion on the leaflet.
9
  The total number of chordae tendineae in 

dogs
2
 is approximately twice the number reported in humans.

9
 It has also been shown that there 

are a significantly higher number of chordae tendineae attaching to the anterior mitral valve 

leaflet versus the posterior leaflet in the dog, while the number of chordae originating from each 

of the papillary muscles is similar.
2
  Each chordae branches between 2 and 5 times.

2
   

 The mitral valve annulus provides a fibrous basal attachment for the mitral valve leaflets 

and also undergoes contraction during systole to help decrease the area that the anterior and 

posterior leaflets must bridge.
3
  The geometry of the mitral valve annulus in dogs ranges from 

elliptical to circular in shape, with no apparent correlation between body weight and annular 

morphology.
2
  The plane of the mitral valve annulus is oblique in relation to the axis through the 

ventricular apex due to the slightly apical displacement of the posterior mitral valve leaflet 

relative to the anterior leaflet.
5
  The mitral valve annulus has been described as saddle shaped in 

humans, sheep and baboons.
10

  It has been proposed that this particular annular shape is 

conserved across species due to a mechanical benefit that decreases mitral valve leaflet stress.
10

 

Preliminary data from our laboratory suggest that the canine mitral valve annulus also conforms 

to the saddle shape. 

 The echocardiographic anatomy of the normal canine mitral valve has not been well 

characterized.  One study provided the normal thickness, length and area of the anterior mitral 

valve as well as the systolic diameter of the mitral valve annulus in 7 healthy Norfolk Terriers.
11

  

Another study compared echocardiographic measurements of the normal mitral valve to 

anatomic measurements obtained post-mortem.
2
  This study found that echocardiographic 
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measurements of the length of the anterior and posterior mitral valve leaflets did not differ 

significantly from measurements obtained post-mortem, although echocardiographic 

measurements of the mitral valve annulus were larger than their corresponding anatomic 

measurements.
2
  The latter may have reflected shrinkage of the heart after formalin fixation.

2
    

Myxomatous Mitral Valve Disease 

 Myxomatous mitral valve disease (MMVD) is the most common acquired cardiac disease 

in dogs and is considered to be the leading cause of congestive heart failure in this species.
12-14

  

Gross pathology of affected mitral valve leaflets ranges from mild nodular thickening to severely 

thickened and prolapsed leaflets with lengthening or rupture of the chordae tendineae.
15,16

  Mitral 

regurgitation develops as the leaflets fail to properly coapt which, when long-standing, leads to 

volume overload of the left heart and dilation of the mitral valve annulus
8
.  Histopathologic 

lesions of affected mitral valve leaflets are characterized by an accumulation of 

glycosaminoglycans and proteoglycans that lead to expansion of the spongiosa layer in 

combination with connective tissue derangements that cause disruption of the fibrosa layer.
6-

8,16,17
  Early lesions are most prominent at the free edge of the valve leaflet, with disease 

progression leading to more diffuse involvement.
6
     

 From a clinical standpoint, the prevalence of MMVD increases significantly with 

increasing age; MMVD most commonly affects male, small breed dogs.
18

  The natural history of 

MMVD in dogs is characterized by a long pre-clinical period.
14,18

  Initially, changes associated 

with MMVD are only identifiable upon post-mortem examination.  Progression of the disease 

leads to the development of mitral regurgitation, with further deterioration contingent upon the 

severity and chronicity of this valvular insufficiency.  In advanced cases, MMVD-related death 
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typically occurs due to the development of congestive heart failure.
19

  Epidemiologic data 

suggest that dogs with pre-clinical MMVD have a favorable long-term prognosis, while dogs 

with moderate or severe heart failure have median survival times of 33 and 9 months, 

respectively.
19

   

Diagnosis and staging of canine MMVD often involves a combination of physical 

examination findings, thoracic radiographs and transthoracic echocardiography.  A working 

group of the American College of Veterinary Internal Medicine has proposed a staging system in 

which dogs are divided into Stages A through D based on a combination of clinical findings and 

diagnostic imaging.
18

  Stage A encompasses dogs with no current evidence of MMVD that are 

considered high risk for developing the disease in the future.  Stage B represents pre-clinical 

patients affected by MMVD with substages B1 and B2 reflecting those patients who do or do not 

have radiographic or echocardiographic evidence of left-sided cardiac remodeling, respectively.  

Stage C encompasses those patients that have clinical signs as a result of MMVD but 

importantly, also includes patients that had clinical signs that have resolved in association with 

therapy. Stage D includes dogs that have developed end-stage, refractory congestive heart 

failure.   

 A number of risk factors have been associated with disease progression in dogs with 

MMVD, with left atrial enlargement frequently identified as one of the most important.
19-21

  Left 

atrial enlargement serves as an indicator of both the chronicity and severity of mitral valve 

regurgitation.
19

  Multiple echocardiographic methods have been used to quantify left atrial size in 

both human and veterinary cardiology.  Methodologies include assessment of M-mode linear 

dimensions, 2-dimensional linear dimensions, left atrial areas and left atrial volumes.  While the 

2-dimensional ratio comparing the diameter of the left atrium to the diameter of the aortic root 
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remains the most commonly utilized method in veterinary medicine
22,23

, volumetric assessments 

of left atrial size have supplanted linear dimensions for quantification of left atrial size in 

humans.
24

  The American Society of Echocardiography currently recommends that left atrial size 

be assessed by obtaining a left atrial volume using either the biplane area-length method or the 

biplane Simpson’s method of discs.
25

  The biplane area-length method assumes that left atrial 

geometry can be represented as a prolate ellipse, while the Simpson’s method of discs is 

calculated by dividing the left atrium into a series of stacked discs whose volumes can be 

calculated individually and summed.
25

  A recent study suggested that measurement of left atrial 

volume using the biplane area-length method in dogs was feasible and proposed an upper 

reference limit of normal left atrial volume indexed to body weight of 0.92 ml/kg.
26

  The same 

study identified significant differences in left atrial volume amongst different breeds of dog, 

however all dogs had an upper 95
th

 percentile left atrial volume indexed to body weight of 1.12 

ml/kg or less.
26

 

 Other modalities available to measure left atrial volume include real-time 3-dimensional 

echocardiography, multi-slice computed tomography and cardiac magnetic resonance imaging.  

Two veterinary studies have compared left atrial volumes derived from real-time 3-dimensional 

echocardiography to traditional 2-dimensional echocardiography.  The first study used Bland-

Altman analysis to compare the level of agreement between the left atrial volume obtained with 

real-time 3-dimensional echocardiography to the 2-dimensional left atrial to aortic root ratio.
27

  

Results suggested that the 3-dimensional measurements underestimated the left atrial volume in 

comparison to the 2-dimensional ratio at lower values and overestimated at higher values.
27

  The 

second study compared several linear measurements of left atrial size to estimate left atrial 

volume based on geometric assumptions that the left atrium could be considered a sphere and 
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compared those values to the left atrial volumes obtained using real-time 3-dimensional 

echocardiography.
28

  Correlations between the two modalities used in this fashion were weak.
28

  

Correlation of echocardiographically derived left atrial volumes to those obtained with either 

computed tomography or cardiac magnetic resonance imaging are lacking in veterinary 

medicine.  Many studies investigating these correlations have been performed in humans, 

however.  Data suggest that although there are good correlations among the various imaging 

modalities, absolute volume differs between modalities, with echocardiographic volumes 

generally being smaller than volumes obtained with computed tomography or magnetic 

resonance imaging.
24,29-32

  While the requirement of general anesthesia for either computed 

tomography or magnetic resonance imaging is a significant limitation for use in veterinary 

patients, additional studies are warranted to help provide clarification as to how these modalities 

correlate to the echocardiographic modalities used on a more regular basis in veterinary 

cardiology. 

