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Echoes across the globe: Insights into left
atrial size assessment in dogs and cats

Abstract

Echocardiographic assessment of left atrial (LA) size is important for screening,
characterizing, and monitoring heart disease in dogs and cats. Echocardiography is
known to be operator-dependent, leading to potential variation in assessment of the
LA size.

The thesis aimed to explore similarities and differences in LA size assessment
among veterinary echocardiographers. Echocardiographers from 67 countries across
six continents participated in interactive web-based studies involving image- and
video-based investigations.

Most echocardiographers used linear two-dimensional (2D) echocardiography
from a right parasternal short-axis view for LA size assessment, and indexed LA size
to aortic (Ao) dimensions. Despite similar method of use, variations in image
selection, timing, and caliper placement were observed. The echocardiographers’
clinical specialist status, the number of weekly echocardiograms performed, and
timing affected the mean measurement and the interobserver variation of LA and
LA/Ao ratio. Furthermore, the LA size also affected the interobserver variation.
Interobserver agreement of subjective assessments of LA size were comparably
good, but improved after having performed linear measurements.

To conclude, the results presented in this thesis could help pave the way for more
consistent and reliable echocardiographic assessment of LA size in veterinary
medicine.

Keywords: 2D echocardiography, subjective assessment, quality assessment,
observer variation

Author’s address: Momo Yu-Wen Kuo, SLU, Department of Clinical Sciences, Box
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Ekon over hela varlden: insikter om
beddmning av vanster formaksstorlek hos
hundar och katter

Sammanfattning

Ekokardiografisk beddmning av vénster formaks (VF) storlek ar viktig for screening,
karakterisering och uppf6ljning av hjartsjukdom hos hundar och katter. Tekniken &r
operatdrsberoende, vilket kan leda till variation i beddmningen av VF-storlek.

Avhandlingens syfte var att undersdka likheter och skillnader i veterindra
ultraljudsundersokares (ekokardiografers) métningar av VF-storlek.
Ekokardiografer fran 67 ldnder och sex kontinenter deltog i interaktiva bild- och
videobaserade webbundersdkningar.

De flesta ekokardiografer anvinde linjar tvddimensionell (2D) ekokardiografi
fran en hoger parasternal kortaxelvy for VF-bedomning samt indexerade VF-storlek
till aortastorlek (Ao). Trots att majoriteten hade liknande preferenser gillande
metodval, observerades variationer i val av bild, timing och placering av mitpunkter.
Ekokardiografernas kliniska specialiststatus, antal veckovisa utférda ekokardiogram
och timing paverkade medelvirden av midtningarna samt interobservatdrsvariationen
rorande VF och VF/Ao kvot. Vidare paverkade storleken pa VF
interobservatorsvariationen. Subjektiv bedomning av VF-storlek dverensstimde
forhéllandevis vél mellan observatorer, men forbéttrades efter utforande av linjira
métningar.

Det konkluderas att resultaten i denna avhandling kan utgdra en grund for mer
konsekventa och pélitliga utvarderingar av VF-storlek inom veterindrmedicinen.

Nyckelord:  2D-ekokardiografi, subjektiv beddmning, kvalitetsbedomning,
observatorsvariation

Author’s address: Momo Yu-Wen Kuo, SLU, Department of Clinical Sciences, P.O.
Box 7054, 750 07 Uppsala, Sweden. E-mail: Momo.Y-W.Kuo@slu.se



Preface

I pursued a PhD for two reasons. The first was my dog, Dumbo, who was
diagnosed with preclinical stage myxomatous mitral valve disease (MMVD)
at the age of seven in 2013. At that time, there was no evidence to support
any treatment for the preclinical stage of this disease. As a naive third-year
veterinary student, it felt like my world was collapsing. I desperately wanted
to save him and change the bleak outlook for such cases. Ever since then, I
have explored my interest in cardiology research related to MMVD.

The second reason was the inspiration I found in Hans Rosling, a Swedish
physician, academic, and public speaker. His TED talks and the book
Factfulness resonated deeply with me. His team promoted the use of data
and data visualization to explore development issues and make a better
world, and I was captivated by this approach. Hans Rosling's enthusiasm was
infectious, and I aspired to convey wonderful research findings through
simple graphics, just as he did.

During my PhD years, I was fortunate to be guided by and collaborate
with many who could be considered the Hans Rosling of the veterinary
world. We all believed in the power of effectively using numbers and
graphics to maximize the dissemination of knowledge. I am truly fortunate
to have found someone who shares and supports my vision.

As I reach the end of my PhD journey, I reflect on my initial passion for
conducting research, and my heart is still filled with enthusiasm. And
Dumbo, now 18 years old, has remained clinically healthy with me! As you
read this piece, I hope you enjoy this investigative journey, uncovering
deeper layers and finding more intricate connections through my work in
echocardiographic left atrial size assessment in dogs and cats.
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whole.”

- Roger Caras
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1. Background

Cardiovascular disease is a leading cause of death in dogs and cats.
Echocardiographic assessment of the left atrial (LA) size is important for
effectively screening, characterizing, and monitoring progression of the
majority of heart diseases affecting dogs and cats. Assessing LA size also
plays a key role in predicting outcomes and determining the optimal timing
of treatment in animals with left-sided heart diseases. Therefore, monitoring
LA size is an important biomarker of cardiac health.

In the 1990s, the American College of Veterinary Internal Medicine
(ACVIM) published guidelines recommending two-dimensional
echocardiography (2DE) for assessing LA size in dogs and cats (Thomas et
al., 1993). This era also saw the introduction of linear methods for evaluating
LA size, which remain in use today (Haggstrom et al., 1994, Rishniw & Erb,
2000, Hansson et al., 2002). Although 2DE has become widely used in
clinical studies, echocardiography is highly operator-dependent, leading to
potential variations in measurements. These inconsistencies may result from
differences in echocardiographic techniques, training, and individual
preferences among echocardiographers, which can affect the reliability of
LA size assessments due to the lack of standardization and quality control.

An ideal biomarker, such as LA size assessed through echocardiography,
should be safe, simple to perform, cost-effective, and highly reliable, with
minimal variation (Aronson & Ferner, 2017, Bodaghi et al., 2023). However,
studies on the variation of echocardiographic LA size assessments in
veterinary practice have mainly been limited to single-center settings, with
few observers or clinically healthy animals (Dukes-McEwan et al., 2002,
Chetboul et al., 2003, Chetboul et al., 2004, van Hoek et al., 2018, Fries et
al., 2019). This highlights the need for improved standardization to ensure
consistent and accurate measurements across different practitioners.
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Current ACVIM consensus guidelines concerning myxomatous mitral
valve disease (MMVD) in dogs and cardiomyopathies in cats, respectively,
specifically recommend the use of linear 2DE to assess LA size in dogs and
cats, emphasizing the importance of consistent and reliable assessment
(Keene et al., 2019, Luis Fuentes et al, 2020). Inconsistent LA size
assessments can negatively impact evaluation of disease severity and
prognosis, and also influence application of clinical study results and
treatment guidelines; potentially compromising patient care.

To meet these challenges, a crucial first step is to quantitatively examine
the variation in echocardiographic assessments of LA size. This thesis
initiated the BENEFIT (gloBal caninE and feliNE leFt atrlal size
assessmenT) project, an international research collaboration that explores
veterinary echocardiographers' methods for LA size assessment in dogs and
cats. The project aimed to generate insights that, in the future, could improve
the reliability and standardization of echocardiographic LA size assessments
in veterinary medicine.

1.1 Heart disease in dogs and cats

The heart is composed of four chambers: the right atrium receives
deoxygenated blood, which is pumped by the right ventricle to the lungs. The
LA receives the oxygenated blood, which is then pumped out into the body
by the left ventricle (LV). The rhythmic contraction and relaxation of these
chambers are controlled by electrical impulses originating from the cardiac
conduction system.

Heart disease encompasses a range of abnormalities affecting the
structure, function, or electrical activity of the heart. These issues may lead
to irregular heartbeats and ultimately, heart failure, characterized by the
heart's inability to pump sufficient blood to support vital organ function.
Heart disease can be congenital (present at birth), or acquired (develop later
in life). Approximately 10% of the dog population develop heart disease
(Egenvall et al., 2006, Fleming et al., 2011). Moreover, heart diseases are
one of the leading causes of death in small-bred dogs (Parker & Kilroy-Glynn,
2012, Bonnett et al., 2005). Approximately 10-15% of the general cat
population may be affected by feline cardiomyopathy (Coté et al., 2004,
Ferasin et al., 2003, Paige et al., 2009, Wagner et al., 2010, Payne et al.,
2015, Follby et al., 2022).
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Risk factors for heart disease in dogs and cats include breed, genetics, age,
medications, infections, and nutritional factors (Ford et al., 2017, O'Keefe et
al., 1993, Walker et al., 2022, Pion et al., 1992). Signs of cardiovascular
disease in dogs and cats involve a range of clinical signs, including
respiratory distress, exercise intolerance, syncope, loss of appetite,
abdominal distention (due to ascites), and unintended weight loss. In addition,
some dogs with heart disease may exhibit coughing. Cats with pronounced
left-sided heart disease may also experience sudden limb paresis caused by
arterial thromboembolism (ATE) secondary to thrombus formation in the
heart (Cheng et al., 2021, Schober & Maerz, 2006).

1.1.1  Common acquired and congenital heart diseases

Myxomatous mitral valve disease is the most prevalent acquired heart
disease in dogs, accounting for approximately 75-80% of all canine heart
conditions (Whitney, 1974, Egenvall et al., 2006, Ljungvall & Haggstrom,
2017). The disease commonly affects small to medium-sized breeds, such as
Cavalier King Charles spaniels, Dachshunds, miniature poodles, and
Yorkshire terriers (Haggstrom et al., 1992, Beardow & Buchanan, 1993,
Olsen et al., 1999, Thrusfield et al., 1985, Meurs et al., 2019). In contrast,
dilated cardiomyopathy (DCM), the most frequent form of cardiomyopathy
in dogs, typically affects medium to larger breeds like Irish Wolthounds,
Doberman Pinschers, Great Danes, Boxers, and Portuguese Water Dogs
(Tidholm et al., 2001, Dambach et al., 1999, Vollmar, 2000, Petric et al.,
2002).

Cardiomyopathies are the most commonly acquired heart diseases among
cats, with the hypertrophic cardiomyopathic (HCM) phenotype being the
most prevalent form (Follby et al., 2022, Paige et al., 2009), representing
approximately 60% of cardiac cases (Ferasin et al., 2003). Restrictive (RCM)
and nonspecific cardiomyopathic phenotypes have in one study been shown
to constitute 20-30% of cardiac cases in cats (Ferasin et al., 2003). While
most cats with HCM are non-pedigree, several pedigree breeds are
recognized to be at increased risk. These breeds include the Maine Coon,
Ragdoll, British Shorthair, Persian, Bengal, Sphynx, Norwegian Forest cat,
and Birman (Trehiou-Sechi et al., 2012, Granstrom et al., 2011, Mérz et al.,
2015, Chetboul ef al., 2012, Haggstrom et al., 2016, Follby et al., 2022).

The most common forms of canine congenital heart disease include
pulmonic stenosis (PS), subvalvular aortic stenosis (SAS), patent ductus
arteriosus (PDA), and ventricular septal defect (VSD) with various breed and
sex predispositions noted (Detweiler et al., 1961, Detweiler & Patterson,
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1965, Tidholm, 1997, MacDonald, 2006, Brambilla et al., 2020). Common
congenital heart defects in cats include VSD, tricuspid/mitral valve
dysplasia, and pulmonary/aortic stenosis, without consistent breed or sex
predilections (MacDonald, 2006, Tidholm ef al., 2015).

1.1.2 Diagnosis and treatment

The diagnostic process for heart disease in dogs and cats typically begins
with a review of the animal's medical history and a comprehensive physical
examination. Based on the clinical signs, additional tests may include blood
analysis, thoracic radiography, and an electrocardiogram (ECG) to assess
heart function and detect abnormalities.

Transthoracic echocardiography (TTE) is an important diagnostic tool in
veterinary cardiology, providing detailed morphological and functional
insights into the heart. For more precise structural and functional
information, advanced imaging techniques such as cardiac computed
tomography (CCT), cardiac magnetic resonance imaging (CMRI), catheter
angiography, and transesophageal echocardiography (TEE) are available,
though they are rarely used in routine clinical practice.

Treatment options for heart disease in dogs and cats depend on the
specific condition and disease stage. While many cardiovascular diseases are
not fully curable, they can often be effectively managed with medications.
Nutritional supplements and dietary changes may also help support heart
function in some cases. For certain structural defects or conduction
disturbances, invasive device-based interventions or surgical procedures
may be necessary for effective management.

1.2 Left atrium

The term "atrium" originates from Latin, referring to a central area in a
Roman household that connects multiple rooms, a concept that aligns with
the function of the heart's atrial chambers (Loukas et al., 2016). Figure 1
shows the anatomic relationship of the LA to other related cardiac chambers
and blood vessels.
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Figure 1. Silicon endocast of a canine heart from a cardiac healthy Labrador
Retriever. The left atrium (LA) receives oxygen-rich blood from the lungs via the
pulmonary veins (PVs), which is a part of the pulmonary circulation. The blood is then
directed to the left ventricle (LV), which pumps it through the aorta (Ao) to the systemic
circulation, distributing it throughout the body. Ao, aorta; CdVC, caudal vena cava; LA,
left atrium; LV, left ventricle; PA, pulmonary artery; PVs, pulmonary veins; RA, right
atrium; RV, right ventricle. Silicon endocast heart at the courtesy of Ranko Georgiev.
Photo by the author.

Left atrial size, as determined by echocardiography, is a significant
predictor of cardiovascular outcomes in both dogs and cats, as well as in
humans (Borgarelli et al., 2008, Payne et al., 2013, Patel et al., 2009, Lang
et al., 2015). Left atrial enlargement (LAE) is a key marker of structural
remodeling in response to chronic pressure and/or volume overload in the
left side of the heart, often preceding adverse clinical outcomes such as ATE
in cats and cardiogenic pulmonary edema in dogs and cats.

1.2.1 Left atrial structure

The LA extends laterally and cranially, forming the left auricle (or atrial
appendage) adjacent to the base of the pulmonary trunk (Figure 2, lateral
view). The upper portion of the LA is situated beneath the aortic arch and the
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pulmonary arteries (Figure 2, dorsal view), with the tracheal bifurcation
located just behind it.

Lateral view Dorsal view

Figure 2. Silicon endocasts of the canine heart from a cardiac healthy Labrador
Retriever in lateral and dorsal views. The lateral (left) and dorsal (right) views show
the anatomical relationships of the left atrium (LA, blue dashed line) and left auricle
(LAur, light blue) with other cardiac structures. The left cranial lobe pulmonary veins (1
and 2) merge into a single ostium. The left caudal lobe (3), accessory lobe (4), and right
caudal lobe (5) pulmonary veins connect to the caudal aspect of the left atrium. The right
middle lobe (6) and right cranial lobe (7) pulmonary veins join the right side of the left
atrium. Different colors indicate the relative positions of the same structures in the lateral
and dorsal views. Ao, aorta; CrVC, cranial vena cava; LA, left atrium; LAur, left auricle;
LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle. Silicon
endocast heart at the courtesy of Ranko Georgiev. Illustration by the author.

The pulmonary trunk ends towards the posterior and lower part of the LA.
The number of pulmonary veins entering the LA varies across species; for
example, dogs typically have four to six pulmonary veinous ostia in the roof
of the LA, whereas cats usually have three to four (Figure 1 and 2)
(Panopoulos et al., 2019, Kittleson & Kienle, 1998, Bezuidenhout, 2012).
The interatrial septum, beginning just below the ascending aorta, separating
the right and left atria (Figure 2, dorsal view).
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1.2.2 Left atrial function and the association with the left ventricle

The cardiac cycle comprises two main phases: a relaxation and blood
refilling phase of the ventricles known as ventricular diastole, which
follows a contraction- and blood pumping phase of the ventricles known as
ventricular systole. The LA contributes to cardiac performance through
three components, functioning as a (booster) pump, reservoir, and conduit

(Figure 3).

