
Two-dimensional echocardiographic
estimates of left atrial function in healthy
dogs and dogs with myxomatous mitral
valve disease*,**

David Dickson, BVetMed CertAVP(VC) a, Domenico Caivano,
DVM, PhD b, Jose Novo Matos, DVM c, Nuala Summerfield,
BVMS d, Mark Rishniw, BVSc, MS, PhD e,*

aHeartVets, Porthcawl, Wales, UK
bDepartment of Veterinary Medicine, University of Perugia, Perugia, Italy
cVetsuisse Faculty University of Zurich, Zurich, Switzerland
dNew Priory Vets Brighton, Brighton, UK
eVeterinary Information Network, Davis, CA, USA

Received 10 January 2017; received in revised form 28 August 2017; accepted 11 September 2017

KEYWORDS
Canine;
Cardiac;
Congestive heart
failure

Abstract Objectives: To provide reference intervals for 2-dimensional linear and
area-based estimates of left atrial (LA) function in healthy dogs and to evaluate the
ability of estimates of LA function to differentiate dogs with subclinical myxoma-
tous mitral valve disease (MMVD) and similarly affected dogs with congestive heart
failure (CHF).
Animals: Fifty-two healthy adult dogs, 88 dogs with MMVD of varying severity.
Methods: Linear and area measurements from 2-dimensional echocardiographs in
both right parasternal long and short axis views optimized for the left atrium were
used to derive estimates of LA active emptying fraction, passive emptying fraction,
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expansion index, and total fractional emptying. Differences for each estimate were
compared between healthy and MMVD dogs (based on ACVIM classification), and be-
tween MMVD dogs with subclinical disease and CHF that had similar LA dimensions.
Diagnostic utility at identifying CHF was examined for dogs with subclinical MMVD
and CHF. Relationships with bodyweight were assessed.
Results: All estimates of LA function decreased with increasing ACVIM stage of mi-
tral valve disease (p<0.05) and showed negative relationships with increasing LA
size (all r2 values < 0.2), except for LA passive emptying fraction, which did not dif-
fer or correlate with LA size (p¼0.4). However, no index of LA function identified
CHF better than measurements of LA size. Total LA fractional emptying and expan-
sion index showed modest negative correlations with bodyweight.
Conclusions: Estimates of LA function worsen with worsening MMVD but fail to dis-
criminate dogs with CHF from those with subclinical MMVD any better than simple
estimates of LA size.
ª 2017 Elsevier B.V. All rights reserved.

Left atrial (LA) function is increasingly eval-
uated in veterinary cardiac patients to help iden-
tify disease severity [1e6]. Left atrial function
comprises 3 components: it acts as a reservoir
during ventricular systole (atrial diastole), it acts
as a conduit during early ventricular diastole and
diastasis and as an active pump during late ven-
tricular diastole (atrial systole) [1,4,7].

Although simple measures of LA size (e.g. left
atrial-to-aortic ratio) correlate with disease
severity and are predictive of clinical outcomes in
dogs, clinicians often observe dogs with LA of
similar size that have different clinical disease
status, e.g. subclinical disease vs. congestive heart
failure (CHF). Whether these dogs might have
different LA function to explain their clinical sta-
tus remains largely undetermined.

While 3-dimensional assessment of function
might be more accurate than 2-dimensional (2D)
assessment [4], most clinicians performing echo-
cardiographic evaluations of patients do not pos-
sess technology capable of 3-dimensional
imaging and do not have the time for substantial
off-line analysis. Furthermore, volumetric accu-
racy is not required if simpler methods are precise
enough to successfully differentiate groups of
patients with different LA function or clinical sta-
tus. Two-dimensional echocardiography is com-
monly available, and evaluation of function
requires little, if any, off-line analysis, and is
minimally time-consuming.

To the authors’ knowledge, no studies have
determined reference intervals for 2D echo-
cardiographic non-volumetric indices of LA func-
tion in healthy dogs. Furthermore, few studies
have evaluated indices of LA function in dogs with
varying degrees of LA pathology secondary to
myxomatous mitral valve disease (MMVD) or
examined the ability of these indices to identify
the clinical status of these dogs. These studies
suggested that LA function decreases with wor-
sening MMVD and might differentiate dogs with
different clinical disease classifications [3,4].
However, these studies failed to examine the
benefit of estimating LA function over simply
measuring the size of the LA. In addition, these
studies failed to examine the ability of functional
indices to discriminate between subclinical MMVD
and CHF in dogs that had similar degrees of cardiac
remodeling (i.e. dogs with similarly marked LA and
LV enlargement that did, or did not, have the
evidence of CHF).

Therefore, we sought to establish reference
intervals for 2D echocardiographically derived
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2D two-dimensional
CHF congestive heart failure
ECG electrocardiograph(y)
LA left atrium (atrial)
LAACT left atrial active emptying fraction

(based on linear measurements)
LA:Ao ratio of the left atrial dimension to

the aortic annulus dimension
LAA:AoA ratio of the left atrial area to the

aortic annulus area
MMVD myxomatous mitral valve disease
ROC receiver operating characteristic
RPSA right parasternal short axis
RPLA right parasternal long axis
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