Additional systematic study is also needed to further characterize the echocardiographic 

descriptions of canine mitral valves affected by MMVD.  Current veterinary literature on this 

subject is relatively sparse. One study investigated 537 dogs with mitral valve prolapse and 

found that the most common leaflet exhibiting prolapse was the anterior leaflet (48.4%), with 

only 7.1% of dogs having prolapse solely involving the posterior leaflet.
33

  Bileaflet prolapse was 

relatively common and was identified in 44.5% of the study population.
33

  In human patients 

with mitral valve prolapse it is the posterior mitral valve leaflet that is most commonly 

affected.
34

  In another retrospective study, 189/558 dogs with MMVD for which the description 

of the affected mitral valve leaflet(s) was available, bileaflet involvement was the most common 

(55.5%).
19

  Only 2.2% of dogs had only the posterior leaflet affected, while 42.3% of dogs had 
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only anterior leaflet involvement.
19

  Finally, a retrospective study investigating the prevalence of 

chordae tendineae rupture of the mitral valve in dogs with MMVD described a prevalence of 

chordal rupture of 16.1% in their population of 706 dogs, with the ruptured chord being 

associated with the anterior mitral valve leaflet in 96.5% of cases.
21

 

The lack of objective data available to describe the evolution of the normal canine mitral 

valve into a valve affected by obvious myxomatous pathology becomes especially problematic 

when breeding dogs are presented for pre-breeding screening. Differentiation between mild 

myxomatous degeneration and normal variation is particularly important for accurate diagnosis 

and appropriate breeding recommendations in this setting.  If breeding programs are to be 

successful in their goal of decreasing the frequency of MMVD within their breeding populations, 

accurate identification of the early stages of MMVD is required to allow for timely elimination 

of dogs affected at an early age from the breeding pool. 

Objectives & Hypotheses 

 A prospective, two-pronged study was designed to further characterize the 

echocardiographic anatomy of the mitral valve and the assessment of left atrial size in normal 

dogs and dogs with MMVD.  The objectives of the first study were: 1) to evaluate the 

relationships between mitral valve measurements and body size; 2) to propose reference intervals 

for echocardiographic measurements of the anterior mitral valve leaflet and the mitral valve 

annulus in normal dogs; 3) to determine which echocardiographic view provides more repeatable 

measurements of the mitral valve apparatus in dogs, and 4) to compare these echocardiographic 

measurements among groups of dogs defined by clinical stage of MMVD.  Our hypotheses were: 

1) that the relationship between mitral valve dimensions and body size would best be described 
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by the allometric equation and 2) that the length, width and area of the anterior mitral valve 

leaflet and the diameter of the mitral valve annulus in systole and diastole would be greater in 

dogs with advanced MMVD than in healthy dogs. 

 The objectives of the second study were to 1) propose a cut-off for normal left atrial 

volume by 2-dimensional echocardiographic assessment using the biplane area-length method in 

normal dogs and 2) to compare the level of agreement in identification of left atrial enlargement 

between the left atrial-to-aortic root ratio and left atrial volume using the biplane area-length 

method in dogs with different stages of MMVD.  Our hypothesis was that left atrial volume 

would be superior to the left atrial-to-aortic root ratio in identification of mild left atrial 

enlargement. 
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2. Echocardiographic Anatomy of the Mitral Valve in Healthy Dogs and Dogs with 

Myxomatous Mitral Valve Disease.   

a. Title: Echocardiographic Anatomy of the Mitral Valve in Healthy Dogs and Dogs with Myxomatous 

Mitral Valve Disease. 

Authors: S. Wesselowski, DVM, MS
 a
, M. Borgarelli, DMV, PhD

 a
, G. Menciotti, DVM 

a
, and J. Abbott, 

DVM
 a
 

a
 Department of Small Animal Clinical Sciences, Virginia-Maryland Regional College of Veterinary 

Medicine, Blacksburg, VA 24061 

Corresponding author: S. Wesselowski, sonyarw@vt.edu 

b. Abstract 

Objectives: To further characterize the echocardiographic anatomy of the canine mitral valve apparatus in 

normal dogs and in dogs affected by myxomatous mitral valve disease (MMVD). 

Animals: Twenty-two normal dogs and 60 dogs with MMVD were prospectively studied. 

Methods: The length (AMVL), width (AMVW) and area (AMVA) of the anterior mitral valve leaflet 

were measured in the control group and the affected group, as were the diameters of the mitral valve 

annulus in diastole (MVAd) and systole (MVAs).  MMVD patients were staged based on ACVIM 

guidelines and separated into groups B1 and B2/C. All measurements were indexed to body weight based 

on empirically defined allometric relationships. 

Results: There was a statistically significant relationship between all log10 transformed mitral valve 

dimensions and body weight.  The AMVL, AMVW, AMVA, MVAd and MVAs were all significantly 

greater in the B2/C group compared to the B1 and control groups.  AMVW was also significantly greater 

in the B1 group compared to the control group.   
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Conclusions: Measurements of the anterior mitral valve leaflet and the mitral valve annulus in the dog can 

be indexed to body weight based on allometric relationships. Reference intervals have been proposed over 

a range of body sizes.  Relative to normal dogs, AMVL, AMVW, AMVA, MVAd and MVAs are greater 

in patients with advanced MMVD. 

 Key Words: Canine, anterior leaflet, annulus, reference intervals 

Abbreviations: 

AMVA  anterior mitral valve leaflet area 

AMVL  anterior mitral valve leaflet length 

AMVW anterior mitral valve leaflet width 

MMVD  myxomatous mitral valve disease 

MVAd   mitral valve annulus diameter in diastole 

MVAs   mitral valve annulus diameter in systole 

RC  repeatability coefficients 

% CV  % coefficient of variation 

c. Introduction 

The most common acquired cardiac disease in canine patients is myxomatous mitral valve disease 

(MMVD).
1, 2

 Gross pathology of affected mitral valve leaflets has a wide spectrum of lesion severity; 

some dogs develop only mild nodular thickening of the leaflets, while others are found to have 

lengthening or rupture of the chordae tendineae with elongated and severely thickened leaflets.
3, 4

  

Dilation of the mitral valve annulus also develops in association with long-standing mitral regurgitation 

due to MMVD.
5
 Histopathology of affected leaflets shows an accumulation of proteoglycans and 
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glycosaminoglycans in combination with connective tissue derangements.
4-8

 Standardized 

echocardiographic criteria distinguish between normal and abnormal mitral valve morphology in humans, 

but despite the high prevalence of MMVD in dogs, similar criteria for use in canine echocardiography 

have not been established.
9-11

 The lack of objective echocardiographic criteria has hampered systematic 

investigation of the relationships between structural mitral valve abnormalities and clinical assessments of 

disease severity.  Additionally, the prognostic relevance of abnormal mitral valve anatomy associated 

with MMVD in dogs has not been fully evaluated.  In humans, mitral valve leaflets measuring 5 mm or 

greater in width are known to be a predictor of complications associated with MMVD.
12

  

The image plane utilized most commonly for evaluation of the mitral valve in human beings, 

especially with regard to diagnosis of mitral valve prolapse, is the parasternal long axis view.  This view 

corresponds most closely to the veterinary image plane known as the right parasternal long-axis left 

ventricular outflow view, which allows visualization of the aorta in addition to the left atrium, left 

ventricle and mitral valve leaflets.
13

  The right parasternal long-axis four-chamber view, though not a 

standard image plane in human cardiology, is also considered a standard echocardiographic view for 

assessment of the canine mitral valve.
7, 13, 14

  Both views provide visualization of the mitral valve 

apparatus, however the optimal image plane for assessment of the mitral valve in dogs has not been 

critically assessed.  

The goals of this study were: 1) to evaluate the relationships between mitral valve measurements 

and body size; 2) to propose reference intervals for echocardiographic measurements of the anterior mitral 

valve leaflet and the mitral valve annulus in normal dogs; 3) to determine which echocardiographic view 

provides more repeatable measurements of the mitral valve apparatus in dogs, and 4) to compare these 

echocardiographic measurements among groups of dogs defined by clinical stage of MMVD. 

d. Materials and Methods 
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The control group was made up of healthy dogs owned by faculty, staff and students of the 

Virginia Maryland Regional College of Veterinary Medicine (VMRCVM) as well as dogs presenting for 

pre-breeding cardiac screening to both the VMRCVM and the Kansas State University Veterinary 

Teaching Hospital (KSUVTH). These dogs were evaluated with approval of the Virginia Tech 

Institutional Animal Care and Use Committee and were deemed cardiologically normal based on physical 

examination, complete echocardiographic evaluation and Doppler
b
 blood pressure measurement. An 

ultrasound unit
c
 equipped with 1.5-10MHz phased array transducers was used to obtain standard M-mode, 

2D, and Doppler blood flow measurements with contemporaneous ECG monitoring.  Doppler blood 

pressure measurements were performed compliant with previously published recommendations.
15

  

Criteria for exclusion included auscultation of a mid-systolic click or left apical systolic murmur, 

echocardiographic evidence of mitral valve prolapse or MR assessed as greater than trivial in severity, or 

evidence of cardiovascular or systemic disease expected to affect cardiovascular function. 