LA

function Pump Reservoir Conduit
ECG

C:’g‘ieac Ventricular Ventricular Ventricular
pﬁase diastole systole diastole

Figure 3. Changes in left atrial (LA) function and size during the cardiac cycle. The
LA plays three crucial roles in the cardiac cycle: acting as a ‘reservoir’, collecting blood
from the lungs during ventricular systole, serving as a ‘conduit’ for moving stored blood
to the left ventricle (LV) during early ventricular diastole, and functioning as a ‘pump’,
with atrial contraction contributing partial LV filling. This figure depicts the LA in black
and the LV in blue, highlighting LA’s critical role in modulating LV filling and
cardiovascular function. LV, left ventricle; ECG, electrocardiography. Illustration by the
author.
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The functions of the atria and ventricles are closely interconnected. The
LA serve as a buffer chamber to control the flow of venous blood for
ventricular filling. While compliance or stiffness of the LA, along with LA
contractility and relaxation, primarily influence reservoir function during
ventricular systole, significant contributions also come from LV end-systolic
volume and the descent of the LV base during ventricular systole.
Additionally, conduit function is influenced by LA compliance and has a
reciprocal association with reservoir function. However, as the mitral valve
is open in ventricular diastole, conduit function is closely tied to LV
compliance, with relaxation being a key determinant. The atrial contraction
takes place during ventricular diastole. Atrial pump function is a reflection
of the magnitude and timing of atrial contractility, which plays a significant
role in determining effective ventricular stroke volume and contributes
between 15 and 30% of LV stroke volume (Mitchell et al., 1965, Blume et
al., 2011).

1.2.3 Left atrial remodeling/enlargement

In human beings, atrial remodeling and enlargement can result from either
physiological or pathological changes in the atrial myocardium
(Hohendanner ef al., 2018, Chen et al., 2021, Goette et al., 2016).
Documentation on physiological LAE in veterinary medicine is limited.
Studies in athletic species of dogs reported only LV remodeling (Shave et
al., 2017, Constable et al., 1994). In human athletes and normotensive
pregnancies, physiological LAE is associated with increased circulation
volume and improved LA function (La Gerche et al., 2012, Song et al.,
2015). Pathological LAE is connected to adverse cardiovascular outcomes in
dogs, cats, and humans (Nakamura ef al., 2014, Borgarelli et al., 2008, Baron
Toaldo et al., 2018, Payne et al., 2013, Hiaggstrom et al., 2008, Boswood et
al., 2016).

In dogs and cats, pathological changes of the LA, particularly LA size, is
most strongly associated with the prognosis of common heart diseases, and
the chamber is, accordingly, the subject of extensive research. The LAE
occurs as a compensatory response to increased pressure or volume overload
within the LA chamber. This enlargement is a common feature across
different common heart diseases, including MMVD and DCM in dogs, and
cardiomyopathies in cats. In all cases, the LA stretches and enlarges to
accommodate the increased workload, which can lead to further
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complications such as endocrine dysregulation, arrythmias, cardiogenic
pulmonary edema, and hypercoagulability (especially in cats).

The mechanisms of LAE differ in dogs and cats depending on the
underlying cardiac conditions. In dogs with MMVD, LAE primarily results
from the regurgitation of blood back into the LA due to the degeneration and
improper closure of the mitral valve, which, in turn, causes increased volume
and pressure within the LA as it adapts to the excess blood (Parker & Kilroy-
Glynn, 2012). In contrast, in dogs with DCM, LAE occurs because of
weakening and dilatation of the LV, affecting its ability to pump blood
efficiently into the systemic circulation, causing an accumulation of blood in
the heart and backward pressure into the LA. As a result, the LA enlarges to
accommodate the increased volume (O'Grady & O'Sullivan, 2004). In cats
with HCM, thickening of the LV muscle makes it difficult for the ventricle
to fill properly during diastole, leading to increased pressure in the LA as
blood backs up, causing the atrium to stretch and enlarge over time to manage
the excess blood volume (Luis Fuentes et al., 2020).

1.2.4 Imaging modalities for left atrial size assessment

Echocardiography is the most commonly used quantitative noninvasive
method for LA size assessment because it provides real-time images of the
heart and it is widely available and portable. Left atrial size can be assessed
through its dimensions, circumference, area, and volume using both one-,
two-, and three-dimensional (1D, 2D, and 3D) echocardiography. However,
echocardiographic assessment can be affected by various factors, such as
image resolution and frame rate, geometric assumptions of LA structure,
operator experience and training, and the technique/method of choice.
Thoracic radiography is a widely utilized diagnostic tool in veterinary
medicine, favored for its relatively low cost, ease of use, rapid acquisition
times and widespread availability in most veterinary practices. For assessing
the global heart and LA size in dogs, several radiographic methods are
employed, including vertebral heart size (VHS) (Lamb et al., 2001),
vertebral LA size (VLAS) (Malcolm et al, 2018), radiographic LA
dimension (RLAD) (Sanchez Salguero et al., 2018), and modified-vertebral
LA size (M-VLAS) (Lam et al., 2021). In cats, apart from the VHS system,
there is limited research data on other methods. To optimize the diagnostic
quality and accuracy of thoracic radiographic interpretation, it is important
to obtain radiographs that are properly positioned and captured at peak
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inspiration using the correct radiographic technique. Radiographic
examinations emit radiation, raising potential concerns about exposure for
both animals and human operators, especially when used over long term to
monitor disease progression. Similar to the challenges faced with 2D
echocardiography (2DE), the interpretation of radiographic images is
complicated by the superimposition of body parts, as 3D anatomical
structures are projected onto 2D images. This inherent limitation requires
careful analysis to ensure accurate diagnosis.

Cardiac CT (+/- gating) and CMR (+/- gating) are widely acknowledged
as the gold standard methods for assessing LA volume in human medicine
(Smiseth et al., 2021, Rodevand et al., 1999, Stojanovska et al., 2011).
Despite this, their everyday application is hindered by high costs, limited
availability, radiation risks (CT), and the requirement for contrast agents.
Additionally, general anesthesia is often necessary for dogs and cats.

1.3 Echocardiographic assessment of the left atrial size
in dogs and cats

Transthoracic echocardiography (TTE) is the recommended approach for
assessing LA size in dogs, cats, and humans (Lang et al., 2015, Keene et al.,
2019, Luis Fuentes et al., 2020). As a fundamental component of cardiac
imaging, TTE is crucial for measuring the dimensions and performance of
cardiac chambers. The TTE is the leading non-invasive modality for
obtaining real-time images of the beating heart, primarily due to its
practicality, safety, and availability. The prominence of TTE in clinical
settings is reinforced by technological advancements that have improved the
performance and reduced the cost of echocardiographic machines.
Nevertheless, its widespread adoption is restricted, as it is not typically
taught as an entry-level skill to veterinarians, thus limiting its use in this
regard.

Transesophageal echocardiography (TEE) also offers detailed cardiac
imaging and is particularly useful for guiding cardiovascular catheter and
hybrid procedures. However, TEE is more invasive, requiring sedation or
general anesthesia and the insertion of an esophageal probe, which carries a
higher risk of complications. The TEE is not routinely used for assessing LA
size in veterinary medicine. In human echocardiography, TEE does not fully
capture the entire LA, and is not recommended in LA size assessment (Lang
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et al., 2015). However, TEE offers effective visualization of the left auricle
in dogs (Kimura et al., 2014), compared to TTE.

1.4 One- and two-dimensional techniques

The Time-motion/Motion mode (M-mode) technique, also known as 1D
echocardiography, was one of the first techniques developed in
echocardiography. The method provides a high temporal resolution which is
essential for accurately capturing rapid cardiac movements, such as valve
motion. The M-mode technique for LA size assessment in dogs and cats was
originally adapted from how echocardiography was used in humans and
horses (Pipers & Hamlin, 1977, Long et al., 1992). In veterinary cardiology,
where patients often have higher heart rates than humans, the ability of M-
mode to provide high frame rates and excellent temporal resolution is
particularly valuable.

As echocardiographic technology advanced, 2DE began to replace M-
mode in some instances. The 2DE offers real-time images of the heart’s
structures from multiple angles with high frame rates, allowing for more
accurate assessments of cardiac anatomy and function. The advantages of
2DE, such as visualizing the heart in multiple planes and guiding
interventional procedures, far exceed the limited view provided by M-mode
(O'Grady et al., 1986, Haggstrom et al., 1994, Hansson et al., 2002, Rishniw
& Erb, 2000). Further technological advancements, such as the shift from
mechanical to phased array probes and the development of systems with
higher frame rates, have significantly improved the quality of 2D imaging.
These innovations have enabled more detailed and precise imaging,
enhancing diagnostic capabilities in the demanding cardiac environments of
veterinary medicine.

Currently, 2DE is the recommended technique for assessing LA size in
dogs and cats (Luis Fuentes ef al., 2020, Keene ef al., 2019). Numerous 2DE
methods and common acquisition views measuring dimensions,
circumference, area, and volume for LA size assessment in dogs and cats are
showed in Figure 4. In human medicine, measuring LA volume by 2DE is
recommended for its robust prognostic value in predicting outcomes of
various heart diseases (Barnes et al., 2004, Tsang et al., 2001, Beinart et al.,
2004, Moller et al., 2003, Lang et al., 2015, Rossi et al., 2002, Tsang et al.,
2006, Vyas et al., 2011).
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Figure 4. Various two-dimensional echocardiographic methods and commonly used
acquisition views for measuring dimensions, circumference, area, and volume for
left atrial (LA) size assessment in dogs and cats. Blue arrows indicate the location for
LA dimension measurements, while pink arrows indicate the location for aortic (Ao)
dimension measurements. The pink shaded area denotes the Ao dimension
measurements, used in place of arrows due to multiple recommendations in the area. Blue
dashed lines indicate LA circumference and area measurements, and pink dashed lines
indicate Ao circumference and area measurements. The 2DE methods to estimate LA
volume, the area length method and the Simpson’s modified method of discs, are both
based on volumetric assumptions based on the LA area. LV, left ventricle; RA, right
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atrium; RV, right ventricle; RPSAX, right parasternal short-axis; RPLAX LVOT, right
parasternal long-axis left ventricular outflow tract; RPLAX-4Ch, right parasternal long-
axis four-chamber; RPLAX-4Ch, right parasternal long-axis five-chamber. Illustration
by the author.

1.4.1  Three-dimensional technique

Assessing LA size with real-time three-dimensional echocardiography
(RT3DE) is a feasible method in dogs (Tidholm et al., 2011, Treibert et al.,
2024, Tidholm et al., 2023). When high-resolution images are attainable, this
technique is one of the most reliable for measuring cardiac chamber size,
alongside cardiac computed tomography and cardiovascular magnetic
resonance. Furthermore, RT3DE offers the advantage of not relying on
geometric assumptions of the LA structure, thus providing more accurate
measurements compared to 2D methods. However, like any other
echocardiographic modality, RT3DE relies on adequate image quality, and
has a comparable low temporal resolution. Even though the modality is
widely available in human echocardiography laboratories, a large European
survey showed that LA size was only assessed by 3DE in selected cases
across European echocardiographic laboratories (Ajmone Marsan et al.,
2020).

1.4.2 Subjective impression

A visual assessment of LA size can be obtained from 2D images before
quantitative measurements are derived from 1D, 2D, or 3D
echocardiography. The acquisition views for subjective assessment have
been described using right parasternal short-axis (RPSAX)- and right
parasternal long-axis four-chamber (RPLAX-4Ch) views in both dogs and
cats, and left parasternal apical four-chamber view in cats (Boon, 2011,
Kittleson & C6té, 2021).

1.5 Sources of assessment variation

To effectively characterize and quantify the heart using echocardiography,
the operator needs a comprehensive understanding of cardiovascular
physiology, pathophysiology, and the factors influencing observational
variation. Variation in assessing LA size can arise from several sources,
including biological, technical, and operator-related factors. Biological
influences include breed, age, body weight, body condition score, physique,
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heart rate, anesthesia, and specific heart conditions (Campbell & Kittleson,
2007, Johard et al., 2018). Technical factors involve the positioning of the
animal (standing or recumbent), the technique/method of use and how the
echocardiography equipment (machine and probe type) is used. Operator-
related variables could be related to experience and training in
echocardiography.

1.6 Web-based research

With the rise of the internet and the ubiquity of computers, the World Wide
Web has emerged as a crucial platform for communication, profoundly
reshaping research methodologies. The World Wide Web has expanded the
scope of research activities from literature reviews and collaboration with
colleagues across diverse geographical locations, to recruitment of study
participants who can be directed to online sites to complete web-based
research - using internet as a data-collection platform.

Surveys stand as a powerful tool for research, with the internet's
emergence further amplifying the efficacy of web-based surveys. A web-
based survey is a common method used in web-based research. Historically,
survey research was a tedious process, requiring the distribution of paper
questionnaires via mail to a carefully selected group of respondents. The
traditional survey was not only time-consuming but also involved a lengthy
waiting period for the return of responses, followed by the labor-intensive
task of manually inputting data into a database or spreadsheet for analysis.
In contrast, the accessibility and efficiency of survey research have improved
nowadays by automated survey software and online platforms, which have
potentially simplified the process of designing, distributing, and analyzing
surveys.

Before selecting and designing research tools, it is crucial to understand
the advantages and drawbacks of web-based surveys (Ahern, 2005, Ball,
2019, Dufty, 2002), as outlined in Table 1. Adhering to well-established and
detailed methodologies, refined over decades, is essential for both web-based
and traditional survey methods. This adherence ensures the production of
valid and relevant data that effectively address research questions, thereby
guaranteeing the integrity and utility of research outcomes (Ball, 2019,
Ponto, 2015). Researchers have employed survey methods extensively since
the 1930s, establishing foundational guidelines for creating survey
instruments, survey design, data collection, and analysis (Callegaro et al.,
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2015, Rossi et al., 2013, Kelley et al., 2003). Additionally, the Checklist for
Reporting Results of Internet E-Surveys (CHERRIES) was introduced to
improve the quality of web-based survey reports submitted for publication
(Eysenbach, 2004).

The American Heart Association and the European Association of
Cardiovascular Imaging have chosen survey as a tool to pinpoint potential
disparities between guidelines and real-world clinical application (Sahn et
al., 1978, Cameli et al., 2019, Ajmone Marsan et al., 2020, Podlesnikar et
al., 2022). These investigations aimed to discern variations and
commonalities in the practices of echocardiographers and facilities regarding
clinical imaging, with the objective of tackling complexities in these domains
and enhancing future guidelines and recommendations (Sahn et al., 1978,
Ajmone Marsan et al., 2020).
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Table 1. Summary of advantages and disadvantages for using web-based survey.

Advantages

Disadvantages

For researchers

Cost-effective alternative to
paper surveys

Enhanced accessibility for
sensitive topics, diverse cultural
cohorts, and marginalized

communities

Swift and extensive outreach
capabilities

Reduced time consumption
Versatile adaptability

Streamlined automation
processes

Limited ability to explore open-
ended questions with immediate
follow-ups

Sample bias in subject
recruitment due to self-selection
from non-random
computer/internet users

Equipment and network issues
may arise

Uncertain impact on response
rates

Challenges with literacy and
disabilities

Constraints in internet
availability

For respondents

Ensures anonymity

Allows respondents to answer at
their own pace

Empowers participants with a
sense of control

Sparks greater interest in
participation with innovative

and engaging approaches

Offers user-friendly simplicity

Absence of chances to clarify
ambiguous terms

Online privacy concerns

Excessive web-based surveys
distract respondents

Constraints in internet
availability
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2. Aims

The overall aims of this thesis were to investigate the preferences of
veterinary echocardiographers for assessing LA size in dogs and cats, to
identify the most commonly used methods, and to determine how different
factors influence measurements performed using these methods.

The specific aims were to:

v

Investigate echocardiographers’ preferences concerning techniques
and methods for LA size assessment in dogs and cats.

Investigate echocardiographers’ preferences for assessing LA size in
subgroups based on geographic, demographic, and professional
profiles.

Investigate the linear 2D  preferences of veterinary
echocardiographers for acquiring and measuring LA size in dogs;
specifically concerning image selection, timing method, caliper
placement, and threshold for LA enlargement for different methods.

Investigate sources of variation in subjective assessments and linear
2D measurements of LA size when using a RPSAX view.

Investigate the additional value of linear 2D measurements of LA

size in a RPSAX view to subjective assessment on interobserver
variation.
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3. Materials and methods

The materials and methods employed in the studies are detailed in the
included papers and related supporting information. This section offers a
summary of the study methods (Figure 5) and highlights comparative aspects
across the various studies.
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OVERVIEW OF STUDY DESIGN AND KEY FINDINGS IN PAPER

Study 1: Investigate preferences for echocardiographic
techniques for LA size assessment in dogs and cats

Study 2: Investigate preferences for linear 2D
methods for LA size assessment in dogs

Study 3: Investigate sources

|mage.ba§ed of variation in 2D
Survey measurements using RPSAX
Paper Iil view in dogs
E ® Sizeof LA, echocardiographers’ clinical
specialist status, frequency of weekly
m echocardiograms performed, and timing
Video-based affected the measurements and

study interobserver variation in
Paper IV measurements

Figure 5. Overview of study design and key findings in Paper I-IV. This figure
summarizes the study design, aims, methods, and main findings across Papers I-IV. All
three studies conducted in the thesis were web-based studies. The initial web survey
(Study 1) targeted echocardiographers examining dogs (Paper I) and cats (Paper II).
Subsequent studies included an image-based survey (Study 2, Paper III) and a video-
based study (Study 3, Paper IV), both focusing on echocardiographic assessment of the
left atrium (LA) in dogs. RPSAX, right parasternal short-axis; 2D, two-dimensional.

3.1 Experimental design

3.1.1  Global interactive web surveys (Paper I-1Il)

The initial phase of this project involved the development of an interactive
web survey, Study 1, structured in accordance with established guidelines
(Callegaro et al., 2015, Rossi et al., 2013). The survey was designed to
capture veterinary echocardiographers' preferences regarding different

40



echocardiographic techniques and methods for assessing LA size in dogs
(Paper I) and cats (Paper II). The outcome of the survey highlighted a
significant preference for linear 2D-technique, prompting the creation of a
second, more targeted survey.

The follow-up survey, Study 2, therefore concentrated on exploring
specific aspects of linear 2D methods in dogs (Paper III). Cats were
deliberately excluded from this survey to avoid lengthening the
questionnaire, which could negatively impact the response rate,
abandonment rate, representativeness, and quality of the data (Galesic &
Bosnjak, 2009).

Both surveys were designed for optimal accessibility on personal
computers, tablets, and smartphones, utilizing the Netigate web platform
(Netigate AB, Stockholm, Sweden). The process of survey construction and
validation is summarized in Figure 6.
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SURVEY DESIGN PROCESS

* Identify construct of interest
Primary consideration * Review relevant research

Survey design group (n=5)

* Identify dimensionality of construct

* Develop question and answer
alternatives

+ Reduce common errors

Development

* Evaluate reliability and validity
Subject-expert group (n=9)
Reference group (n=12)

Validation * 3-phasic pretest verification

All groups listed above,
contact persons, and
organizations worldwide

* Access by multiple devices
* Disseminate by various channels

Distribution

Figure 6. Survey design process in Paper I-I11. The study-design group developed the
questionnaire based on their expertise and by reviewing relevant literature. Questions
and answer alternatives were refined to minimize errors. A three-phase pretest verified
content validity by the subject-expert and reference groups. Information about the study
was distributed online across various channels and countries.

In the first survey, 134 questions were created and divided into three parts
to investigate echocardiographers’ preferences concerning LA size
assessment in dogs (Paper ) and cats (Paper II). Part 1 was designed to gather
general background information on echocardiographers’ geographic,
demographic, and professional profiles. Part 2 concerned the techniques used
for LA size assessment—including subjective assessments, M-mode, linear
2D, area, and volume (both 2D- and 3D-based methods)—and detailed
information regarding animal positioning, acquisition views, indexing
methods, and timing method for measurements (Figure 7). Part 3 assessed
the echocardiographers’ experience and training level in echocardiography.
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TECHNIQUES/METHODS OF ECHOCARDIOGRAPHIC
ASSESSMENT OF THE LA SIZE IN DOGS AND CATS

[

Subjective

M-mode Linear Area
assessment 2D
e
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A_ALA_/ L1 L]
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* Acquisition view(s)

* Acquisition view(s)

Indexing method

* Acquisition view(s)
* Indexing method

* Acquisition view(s)
* Indexing method

* Acquisition view(s)
* Indexing method

* Timing method

* Repetition of
measurements

* Monoplane/biplane

* Timing method
Repetition of
measurements

* Anatomic M-mode

* Timing method
* Repetition of
measurements

* Timing method
* Repetition of
measurements

Figure 7. Question overview of echocardiographic techniques/methods for left atrial
(LA) size assessment in dogs (Paper I) and cats (Paper II). This section differed
between dogs and cats owing to current slightly divergent recommendations regarding
assessments. Echocardiographers were instructed to answer questions specifically for the
species they had practical experience examining. 2D, two-dimensional.

Building on the findings from the first survey; namely that the linear 2D
technique was most commonly used, the follow-up survey was focused on
this technique. The second survey required echocardiographers to evaluate a
selected set of echocardiographic images and illustrations. It consisted of 98
image-based questions aimed at exploring echocardiographers’ preferences
for linear 2D methods when assessing LA size in dogs (Paper III). Questions
related to respondents’ demographic and professional profiles were identical
to the first survey. Four linear 2D methods were examined, specifically
concerning image selection, timing method, caliper placement, and threshold
used for LA enlargement; all involving the use of right parasternal windows
to obtain LA and Ao dimensions when assessing LA size in dogs.
Echocardiographers who used alternative methods were requested to detail
the acquisition views they used (Figure 8).
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LINEAR 2D METHODS FOR ASSESSING LA AND AO DIMENSIONS
IN DOGS

T
Single view for LA and Ao Combination of views for LA and Ao ‘

Method | i Method I Method IlI Method IV
n ﬁ Other
dﬂ’
RPSAX i RPLAX RPLAX RPSAX ; RPLAX RPLAX
' LvoT 4Ch ! 4Ch voT
I I I [
& Image selection . Ca\lper direction and position Acquisition
® Criteria for optimal image for LA and Ao ® Number of repetition of measurements of LA view(s)
® Timing method ® Threshold used for LA enlargement

Figure 8. Question overview of echocardiographic linear two-dimensional methods
for left atrial (LA) size assessment in dogs (Paper III). Ao, aorta; RPSAX, right
parasternal short-axis; RPLAX-4Ch, right parasternal long-axis four chamber; RPLAX-
LVOT, right-parasternal long-axis left ventricular outflow tract; 2D, two-dimensional.

3.1.2 Video-based study (Paper IV)

A study website was developed featuring echocardiographic cine-loops and
multiple-choice questions (Figure 9). The platform was designed to enable
echocardiographers to express their subjective impressions and perform
linear 2D measurements of LA size in cine-loops, to investigate their
threshold for considering LAE, and to collect their demographic and
professional profiles. The platform’s user interfaces were designed to
replicate the ultrasound measurement process as closely as possible.
Echocardiographers used this platform to measure LA and Ao dimensions;
caliper placements and timing of the measurements were recorded on cine-
loops. Nine cine-loops, from nine different dogs, were selected to represent
arange of LA sizes in RPSAX view. The selected images represented certain
preferences previously described amongst veterinary echocardiographers
(Paper III); with variation in angulations and image quality. Furthermore, the
loops included a variation regarding visibility of pulmonary venous inlets to
mimic patient-to-patient variations in the routine clinic.
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The study platform featured two parts:

1) Subjective assessments: Echocardiographers assessed LA size as
normal, mildly, or moderately/severely enlarged based on their visual
impression of the randomly ordered cine-loops (n=9), displayed one
at a time on the screen.

2) Linear 2D measurements: Echocardiographers measured LA and
Ao dimensions on nine cine-loops repeated three times (n=9*3);
displayed randomly without disclosure of the repetitions. After each
measurement, the echocardiographers classified the LA size as
normal, mildly, or moderately/severely enlarged based on their
LA/Ao measurements. They were queried about their opinions
regarding the quality of the cine-loops and their methods for timing
the measurements.

3.2 Criteria for participation

Paper I and 11

Veterinary echocardiographers who performed, or had previously performed
echocardiography in dogs (Paper I) and/or cats (Paper II).

Paper 11

Veterinary echocardiographers who performed, or had previously performed
linear 2D echocardiography when assessing the LA size in dogs, and who
indexed LA to Ao when assessing the chamber size.

Paper IV

Veterinary echocardiographers who performed, or had previously performed
echocardiography in dogs using linear 2D assessments.

3.3 Study distribution

Veterinary echocardiographers were invited to participate in the studies
through various channels: (1) National/international veterinary organizations
and veterinary internal medicine/cardiology associations across 34 countries;
(2) The Veterinary Information Network (VIN) - Cardiology ListServe,
which includes veterinarians worldwide with a special interest in veterinary
cardiology, including American and European Colleges of Veterinary
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Internal Medicine (ACVIM and ECVIM-CA) cardiology diplomates and
candidates, as well as other interested veterinarians; (3) Presentations
performed by members of the BENEFIT project at international congresses;
and (4) referrals from echocardiographers who shared the study link with
other veterinary echocardiographers. Two reminders were issued during the
data collection phase for all studies conducted.

3.4 Statistics

Descriptive analyses of results in each paper involved performing
calculations for response counts and percentages. Statistical analyses were
conducted using the JIMP software (JMP, v. 17.0, SAS Institute Inc, Cary,
NO).

In Paper III, group median values for LA and Ao measurements were
compared using the Wilcoxon test. Differences in variance between groups
were assessed using a two-sided F-test.

In Paper 1V, differences in LA, Ao, and LA/Ao values between groups
were analyzed using one-way analysis of variance (ANOVA) and the Tukey-
Kramer test for multiple comparisons. Interobserver variation and its two
components, repeatability and reproducibility, were assessed using the
measurement system analysis platform in the software. Differences in
variation between groups were evaluated by analyses of the model residuals
in each group using the Levine test for homoscedasticity and Bonferroni
correction. Results are reported as standard deviation (SD) of the
measurement and variance (square of SD).
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4. Results

This section provides a summary of the key findings, while more
comprehensive information can be accessed in Papers I[-IV and the
supplementary materials included in those papers.

Paper lll, n=533

[ Study |
Study 2

W study 3

Figure 10. Distribution of echocardiographers across studies within the BENEFIT
project. Study 1 corresponds to Papers I and II, Study 2 corresponds to Paper III, and
Study 3 to Paper IV. The chart also shows the proportion of echocardiographers who
participated in multiple studies, with approximately one-third continuing in subsequent
studies. The size of the areas is approximately in proportion to the actual number of
echocardiographers for each paper.
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4.1 Background information of the echocardiographers

The first survey (Study 1, Papers I and II) collected responses from 670
echocardiographers in 54 countries across all six continents, and 655 of these
echocardiographers performed echocardiography in both dogs and cats. The
follow-up survey (Study 2, Paper I1I) attracted 533 echocardiographers from
48 countries, and 36% of these had also contributed to the first survey. The
video-based online study (Study 3, Paper 1V) was completed by 353
echocardiographers from 48 countries, and 38% of these had previously
engaged in other studies within the BENEFIT Project (Figure 10).

Across all studies, the type of practice among echocardiographers
remained consistent (Figure 11).

56.1
52.5
e 56.1

Specialty practice

37.5
_g General practice 37.7
5 [}
o
S
19.3
G Academia 21.6
§ I 20.1
'_
Mobile practice/ 14.3
Consultant 17.4
I 17.3 Study | (Paper |, 1)
Study 2 (Paper llI
Research/Industry 1.9 v 2 (Paper i)
Not in practice/ Retired 3 [l study 3 (Paper IV)
6

Proportion of echocardiographers in each study (%)

Figure 11. Proportion of types of practice among echocardiographers across all
studies. Approximately half of the echocardiographers worked in a specialty practice
and about one-third worked in general practice.
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4.2 Preferences regarding echocardiographic techniques
and methods for left atrial size assessment in dogs
and cats (Paper | & II)

When assessing LA size in dogs and cats, 33.7% (226/670) of the
echocardiographers for dogs and 34.7% (227/655) for cats combined linear
2D methods with subjective assessments. Among echocardiographers using
linear 2D methods, the most commonly used view was RPSAX.
Approximately 70% of the echocardiographers (436/621 for dogs and
437/612 for cats) indexed LA to Ao. Approximately 30% of the
echocardiographers (191/621 for dogs and 210/612 for cats) shared identical
preferences regarding positioning, acquisition views, indexing methods, and
timing method for the measurements (Figure 12).

Respondents answering the survey
n =949
Blue = dog
Red = cat n =247 ___Not completing the survey I
Respondents completing the survey
n=702
Never performed echocardiography in dogs/cats _f\f(j{Fjg’f{[ﬂ_qff?f_ff_ﬁ_fgfﬂqq_C_”'_f_é‘_f[q_l
n=31/47
Included respondents
n = 670/655
I f
Subjective MM Linear Area Volume
assessment I 20 P Py
~——~—— 1 AN ™ S
Subjective assessment n=2/0 381/368 || 165/182 627/612 |  51/26 | 75/21
MM n=14/7 ‘
Linear 2D n=6/0 ... Contradictory responses ____
Area n=6/1 A
Volume n=4/0 Valid responses
jecti Linear
Subjective MM Area Volume
assessment 2D
379/368  151/175 621/612 45/25 71/21

Figure 12. Distribution of responses regarding echocardiographic techniques of use
for left atrial size assessment in dogs (blue) and cats (red). A total of 949 individuals
participated; of which 74% completed the first survey. The analysis included responses
from 670 and 655 echocardiographers who performed echocardiography on dogs (Paper
I) and cats (Paper II), respectively. The chart highlights the variety of preferred
techniques. MM, M-mode; 2D, two-dimensional.
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When comparing echocardiographers performing echocardiography in
both species (n=623), the echocardiographers favored linear 2D (96%,
600/623) and subjective assessment (55%, 345/623) for both dogs and cats.
The M-mode technique was more frequently used in cats (27%, 171/623)
compared with in dogs (23%, 144/623) (Figure 13).
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Figure 13. Analysis of data collected from 623 echocardiographers performing
echocardiographic examinations in both dogs and cats. The figure shows a
predominant use of linear 2D and subjective assessments for both species. The use of the
M-mode technique varied; while some echocardiographers applied it to both dogs and
cats, others used it exclusively for one species. MM, M-mode; 2D, two-dimensional.

4.3 Preferences regarding linear two-dimensional
methods for left atrial size assessment in dogs
(Paper Ill)

Of the 533 echocardiographers who completed the survey, 86% (459/533)
used a RPSAX view for measuring LA and Ao dimensions. Within this group,
57% (261/459) preferred the same angulation of the heart and 76% (351/459)
timed LA and Ao dimensions at end-systole/early-diastole. Caliper
placement for LAgsax dimension on the aortic side were comparatively
consistent across all LA size categories, whereas caliper placement on the
LA lateral wall was more variable.

Thirty-nine percent (207/533) of the echocardiographers used right
parasternal long-axis (RPLAX) views - both the RPLAX four-chamber
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(RPLAX-4Ch) and RPLAX optimized for left ventricular outflow (LVOT)
views - for assessing LA size. Most echocardiographers (80%, 130/162)
preferred the same angulation of the heart and 82% (132/162) timed the
LArax (LA dimension measured from a RPLAX-4Ch view) at end-
systole/early-diastole. Caliper placement for LA ax measurements near both
the septal and lateral LA walls varied substantially.

The upper limit for LAE used by the echocardiographers varied among
all methods used. Training and experience did not influence interobserver
variation for LA measurements in a RPSAX view, whereas these factors
impacted measurements performed in a RPLAX view.

When assessing LA size subjectively, the RPSAX view and the RPLAX-
4Ch view were trusted the most. About 43% (231/533) of the
echocardiographers trusted the RPSAX view the most and 36% (190/533)
trusted the RPLAX-4Ch view the most, respectively. The majority of
echocardiographers (93.4%, 498/533) assessed LA subjectively. Seventy-
seven percent (408/533) of the echocardiographers stated that they assessed
the LA size identically in both dogs and cats when using linear 2D methods.

4.4 Sources of variation in subjective assessment and
linear two-dimensional measurement (Paper V)

A total of 353 echocardiographers from 49 countries across six continents
completed the study. Caliper placement for LA dimension on the aortic side
were comparatively consistent across all LA size categories, whereas caliper
placement on the LA lateral wall was more variable.

The lowest mean values for LA measurements were recorded by
echocardiographers who performed echocardiograms <6 times/week and
those without specialist status. The highest mean values for LA and Ao
measurements were obtained for measurements performed at ventricular
end-systole/early-diastole.