The study group comprised client-owned dogs that were presented to the VMRCVM Veterinary 

Teaching Hospital or the KSUVTH for evaluation of MMVD.  All dogs had complete echocardiographic 

evaluation and measurement of Doppler blood pressure.  Thoracic radiographs were obtained only if 

clinically indicated.  The diagnosis of MMVD was based on the echocardiographic identification of mitral 

valve thickening or prolapse, typically in combination with the presence of mitral regurgitation.  Dogs 

were classified according to previously published ACVIM staging guidelines.
16

 The distinction between 

Stage B1 and Stage B2 was based on radiographic and/or echocardiographic findings.  Patients for which 

the vertebral heart scale exceeded 10.5, the echocardiographic left atrial volume indexed to body weight 

was greater than 1.1 ml/kg
17

 or the left ventricular end-diastolic dimension exceeded the upper limit of a 

published reference interval
18

 were classified as Stage B2.  Dogs classified as Stage B1 made up one 

group while Stage B2 and Stage C dogs were grouped together (B2/C) to represent patients with advanced 

disease and cardiac remodeling.  Both the control population and the study population were previously 

utilized for a separate echocardiographic study.
17
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Figure 1: 2-Dimensional right parasternal long-axis four chamber view demonstrating the measurement of the anterior mitral valve leaflet length, 

width, and area. 

Measurements of the mitral valve were obtained in the four-chamber, right parasternal long-axis 

view and in the right parasternal long-axis left ventricular outflow view.  The length (AMVL), width 

(AMVW) and area (AMVA) of the anterior mitral valve leaflet were measured during diastole, when the 

leaflet was fully extended (Fig 1).  The length of the leaflet was measured as a straight line from the hinge 

point of the mitral valve annulus to the tip of the extended leaflet.  The width was determined by 

measuring the widest part of the extended leaflet.  Finally, the area of the leaflet was obtained using 

planimetry to trace its border. The mitral valve annulus was measured at both end-diastole (MVAd) and 

end-systole (MVAs) by measuring the distance from mitral valve hinge point to hinge point. The first 

frame after mitral valve closure and the last frame prior to mitral valve opening defined end-diastole and 

end-systole, respectively.  All measurements were repeated on three consecutive cardiac cycles and 
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averaged.  Average values were used in the statistical analysis.  One observer (SW) obtained 

measurements on all dogs and these data were subject to the principal analyses.  Measurements of the 

same stored images were repeated in a randomly selected subset of six control dogs by SW one week after 

the initial measurements.  A second observer (MB) also obtained measurements from the stored images of 

those six dogs.  These data were used to assess intra-observer and inter-observer repeatability. 

e. Statistics 

A relationship between mitral valve dimensions and body size was assumed. Therefore, 

exploratory analyses were used to identify the most appropriate measure of body size with which to index 

echocardiographic variables. More specifically, simple linear regression was used to evaluate 

relationships between echocardiographic variables and body-weights of the control group. This procedure 

was repeated with calculated body surface area serving as the explanatory variable. To explore the 

possibility of an allometric relationship between mitral valve dimensions and body size, log10 transformed 

echocardiographic dimensions were regressed against the log10 of body weight. For each variable, 

goodness of fit, defined by the coefficient of determination (R2), was greatest for the linear relationship 

between log10 transformed echocardiographic data and log10 of body weight. The parameters of the 

regression equation were used to define the terms of the allometric equation:  y=ax
b
 where y is the 

response variable, a is the proportionality constant, x is body-weight and b is the scaling exponent. For 

inter-group comparisons, echocardiographic variables were indexed to body weight raised to the scaling 

exponent defined by the aforementioned allometric relationship.  

Intraobserver and interobserver repeatability of variables obtained from the four chamber right 

parasternal long-axis view and from the right parasternal long-axis left ventricular outflow view were 

assessed through calculation of the % coefficient of variation (% CV).  These values are presented in 

Table 1.  Relative to those obtained from the right parasternal long-axis left ventricular outflow view, 

values of % CV were consistently lower for variables obtained from the four chamber right parasternal 
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long-axis view.  Additionally, right parasternal left ventricular outflow view images from five patients 

within the study group were of insufficient quality to obtain all measured variables.  Therefore, further 

analyses were performed only on data obtained from the four chamber right parasternal long-axis image 

plane.  

Intraobserver and interobserver repeatability of variables obtained from the four chamber right 

parasternal long-axis image plane were further characterized through calculation of repeatability 

coefficients (RC).
19, 20

 Specifically, a mixed linear model that included the fixed effects of observer and 

time as well as the random effect of dog was developed. Variance components were derived from this 

model and used to calculate the RC. In some cases, measurement variability attributed to the operator was 

negligible and generated RC of zero.  These data are presented in Table 1. 

Predicted values and 95% prediction intervals were derived from the allometric relationship 

between echocardiographic variables and body-size and from these data, reference intervals for ranges of 

body-weights were developed. Comparisons between study groups were by one-way analysis of variance 

for normally distributed data, and by a Kruskall-Wallis analysis of variance for data that were not 

normally distributed. When these tests disclosed a statistically significant difference between groups, 

post-hoc evaluation consisted of the Tukey’s honest significant different test or Steel-Dwass test as 

appropriate, based on distribution of data. Normally distributed data are presented as mean (±SD) while 

non-normally distributed are presented as median (range). A p value of <0.05 was considered significant. 

Distributions of data and residual plots were graphically evaluated to ensure that the assumptions implicit 

in the use of statistical methods were met. 
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 Intraobserver Interobserver  

  

 RP4 RPLVOT RP4  RPLVOT   

  

 
 

  
  

 

 

AMVL CV(%) 3.12 6.25 5.16 14.47  

 
 

RC 1.33   0.00 
 

 

 

AMVW CV(%) 7.67 12.49 29.62 41.62  

 
 

RC 0.35   1.28 
 

 

 

AMVA CV(%) 10.33 13.08 9.99 18.94  

 
 

RC 0.00   2.49 
 

 

 

MVAd CV(%) 1.65 2.50 5.40 8.35  

 
 

RC 0.00   3.72 
 

 

 

MVAs CV(%) 0.73 1.46 3.16 13.72  

 
 

RC 0.37 

 

1.87 

 

 

 

Table 1: % Coefficient of variation (% CV) and Repeatability coefficients (RC) (mm) of mitral valve measurements.  RP4, right parasternal 

four-chamber view; RPLVOT, right parasternal left ventricular outflow tract view; Bold values: % CV; Italic values: RC; AMVL, anterior 

mitral valve length; AMVW, anterior mitral valve width; AMVA, anterior mitral valve area; MVAd, mitral valve annulus diameter in diastole; 

MVAs, mitral valve annulus diameter in systole. 

 

f. Results 

Twenty-two cardiologically normal dogs of 12 different breeds were enrolled in the control 

group.  Ten dogs were of mixed breed origin, 2 were beagles, and the remaining 10 breeds were 

represented by 1 dog each.  The mean age of the control group was 4.6 years (± 2.0 years) and median 

weight was 14.25 kg (4-37.1 kg).   

Sixty client-owned dogs with MMVD were enrolled in the study group.  Twenty-seven breeds 

were represented, with the most common breeds being Cavalier King Charles Spaniel (n=9), Toy Poodle 

(n=5), Pomeranian (n=4), Shih Tzu (n=3), Yorkshire Terrier (n=3), and Labrador Retriever (n=3).  The 

median weight of the study group was 9.4 kg (2.5-51.5kg) and the mean age was 10.5 years (± 2.7 years).  