Interobserver variation was higher in cine-loops that had been categorized
by the majority as enlarged or borderline enlarged LA compared to normal-
sized LA. Lower interobserver variation occurred among board-certified
specialists, echocardiographers performing echocardiograms >20
times/week, and those who timed measurements at end-systole/early-
diastole, using either aortic valve motion or a combination of timing
methods. Years of experience performing echocardiography did not
consistently reduce interobserver variation.
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Subjective LA size assessment agreement between echocardiographers
improved after performing linear measurements.
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5. General Discussion

This thesis highlights similarities in echocardiographers' preferences for
assessing LA size in dogs and cats and identifies key technical factors that
may influence these assessments, particularly during image acquisition and
measurement. Additionally, we examined the effects of operator-related
factors on the measurement outcomes. Sources of variation in LA size
assessment, focusing on the technical and operator-related factors
investigated in this thesis, are discussed below.
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5.1 Most common method: Indexing LA to Ao (LA/Ao)
dimensions from a right parasternal short-axis view

In both dogs and cats, over 90% of the echocardiographers prioritized the
linear 2DE from a RPSAX view, indexing LA to Ao when assessing LA size
(Paper I and II). Despite various techniques being reported, transthoracic
2DE is the only technique officially recommended by the ACVIM as a
standard for cardiac chamber quantification (Thomas et al., 1993). The
popularity of the RPSAX method may stem from several factors: firstly, the
method has, in multiple studies across both species, been demonstrated to
have a prognostic value. Secondly, the ACVIM consensus guidelines
recommend this method for staging common heart diseases in dogs and cats
(Keene et al., 2019, Luis Fuentes et al., 2020). Lastly, the ability to capture
both the LA and Ao in the same view provides operational convenience, and
the LA/Ao ratio offers a BW-independent measure of LA size.

When measuring LA/Ao in dogs, the majority (86%) of
echocardiographers used a RPSAX view for assessment of both LA and Ao
dimensions, while 40% measured LA dimension from a RPLAX view (Paper
II). Long-axis echocardiographic ratios of LA/Ao have been reported to
effectively identify LAE in dogs with MMVD in one study (Strohm ef al.,
2018). Measuring the LA from the RPLAX-4Ch view potentially avoids
incorporation of a pulmonary vein and facilitates timing of measurement
precisely at end-systole (Hsue & Visser, 2020). However, very few
echocardiographers prioritized the long-axis view approach (Paper I).
Significant variation was observed among echocardiographers in their use of
long-axis echocardiographic ratios of LA/Ao, specifically in image selection,
caliper placement for LA and Ao dimensions, and the thresholds used for
LAE (Paper III). The less frequent use of RPLAX views may be attributed
to several factors. Obtaining LA/Ao from a RPLAX-4Ch view requires a
separate view for Ao dimension, which adds complexity and consumes more
time (Strohm et al., 2018, Hsue & Visser, 2020, Marchesotti et al., 2019,
Visser et al., 2019, Vatne et al., 2021). Additionally, LA size assessment
from a RPLAX view has not been widely used in large clinical trials, unlike
the common application of LA/Ao from a single RPSAX view (Boswood et
al., 2016, Haggstrom et al., 2008, Reynolds et al., 2012).

In cats, assessing LA size from a long-axis view, without the use of an
indexing method, was used by only a few of the responding
echocardiographers (Paper II), even though this approach has been suggested
for use in cats in the ACVIM consensus recommendations and other
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literature (Luis Fuentes et al., 2020, Payne et al., 2013, Schober & Maerz,
2006, Greet et al., 2020). Normalizing LA size to the Ao or using allometric
scaling may help to mitigate the impact of BW variations and sex on the
chamber size (Haggstrom et al., 2016, Chetboul et al., 2012). Furthermore,
according to the findings in the present thesis, veterinary echocardiographers
prefer to use the very same methods for LA size assessment in both dogs and
cats. Accordingly, the methods of recommendations for use in dogs may also
have influenced the echocardiographers preferences for cats.

Few veterinary echocardiographers reported the use of volumetric
methods for LA size estimation in dogs and cats (Paper I and II). This
reluctance may be due to the more recent introduction of these techniques in
veterinary practice and their more time-consuming and labor-intensive
nature compared to linear measurements. In human medicine, LA size is
typically assessed by measuring the anteroposterior dimension in a
parasternal long-axis view, known in veterinary medicine as the RPLAX
LVOT view, using either M-mode or linear 2D techniques (Lang et al.,
2015). However, relying solely on the anteroposterior dimension 1is
discouraged as it does not accurately represent LAE (Wade et al., 1987,
Schabelman et al., 1981, Lang et al., 2015). Instead, measuring LA volumes
is recommended, with extensive literature showing a strong prognostic value
in humans (Tsang et al., 2003, Gottdiener et al., 2006, Tsang et al., 2006,
Takemoto et al., 2005).
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5.2 Sources of variation in linear two-dimensional left
atrial size assessment

Before the BENEFIT project, no large-scale veterinary study had
investigated impacts of different sources of variation when assessing LA size
by echocardiography. The concept and consensus of standards for operators’
training, echocardiographic laboratories, and quality assurance in
echocardiography have been studied and implemented in human
echocardiography for more than a decade (Picard ef al., 2011, Masani, 2018,
Popescu et al., 2009, Popescu et al., 2020). Similar consensus has not been
established in the veterinary field. Our study found that more than half of the
veterinary echocardiographers had self-learned the techniques, and that the
majority of the veterinary echocardiographers were the only operator at their
workplace (Paper I), limiting their opportunities for peer review and
technique refinement.

5.2.1 Sources of variation in LA size assessment: Technical factors

Positioning of subject

Ninety percent of the echocardiographers assessed LA size with the dogs and
cats positioned in right lateral recumbency, and approximately 10% with the
animal in a standing position (Paper I-II). The popularity of lateral
recumbency may be due to its ability to minimize lung interference, thereby
enhancing the visualization of the heart and aiding in the collection of
structural data (Thomas, 1984). One small study involving four healthy dogs,
examined in standing and lateral recumbent positions by two cardiologists,
revealed no significant differences between standing and recumbent
positioning on LA size assessment (Chetboul et al., 2005). A potential
influence of the animal’s position on the assessment has, however, not been
investigated in the hands of many. Human studies have shown that the
position of the subject influence TTE image quality and linear measurements
(Felner et al., 1980, Ottenhoff et al., 2022).

Index normalization

Aortic indexing was the most commonly used normalization approach for
LA size assessments in both species (Paper I and II). Very few
echocardiographers normalized the LA size without indexing to the Ao
(Paper I-1IT). Well-recognized normalization methods for linear LA size
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assessment include using an internal control, such as the Ao (Rishniw & Erb,
2000, Hansson et al., 2002, Brown et al., 2003, Strohm et al., 2018), and
normalizing chamber measurements to BW through nonlinear regression
(Gongalves et al., 2002) or allometric scaling (Cornell et al, 2004,
Higgstrom et al., 2016). Potential reasons for the popularity of LA/Ao
indexing in dogs and cats has been discussed above.

Timing method (time-point identification)

"Valvular motion' was the most frequently used timing method when
assessing LA size in Papers I-111, and 'a combination of timing methods' was
most frequently used in Paper IV. The variation in findings between the
papers of this thesis may be explained as follows: The first and second study
(Paper I -I1I) were surveys that provided text, illustrations, and still images
to be evaluated by the echocardiographers. The primary goal of the first and
second study were to identify echocardiographers’ top preferences;
therefore, they were only allowed to provide a single response option per
question. Study III (Paper 1V), on the other hand, was conducted through a
specially designed web platform that mimics the actual practice of measuring
cine-loops on echocardiographic machines. Given the practical scenarios;
where more than one timing method might be used for measurements,
echocardiographers were allowed to select multiple response options, and
accordingly more than one timing method. These findings suggest that while
most echocardiographers prefer valvular motion for timing (2019, Borgarelli
et al., 2012, Boswood et al., 2016, Rishniw & Erb, 2000, Haggstrom et al.,
2008, Hansson et al., 2002, Borgarelli et al., 2008), the measurements made
by identifying aortic cusps might be challenging to implement in practice.
Importantly, the lowest interobserver variation in assessing LA size at end-
systole/early-diastole was achievable by either relying on aortic valvular
motion or using a combination of timing methods (Paper 1V).

Acquisition and measurement for left atrial dimension

1. RPSAX view (see Figure 14, left): When acquiring images for LA
dimension measurements in the RPSAX view, echocardiographers
placed significant importance on the LA outline and Ao shape
(Papers III and IV). Achieving an optimal image requires adjusting
the imaging angulation. However, only about half of the
echocardiographers favored the same angulation for the RPSAX
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view, indicating differing preferences in image acquisition (Paper
II).

Further variation was noted in caliper placement for measuring
LA dimensions, particularly near the pulmonary venous inlets on the
LA lateral wall, in both still images (Paper III) and cine-loops
(Papers IV). Our findings are similar to results from one study
concerning caliper placement in the LA lateral wall in dogs and cats
(Rishniw, 2016). This variation is unsurprising, given the
inconsistent suggestions for caliper placement in various studies
(Hansson et al., 2002, Rishniw & Erb, 2000) and textbooks (Boon,
2011, Penninck & d'Anjou, 2015). Reducing this variation may be
achieved by unifying caliper placement near the pulmonary venous
inlets, positioning it directly medial or lateral to the pulmonary
venous inlets rather than relying on imaginary lines near the LA
border (Hansson et al., 2002).

RPLAX-4Ch view (see Figure 14, right): Over 80% of the
echocardiographers preferred to use a RPLAX-4Ch view with a
horizontally aligned LA and LV, when they were asked to take the
orientation of the LV, LA, and mitral annulus into consideration
(Paper III). Interestingly, this image angulation differs from images
presented in many publications in veterinary medicine, where a tilted
LV chamber or both tilted LA and LV chambers have been described
(Vatne et al., 2021, Visser et al., 2019, Safian et al., 2022, Rishniw
& Erb, 2000, Boon, 2011, De Madron et al., 2015). Many
echocardiographers focused on the visibility of the interatrial septum
and the position of the LA free and lateral walls when acquiring
images, but less so for the LV wall (Paper 11I). However, the position
of the LV wall, whether horizontal or tilted relative to the LA wall,
may influence the orientation of the mitral annulus, which is an
important reference for caliper placement when measuring LA
dimensions in a RPLAX-4Ch view. Various caliper placements have
been reported for RPLAX views in veterinary medicine (O'Grady et
al., 1986, Brown et al., 2005, Strohm et al., 2018, Vatne et al., 2021,
Marchesotti et al., 2019), and our findings reflect a broad range of
approaches.



LA DIMENSIONS
ACQUISITION

RPSAX view PRLAX-4Ch view

*Top image
preferences

MEASUREMENT

PRLAX-4Ch view

Caliper placement

Figure 14. Echocardiographers’ acquisition and measurement preferences for left
atrial (LA) dimension assessment using right parasternal short-axis (RPSAX)- and
right parasternal long-axis four-chamber (RPLAX-4Ch) views. Images (1) and (2)
show variations in the orientation of the aortic commissures and interatrial septum
(yellow arrows) in the RPSAX view, while images (3) and (4) demonstrate different
orientations of the left ventricle (LV) and mitral annulus (green arrows). Caliper
placement and directions in images (5) and (6) are indicated by blue lines. The red lines
indicate the most used placements in the RPSAX and RPLAX-4Ch views,
respectively.

*Echocardiographers were asked to take the orientation of specific anatomical structures
into consideration when selecting their options. According to instructions given:
attention should be focused on the aortic cusps, interatrial septum, and left auricle for the
RPSAX view; and on the LA, LV, and mitral annulus for the RPLAX-4Ch view.
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Acquisition and measurement for aortic dimension
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1.

RPSAX view (see Figure 15, lower left): The direction of measuring
Ao in a RPSAX view exhibited little variation among
echocardiographers (Paper III and IV). This stands in contrast to the
measurement of Ao from a RPLAX LVOT view, which varied
substantially (Paper III). Different landmarks were proposed in two
publications that focused on measuring the LA/Ao from a RPSAX
view offering guidance for the Ao measurement (Rishniw & Erb,
2000, Hansson et al., 2002), and these two approaches are proved as
interchangeable (Georgiev et al., 2013). The most commonly used
method found in this thesis; measuring the Ao dimension at the
junction of the noncoronary and left coronary aortic cusps (Hansson
et al., 2002), has been widely applied in large clinical trials for
managing MMVD (Héaggstrom et al., 2008, Boswood ef al., 2016,
Wess et al., 2020) and is recommended by the ACVIM consensus
guidelines (Keene et al., 2019).

RPLAX LVOT views (see Figure 15, upper and lower right): When
measuring the Ao dimension from a long-axis LVOT view,
substantial variations were seen in echocardiographers' responses
regarding angulation of the selected view, appearance of specific
anatomical structures in the acquisition view, and valvular position;
the latter reflecting timing in the cardiac cycle (Paper III). As
illustrations/images published across different literature sources
vary regarding these above-mentioned parameters, a variety in
application of the method for measuring Ao dimension may easily
be explained (De Madron et al., 2015, Boon, 2011, Luis Fuentes V.,
2010, Strohm et al., 2018).
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Figure 15. Echocardiographers’ acquisition and measurement preferences for
aortic (Ao) dimensional assessment using right parasternal short-axis (RPSAX)-
and right parasternal long-axis left ventricular outflow (RPLAX LVOT) views.
Images (1) and (2) show variations in aortic valvular position at different time-points in
the cardiac cycle within a RPLAX LVOT view. Images (1) and (3) show the same aortic
valvular position, but with different angulations of the RPLAX LVOT view. Caliper
placement and directions in (4) and (5) are indicated by blue lines. The red lines indicate
the most the most used placements in the RPSAX and RPLAX LVOT views,
respectively.

* Echocardiographers were asked to take the orientation and size of specific anatomical
structures into consideration when selecting their option. According to instructions
given: attention should be focused on the LVOT/ascending aorta, and timing in the
cardiac cycle.
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Timing of measurements in a RPSAX view

In Paper III, 77% of echocardiographers stated that they performed
measurements during end-systole or early-diastole. An analysis of the cine-
loops in Paper IV, which examined the echocardiographers' actual
application of their preferred measurement techniques rather than just their
stated preferences, did however show a discrepancy from the results in Paper
II. Only around half of the echocardiographers adhered to the end-
systole/early-diastole timing when making their measurements. Left atrial
size varies during the cardiac cycle (Braunwald et al., 1961, Jarvinen et al.,
1994, Spencer et al., 2001, Posina et al., 2013) and differences in time-point
selection may accordingly have an important effect on the LA size
assessment and the application of published reference values.

5.2.2 Sources of variation in LA size assessment: Operator-related
factors

Echocardiographers’ professional profiles

In Paper IV, we found that specialty training, number of performing
examinations, and specific timing conditions improved LA measurement
consistency, which aligned with results from other studies (Dukes-McEwan
et al., 2002, Chetboul et al., 2004, Safian et al., 2022). The number of years
performing echocardiography was not consistently linked to lower variation
in 2D measurements, indicating that specialized training and regular practice
are more crucial for consistent measurements than experience duration.

Precise timing for measurements is of great importance for achieving a
lower interobserver variation in LA measurements (Paper IV). Board-
certified specialists and/or those performing echocardiography >20
times/week were more consistent in timing their measurements during the
same cardiac cycle phases (end-systole/early-diastole) compared to others.
The findings in Paper IlI, which showed no significant differences in LA
measurements from a RPSAX view among echocardiographers with varied
professional profiles, may primarily result from the inability to evaluate
actual timing of measurements in an image-based survey.
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5.3 Subjective assessment of left atrial size

Most echocardiographers combined their objective assessment with a
subjective estimate of LA size (Paper I and II). The top two commonly used
acquisition views for subjectively assessing LA size in dogs and cats were
RPSAX and RPLAX-4Ch views (Paper 1 and II). When subjectively
assessing LA size in dogs, echocardiographers trusted a RPSAX view the
most (43%) (Paper I11). Estimating the LA size from a short-axis view offers
the advantage of visualizing a reference structure, the Ao, simultaneously,
which is intuitive and time-saving. In paper IV, we found interobserver
agreement of subjective assessments of LA size were comparably good, and
improved after having performed linear measurements.
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6. Conclusions

This thesis has investigated veterinary echocardiographers’ preferences for
LA size assessment in dogs and cats; to identify common methods of use,
and to determine how different factors influence measurements performed
using these methods. The following specific conclusions can be drawn:

v

Veterinary echocardiographers most commonly used linear 2D
methods in combination with subjective assessment to assess LA size
in dogs and cats.

The echocardiographers’ preferences for techniques and methods for
LA size assessment in dogs and cats were similar across geographic,
demographic, and professional profiles.

For linear 2D methods, a single RPSAX view was most favored for
LA size assessment in dogs, but variations existed in image selection,
timing, caliper placement, and threshold used for LAE.

The size of the LA, the clinical specialist status of the
echocardiographers, the number of weekly performed
echocardiograms, and timing affected the measurements and
interobserver variation in measurements of LA and LA/Ao, but not
of Ao measurements.

Interobserver agreement of subjective assessments of LA size were

comparably good but improved after having performed linear
measurements.
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7. Future perspectives

The findings in this thesis reveal both similarities and differences in LA size
assessments in dogs and cats among veterinary echocardiographers.
Furthermore, factors contributing to the variation in assessment have been
identified. These insights suggest several areas for further research to be
conducted to harmonize echocardiographic LA size assessment among
veterinary echocardiographers. These studies are important to serve as
background information for establishing guidelines that could be generally
accepted and implemented in the veterinary cardiology community. Future
studies could focus on the following areas:

v Investigate if factors identified contributing to variation in LA
assessment in cats and dogs, respectively, can be implemented in
future assessment instructions; thereby reducing interobserver
variation.

v Investigate the agreement between linear 2D LA assessment
protocols, constructed based upon results from the above-mentioned
studies, and volumetric assessments of the chamber using different
diagnostic modalities, such as 3DE and CMRI.

v Test future protocols for LA size assessment, constructed upon
results from the above-mentioned studies, in the hands of many;
including a group of veterinary echocardiographers with different
levels of experience/specialist status.

v Establish guidelines for LA size assessment in clinical practice, and
furthermore, and thereafter, establish reference values for normality-
including a large population of dogs and cats- investigated in the
hands of many.
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Popular science summary

Cardiovascular disease is one of the leading causes of death in both dogs and
cats. These types of diseases affect the heart’s structure, function, or
electrical signals, which can lead to heart failure, a state which is
characterized by a heart that no longer can pump enough blood to meet the
body’s needs. Heart disease can either be congenital (present at birth) or
acquired later in life. Approximately 10% of the dog population and 10-15%
of the cat population are diagnosed with heart disease.

Echocardiography, which is an ultrasound examination of the heart, is a
key imaging modality used in both veterinary and human medicine to assess
the anatomy, size and function of the heart chambers and valves. It provides
real-time dynamic images, is non-invasive, and is widely accessible.
However, the quality and accuracy of echocardiographic results can vary
depending on how the operators perform the examination.

Echocardiographic assessment of the left atrial (LA) size is a fundamental
part of the examination because it is important for screening, characterizing,
and monitoring progression of heart disease in dogs and cats. Over the years,
several different echocardiographic techniques and methods for LA size
assessment in dogs and cats have been presented and published, often
differing in acquisition view, instructions for caliper placement
(measurement points), and/or reference values for normality. Currently in
veterinary medicine, there is a lack of widely accepted guidelines for
echocardiographic LA size assessment. This could contribute to
interobserver variability, potentially resulting in differences in how dogs/cats
are managed in clinical and research practice.

To address these challenges, this thesis initiated the BENEFIT project
(gloBal caninE and feliNE leFt atrlal size assessmenT), an international
study investigating how veterinary echocardiographers assess LA size in
dogs and cats. The thesis aimed to explore similarities and differences in LA
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size assessment among veterinary echocardiographers. Veterinary
echocardiographers from 67 countries across six continents participated in
image and video web-based studies to assess how LA size is assessed.

We found that most echocardiographers used two-dimensional (2D)
echocardiography from a right parasternal short-axis view (with the dog
lying on its right side) and indexed LA size to the aorta (using the LA/Ao
ratio). While most echocardiographers had similar preferences regarding
method of choice for assessing the LA size, a large variation existed in image
selection, timing, and caliper placement when measuring the dimensions of
the LA and aorta. Factors like the echocardiographer's formal training, the
number of echocardiograms performed per week, and timing in the cardiac
cycle used for measurements affected the assessment and contributed to
variation between observers. Although interobserver agreement in subjective
assessments was comparably good, but improved after having performed
linear measurements.

The thesis presents results that could help pave the way for more
consistent and reliable echocardiographic assessment of LA size in
veterinary medicine.
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Popularvetenskaplig sammanfattning

Hjart-kérlsjukdom dr en av de frimsta dodsorsakerna hos bade hundar och
katter. Dessa sjukdomar péaverkar hjartats struktur, funktion eller elektriska
signaler, vilket kan leda till utveckling av hjartsvikt, vilket karakteriseras av
att hjartat inte ldngre kan pumpa tillrickligt med blod for att tillgodose
kroppens behov. Hjartsjukdom kan vara antingen medfodd (finns vid
fodseln) eller forvérvas senare i livet. Cirka 10 % av hundpopulationen och
10-15 % av kattpopulationen diagnostiseras med hjartsjukdom.

Ekokardiografi ar en ultraljudsbaserad undersokningsmetod som anvinds
bade inom veterindr- och humanmedicinen for att utvéirdera hjartats anatomi
och storlek samt funktionen av hjirtats kamrar och klaffar. Tekniken
mdjliggdr dynamiska bilder i realtid, 4r icke-invasiv och &r vida tillgénglig.
Undersokningens kvalitet och de ekokardiografiska métningarnas precision
kan emellertid variera beroende pé hur operatdrerna utfor undersékningen.

Bedomning av vénster formak (VF) ar en fundamental del av en
ekokardiografisk undersdkning eftersom information om dets storlek &r
viktig vid screening-, karakterisering- och dvervakning av hjartsjukdom hos
hundar och katter. Genom é&ren har flera olika ekokardiografiska tekniker och
metoder presenterats och publicerats for beddmning av VF-storlek hos
hundar och katter. Ofta skiljer sig olika presenterade metoder sig at rérande
val av bildplan, instruktioner for placering av métpunkter och/eller normala
referensvérden. For nérvarande foreligger det inom veterindrmedicinen en
brist pa allmént accepterade riktlinjer rorande ekokardiografisk bedomning
av VF-storlek, vilket potentiellt kan bidra till interobservatorsvariabilitet och
ddrmed resultera i skillnader i hur hundar/katter hanteras i klinisk och
forskningsrelaterad praxis.
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For att adressera dessa utmaningar utgér denna avhandling borjan av det
sd kallade BENEFIT (gloBal caninE and feliNE IeFt atrlal size assessmenT)
projektet, vilket dr ett internationellt projekt som undersoker hur veterinéra
ekokardiografer bedomer VF-storlek hos hundar och katter. Avhandlingen
syftade till att utforska likheter och skillnader i bedémningen av VF-storlek
bland veterindra ekokardiografer. Deltagare fran 67 lander och sex
kontinenter deltog i olika webbaserade studier innehéllande bade bild- och
videomaterial for bedomning av VF-storlek.

Vi fann att de flesta ekokardiografer anvinde tvddimensionell (2D)
ekokardiografi frén en hoger parasternal kortaxelvy och indexerade VF-
storleken till aortan (stora kroppspulsadern). De flesta ekokardiografer hade
liknande metodpreferenser for utvéirdering av VF-storlek, men det forelag
stora variationer i bildval, timing och placering av mitpunkter vid métning
av  VF:is och aortas dimensioner. Faktorer som operatorens
specialiseringsniva, hur ofta operatoren utforde
ekokardiografiundersdkningar per vecka, och nér i hjartcykeln métningarna
utfordes, paverkade och bidrog till variation mellan observatorer. Subjektiv
beddmning av VF-storlek Overensstimde forhallandevis vidl mellan
observatdrer, men forbéttrades efter utférande av linjédra métningar.

Avhandlingen presenterar resultat som kan bidra till att bana vig for en
mer konsekvent och tillforlitlig ekokardiografisk bedomning av VF-storlek
inom veterindrmedicinen.
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echocardiographers’ preferences for LA size assessment in dogs. The secondary aim
was to investigate echocardiographers’ preferences for assessing LA size in
subgroups based on geographic, demographic, and professional profiles.

Animals, materials, and methods: An online survey instrument was designed,
verified, and distributed globally to the veterinary echocardiographers.

Results: A total of 670 echocardiographers from 54 countries on six continents
completed the survey. Most echocardiographers (n = 621) used linear
two-dimensional (2D)-based methods to assess LA size, 379 used subjective
assessment, and 151 used M-mode-based methods. Most commonly, echocardiogra-
phers combined linear 2D-based methods with subjective assessment (n = 222),
whereas 191 used linear 2D-based methods alone. Most echocardiographers
(n = 436) using linear 2D-based methods preferred the right parasternal
short-axis view and indexed the LA to the aorta. Approximately 30% (n = 191) of
the echocardiographers who performed linear measurements from 2D echocardio-
grams shared the same preferences regarding dog position, acquisition view,
indexing method, and identification of the time-point used for the measurement.
The responses were comparably homogeneous across geographic location, training
level, years of performing echocardiography, and type of practice.
Discussion/conclusion: Most veterinary echocardiographers assessed LA size in dogs
using linear 2D echocardiography from a right parasternal short-axis view, and by
indexing the LA to the aorta. The respondents’ preferences were similar across
geographic, demographic, and professional backgrounds.

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Abbreviations

2D 2-dimensional

Ao aorta

LA left atrium, left atrial
MM M-mode

currently exist in veterinary medicine. Investigators
have proposed reference intervals for specific
echocardiographic methods assessing LA size in dogs
[8,9,14—19], which might, in part, reflect the
variation in assessment between echocardiogra-
phers rather than between methods. A lack of
consistency in assessments could negatively impact

the assessment of disease severity and prognosis, as
well as how published clinical study results and

Introduction/objectives

Assessment of left atrial (LA) size plays an impor-
tant role in establishing diagnosis and prognosis,
grading disease severity, and timing of treatment
in dogs with cardiac disease [1—5]. Echocardiog-
raphers can evaluate LA size qualitatively (sub-
jectively) and quantitatively (objectively) using
one-dimensional (M-mode, MM), two-dimensional
(2D), and three-dimensional echocardiographic
techniques, and various methods have been
suggested for this purpose [6—9]. Multiple factors
may influence how veterinary echocardiographers
assess LA size, including the modalities available
in the ultrasonographic system, the level of
experience and training features, and personal
preference for using specific methods [10,11].
Expert groups have created and dissemina-
ted recommendations for standardizing the meth-
odology used to quantify cardiac chambers in
humans [12,13], but no similar recommendations

expert treatment guidelines are interpreted and
implemented.

Prior to proposing actions to address these
concerns, an essential first step is to quantitatively
investigate the variability of echocardiographic
assessment of LA size in dogs. The gloBal caninE and
feliNE leFt atrlal slze assessmenT (BENEFIT) project
is an international research collaboration aimed at
exploring how veterinary echocardiographers
assess LA size in dogs and cats, which may provide
useful information for future work to improve
echocardiographic LA size assessment in dogs and
cats. The American Society of Echocardiography
and the European Association of Cardiovascular
Imaging have surveyed echocardiographers to
examine potential sources of inter-observer varia-
bility in echocardiographic assessments and to
identify potential discrepancies between recom-
mendations and everyday clinical practice [20—24].
These studies aimed to identify differences and
similarities in how echocardiographers and centers
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perform clinical imaging, in order to address chal-
lenges in complex areas and further improve
guidelines and recommendations in the future
[21,25,26]. Although it is widely acknowledged that
veterinary echocardiographers use a variety of
methods and have different preferences for
assessing LA size in dogs, the extent of this variation
has, to our knowledge, never been investigated
systematically.

The primary aim of this prospective study was
to investigate echocardiographers’ preferences
concerning LA size assessment in dogs, including
echocardiographic techniques (MM, linear 2D,
area-based, volume-based, and subjective
assessment) and methods (positioning of the dog,
acquisition views, indexing methods, and identi-
fication of the time-point used for the measure-
ment). The secondary aim was to investigate
echocardiographers’ preferences for assessing LA
size in subgroups based on geographic, demo-
graphic, and professional profiles.

Animals, materials and methods

An English-language survey instrument was con-
structed and validated using recognized principles
[27—31], and it was deployed using an online
platform'. The survey design process is depicted in
Supplemental Table A. Respondents were instruc-
ted to participate only once, and the survey could
only be accessed once, using the same device. All
respondents participated anonymously. There was
no incentive provided to respondents other than
contributing to the development of knowledge. The
period of collection of responses was September
18th to November 1st, 2020. Respondents were
asked to answer questions based on their situation
prior to the COVID-19 restrictions. Respondents who
were no longer in clinical practice were asked to
answer questions based on their past practice.

Study enrollment

Inclusion criteria
Individuals who performed, or had previously per-
formed, echocardiogram in dogs.

Exclusion criteria

Individuals who did not meet the inclusion criteria
and those who provided contradictory responses
(e.g. respondents who stated, in an initial ques-
tion, that they performed echocardiogram in dogs,

T Netigate AB, Stockholm, Sweden.

or that they used a specific echocardiographic
technique, but then stated the opposite in a sub-
sequent question).

Survey instrument

The 134 survey questions were divided into three
parts (Fig. 1). Respondents were directed to rel-
evant subsequent questions according to their
answers to the preceding questions; thus, they
were not required to respond to all the questions.
Most questions (129/134) were mandatory and
were primarily formatted as multiple-choice
questions comprising both single- and multiple-
answer possibilities. Respondents could provide
free-text answers if their option was missing from
the listed response options. Five optional ques-
tions were open-ended. The questions in Parts 1
(12 questions) and 3 (16 questions) were for all
respondents. Respondents who performed echo-
cardiogram in both dogs and cats were directed to
all questions in Part 2 (106 questions); respond-
ents who only performed echocardiogram in dogs
or cats were directed to the relevant questions in
Part 2 (53 questions). The filter questions and
illustrations were designed to reduce mis-
conceptions regarding animal species and tech-
nique of use for each question. The survey
question stems, associated answer alternatives,
and illustrations are reported in Supplemental
Document I.

PART 1: general background of respondents
Questions related to respondents’ geographic,
demographic, and professional profiles in
echocardiography.

PART 2: techniques/methods of echocardio-

graphic assessment of left atrial size in dogs

Questions included in part 2.1 were related to the
following echocardiographic techniques: (1) sub-
jective assessment, (2) MM, (3) linear 2D, (4) area,
and (5) volume. Respondents were asked to specify
their most commonly used technique(s) for assess-
ing LA size (multiple answers were possible) and
were then directed to relevant questions regarding
their technique(s) of choice to share details.
Questions in part 2.2 were related to respondents’
opinions of their technique(s)/method(s) of choice.

PART 3: self-assessment regarding echocardio-
graphic preferences and training

Questions were related to the respondents’ pref-
erences regarding echocardiography, echocardio-
graphic experiences, and their level of training.
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Part 1 General background of respondents
Number of years in practice

Country where respondents mainly work

« Number of veterinarians/echocardiographers in the clinic
« Ultrasound equipment

« Number of years performing echocardiogram in dogs/cats

Type of practice

Part 2.1 Techniques/methods of echocardiographic assessment of left atrial size in dogs

Subjective M-mode Linear Area Volume

assessment 2D
NS

@ | oe® g
M <0
e

| I I I T
« Position Position Position « Position Position

+ Acquisition view(s)

Acquisition view(s)
Indexing method

Acquisition view(s)
Indexing method

Acquisition view(s)
Indexing method

Acquisition view(s)
Indexing method

time-point time-point time-point time-point
Repetition of Repetition of Repetition of Repetition of
measurements measurements measurements measurements
«  Anatomic M-mode + Monoplane or
biplane

« Ease/difficulties for acquiring adequate images
« Ease/difficulties for consistent measurements

Part 2.2 Review of echocardiographic techniques/methods of choice for assessing left atrial size in dogs

« Degree of satisfaction with technique(s)/method(s) of choice
+ Method associated with highest confidence by operators

Identical questions as in part 2 were asked for cats, but results not covered in the present article

Factors influencing choice of technique(s)/method(s)
Echocardiographic training

Willingness of changing the technique/method in the future

Part 3 Self-assessment regarding echocardiographic preferences and training

Preferred technique/method has changed or not in the last 2 years

Frequency of performing/supervising/reading echocardiogram
Academic title

National/international training program

Board-certified/expert title

Figure 1

Survey construction and overview of questions. Illustrations correspond to the five different echo-

cardiographic techniques evaluated in the survey. See Supplemental Document | for further details about the survey

questions and answer alternatives. 2D: two-dimensional.
Pretest verification

A three-phase pretest was performed in the survey
design process (Supplemental Table A) using the
modified Delphi method [32]:

Phase 1

A group of subject-matter experts (n = 9), con-
sisting of board-certified cardiologists and
researchers working in academia or private clinical
practice, from Canada, Sweden, Taiwan, the
Netherlands, and the United States, reviewed the
survey instrument with the goal of identifying
perceived flaws and limitations, and stating rec-
ommended changes. Revisions were made
according to the comments received.