Within the study group there were 13 dogs classified as ACVIM stage B1 and 47 classified as stage B2/C.  

The mean age of the dogs in group B1 was 8.3 years (± 2.5 years) and the mean age of the dogs in group 
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B2/C was 11.1 years (± 2.5 years), both of which were significantly older than the mean age of dogs in 

the control group (p <0.0001 and p < 0.001, respectively).  Group B2/C dogs were also significantly older 

than those in group B1 (p =0.0011).  The median body weight of dogs in group B1 was 17.4 kg (2.5-41.1 

kg) and the median body weight of dogs in group B2/C was 7.7 kg (3.5-51.5 kg).  There was no 

significant difference in body weight between the control group and group B1 (p = 0.67), whereas body 

weight of group B2/C was significantly less than the weights of both the control group (p = 0.027) and 

group B1 (p = 0.028). 

There was a statistically significant relationship between all log transformed mitral valve 

dimensions and body weight.  Coefficients of determination for AMVL, AMVW, AMVA, MVAd and 

MVAs were .87, .93, .93, .93, and .88, respectively.  The scaling exponents derived from these allometric 

relationships were close to the theoretical expectations of 0.33 for linear dimensions and 0.67 for areas; 

they were, respectively: 0.37, 0.41, 0.78, 0.37 and 0.4 for AMVL, AMVW, AMVA, MVAd and MVAs. 

Figure 2 relates measurements of AMVL, AMVW, AMVA, MVAd and MVAs from the control group to 

body-weight in scatterplot form.  Table 2 shows predicted values for each mitral valve measurement for a 

r ange of body sizes. 
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19 
 

Figure 2: Control group data are presented in scatterplot form.  The predicted value for each measurement is depicted by a solid line.  Upper and 

lower 95% prediction intervals are depicted by dashed lines. A: Anterior mitral valve leaflet length (AMVL); B: Anterior mitral valve leaflet 

width (AMVW); C: Anterior mitral valve leaflet area (AMVA); D:  Mitral valve annulus diameter in diastole (MVAd); E: Mitral valve annulus 

diameter in systole (MVAs). 
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Table 2: Normal mitral valve measurements and 95% prediction intervals for dogs of varying weights.  AMVL, anterior mitral valve length; 

AMVW, anterior mitral valve width; AMVA, anterior mitral valve area; MVAd, mitral valve annulus diameter in diastole; MVAs, mitral valve 

annulus diameter in systole. *In dogs weighing 3 kg the lower 95% prediction interval for AMVA was negative in value, thus the range is 

represented within the table as < the upper 95% prediction interval. 

BW 

(Kg)  AMVL (mm)  AMVW (mm)  AMVA (mm2)  MVAd (mm)  MVAs (mm) 

3 8.95 0.87 6.01 13.60 11.41 

 
(5.54 - 12.36) (0.58 - 1.17) (< 12.68*) (9.66 - 17.54) (6.80 - 16.03) 

4 9.90 0.99 7.44 15.11 12.72 

 
(6.55 - 13.25) (0.69 - 1.28) (0.81 - 14.06) (11.24 - 18.98) (8.18 - 17.26) 

6 11.42 1.17 10.08 17.53 14.84 

 
(8.14 - 14.70) (0.88 - 1.45) (3.55 - 16.62) (13.75 - 21.31) (10.40 - 19.28) 

8 12.64 1.31 12.54 19.48 16.56 

 
(9.42 - 15.87) (1.03 - 1.60) (6.07 - 19.01) (15.75 - 23.20) (12.18 - 20.94) 

10 13.69 1.44 14.86 21.14 18.04 

 
(10.49 - 16.89) (1.16 - 1.72) (8.44 - 21.28) (17.45 - 24.83) (13.70 - 22.38) 

12 14.61 1.55 17.08 22.60 19.36 

 
(11.43 - 17.79) (1.27 - 1.83) (10.69 - 23.47) (18.93 - 26.27) (15.04 - 23.67) 

14 15.44 1.65 19.22 23.92 20.54 

 
(12.26 - 18.61) (1.38 - 1.93) (12.85 - 25.59) (20.25 - 27.58) (16.24 - 24.85) 

17 16.55 1.79 22.31 25.69 22.15 

 
(13.37 - 19.72) (1.51 - 2.07) (15.95 - 28.67) (22.02 - 29.35) (17.84 - 26.45) 

20 17.54 1.92 25.28 27.27 23.59 

 
(14.35 - 20.73) (1.64 - 2.20) (18.91 - 31.65) (23.59 - 30.94) (19.27 - 27.91) 

25 19.01 2.10 30.02 29.60 25.73 

 
(15.79 - 22.23) (1.82 - 2.38) (23.59 - 36.46) (25.88 - 33.31) (21.36 - 30.09) 

30 20.30 2.26 34.56 31.65 27.62 

 
(17.03 - 23.56) (1.98 - 2.55) (28.01 - 41.12) (27.88 - 35.42) (23.19 - 32.05) 

35 21.46 2.41 38.94 33.50 29.33 

 
(18.14 - 24.78) (2.12 - 2.70) (32.22 - 45.65) (29.67 - 37.33) (24.82 - 33.84) 

40 22.52 2.55 43.18 35.19 30.90 

 
(19.13 - 25.90) (2.25 - 2.85) (36.27 - 50.08) (31.28 - 39.09) (26.31 - 35.50) 

50 24.41 2.80 51.32 38.20 33.72 

 
(20.90 - 27.93) (2.49 - 3.10) (43.95 - 58.70) (34.15 - 42.26) (28.94 - 38.50) 

60 26.08 3.01 59.12 40.85 36.22 

 
(22.43 - 29.73) (2.69 - 3.34) (51.19 - 67.04) (36.64 - 45.07) (31.24 - 41.20) 
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 Comparisons of mitral valve measurements, indexed according to the empirically defined 

allometric relationship, are summarized in Table 3.  The AMVL was significantly longer in the B2/C 

group compared to both the control group (p= 0.0086) and the B1 group (p= 0.0013).   A significant 

difference between AMVL from the control group and dogs in stage B1 was not detected (p= 0.56).  The 

AMVW was significantly greater in the B2/C group compared to the control group (p < 0.001) and the B1 

group (p < 0.001).  Additionally, AMVW from the B1 group was significantly greater than AMVW from 

the control group (p= 0.0296).  The AMVA was significantly larger in the B2/C group than the control 

group (p < 0.001) and the B1 group (p < 0.001).  There was no significant difference between the control 

group and the B1 group (p = 0.5959) with respect to AMVA. MVAd was significantly greater in the B2/C 

group than in the control group (p < 0.001) or the B1 group (p < 0.001), however there was no significant 

difference between the control group and the B1 group (p= 0.7333).  Finally, the dimension of the MVAs 

was also significantly greater in the B2/C group than the control group (p < 0.001) or the B1 group (p < 

0.001).  No significant difference in MVAs was found between the control group and the B1 group (p = 

0.9721).  