Phase 2
A reference group (n = 12), consisting of
echocardiographers who regularly performed

echocardiography in dogs and cats, but who were
not working in academia and were not board-
certified cardiologists, and who worked in vari-
ous fields of veterinary medicine (cardiology,
diagnostic imaging, emergency and critical care,
and internal medicine) in different countries and
territories (Australia, China, Hong Kong, Japan,
Singapore, Sweden, the Netherlands, the United
States, and Zambia), tested the survey. Most
echocardiographers (9/12) in the reference
group were non-native English speakers. Revi-
sions were made according to the comments
received. The subject-matter experts involved in
Phase 1 were not eligible to participate in
Phase 2.

Phase 3

The survey was tested and amended again by nine
subject-matter experts prior to the survey
distribution.
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Data collection

Veterinary echocardiographers were invited to par-
ticipate in the study, which was distributed through
the following channels: (1) Chairpersons of national
veterinary organizations and key-opinion leaders of
veterinary internal medicine/cardiology associa-
tions in 34 countries; (2) American and European
Colleges of Veterinary Internal Medicine, Cardiology
ListServe, hosted by the Veterinary Information
Network. The subscribers of ListServe include vet-
erinarians globally who had voluntarily registered to
receive ListServe emails because of their interest in
veterinary cardiology and include all American and
European College of Veterinary Internal Medicine
cardiology diplomates and candidates, as well as
other interested veterinarians; and (3) international

cardiology virtual congresses. Reminders were sent
out after 14 and 30 days in groups (1) and (2).

Statistical analysis

Descriptive analyses of the survey results were
performed. The response counts and percentages
were calculated.

Results

A total of 949 individuals provided responses, of
which 702 (74.0%) completed the survey. Entries
from 32 respondents were considered invalid and
were excluded (Fig. 2). The results described below
are from responses provided by the 670 respondents.
Respondents (n = 3) from one country reported that

‘ Respondents answering the survey

n =949

Respondents completing the survey

n =702

Not meeting the inclusion criteria

¥
Never performed echocardiography n=17
Never performed echocardiography in dogs n =15
Included respondents
n= 670
[ [
Subjective M-mode L|near Area Volume
assessment
P~~~
— AN
©® | *ee
n =381 n=165 n—627 n=51 n—75
Subjective assessment n =2
M-mode n=14 Contradictory responses
Linear 2D N=6 [$-===mTsmmmsssmmmsssmmssee
Area n=6
Volume n=4
Valid responses
Subjective L Linear
CREEETET M-mode 2D Area Volume
n =379 n=151 n=621 n=45 n=71

Figure 2 Flow chart demonstrating the process of extracting valid survey responses. Contradictory responses for
an echocardiographic technique led to exclusion of survey responses for that particular technique, whereas the
remaining responses from these respondents were retained. 2D: two-dimensional.
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the survey link could not be opened without access to
VPN in their country.

Geographic, demographic, and professional
profile

Echocardiographers providing responses worked in
54 countries on six continents (Fig. 3 and
Supplemental Table B). The demographic and pro-
fessional profiles of the respondents are presented in
Supplemental Figure I. Most echocardiographers
(n = 644/670, 96.1%) reported that they performed
echocardiograms regularly in the 12 months pre-
ceding the survey (or portion of 12 months excluding
COVID-19 restrictions, as relevant). In general,
respondents with longer experience in echo-
cardiography performed and supervised/taught
more echocardiographic examinations and read
more echocardiograms per week compared to
respondents with fewer years of experience
(Supplemental Figure IB). Twenty-four % (n = 164/
670) had been trained in an international specialty
training program (e.g. ACVIM/ECVIM/Asian College
of Veterinary Internal Medicine, AiCVIM), 22.5%
(n = 151/670) in a national specialty training pro-
gram, and 2.7% (n = 18/670) in both a national and
international specialty training program. Respond-
ents had mostly learned to perform echocardiograms
from echocardiography courses (n =428/670, 63.9%)
and/or were self-taught (n = 302/670, 45.1%).
Approximately half of the respondents (n=317/670,

-

Number of respondents per country
1 — 108

Countris with no respondents

Figure 3

47.3%) were the only echocardiographers who regu-
larly practiced echocardiography at their workplace.

Preferences for echocardiographic approach
for LA size assessment in dogs

The respondents most commonly used the linear
2D technique (n = 621/670, 92.7%) when assessing
LA size, followed by the subjective assessment
(n = 379/670, 56.6%), and the MM technique
(n = 151/670, 22.5%) (Fig. 4A). Most commonly,
respondents combined the linear 2D technique
with subjective assessment (n = 222/670, 33.1%),
followed by the linear 2D technique alone
(n = 191/670, 28.5%), or by combining the MM
technique, linear 2D, and subjective assessment
(n = 68/670, 10.1%) (Fig. 4B). Most respondents
(n = 512/670, 76.4%) trusted the linear 2D tech-
nique the most when assessing LA size.

Quantitative assessment

Linear two-dimensional

Most of the 621 respondents (n = 470/621, 75.7%)
who assessed LA size using a linear 2D technique
preferred to acquire images with dogs positioned
in right lateral recumbency and using the right
parasternal short-axis view (Fig. 5). Similarly,
most respondents preferred indexing the LA
dimension to the aortic (Ao) dimension, using
2D echocardiographic guidance for timing the

Geographic distribution of 670 veterinary echocardiographers spanning 54 countries. Detailed infor-

mation of geographic location of the respondents are reported in Supplemental Table B.
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Figure 4 An overview of the veterinary echocardiographers’ preferences for left atrial size assessment in dogs
(n = 670), showing (A) the most commonly used (multiple-choice) and trusted (single-choice) echocardiographic
technique for the purpose, and (B) the different approaches for assessing the left atrial size. Respondents that used
other echocardiographic techniques (n = 17) and other combinations (n = 3) were not included in (B). The size of the
areas in (B) are approximately in proportion to the actual number of the responses for each technique, and the
numbers represent the number of the responses for each method and the combination of techniques. *222 echo-
cardiographers combined linear technique and subjective assessment when assessing LA size in dogs.
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Linear 2D
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RPSA
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(470/621)

Acquisition view
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70.2%
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Indexing method
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time-point 44.1% (274/621)
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\
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Figure 5

Linear 2D preferences for assessment of the left atrial size in dogs based on responses from 621

veterinary echocardiographers. Questions regarding dog position, acquisition view, indexing method and time-point
identification for measurements had single discrete options for responding. The answers with the most (green) and
second most (gray) responses in each layer are marked. The branch was only extended from the answers with most
responses in the previous question. Answer alternatives receiving less than 2% of the responses for the linear 2D
method were grouped as ‘other’. 2D: two-dimensional; Ao: aorta; AV: aortic valve; BW: body weight; LLR: left lateral
recumbency; RLR: right lateral recumbency; RPSA: right parasternal short-axis view; RPLA-4Ch: right parasternal long-
axis four chamber view; RPLA-5Ch: right parasternal long-axis five chamber view. *The respondents used the same
image loop (acquisition view) and time-point for both Ao and LA dimensions for LA size assessment.

measurement by identifying the first frame after
aortic valve closure. Of the respondents using the
linear 2D technique, 30.8% (n = 191/621) had
identical preferences regarding the position of
the dog during the examination, acquisition view,
indexing method, and identification of the time-
point used for the measurements. Approximately
two-thirds of these respondents (n = 422/621,
68.0%) acquired replicate measurements over
several cardiac cycles and averaged these.

M-mode

Most of the 151 respondents (n = 69/151, 45.7%)
who assessed LA size using a MM technique pre-
ferred acquiring images with dogs positioned in
right lateral recumbency, using the right

parasternal  short-axis view  (Supplemental
Figure Il). Half of these respondents (n = 76/151,
50.3%) used anatomic MM. Most respondents pre-
ferred indexing the LA dimension to the Ao
dimension, using echocardiographic guidance for
timing the measurement of these two structures.
To measure the Ao dimension, most respondents
identified the time-point on the MM showing two
Ao cusps. To measure the LA dimension, most
respondents identified the time-point on the MM
showing the maximal LA size. Few respondents
using MM (n = 8/151, 5.3%) had identical prefer-
ences regarding positioning of the dog, acquisition
view, indexing method, and identification of time-
point used for the measurements. Approximately
two-thirds of these respondents (n = 100/151,
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66.2%) acquired replicate measurements over
several cardiac cycles and averaged these.

Volume

Most of the 71 respondents (n = 26/71, 36.6%) who
measured LA size using the biplane Simpson’s
modified method of discs preferred to acquire
images with dogs positioned in left lateral recum-
bency and using the left apical four-chamber and
two-chamber views (Supplemental Figure |lIl).
Similarly, most respondents preferred indexing LA
volume to body weight, using 2D echocardio-
graphic guidance for timing the measurement by
identifying the last frame before mitral valve
opening. Of these respondents, 43.7% (n = 31/71)
acquired replicate measurements over several
cardiac cycles and averaged these.

Area

Most of the 45 respondents (n = 16/45, 35.6%) who
assessed LA areas preferred to acquire images with
dogs positioned in right lateral recumbency and using
the right parasternal short-axis view (Supplemental
Figure 1V). Similarly, most respondents preferred
indexing the LA area to the Ao area, using 2D echo-
cardiographic guidance for timing the measurement

by identifying the image showing the maximal LA
area. Forty-nine percent (n = 22/45) of these
respondents acquired replicate measurements over
several cardiac cycles and averaged these.

Qualitative assessment

Subjective assessment

Most of the 379 respondents (n = 358/379, 94.5%)
who assessed LA size subjectively also assessed it
quantitatively (Fig. 4B). Most examined images
with dogs were positioned in right lateral recum-
bency and imaged the LA from both right para-
sternal short-axis views (n = 277/379, 73.1%) and
right parasternal long-axis four-chamber views
(n = 265/379, 69.9%) (Supplemental Figure V).

Factors influencing choice of echocardio-
graphic technique/method and respondents’
willingness to change methods

Respondents reported being substantially influ-
enced by clinical studies/guidelines/textbooks,
echocardiography courses, and supervisors in their
preferences for LA size assessment (Fig. 6).

500

64.5%
0,
60.3% 58.1

400 %

300
37.9%

200

Number of respondents

Figure 6
assessment in dogs.

26.7%

Factors that had impacted the 670 veterinary echocardiographers’ preferences for left atrial size
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Echocardiographers’ preferences were comparably
similar across the groups based on geographic
location, level of training, years performing
echocardiography and type of practice, as shown
in Supplemental Figures VI, VI, Table C, and D.
Most respondents stated that they were willing to
change the method of assessing LA size in the
future (Supplemental Table C).

Discussion

To our knowledge, this study represents the first, and
currently the only, large-scale investigation exam-
ining how veterinary echocardiographers with a
variety of training backgrounds evaluate LA size. The
present survey instrument, constructed using scien-
tifically tested methods with rigorous validation,
sampling from academia and practice, and from 54
countries, generated a large volume of data that
showed veterinary echocardiographers’ preferences
concerning LA size assessment in dogs. Most veteri-
nary echocardiographers assessed LA size in dogs
using linear 2D echocardiography from a right para-
sternal short-axis view and indexing the LA to the Ao.
However, despite the apparent agreement for this
imaging plane, only approximately one-third of those
who used a linear 2D technique shared the same
preferences regarding dog position, acquisition
view, indexing method, and identification of the
time-point used for measurement. Additionally,
most echocardiographers combined their objective
assessment with a subjective estimate of LA size. We
found that the respondents’ preferences were sim-
ilar across geographic, demographic, and pro-
fessional backgrounds.

More than 90% of echocardiographers assessed
LA size in dogs using a linear 2D technique with or
without another technique. Most echocardiogra-
phers who used a linear 2D technique assessed LA
size from a right parasternal short-axis view and
indexed the LA dimension to the Ao. Only 13% of
the respondents used a right parasternal long-axis
view, regardless of dog positioning. This view was
more frequently used by echocardiographers
working in North America and/or academia and by
respondents with more than 20 years of echo-
cardiographic experience and/or being interna-
tional specialists. The overwhelming preference
for estimating the LA:Ao ratio from a right para-
sternal short-axis view may be related to a wealth
of published studies in which this method has been
used [2—5,33,34], along with the ease of acquiring
an image that includes both the Ao and the LA in
the same view. The Ao short-axis dimension has
been widely used for normalizing LA size,

presumably because few diseases in dogs change
the Ao size, and because it is not influenced by
body condition score [14]. The American College of
Veterinary Internal Medicine consensus guidelines
for staging and treating myxomatous mitral valve
disease, which is the most prevalent heart disease
in dogs, recommend using the right parasternal
short-axis method [35,36]. Such recommendations
likely influenced the preference of echocardiog-
raphers. The method has, furthermore, been
reported to be more sensitive at detecting LA
enlargement than MM-based estimates [15], and it
has, in several studies, been demonstrated to be
one of only a few variables that consistently shows
a high prognostic value in dogs with heart diseases
[1—4]. Even though the lateral LA wall may, in
some cases, be more readily identified in the
right parasternal long-axis view, comparably few
respondents used this method.

Approximately one-third of the respondents
using a linear 2D technique reported relying solely
on this technique when assessing LA size in dogs,
again presumably reflecting a high confidence in
linear 2D-based methods, whereas the other two-
thirds preferred to combine various techniques,
most commonly with subjective assessment.
Respondents identified subjective assessment as
the second most trusted technique according to the
results in the self-assessment part of the study.
However, most respondents trusted quantitative
measurements more. More than half of the
respondents assessed the LA subjectively, but
almost none reported using this technique alone.
Even though subjective assessment appeared to be
a popular approach for evaluating LA size, its utility
and performance in the hands of veterinary echo-
cardiographers is currently unknown. Respondents
trained in international specialty programs sub-
jectively assessed LA size more frequently than
respondents with other backgrounds. A possible
explanation for this finding might be that the
echocardiographers who have undergone interna-
tional specialty training in cardiology have received
extensive practical supervised training, and, thus,
have gained more experience leading to greater
confidence in their subjective assessment. In addi-
tion, 55% (n =72/132) of the respondents working in
North America were international specialists, which
might explain why respondents working in this
location favored subjective assessment more than
those working in other continents.

Approximately 30% (n = 191/621) of the echo-
cardiographers who used a linear 2D technique
shared the same preferences regarding dog posi-
tion, acquisition view, indexing method and iden-
tification of time-point used for the measurement.
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Although echocardiographers mostly preferred
linear 2D-based methods for assessing LA size in
dogs, the specific preferences varied: those who
preferred calculating the LA:Ao ratio from a right
parasternal short-axis view (n = 436/621, 70.2%)
had comparably homogeneous preferences for dog
positioning (right lateral). Imaging the dogs in a
standing position was more frequently performed
by echocardiographers working in Europe and
South America compared to those working in other
continents. Approximately 80% (n = 364/436) of
the respondents who calculated LA:Ao from a
short-axis view measured the LA dimension in a
similar time phase (ventricular end-systole/early
diastole and end of T wave, namely at the max-
imal LA size), but their preferences for identi-
fication of time-point varied substantially.
Approximately 45% (n = 191/436) performed the
measurement at the first frame after Ao valve
closure, which is in agreement with initial studies
describing the method [15,16]. One potential
explanation for why the rest identified the time-
point for measuring the LA dimension differently
might be that the active ventricular myocardial
motion in systole and early-diastole can sometimes
blur the outline of the cardiac structures, includ-
ing the aortic cusps [19,37]. Another possibility of
the observed variation in time-point identification
for LA size assessment may be due to non-uniform
descriptions and variable recommendations for
echocardiographic methods in textbooks [6—9],
published literature, and echocardiography cour-
ses. Comparably, few respondents prioritized the
right parasternal long-axis view for assessing LA
size, making it difficult to draw any conclusions
about their preference for this technique.
Although  approximately  one-quarter  of
respondents used a MM technique for assessing LA
size in dogs, few trusted the technique the most.
Similarly, few respondents stated that they
assessed LA size solely with this technique. No
clear pattern was identified when characterizing
the respondents who used MM, except that the
technique was more frequently used by echo-
cardiographers working in North America, com-
pared to those in other continents, and by
echocardiographers not working in academia. The
use of MM-based methods for assessing LA size is
rarely described in recent literature, which con-
trasts with the number of echocardiographers who
still commonly use this technique. Despite
several inherent limitations of this technique
[14,15,38,39], possible explanations for its popu-
larity could be high temporal and image reso-
lutions, which are of value for border detection
and timing, thereby facilitating appropriate cursor

placement when measuring the chamber [40,41],
training, and personal habits.