   
Control 

 
B1 

 
B2/C 

 

AMVL/BW
0.37

 

 

5.81 (±5.81)
a
 

 

5.51 (±0.80)
a
 

 

6.46 (±0.94) 

 

AMVW/BW
0.41

 

 

0.56 (±0.04)
b,c

 

 

0.81 (±0.17)
b
 

 

1.29 (±0.34) 

 

AMVA/BW
0.78

 

 

2.44 (±0.32)
b
 

 

2.92 (±0.83)
b
 

 

5.13 (±1.74) 

 

MVAd/BW
0.37

 

 

9.01 (±0.52)
b
 

 

8.74 (±1.15)
b
 

 

10.63 (±1.13) 

 

MVAs/BW
0.40

 

 

7.14 (±0.60)
b
 

 

7.08 (±0.71)
b
 

 

8.48 (±1.00) 
 

Table 3: Mitral valve measurements in 22 healthy dogs (control), 13 dogs in group B1, and 47 dogs in group B2/C.  Data are presented as mean 

(±SD).  AMVL, anterior mitral valve length; AMVW, anterior mitral valve width; AMVA, anterior mitral valve area; MVAd, mitral valve 

annulus diameter in diastole; MVAs, mitral valve annulus diameter in systole; BW, body weight. 

a = significantly different from B2C (p <0.01) 

b = significantly different from B2C (p <0.0001) 

c = significantly different from B1 (p <0.05) 
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g. Discussion 

The results of this study demonstrate an allometric relationship between mitral valve dimensions 

and body size. The scaling exponents derived for AMVL, AMVW, MVAd and MVAs were all close to the 

theoretical exponent of 1/3 expected for measurements related to body length, while the exponent derived 

for AMVA was close to the theoretical exponent of 2/3 for measurements related to BSA.  These findings 

are consistent with data presented in previously published studies of allometric scaling.
18, 21-24

   

We have proposed reference intervals across a range of body sizes that provide the basis of 

standardized criteria that define the quantitative echocardiographic characteristics of the normal canine 

mitral valve.  Previously published data on the echocardiographic anatomy of the normal mitral valve in 

dogs are limited to the results of a study in which 7 Norfolk Terriers made up the normal population.
25

 

Additional study is warranted to determine whether breed-specific measurements provide a significant 

advantage in assessment of the normal mitral valve over the mixed population used to derive the reference 

intervals presented in this study. 

Comparisons between the mitral valve anatomy of the control group and the study groups 

presented here yielded expected differences.  Increases in thickness, length and area of the anterior mitral 

valve leaflet were evident in more severely affected patients.  These echocardiographic changes parallel 

the classic valvular remodeling reported on gross pathologic examination.
3-5

 Additionally, there was an 

increase in the diameter of the mitral valve annulus in both systole and diastole in patients with more 

advanced MMVD.  Dilation of the mitral valve annulus in the more severely affected dogs in this study is 

consistent with the expected changes associated with chronic mitral regurgitation, volume overload, and 

enlargement of the left heart.
5
 All of the increases in each of the five measurements that were studied 

were significantly different when comparing the control group to the B2/C group with advanced MMVD.  

The only measurement that showed a significant difference between the control group and the B1 group, 

however, was AMVW.  The lack of echocardiographic change related to the length and area of the 
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anterior mitral valve leaflet in the B1 group may reflect the fact that more advanced disease is required 

before significant changes in these parameters can be appreciated echocardiographically, or may relate to 

an insufficient sample size of the B1 group.  Annular dilation, on the other hand, would not be expected in 

ACVIM Stage B1 patients as this group was defined by the absence of chamber enlargement.  Further 

investigation with a larger study population could help to clarify whether additional echocardiographic 

valvular changes can be identified when comparing normal dogs to those classified as ACVIM Stage B1.  

This is particularly relevant to routine screening of breeding dogs, where the ability to definitively 

identify early echocardiographic valvular changes referable to MMVD is especially important for 

accurate diagnosis and appropriate breeding recommendations. 

Comparison of the % CV between the parasternal long-axis four chamber view and the 

parasternal long-axis left ventricular outflow tract view in this study suggests that the parasternal long-

axis four chamber view should be considered the preferred image plane for quantitative assessment of the 

mitral valve in the dog.  The intraobserver and interobserver repeatability based on % CV were less than 

10.4% for all measurements obtained from the parasternal long-axis four chamber view, with the 

exception of the interobserver repeatability of the AMVW.  We suspect this has to do with differences 

between observers in their choice of delineation between the edge of the valve leaflet and the many 

chordal attachments to the free edge of the valve.  While this may reflect a limitation of this measurement 

if comparisons are made between observers, the intraobserver repeatability suggests that measurements 

obtained by the same observer do have value.  Additionally, the RC for all measurements performed on 

the parasternal long-axis four chamber view suggest that minimal variability between measurements was 

attributable to differences between observers or within the same observer, with more variability attributed 

to the dog itself or to unexplained factors.   

This study has several limitations.  Firstly, small sample size may have limited our ability to 

detect differences between the control group and the B1 group as previously mentioned.  Additionally, the 

small sample size of the control population may have led to wider prediction intervals than those that 
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could have been derived from investigation of a larger control group.  Nonetheless, the data reported here 

does provide a starting point from which further study can continue to fine tune the echocardiographic 

delineation between normal and abnormal anatomy of the canine mitral valve. 

Repeatability data were obtained by repeated measurements of the same stored image loops, thus 

the ability of the same observer or a different observer to obtain similar measurements on new images 

acquired at a different time was not evaluated.  Furthermore, images were obtained from standard image 

planes that included full visualization of the left atrium and left ventricle in addition to the mitral valve 

itself.  Images with a narrowed sector focusing on only the mitral valve itself or images obtained with 

magnification of the mitral valve may have improved resolution and repeatability.  

Finally, the differentiation of valvular thickening attributable to MMVD from that attributable to 

normal aging remains a significant challenge, with gross and histologic findings ascribed to each group 

bearing substantial similarities.
26

  The severity of mitral valve lesions in dogs with MMVD has previously 

been correlated to increasing age.
3, 27

  Indeed, some have proposed that aging itself is likely a part of the 

pathogenesis of MMVD
4
, though the complex etiology of MMVD in the dog remains unresolved.  Within 

our study groups, age was lowest in the control group and highest in the B2/C group. The AMVW 

increased sequentially and significantly from the control group to the B1 group, and from the B1 group to 

the B2/C group.  Without an age-matched control group it remains difficult to differentiate the degree of 

valvular thickening that is attributable to MMVD pathology alone versus that attributable to advancing 

age.  Even with an age-matched control group, histologic study would likely be needed for further 

clarification, as some dogs that have been deemed normal based on physical exam and echocardiography 

have been shown to have mild to moderate myxomatous degeneration when examined histologically.
28

  In 

normal human hearts, age-related changes in mitral valve thickness has been investigated using autopsy 

specimens to stratify expected valve width across various age ranges.
10

   Similar investigation is 

warranted in veterinary medicine and could help clarify where to draw the line between normal aging 

change and true pathology.  



25 
 

In conclusion, measurements of the anterior mitral valve leaflet and the mitral valve annulus in 

the dog can be indexed to body weight based on the allometric relationship between mitral valve 

dimensions and body size.  Reference intervals have been proposed over a range of body sizes.  Relative 

to normal dogs, the diameter of the mitral valve annulus as well as the thickness, length and area of the 

anterior mitral valve leaflet are greater in patients with advanced MMVD. 

Footnotes 

b
811-B, Parks Medical Electronics, Inc, Aloha, OR 

c
Vivid 7; GE-Medical, Milwaukee, WI 
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  The study was presented in abstract form at the 2013 ACVIM Forum. 

 

b. Abstract 

Background: Left atrial size is prognostically important in dogs with myxomatous mitral valve disease 

(MMVD). 

Hypothesis/Objectives: To compare the level of agreement in identification of left atrial enlargement 

(LAE) between the left atrial-to-aortic root ratio (LA:Ao) and left atrial volume using the biplane area-

length method indexed to body weight (LA Vol/BW). 

Animals: Sixty dogs with MMVD and 22 normal dogs were prospectively studied with 2-dimensional (2-

D) echocardiography. 

Methods: The upper limit of normal for LA Vol/BW was defined as 1.1 ml/kg.  LA:Ao was deemed 

normal if ≤1.5.  To define overall disease severity, each dog was assigned a mitral regurgitation severity 

score (MRSS) based on echocardiographic parameters that did not include left atrial size.  ACVIM 

staging also was utilized. 

Results: Of 60 affected dogs, 20 were ACVIM Stage B1, 25 were Stage B2 and 15 were Stage C.  LA 

Vol/BW identified LAE in 12 cases in which LA:Ao was normal; 7 of these were Stage B1 and 5 were 

Stage B2.  This diagnostic disagreement was significant (P=0.00012).  Of the 12 cases in which 

diagnostic discrepancies were identified, 5/5 of the B2 dogs and 3/7 B1 dogs had a moderate MRSS 

whereas 4/7 B1 dogs had a mild MRSS.  No diagnostic discrepancies between LA:Ao and LA Vol/BW 

were apparent in dogs with a severe MRSS. 

Conclusions and clinical importance: This study shows evidence of diagnostic disagreement between 

LA:Ao and LA Vol/BW for assessment of LAE.  LA Vol/BW may be superior to LA:Ao for 

identification of mild LAE. 
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c. Introduction 

Myxomatous mitral valve disease (MMVD) is the most common acquired heart disease in dogs.
1,2

  

Typically, MMVD is slowly progressive, and many affected dogs never develop congestive heart failure.
3
  

One of the most important predictors of progression of MMVD is increased left atrial size.
3,4

  The degree 

of left atrial enlargement (LAE) is reflective of both the chronicity and severity of mitral regurgitation 

(MR).
3
  

Given the prognostic relevance of LAE, it is important to determine which of methods used to 

assess left atrial size is most useful in the clinical evaluation of patients with MMVD.  Currently, the most 

commonly used method to quantify left atrial size in veterinary medicine is the 2-dimensional (2-D) left 

atrial-to-aortic root ratio (LA:Ao), which provides a body weight-independent measurement of left atrial 

size.
5,6

  An alternative method for assessing left atrial size is measurement of left atrial volume.  

Volumetric assessments are based on dimensions obtained from multiple planes and may detect chamber 

enlargement with greater sensitivity than the LA:Ao, which is determined by a single linear atrial 

dimension.   In human medicine, there has been a paradigm shift in the assessment of the left atrium, such 

that left atrial volume has become the standard for assessment of left atrial size, whereas linear 

dimensions used for quantification of left atrial size have fallen out of favor.
7
  

In addition to 2-D echocardiography, real-time 3-dimensional (RT3D) echocardiography, cardiac 

magnetic resonance imaging (CMR), and multi-slice computed tomography (MSCT) also have been 

investigated for their utility in measuring left atrial volume.  Although there appears to be good 

correlation among the various imaging techniques, absolute volume differs by technique, with volumes 

measured by echocardiographic methods generally being smaller than volumes obtained with CMR or 

MSCT.
7-13

 In veterinary patients, the requirement of general anesthesia for either MSCT or CMR imaging 

is an important drawback, especially for patients with advanced or decompensated cardiovascular disease.  

Although these imaging modalities may provide a more accurate assessment of left atrial volume, the 

risks associated with anesthesia may outweigh the benefit.   
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 If left atrial volume assessed by 2-D echocardiography were to be superior to LA:Ao in 

predicting clinical status or assessing the severity of MR, it could improve ability to accurately gauge 

long-term prognosis at presentation.  The use of left atrial volume derived from 2-D echocardiographic 

dimensions to assess left atrial size in dogs with MMVD has not been investigated extensively.  A recent 

study suggested 0.92 ml/kg as the upper limit of normal for left atrial volume obtained by the biplane 

area-length method indexed to body weight.
14

 

  The aims of this study were: 1) to propose a cut-off for normal left atrial volume by 2-D 

echocardiographic assessment using the biplane area-length method in normal dogs and 2) to compare the 

level of agreement in identification of LAE between LA:Ao and left atrial volume using the biplane area-

length method in dogs with different stages of MMVD. Our hypothesis was that left atrial volume would 

be superior to LA:Ao in identification of mild LAE. 

 

d. Materials and Methods 

Healthy dogs owned by faculty, staff and students of Virginia Maryland Regional College of 

Veterinary Medicine (VMRCVM) and healthy dogs presented for pre-breeding cardiac screening to both 

the VMRCVM and the Kansas State University Veterinary Teaching Hospital (KSUVTH) made up the 

control group. Each of these dogs was judged to have normal cardiovascular status based on physical 

examination, Doppler blood pressure measurement
a
 and complete echocardiographic examination.  

Evaluations were performed with approval of the Virginia Tech Institutional Animal Care and Use 

Committee. Doppler blood pressure measurements were performed in accordance with published 

recommendations.
15

 Standard M-mode, 2D, and Doppler blood flow measurements were performed with 

continuous ECG monitoring in right and left lateral recumbency using an ultrasound unit
b
 equipped with 

1.5-10 MHz phased array transducers.  Exclusion criteria included the presence of a left apical systolic 

heart murmur or mid-systolic click on physical examination, more than trivial MR or mitral valve 

prolapse identified by echocardiography, or any evidence of cardiovascular or systemic disease expected 

to affect cardiovascular function.  
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  The study group comprised client-owned dogs presented to the VMRCVM Veterinary Teaching 

Hospital or the KSUVTH for evaluation of MMVD.  All patients had complete echocardiographic 

evaluation and measurement of Doppler blood pressure. Thoracic radiographs were obtained if clinically 

indicated.  The diagnosis of MMVD was based on the echocardiographic identification of mitral valve 

thickening or prolapse, typically in combination with the presence of MR.  

   In all dogs, left atrial volume was calculated using the biplane area-length method
16

 from the left 

apical 2- and 4-chamber views (Figure 1) at the end of ventricular systole.  End-systole was defined as the 

frame immediately preceding opening of the mitral valve.  Briefly, the endocardial border of the left 

atrium was traced to obtain atrial areas in both the left apical 4-chamber (A1) and 2-chamber (A2) views. 

The left auricular appendage and the confluence of the pulmonary veins were excluded, and the boundary 

of the left atrium and left ventricle was delineated by a straight line drawn from hinge point to hinge point 

across the mitral valve annulus.  The length of the left atrium (L) was defined as the perpendicular 

distance from the mid-point of the delineation between atrium and ventricle to the dorsal aspect of the left 

atrial wall on the left apical 4-chamber view.  Left atrial volume was calculated using the equation: [0.85 

x A1 x A2]/L and was indexed to both body weight and body surface area.
16

  All measurements were 

repeated on 3 consecutive cardiac cycles and averaged.  Average values were used in the statistical 

analysis.  The LA:Ao was measured as previously reported
5
 and expressed as the average of 3 

consecutive measurements.
 
 One operator (SW) conducted measurements on all dogs. In addition, the 

images from a randomly selected subset of 6 control dogs were measured again by operator SW 1 week 

after the original measurements and also by a second operator (MB). These data then were used to assess 

intra-operator repeatability (i.e. within-operator variability) and inter-operator reproducibility (i.e. 

between-operator variability) of the area-length method.   
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 Figure 1: Measurement of left atrial volume using the biplane area-length method: [0.85 x A1 x A2]/L.  A1, left atrial area from apical 4 

chambers view; A2, left atrial area from 2 chamber view; L, length of left atrium.  

All patients were classified based on the ACVIM staging system
17

.  Specifically, Stage B1 dogs 

were defined as asymptomatic patients with vertebral heart score (VHS) < 10.5, LA:Ao < 1.5 and normal 

left ventricular end-diastolic dimensions based on previously published reference intervals,
18

 whereas 

Stage B2 dogs were defined as asymptomatic patients with either VHS > 10.5 or echocardiographic 

evidence of increased left ventricular end-diastolic dimensions or LA:Ao > 1.5. Patients also were 

classified based on our own echocardiographically-derived mitral regurgitation severity scoring system 

(outlined in Table 1) to assess overall disease severity using parameters other than left atrial size.  The 

chosen parameters have been utilized previously for assessment of the severity of MR and included the 

area of the regurgitant jet assessed with color Doppler
19,20

, the peak velocity of the transmitral E wave
3,21

, 

left ventricular internal dimension at end-diastole
22

, the anatomy of the mitral valve leaflets
3,23

, and the 

density of the continuous wave Doppler MR signal
24

. Individual scores assigned for each of the 

echocardiographic parameters were summed to obtain the mitral regurgitation severity score (MRSS).  

Although based on established echocardiographic parameters, this composite measure of disease severity 
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has not been clinically validated in veterinary patients.  The scores are presented only to provide 

additional descriptive data related to the severity of MMVD.   