Few respondents reported using volume- or area-
based methods to quantitatively assess LA size in
dogs. The low numbers made it difficult to draw
strong conclusions about these respondents. A
comparably high proportion of echocardiographers
had confidence in volume-based methods, but a
small proportion expressed confidence in area-
based methods. Those who used volumetric meth-
ods most commonly used Simpson’s modified
method of discs applied to 2D biplane images for
assessing LA size, similar to findings from an echo-
cardiographic survey on cardiac chamber quantifi-
cation in people [21]. Based on the results of the
present study, the three-dimensional technique is
not currently widely used for LA volume assessment
in dogs. The finding that comparably few echo-
cardiographers assessed LA size using volume- or
area-based methods may be explained by the later
introduction of these methods in veterinary medi-
cine, the need for specialized equipment with the
required software, and that they are more time-
consuming and laborious compared to the MM and
linear 2D methods. Furthermore, the use of volu-
metric assessment is presumably also limited by a
shortage of reliable reference intervals, and cur-
rently, it is unknown which method most accurately
estimates the true LA size. Furthermore, the pub-
lished large clinical trials [3,33,42,43] have hitherto
not included volumetric assessment as a major
inclusion criterion or primary outcome variable. The
absence of methods for estimating LA volume in
these trials may have influenced the results of the
current study. Finally, no clinical study has shown
that more complex 2D and three-dimensional
methods are better prognosticators of clinical out-
comes than simple linear estimates of LA enlarge-
ment [44].

Respondents reported being substantially influ-
enced by clinical studies/guidelines/textbooks,
echocardiography courses and supervisors in their
preferences for assessing LA size, and most
respondents had learned to perform echocardio-
grams at echocardiography courses and/or
were self-taught. This is not surprising, as most
respondents were not cardiologists or radiologists
who would have had formal extended training.
Only approximately one quarter of the respond-
ents stated that ease of use or speed of acquisition
influenced their preferences for certain methods.
Nearly half of the respondents reported that they
were the only person practicing echocardiography
regularly at their workplace. These findings high-
light the importance of training, continuing edu-
cation, and guidelines/recommendations for
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veterinary echocardiographers and people aspiring
to start performing echocardiograms.

Well-designed survey instruments provide a rig-
orous approach to research with scientifically tes-
ted methods to ensure a high-quality process and
outcome [31,45,46]. Appropriately designed survey
studies in echocardiography can, accordingly, have
the potential to identify differences and similarities
in veterinary clinical imaging and serve as a val-
uable base for future work in the area. The method
of this study mirrors the approach recently chosen
by the European Association of Cardiovascular
Imaging for a similar purpose [25].

A limitation of this study was that the results are
based on self-reported responses that could not be
verified independently. The subjectivity of the
respondents’ interpretations of certain terms, such
as ‘regularly performed echocardiograms,’ could
have introduced inter-respondent variability. The
data analyzed and reported were based on all valid
responses, and no lower limit of participants for
each category of geographic, demographic, or
professional profile was set. Another limitation was
that, similar to many other published survey stud-
ies, no inferential statistics were included because
these types of studies are inherently associated
with several steps of selection bias and other limi-
tations, making statistical analysis less appropriate
[21,47]. The online survey was structured in Eng-
lish, which might have impacted the interpretation
and understanding of some of the questions and
answer alternatives for non-native English
respondents. However, to ensure as little language
confusion as possible, we invited 12 echocardiog-
raphers (three native and nine non-native English
speakers) working in different countries/fields to
validate the survey content prior to broad dis-
tribution during the study design. We performed
several rounds of pretest by echocardiographers of
various backgrounds in the 3-phase verification to
ensure the quality and validity of the survey data.
Only respondents who had access to the internet
could participate in the survey, and some
respondents reported that access to the survey link
was denied in their countries. As the number of
respondents in each country could also be affected
by how the local chairpersons or key-opinion lead-
ers promoted the survey, the respondents from
each country might not have been in proportion to
the real number of echocardiographers in a specific
country. A further limitation with this study is that
the definition of international and national spe-
cialist might vary between different countries. In
the survey, the specialty-relevant questions

and alternatives were phrased attentively, with
annotations if possible, and free-text answers were
allowed to overcome this issue.

The present study aimed to identify the veteri-
nary echocardiographers’ most prioritized echo-
cardiographic method in daily practice for
assessing LA size in dogs, and many questions had
single, discrete options for responding. Thus, the
study could not capture every possible choice if
respondents preferred more than one option for
response alternatives, or had a nuanced response.
Adding more questions could have addressed this
limitation, but at the expense of greater length
and thus, respondent fatigue [48]. Therefore, the
investigators acknowledged this limitation with
the understanding that alternatives were not
necessarily superior.

Conclusions

Veterinary echocardiographers most commonly
used and trusted linear 2D-based methods to
assess LA size in dogs. Most preferred to use the
right parasternal short-axis view indexed to the Ao
in combination with subjective assessment for the
purpose. Although these broad preferences were
comparably homogeneous across echocardiogra-
phers, fewer than one third shared the exact same
combination of preferences regarding position of
the dog during the examination, acquisition view,
indexing method, and identification of time-point
used for the measurements. Echocardiographers
reported that clinical studies/guidelines/text-
books, echocardiography courses and supervisors
exerted the most influence on their preferences
for assessing LA size. The respondents’ prefer-
ences were similar across geographic, demo-
graphic, and professional backgrounds. Findings of
the present study could have important implica-
tions for future work aimed at optimizing and
uniforming the assessment of LA size among vet-
erinary echocardiographers.
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Heart failure;
Cardiomyopathy;

echocardiographers’ preferences concerning LA size assessment in cats. A second-
ary aim was to investigate echocardiographers’ preferences for assessing LA size in
subgroups based on geographic, demographic, and professional profiles.

Animals, materials, and methods: An online survey instrument was designed, ver-
ified, and distributed globally to veterinary echocardiographers.

Results: A total of 655 veterinary echocardiographers from six continents and 54
countries, working in specialty practice (56%) and in general practice (38%), pro-
vided data. Linear two-dimensional (2D) technique was favored by most echocar-
diographers (n = 612) for LA size assessment. Most commonly, respondents
combined linear 2D with subjective assessment (n = 227), while 209 used linear
2D-based methods alone. Most echocardiographers using linear 2D-based methods
preferred the right parasternal short-axis view and to index the LA to the aorta
(Ao). Approximately 10% of the respondents obtained LA dimensions from a right
parasternal long-axis four-chamber view. Approximately one-third of echocardio-
graphers that made linear measurements from 2D echocardiograms shared the
same preferences regarding cat position, acquisition view, indexing method and
time point identification for the LA measurement. The responses were comparably
homogeneous across geographic location, level of training, years performing echo-

Discussion/conclusion: Most veterinary echocardiographers assessed LA size in cats
using linear 2D echocardiography from a right parasternal short-axis view, and in-
dexed LA to Ao. Respondents’ preferences were similar over geographic, demo-

© 2023 The Authors. Published by Elsevier B.V. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

conducting such assessments. Various echocardio-
graphic techniques and methods, as well as various
specific recommendations for each of these, have
been suggested for LA size assessment in cats. The
absence of uniformity in LA size assessments may
have negative effects on the accurate evaluation
of disease severity and prognosis. Furthermore,
this can impede the proper interpretation and

Feline
cardiography, and type of practice.
graphic, and professional backgrounds.

Abbreviations

2D 2-dimensional

Ao aorta

LA left atrium, left atrial

LAE left atrial enlargement

MM M-mode

RLR right lateral recumbency

implementation of published clinical study findings

Introduction/objectives

and expert treatment guidelines. In human medi-
cine, large scale surveys have identified sim-
ilarities and differences between echocardiog
raphic methods used in everyday clinical practice
and methods recommended in guidelines [10—12]

Quantification of LA size is regarded as one of
the most clinically important measurements in
feline echocardiography. Identification of sub-
stantial LA enlargement (LAE) on an echocardio-
gram suggests underlying cardiac disease in cats
presenting with signs of respiratory distress [1,2].
Decisions about treatment strategies and estab-
lishment of prognoses for cats affected by car-
diomyopathies are, furthermore, also partly
based on the degree of LAE demonstrated on an
echocardiogram [3—9].

The current state of knowledge regarding LA
size assessment in cats is characterized by a lack
of updated and universally acknowledged guide-
lines. This can potentially be attributed to the
absence of consensus on the optimal approach for

— to comprehend challenges in complex areas like
current LA size assessment in cats [11,13—15]. The
gloBal caninE and feliNE leFt atrlal size assess-
menT (BENEFIT) project is an international
research collaboration aiming to explore veteri-
nary echocardiographers’ methods regarding LA
size assessment in dogs and cats, aimed at har-
monizing or standardizing LA size assessment in
veterinary medicine. We recently submitted the
results of the canine portion of this research col-
laboration for publication'.

' Dog manuscript: Veterinary echocardiographers’ preferences
for left atrial size assessment in dogs: The BENEFIT Project
(which is Conditional Accept in JVC).
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Echocardiographers’ preferences of the techni-
ques and methods for assessing LA size in cats has,
to our knowledge, not been systematically inves-
tigated previously in a large-scale study. Accord-
ingly, the primary aim of this study was to
investigate echocardiographers’ preferences con-
cerning LA size assessment in cats, including
echocardiographic techniques (M-mode (MM), lin-
ear 2D, area-based, volume-based, and subjective
assessment) and methods (positioning of the cat,
acquisition views, indexing methods, and identi-
fication of the time point used for the measure-
ment). A secondary aim was to investigate
echocardiographers’ preferences for assessing LA
size in subgroups based on geographic, demo-
graphic, and professional profiles.

Animals, materials and methods

An English-language survey instrument was con-
structed and validated using recognized principles
[16—20], and it was deployed using an online
platform’. Respondents’ echocardiographic pref-
erences for dogs and cats were investigated in the
same survey', and this manuscript includes the
part concerning cats. Respondents were instructed
to only participate once, and the survey could only
be accessed once using the same device. The
respondents participated anonymously. Respond-
ents received no incentives to participate. The
period of collection of responses was September
18th to November 1st, 2020. Respondents were
asked to answer the questions based on their sit-
uations prior to COVID-19 restrictions. Respond-
ents who were no longer in clinical practice were
asked to answer the questions according to their
practice in the past.

Study enrollment

Inclusion criteria
Individuals who performed, or had previously per-
formed, echocardiograms in cats.

Exclusion criteria

Individuals who did not meet the inclusion criteria,
and those who provided contradictory responses
(e.g. respondents who stated, in an initial ques-
tion, that they performed echocardiograms in
cats, or that they used a specific echocardio-
graphic technique, but then stated the opposite in
a subsequent question).

J Netigate AB, Stockholm, Sweden.

Survey instrument

A total of 134 questions were created and divided
into three parts (Fig. 1). Respondents were direc-
ted to relevant subsequent questions according to
their answers to preceding questions; thus, they
were not required to respond to all questions. Most
questions (129/134) were mandatory and primarily
formatted as multiple-choice questions comprising
both single- and multiple-answer possibilities;
free-text answers were made possible if the
respondent’s choice was missing from the alter-
natives listed. Five optional questions were open-
ended. Questions in parts 1 (12 questions) and 3
(16 questions) were for all respondents. Respond-
ents performing echocardiograms in both dogs and
cats were directed to all questions in part 2 (106
questions); respondents only performing echo-
cardiograms in dogs or cats were directed to the
relevant questions in part 2 (53 questions). The
filter questions and illustrations were designed to
reduce the misconceptions regarding animal spe-
cies for each question. Survey question stems,
associated answer alternatives, and illustrations
are reported in the Supplemental Document I.

PART 1: general background of respondents
Questions related to the respondents’ geographic,
demographic, and professional roles related to
echocardiography.

PART 2: techniques/methods of echocardio-
graphic assessment of left atrial size in cats
Questions included in part 2.1 were related to the
following echocardiographic techniques: (1) sub-
jective assessment, (2) MM (3) linear 2D, (4) area,
and (5) volume. Respondents were asked to
specify their most commonly used technique(s) for
assessing LA size (multiple answers were possible),
and respondents were then directed to relevant
questions related to their selected technique(s) of
choice to provide details. Questions in part 2.2
were related to respondents’ opinion of their
technique(s)/method(s) of choice.

PART 3: self-assessment regarding echocardio-
graphic preferences and training

Questions related to the respondents’ preferences
regarding echocardiography, echocardiographic
experience, and their level of training.

Pretest verification

A three-phase pretest was performed using the
modified Delphi method [21]:
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Part 1 General background of respondents

« Number of years in practice
« Number of years performing echocardiogram in dogs/cats
« Country where respondents mainly work

« Number of veterinarians/echocardiographers in the clinic
« Ultrasound equipment

« Type of practice

Identical questions as in part 2 were asked for assessment in dogs |

Part 2.1 Techniques/methods of echocardiographic assessment of left atrial size in cats

« Acquisition view(s)

Acquisition view(s)
Indexing method

Acquisition view(s)
Indexing method

Acquisition view(s)
Indexing method

Subjective M-mode Linear
assessment 2D
NS S
_— AN (7
@ @ m "
N AA L]
I | | I I
« Position Position « Position « Position « Position

Acquisition view(s)
Indexing method

Time point « Time point « Time point « Time point
Repetition of * Repetition of * Repetition of « Repetition of
measurements measurements measurements measurements
*  Anatomic M-mode « Monoplane or
biplane

« Ease/difficulties for acquiring adequate images
«+ Ease/difficulties for consistent measurements

Part 2.2 Review of echocardiographic techniques/methods of choice for assessing the left atrial size in cats

« Degree of satisfaction with method(s) of choice
« Technique associated with highest confidence by operators

Part 3 Self-assessment and training

« Factors influencing choice of method(s)

« Echocardiographic training

« Preferred method has changed or not in the last 2 years
+ Willingness of changing the method in the future

« Frequency of performing/supervising/reading echocardiogram
« Academic title

« National/international training program

« Board-certified/expert title

Figure 1

Survey construction and overview of questions. Illustrations correspond to the five different echo-

cardiographic methods evaluated in the survey. See Supplemental Document | for further details about the survey

questions and answer alternatives. 2D: two-dimensional.

Phase 1

A group of subject-matter experts (n = 9), con-
sisting of board-certified cardiologists and
researchers working in academia or private clinical
practice, from Canada, Sweden, Taiwan, the
Netherlands, and the United States, reviewed the
survey instrument with the goal of identifying
perceived flaws and limitations, and stating rec-
ommended changes. Revisions were made
according to the comments received.

Phase 2

A reference group (n = 12), consisting of echo-
cardiographers who regularly performed echo-
cardiograms in dogs and cats, but who were not
working in academia and were not board-certified

cardiologists, and who worked in various fields of
veterinary medicine (cardiology, diagnostic imaging,
emergency and critical care, and internal medicine)
in different countries and territories (Australia,
China, Hong-Kong, Japan, Singapore, Sweden, the
Netherlands, the United States, and Zambia), tested
the survey. Most echocardiographers (9/12) in the
reference group were non-native English speakers.
Revisions were made according to the comments
received. Subject matter experts involved in phase 1
were not eligible to take part in phase 2.

Phase 3

The survey was tested and amended again by the
nine subject-matter experts prior to distribution to
potential respondents.
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Data collection

Veterinary  echocardiographers received an
invitation to participate in the study, which was
distributed through the following channels: (1)
Chairpersons of national veterinary organizations
and key opinion leaders of veterinary internal
medicine/cardiology associations in 34 countries;
(2) American and European Colleges of Veterinary
Internal Medicine — Cardiology ListServe, hosted
by the Veterinary Information Network. The sub-
scribers of the Listserve included veterinarians
globally who had voluntarily registered to receive
Listserve emails because of their interest in vet-
erinary cardiology and included all American and
European College of Veterinary Internal Medicine
cardiology diplomates and candidates, as well as
other interested veterinarians; (3) international
cardiology virtual congresses. Reminders were sent
out after 14 and 30 days to both groups (1) and (2).