Echocardiographic 

Parameter 

Normal Mild Moderate Severe 

Color Doppler 

Regurgitant Jet Area 

None, or trivial 

(0) 

< 20% of left atrial 

area (1) 

20-40% of left atrial 

area (2) 

>40% of left atrial 

area (3) 

Mitral Inflow E wave 

<1.2m/sec (1) 

E wave < 1.2 m/sec 

(1) 

E wave >1.2 m/sec 

with E wave 

deceleration time > 

80msec (2) 

E wave >1.2 m/sec 

with E wave 

deceleration time < 

80 msec (3) 

Left ventricular internal 

dimension in diastole  

Normal (1) Normal (1) Enlarged (<20% 

over upper reference 

limit for body 

weight) (2) 

Enlarged (>20% 

over upper reference 

limit for body 

weight) (3) 

Leaflet Anatomy Normal (1) Normal (1) or mitral 

valve prolapse seen 

in 2 views (2) 

Normal (1) or mitral 

valve prolapse seen 

in 2 views (2) 

Flail leaflet (3) 

Continuous wave Doppler 

mitral regurgitation jet 

density  

None (0) Incomplete/faint (1) Dense (2) Dense (2) 

Score Ranges 3 4 to 7 8 to 11 12 to 14 

 

Table 1: Mitral Regurgitation Severity Scoring System (MRSS) Outline.  Numbers in parenthesis represent the assigned scores for each 

echocardiographic parameter.   

 

e. Statistical Analyses 

A multiclass ROC analysis was conducted to estimate the multiclass area under the curve (AUC) 

and to classify the MRSS based on either LA:Ao, LA volume indexed to body weight (LA Vol/BW) or 
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LA volume indexed to body surface area (LA Vol/BSA).  An estimate of the multiclass AUC provides a 

measure of classification performance for each of the selected predictors to accurately separate the 4 

classes of the MRSS (normal, mild, moderate and severe).  The estimated multiclass AUC for LA:Ao was 

87.6%, for LA Vol/BW was 91.9% and for LA Vol/BSA was 87.0%.  Although these AUC estimates 

show similar numerical magnitudes, no formal testing was conducted because statistical approaches to 

multiclass classification problems represents an active area of research for which the development and 

validation of statistical methodologies is on-going.  For the purpose of this study, LA:Ao was considered 

the reference standard and further comparisons were conducted using LA Vol/BW, which showed the 

best classification performance of the 2 LA volumetric assessments.  

Patients were classified as having either a normal or enlarged left atrium based on LA:Ao and LA 

Vol/BW. For LA:Ao, the accepted clinical threshold of 1.5
4,25

 was utilized as the upper limit and cut-off 

between normal left atrial size and LAE. For LA Vol/BW, the empirical distribution of LA Vol/BW in the 

control group was evaluated to determine an upper normal threshold and cut-off between normal left 

atrial size and LAE. Classification agreement for LAE between LA:Ao and LA Vol/BW was evaluated 

using a McNemar test of symmetry for 2x2 frequency tables.  

  A linear mixed model approach was used to quantify sources of random variability in the 

assessment of LA Vol/BW. The statistical model included random effects for patient, operator and 

residual; the latter 2 terms allowed for assessment of between-operator reproducibility and within-

operator repeatability, respectively, following a standard gauge repeatability and reproducibility (GR&R) 

approach.
26

  

 

f. Results 

Twenty-two dogs with normal cardiovascular status of 12 different breeds were enrolled in the 

control group.  Ten dogs were of mixed breed origin, 2 were beagles, and the remaining 10 breeds were 

represented by 1 dog each.  The mean age of the control group was 4.6 years (range, 1.5-8.2 years) and 

mean weight was 17.4 kg (range, 4-37.1 kg).   
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Sixty client-owned dogs with MMVD were enrolled in the study group.  Twenty-seven breeds were 

represented, with the most common breeds being Cavalier King Charles Spaniel (n=9), Toy Poodle (n=5), 

Pomeranian (n=4), Shih Tzu (n=3), Yorkshire Terrier (n=3), and Labrador Retriever (n=3).  The mean 

age of this group was 10.5 years (range, 5.4-19.5 years) and mean weight was 13.7 kg (range, 3.5-51.5 

kg).  On average, animals in the study group were older than those in the control group (P<0.0001), 

whereas there was no evidence for differences in body weight between the groups (P=0.19).  Within the 

study group there were 20 dogs classified as ACVIM stage B1, 25 classified as stage B2 and 15 classified 

as stage C.  Of the 25 dogs classified as stage B2, 23 dogs were identified as having left heart enlargement 

based on echocardiographic parameters and 2 dogs were identified as having left heart enlargement based 

on radiographic parameters.  The 2 dogs with radiographic enlargement included a Cavalier King Charles 

Spaniel with a VHS of 11.9 and a Shih Tzu with a VHS of 10.9.  Seventeen of the study group patients 

had a mild MRSS, 20 patients had moderate scores and 13 had severe MRSS scores.  

 Figure 2:  Histogram depicting the empirical distribution of LA Vol/BW (ml/kg) in normal dogs. 

 The empirical distribution of LA Vol/BW in the control group is summarized in the histogram 

presented in Figure 2. The mean LA Vol/BW of the control group was 0.88 ml/kg, and the median was 

0.89 ml/kg. The 95
th
 percentile value of LA Vol/BW was 1.07 ml/kg; this also was the second-to-last 
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largest observed value. Thus, a cut-off of 1.1 ml/kg (after rounding) was set as a reasonable upper 

working limit LA Vol/BW in normal dogs.   Based on this cut-off, LA Vol/BW identified LAE in 12 

patients in the study group in which LA:Ao was considered normal.  The diagnostic disagreement 

between LA:Ao and LA Vol/BW for identification of LAE was significant (P= 0.00012), as illustrated by 

the scatterplot in Figure 3.  Of the 12 patients with discrepant diagnoses, 7 were ACVIM stage B1 and 5 

were stage B2.  Three of the stage B2 patients were classified as such based on increased 

echocardiographic left ventricular dimensions, whereas 2 of them had been identified as having 

cardiomegaly radiographically but had a normal LA:Ao and normal echocardiographic left ventricular 

dimensions.  All 5 of the B2 patients and 3 of 7 of the B1 patients with discrepant diagnoses had a 

moderate MRSS whereas the remaining 4 of 7 B1 patients had a mild MRSS.  No diagnostic 

discrepancies between LA:Ao and LA Vol/BW were observed in dogs with a severe MRSS. Additionally, 

there were no cases that had LAE based on LA:Ao in which LA Vol/BW exceeded our cut-off of 1.1 

ml/kg.  

Figure 3: Scatterplot showing classification agreement between LA Vol/BW and LA:Ao.  The threshold for identification of LAE was 1.5 for 

LA:Ao and 1.1mlkg for LA Vol/BW.  Twelve dogs are identified in the upper left hand corner of the scatterplot.  These dogs were identified as 

normal based on LA:Ao but exceeded the threshold for LAE based on LA Vol/BW. 
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For normal patients, most of the variation in the measurement of LA Vol/BW was attributed to 

variability among dogs. More specifically, the dog-to-dog variation accounted for approximately 90.8% 

of the total variability in measurement of LA Vol/BW, as indicated by the ratio of the corresponding 

variance component estimates (i.e. between-dog variance over total variance) and amounted to an 

estimated standard deviation of 0.45 ml/kg of LA Vol/BW among normal dogs. The remainder of the 

dispersion was explained by variability between operators (approximately 5.1%) and by measurement 

error of a single operator over repeated measures (approximately 4.1%).  

 After accounting for dog-to-dog variability, we assessed repeatability and reproducibility of LA 

Vol/BW measurements using corresponding variance component estimates.
26

 Intra-operator repeatability 

refers to the proportion of the variability explained by repeated measurements taken by the same operator 

on a given dog and characterizes the variability within operators. It is also referred to as measurement 

error. After accounting for variability among dogs, repeatability for LA volume within operator was 

estimated as the ratio of the between-operator variance and the sum of the between- and within-operator 

variances. Estimated within-operator repeatability in LA Vol/BW observations was approximately 55.6%, 

such that measurement error on LA Vol/BW among repeated measures taken by the same operator was 

characterized by an estimated standard deviation of approximately 0.10 ml/kg. This value characterizes 

measurement error and was obtained as the square root of the estimated within-operator variance 

component.   

 In turn, reproducibility between operators in LA Vol/BW measurements was estimated at 

approximately 44.4% after accounting for dog-to-dog variation. Reproducibility quantifies the relative 

contribution of measurements by multiple operators to the overall variability in measurement of LA 

Vol/BW, after taking into consideration between-dog variance. On average, the estimated standard 

deviation between operators was approximately 0.11 ml/kg of LA Vol/BW. This value was obtained as 

the square root of the estimated between-operator variance component.   

 Dogs were the primary source of variability in the measurement of LA Vol/BW and explained 

>90% of the variability.  After accounting for dog-to-dog variability, the point estimate for repeatability 
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within operators was larger than that for reproducibility between operators, and both point estimates were 

very similar (55.6 vs 44.4%, respectively). These estimates support the consistency of measurement of 

LA Vol/BW by different operators, because the relative magnitude of the variability due to multiple 

operators was not any larger than the proportion of the variability observed when a single operator was 

collecting repeated measurements. In addition, the magnitudes of the variance component estimates for 

between-operator (i.e. [0.11 ml/kg]
2
) and within-operator variability (i.e. [0.10 ml/kg]

2
) were small.  

 

g. Discussion 

This study identified a significant diagnostic disagreement between LA Vol/BW as determined by 

the biplane area-length method and LA:Ao in identification of LAE in the dog.  Specifically, LA Vol/BW 

was superior to LA:Ao in identification of mild LAE.  The ability of volumetric methods to account for 

enlargement of the left atrium in more than just 1 dimension may explain why LA Vol/BW identified 

LAE in a subset of dogs that was not identified by LA:Ao.  A unidimensional measurement of left atrial 

size must reflect a consistent relationship to the other dimensions of the left atrial chamber in order to 

accurately reflect true left atrial size.
27

  In humans, physical constraints imposed by the sternum and  spine 

limit the amount of LAE that can occur in the anteroposterior dimension, thus this single dimension may 

underestimate true atrial size.
28

  Similarly, limitations specific to canine anatomy or simple variability 

from individual to individual may contribute to asymmetric enlargement of the left atrium in the dog.  

This is further supported by our finding that most of the variability observed in LA Vol/BW 

measurements was explained by dog-specific factors (i.e. dog-to-dog variance).  

  In both human and veterinary cardiology, multiple echocardiographic methods have been used to 

quantify left atrial size including M-mode linear dimensions, 2-D linear dimensions, left atrial areas and 

left atrial volumes. As of 2005, the American Society of Echocardiography established left atrial volume 

measured by either the biplane area-length method or the biplane Simpson’s method of discs as the 

standard for left atrial size assessment.
16

 The shift toward biplane volumetric assessment is based on the 

superiority of these measurements as prognostic markers and predictors of future cardiovascular risk in 
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people,
29-31

 as well as their correlation with various imaging modalities
9-11,13

. Recent work in people 

suggests that, relative to the biplane Simpson’s method of discs, the biplane area-length method may 

provide superior estimates of left atrial volume.
8
   

   The MRSS system developed for this study was based on previously published recommendations 

for echocardiographic evaluation of the severity of native valvular regurgitation in humans
24

, with 

modifications to simplify the scoring system in such a way that the selected parameters could easily be 

evaluated in every patient.  Additionally, parameters related to left atrial size were eliminated to allow the 

MRSS to serve as an independent reflection of disease severity when comparing severity score to LA:Ao 

or LA Vol/BW obtained from individual patients.  Eight of the 12 patients in which diagnostic 

disagreement was identified had a moderate MRSS.  This suggests that in many of these discrepant cases 

there was echocardiographic evidence unrelated to left atrial size that was consistent with advanced 

MMVD.  This observation lends support to the conclusion that LAE identified by the LA Vol/BW 

method in these discrepant cases actually was present.  There was no diagnostic disagreement in those 

dogs with a severe MRSS, suggesting that in cases of advanced MMVD, LA Vol/BW and LA:Ao both 

reliably detect severe LAE.   

   Additional study is needed to determine whether the prognostic value of LA Vol/BW is superior 

to that of LA:Ao.  The traditional LA:Ao measurement is simpler and less time consuming to calculate 

than is LA Vol/BW, thus an advantage in patient monitoring, prognostic relevance or both should be 

sought before exclusive use of LA Vol/BW can be recommended. A prospective longitudinal study 

investigating the use of LA Vol/BW in dogs affected with MMVD is warranted.  

  Limitations of this study include a significantly older study group relative to the control group.  

Given the acquired and highly prevalent nature of MMVD in dogs, an age-matched control group could 

not be obtained.  Some studies in humans have detected an age-related increase in left atrial size
32,33

 

whereas others have not.
11,34

 Increasing left atrial size may not reflect normal aging, but rather subclinical 

pathology
35

.  Recent research in dogs found no evidence for correlation between left atrial volume and 

age but the median age of the dogs in that study was relatively low at 3.5 years.
14
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   Furthermore, in this study, we did not consider breed-related differences in left atrial volume 

between control and study populations.  Significant differences in left atrial volume have been 

documented in dogs with normal cardiovascular status of different breeds
14

.  Notably, none of the 

previously reported breed-specific left atrial volumes in normal dogs were above our established cut-off 

of 1.1 ml/kg with the exception of the Petit Basset Griffon Vendeen which had an upper 95% percentile 

volume of 1.12 ml/kg.
14

  Despite the many breeds represented in our study, we believe our suggested cut-

off of 1.1 ml/kg for LA Vol/BW provided a reasonable delineation between normal and abnormal dogs. 

More work is needed to further characterize this proposed threshold.  

  Finally, we did not include assessment of left atrial size by gold standard diagnostic imaging 

such as MSCT or CMR, nor did we compare 2-D echocardiography and RT3D echocardiography.  

Comparison to MSCT or CMR would have better elucidated the accuracy of both LA:Ao and LA 

Vol/BW in their assessment of estimated left atrial size, and evaluation of RT3D echocardiography would 

have permitted assessment of agreement between 2D LA volume estimates obtained using a biplane 

method and RT3D-derived LA volume.  Although relationships between linear 2D measures of left atrial 

size and RT3D LA volumes have been described, correlations generally were weak.
36

 Agreement between 

estimates of left atrial volume from RT3D and 2D echocardiography has not been investigated. Ideally, 

further research should be conducted to provide such comparisons, however the more clinically relevant 

questions are related to the ease and accessibility of obtaining the measurements as well as their 

prognostic value, not necessarily to their ability to obtain volumes identical to those obtained by RT3D 

echocardiography, MSCT or CMR.   

   In conclusion, we propose a cut-off value of 1.1 ml/kg for LA Vol/BW measured in normal dogs 

using the biplane area-length method.  Significant diagnostic disagreement in identification of LAE exists 

between LA Vol/BW and the traditionally used LA:Ao.  LA Vol/BW may be superior to LA:Ao in 

identification of mild LAE.  
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Footnotes 

a
811-B, Parks Medical Electronics, Inc, Aloha, OR 

b 
Vivid 7; GE-Medical, Milwaukee, WI 
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4. Conclusions 

 Despite the frequency with which MMVD is diagnosed, there is a paucity of data 

regarding the echocardiographic anatomy of both normal canine mitral valves and mitral valves 

affected by MMVD.  The first study presented here proposes reference intervals for the length, 

width and area of the anterior mitral valve leaflet as well as the diameter of the mitral valve 

annulus in systole and diastole over a range of body sizes.  It also demonstrates that, relative to 

the control population, dogs with advanced MMVD have significantly greater values of each of 

the studied mitral valve measurements. 

Additionally, left atrial size is one of the most important prognostic factors in dogs with 

MMVD. At this time the modalities most commonly utilized in human cardiology for 

measurement of left atrial size have not been thoroughly studied or implemented on a regular 

basis in veterinary cardiology.  The second study presented here proposes a cut-off value of 1.1 

ml/kg for LA Vol/BW obtained using the biplane area-length method.  It also demonstrates that a 

significant diagnostic disagreement in identification of left atrial enlargement exists between 

LA:Ao and LA Vol/BW.  Although LA:Ao is the current method of choice for assessment of left 

atrial size in veterinary cardiology, the data presented here suggests that LA Vol/BW may be a 

superior measurement for identification of mild left atrial enlargement. 
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