Statistical analysis

Descriptive analyses of the survey results were
performed. Response counts and percentages were
calculated.

Results

A total of 949 individuals provided data, and of
these, 702 (74%) completed the entire survey. The
mean response time for the participants was 21 min
and 18 s. Entries from 47 respondents were consid-
ered invalid and were excluded (Fig. 2), and results
described below were accordingly based on analy-
ses of responses from 655 respondents. Respondents
(n = 3) from one country reported that they could
not participate as the survey link could not be
opened in their country (without access to a VPN).

Geographic, demographic, and professional
information

Echocardiographers providing responses worked on
six continents and in 54 countries (Supplemental
Table A). Most echocardiographers (n = 633/655,
96.6%) self-reported that they performed echo-
cardiograms regularly in the preceding 12 months (or
portion of 12 months excluding COVID-19 restric-
tions, as relevant). Respondents’ demographic and
professional information is shown in Supplemental
Figure | and Supplemental Table A. Respondents
predominantly learned to perform echocardiograms
from echocardiography courses (n =419/655, 64.0%)
and/or were self-taught (n = 293/655, 44.7%).
Approximately half of respondents (n = 310/655,

47.3%) were the only echocardiographers regularly
practicing echocardiography at their workplace.

Echocardiographic approaches for LA size
assessment in cats

Respondents most commonly used linear 2D-based
methods when assessing LA size, followed by
subjective assessment, and MM-based methods
(Fig. 3A). Most commonly, respondents combined
linear 2D-based methods with subjective assess-
ment, followed by using linear 2D-based methods
alone, and, finally, by combining MM-based meth-
ods, linear 2D, and subjective assessment (Fig. 3B).
Most respondents (n = 499/655, 76.2%) trusted lin-
ear 2D-based methods the most when assessing LA
size. Virtually all respondents imaged cats in right
lateral recumbency when obtaining either short-
axis or long-axis views of the LA.

Quantitative assessment

Linear two-dimensional

Most of the 612 respondents who assessed LA size
using linear 2D-based methods preferred the right
parasternal short-axis view (Fig. 4). Similarly, most
respondents preferred indexing the LA dimension to
the aortic dimension, and most preferred timing
the measurement at approximately ventricular
end-systole/early-diastole by identifying the first
frame after aortic valve closure. Of respondents
using linear 2D, 34.3% had identical preferences
regarding positioning of the cat during the exami-
nation, acquisition view, indexing method and
identification of time point used for the measure-
ments. Approximately 61% of respondents acquired
repeat measurements over more than one cardiac
cycle and subsequently averaged them.

M-mode

Most of the 175 respondents who assessed LA size
using MM-based methods preferred the right par-
asternal short-axis view (Supplemental Figure II).
Fifty percent of these respondents used anatomic
MM. Most respondents preferred indexing the LA
dimension to the aortic dimension, using echo-
cardiographic guidance for timing the measure-
ment of these two structures. For measuring the
aortic dimension, most respondents identified the
time point on the MM immediately before aortic
valve opening. For measuring the LA dimension,
most respondents identified the time point on the
MM showing the maximal LA size. For respondents
using MM, 11.4% had identical preferences regar
ding positioning of the cat, acquisition view,
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Respondents answering the survey

n =949

Respondents completing the survey

n=702

Not meeting the inclusion criteria

¥
Never performed echocardiography n=17
Never performed echocardiography in cats  n =30
Included respondents
n =655
[ I
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assessment
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n =368 n=175 n=612 n=25 n=21
Figure 2 Flow chart demonstrating the process of extracting valid survey responses. Contradictory responses for

an echocardiographic method led to exclusion of survey responses for that particular technique, whereas the
remaining responses from these respondents were retained. 2D: two-dimensional.

indexing method, and identification of time point
used for the measurements. Approximately two
thirds of these respondents (66%) acquired repeat
measurements over more than one cardiac cycle
and subsequently averaged them.

Area

Most of the 25 respondents who assessed LA
areas preferred the right parasternal short-axis
view (Supplemental Figure Ill). Most respondents
did not use any indexing method for LA area

assessment and used 2D guidance for timing the
measurement by identifying the image showing
the maximal LA area. Forty percent of these respo
ndents acquired repeat measurements over more
than one cardiac cycle and subsequently averaged
them.

Volume

Most of the 21 respondents who assessed LA volumes
preferred the right parasternal long-axis four-
chamber view, to which they applied a monoplane
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Figure 3 An overview of veterinary echocardiogra-
phers’ preferences for left atrial size assessment in
cats (n = 655), showing (A) the most commonly used
(multiple-choice) and trusted (single-choice) echo-
cardiographic technique for the purpose, and (B) dem-
onstrates how echocardiographers combined different
techniques for left atrial size assessment in cats and
highlights the popularity of each combination.
Respondents that used other echocardiographic techni-
ques (n = 17) and other combinations (n = 5) were not
included in (B). The size of the areas in (B) are approx-
imately in proportion to the actual number of the
responses for each technique, and the numbers repre-
sent the number of responses for each technique and the
combination of techniques. *227 echocardiographers
combined linear 2D-based methods and subjective
assessment when assessing left atrial size in cats.

or biplane (modified) Simpson’s method of discs
(Supplemental Figure 1V). Similarly, most respond
ents preferred indexing LA volume to body surface
area or body weight, using 2D echocardiographic
guidance for timing the measurement by visualizing
maximal LA size or identifying the last frame before
mitral valve opening. Thirty five percent of these
respondents acquired repeat measurements over
more than one cardiac cycle, and subsequently
averaged them.

Qualitative assessment

Subjective assessment

Most of the 368 respondents who subjectively
assessed LA size also used a quantitative assess
ment (Fig. 3B) and examined both right para-
sternal short-axis and long-axis four-chamber
views (Supplemental Figure V).

Factors influencing choice of echocardio-
graphic technique/method and respondents’
willingness to change methods

Approximately two-thirds of the respondents sta-
ted that clinical studies and expert opinion had
influenced their preferences for assessing LA size
the most (Fig. 5). The echocardiographers’ pref-
erences were comparably similar across the groups
based on geographic location, level of training,
years performing echocardiography and type of
practice, as shown in Supplemental Figures VI, VII
and Supplemental Tables B and C. Most respon
dents were willing to change the method of use for
assessing LA size in the future (Supplemental
Table B).

Discussion

Our large survey-based study provides information
about the methods cardiologists and other echo-
cardiographers used to assess LA size in cats. Out of
all respondents, 93% performed linear 2D echo-
cardiographic measurements for LA size assessment
in cats. This technique was the most trusted by 76%
of all respondents. Common approaches were to
acquire images from a right parasternal short-axis
view with the cat positioned in right lateral
recumbency, measuring the LA dimensions at
approximately ventricular end-systole/early dia-
stole, and indexing the LA size to the aortic
dimension on the same image. However, consid-
erable variability exists between respondents —
among these approaches, only 34% of those using 2D
imaging shared identical preferences. This suggests
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Figure 4 Linear two-dimensional preferences for assessment of left atrial size in cats based on responses from
612 veterinary echocardiographers preferences for assessment of left atrial size in cats based on responses from
612 veterinary echocardiographers. Questions regarding cat position, acquisition view, indexing method and time
point identification for measurements had single discrete options for responding. The answers with the most (green)
and the second most (gray) responses in each layer are marked. In (A), the branch was only extended from the
answers with most responses in the previous question; therefore, totals at some individual levels can be less than the
total on the previous level. (B) shows information regarding what indexing method were chosen by the respondents
(the green square in A). Answer alternatives receiving less than 1.5% of the responses for the linear 2D method were
grouped as ‘other’. 2D: two-dimensional; Ao: aorta; AV: aortic valve; BW: body weight; LLR: left lateral recumbency;
RLR: right lateral recumbency; RPSA: right parasternal short-axis view; RPLA-4Ch: right parasternal long-axis four-
chamber view; RPLA-5Ch: right parasternal long-axis five-chamber view. *The respondents used the same image loop
(acquisition view) and time point for both aortic and LA dimension for LA size assessment. *These time points were
categorized as at the period approximately end-systole/early-diastole in the present study.

that considerable inconsistencies exist between
respondents, underscoring the need for a more
standardized approach (or approaches). For the
assessment, linear 2D was often combined with
subjective assessment.

For linear 2D methods, respondents acquired
images from a right parasternal short-axis view
(76%) much more commonly than from a right
parasternal long-axis four-chamber view (10%). In
the American College of Veterinary Internal
Medicine consensus statement [6] and in other

literature [22—24] concerning feline cardiology, it
has been suggested that the LA dimension should
be measured from a right parasternal short-axis
view and be indexed to the Ao using the same
frame; another common suggestion is to measure
the LA dimension from a right parasternal long-
axis four-chamber view, without indexing [25].
The LA and aortic dimensions have been reported
to vary with body weight and sex in cats [26,27].
Accordingly, normalization of the LA size to either
the Ao or by allometric scaling has been shown to
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Figure 5
assessment in cats.

limit the impact of body weight [26,28]. Assessing
LA size without indexing might be misleading with
regards to the extent of LAE [26,28]. This might
explain why the right parasternal long-axis four-
chamber view was unfavored in the present
study.

Of the respondents who shared comparably
similar preferences regarding cat positioning, view
of choice and indexing method in linear 2D, only
one-third shared identical preferences in time
point identification. More respondents timed their
measurement at approximately ventricular end-
systole/early-diastole, though they identified this
period in the cardiac cycle using variable methods.
For identifying ventricular end-systole/early-
diastole, most respondents visualized aortic valve
motion, but many also used either the size of LA or
ECG gating. This suggests that some respondents
experience difficulty in clearly visualizing the
aortic commissures at ventricular early-diastole in
some cats. Furthermore, different approaches
(i.e. visualizing aortic valve motion, size of LA or
ECG gating) [5,22,29] and different timings in the
cardiac cycle have been reported in publications
for LA measurement in cats, providing respondents
with a range of options from which to choose their

Factors that had impacted the 655 veterinary echocardiographers’ preferences for left atrial size

timing [29,30]. However, whether this has any
clinical impact remains undetermined.

The most used approach for assessing LA size in
cats was to combine subjective (qualitative) and
linear 2D-based (quantitative) assessments rather
than using linear 2D alone. A single linear meas-
urement would not fully capture three-dimens
ional asymmetric LA dilation. As the left auricle
in cats may sometimes be more prominently
enlarged compared to the LA body [5], measuring
LA size by this approach only might lead to
underestimation of left auricular dilation, and
could, accordingly, lead to underestimation of
LAE. Combining the subjective assessment with
linear 2D, to allow full inspection of the LA border,
has been recommended for LA size assessment in
cats [5]. In the present survey, assessing LA size
subjectively was found to be the second most used
method and was presented as the second most
trusted when examining the LA in cats. One
explanation might be that subjective assessment is
intuitive and time-saving. Another explanation
might be that enlargement of the LA in each feline
cardiomyopathy stage was only described qual-
itatively [6], without quantification. These form
the possible challenges of subjective assessment:
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the consistency between different operators and
accuracy in diagnosis and prognosis has never been
systematically investigated in veterinary medi
cine.

Respondents reported using MM less commonly
than 2D methods. The prognostic value of LA size
in feline cardiomyopathies was initially identified
by using MM-based measurements [23]. The high
temporal resolution of MM overcame some of the
difficulties for visualizing rapid heart rate and
small hearts in cats. However, with advances in
imaging technology, frame rates and temporal
resolution became less limiting in identifying
appropriate measurement time-points. M-mode-
based methods were more commonly performed
for LA size assessment in one study concerning
measurements in cats compared to dogs'. In cats,
more than 1/4 of the respondents used MM-based
methods, but only less than 1/10 of the total
respondents trusted it the most. The MM technique
was more frequently used by echocardiographers
working in North and South America compared to
the other continents, and by echocardiographers
who had performed echocardiograms for <5 years
or >20 years. A potential explanation for this
finding is that respondents presumably had their
habitual preferences, and beginners were willing
to perform all the techniques taught by supervisors
or outlined in textbooks.

Very few respondents used area- or volume-
based methods for LA size assessment in cats.
Using area- and volume-based methods for LA size
assessment in cats has been reported to be time-
consuming, and to have high sampling variation, low
intra-operator repeatability, and low sensitivity for
detecting LAE [27—31]. Moreover, the reference
interval for normal LA volume reported in one study
was established mainly based on measurements in
cats of a single breed [32]. In the context of human
medicine, evaluation of LA size and remodeling
typically involves measurement of LA volume [33].
Unlike LA diameter, LA volume exhibits a more
robust association with stronger prediction of out-
comes in human [34]. Volumetric assessment in cats
is likely constrained by the scarcity of dependable
normal values of LA volume. Additionally, there is a
lack of clinical studies demonstrating that intricate
area- or volume-based methods offer superior
prognostic value compared to simple linear esti-
mates of LAE.

Survey research has developed into a rigorous
branch of science that includes objectively tested
strategies for obtaining representative samples
[17,20,35,36]. In this study, we implemented an

approach that has recently been utilized in human
medicine to explore the divergences and com-
monalities in clinical imaging. By adopting similar
methodology, we aimed to comprehensively
address the obstacles encountered in a partic-
ularly contentious and intricate domain, namely
the assessment of LA size in cats [11—13,37]. In
addition to studying the preferred methods of
examining LA size, the study also investigated the
positioning of the cat, acquisition views, indexing
methods, and identification of the time point used
for the measurement for each method. We already
know that the LA chamber assessed by echo-
cardiography is a powerful clinical variable for
disease assessment and prognostication [3—8,30].
We designed a survey instrument and used it to
gather information from a wide range of veterinary
echocardiographers worldwide. Accordingly, we
find it of interest to evaluate current preferences
amongst veterinary echocardiographers. This does
not, however, indicate that methods assessed as
being more accurate should be abandoned from
future use systematically in favor of more efficient
ones, but rather that the methods should be better
described and optimized, to be practical in the
hands of many. Obtaining information from this
prospective exploratory study regarding 1) which
and how specific techniques and methods are
employed, 2) similarities and differences in LA size
assessment in cats amongst veterinary echo-
cardiographers, as well as 3) the underlying
rationales for choosing the specific method for LA
size assessment, can inform future developments
in harmonization of LA size assessment in veteri-
nary medicine.

Our study has some limitations. The responses
could not be verified independently because the
results were based on self-reported responses, a
situation shared with many other survey studies
[10—13,15]. No specific minimum number of par-
ticipants was established for each category of
geographic, demographic, or professional profiles,
and the data that were analyzed and reported
encompassed all valid responses. As in many other
published survey studies, no inferential statistics
were applied; only descriptive statistics were
used, as inherent selection bias and other limi-
tations could lead to inappropriate statistical
conclusions. The survey was formulated in English,
which might lead to misunderstanding or mis-
interpretation of the questions and answer alter-
natives to non-native English respondents. To
overcome the language barrier and the respond-
ents’ potential differences in familiarity with
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various echocardiographic terminologies, we invi-
ted 12 veterinarians (nine non-native English
speakers) working in various fields and countries to
validate the survey content. Only the respondents
who had access to the internet and the survey link
could participate in the study. The number of
respondents in each country could have been
affected by how the local contact person pro-
moted the survey, and therefore might not be in
proportion to the exact number of echocardiogra-
phers in any specific country. Respondents’ pref-
erences for echocardiographic LA size assessment
in dogs and cats were investigated in the same
survey'; thus, the respondents’ answers for cats
might be affected by their answers for dogs.

Conclusions

Most veterinary echocardiographers assessed LA
size in cats using linear 2D-based methods. The
majority of respondents employed the right para-
sternal short-axis view, indexed the LA to the
aorta, and timed the measurement during end-
systole/early-diastole. This approach was often
combined with subjective assessment. Although
the responses for linear 2D preferences appeared
comparably homogeneous across respondents, less
than one-third shared the exact same combination
of preferences regarding position of the cat during
the examination, acquisition view, indexing
method, and identification of time point used for
the measurements. The MM technique was used by
one-third of echocardiographers and area- or
volume-based method was infrequently used for
assessment LA size in cats. Respondents’ prefer-
ences were similar over geographic, demographic,
and professional backgrounds.
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