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ACVIM: American College of Veterinary Internal Medicine
ANNs: Artificial Neuronal Nets

CARDIOBOX: Comprehensive Analysis of Results of Diagnostic Imaging
Organized in a Box

CdV: Calidad de Vida.

CKCS: Cavalier King Charles Spaniel

CMD: Cardiomiopatia Dilatada

CMME: Colour M-Mode Echocardiography
ECG: Electrocardiograma

FETCH-Q™: Functional Evaluation of Cardiac Health Questionnaire
IA: Inteligencia Artificial

ICC: Insuficiencia Cardiaca Congestiva

ML: Machine Learning

MMVD: Myxomatous Mitral Valve Disease
STE: Speckle Tracking Echocardiography

SVM: Support Vector Machines
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2.1.- Nuevas técnicas de apoyo al diagnostico de la
enfermedad mixomatosa de la valvula mitral en
perros

1. Introduccion

La cardiologia veterinaria ha experimentado avances significativos
en las Ultimas décadas, reflejando la creciente importancia de la salud
cardiovascular en animales de compafiia. Las enfermedades cardiacas,
especialmente en perros, representan una causa comun de morbilidad
y mortalidad, lo que subraya la necesidad de diagndsticos precisos y
tratamientos efectivos.

1.1. Planteamiento del problema y relevancia de la cardiologia
veterinaria

La degeneracion mixomatosa de la valvula mitral, también conocida
como enfermedad valvular degenerativa crénica, es la afeccién cardiaca
adquirida mas frecuente en perros, representando aproximadamente el
70-80% de todas las cardiopatias caninas (Bonnett et al., 2005; Egenvall et
al., 2005; Keene et al., 2019) y la causa méas comun de insuficiencia cardiaca
congestiva en esta especie (Borgarelli et al., 2012). Esta enfermedad
afecta predominantemente a razas pequefias y de edad avanzada, como
el Cavalier King Charles Spaniel, el caniche, el teckel y el beagle (Borgarelli
etal., 2012).



1.2. Objetivos generales y especificos de la tesis por compendio

El objetivo general de esta tesis es desarrollar y evaluar nuevas estrategias
diagndsticas para la degeneracion mixomatosa de la valvula mitral en
perros, con el fin de mejorar la deteccién precoz y el manejo clinico de
esta patologia. Los objetivos especificos incluyen:

Desarrollar métodos avanzados de visualizacion y manejo de
datos ecocardiograficos: Implementando herramientas como el
proyecto CARDIOBOX para facilitar la interpretacién de imagenes
cardiacas y mejorar la precisién diagndstica.

Aplicar técnicas de aprendizaje automatico en el diagnéstico
y clasificacion de la degeneracion mixomatosa de la valvula
mitral: Integrando algoritmos de machine learning que analicen
datos clinicos y de imagen para una clasificacion mas precisa de la
severidad de la enfermedad.

Evaluar la calidad de vida en perros con enfermedad cardiaca:
Validando instrumentos como el cuestionario FETCH-Q™ en su
version en espafol para medir el impacto de la enfermedad y su
tratamiento en la calidad de vida de los pacientes caninos.

1.3. Organizacion de los articulos y su relacion en el marco global
de la tesis

Esta tesis por compendio se compone de tres articulos principales, cada
uno alineado con los objetivos especificos mencionados:
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Desarrollo y validacion de métodos graficos de interpretacion
ecocardiografica: Este articulo aborda la creacién del proyecto
CARDIOBOX y su aplicacion en la practica clinica para mejorar
la visualizacién de datos ecocardiogréficos (Curra-Gagliano et al.,
2025).



2. Aplicacion del aprendizaje automatico en la clasificacion de la
degeneracion mixomatosa de la vélvula mitral: Se centra en la
integracion de técnicas de machine learning para analizar datos
clinicos y de imagen, optimizando el proceso diagndstico y la
estratificacion de riesgos (Engel-Manchado et al., 2024).

3. Validacién de la versién en espanol del cuestionario FETCH-Q™
para la evaluacion de la calidad de vida en perros con
degeneracion mixomatosa de la valvula mitral: Este estudio
valida la herramienta FETCH-Q™ en la poblacién hispanohablante,
proporcionando una medida estandarizada del impacto de la
enfermedad en la vida diaria de los perros afectados (Pérez et al.,
2020).

La interrelacion de estos articulos proporciona una vision integral de las
nuevas estrategias diagnésticas y de manejo de la enfermedad mitral en
perros, abarcando desde innovaciones tecnoldgicas hasta la evaluacion
del bienestar animal.

2. Fundamentos de la enfermedad cardiaca en perros

Las enfermedades cardiacas en perros representan una de las principales
causas de morbilidad en la medicina veterinaria. Se clasifican en congénitas
y adquiridas, siendo estas Ultimas las mas prevalentes, con la enfermedad
mixomatosa de la valvula mitral (MMVD) como la afeccion mas comun en
perros adultos (Brambilla et al., 2020).

2.1. Epidemiologia y prevalencia de las cardiopatias caninas

Las cardiopatias en perros tienen una prevalencia variable dependiendo
de la edad de presentacion, la raza y el sexo. La enfermedad mixomatosa
de la valvula mitral (MMVD) es la afeccién cardiaca adquirida mas comun,
representando aproximadamente el 75-80% de los casos en perros
mayores de 8 afos (Borgarelli et al., 2012). La cardiomiopatia dilatada
(CMD) es la segunda enfermedad adquirida mas frecuente, afectando
principalmente a razas grandes y gigantes, como el Doberman y el Gran
Danés (Elsharkawy et al., 2022).



Por otro lado, las cardiopatias congénitas afectan a aproximadamente
el 2.8% de los perros, con la estenosis pulmonar, el conducto arterioso
persistente y la estenosis adrtica como los defectos mas comunes
(Brambilla et al., 2020). Razas como el boxer, el bulldog francés y el pastor
aleman presentan una predisposicién genética a estas enfermedades

(Lucina et al., 2021).

2.2. Fisiopatologia de las principales enfermedades cardiacas

La enfermedad mixomatosa de la valvula mitral (MMVD) se caracteriza
por la degeneracién mixomatosa de la valvula mitral, lo que provoca
insuficiencia valvular progresiva y sobrecarga del volumen en el ventriculo
izquierdo. Esta alteracion fisiopatoldgica lleva a la remodelacién cardiaca
y, en etapas avanzadas, a insuficiencia cardiaca congestiva (ICC) (Keene
etal., 2019).

La cardiomiopatia dilatada (CMD) se caracteriza por una disfuncién
sistolica primaria del miocardio que conlleva una dilatacién progresiva
de los ventriculos y una reduccién de la fraccion de eyeccién, lo que
predispone a arritmias ventriculares y muerte subita (Elsharkawy et al.,

2022).

2.2.1 Clasificacion de la Enfermedad Mixomatosa de la valvula
mitral (MMVD)

La clasificacién de la MMVD se basa en las guias del American College of
Veterinary Internal Medicine (ACVIM), dividiéndolas en cuatro estadios
(Keene et al., 2019):

* Estadio A: Perros en riesgo sin evidencia estructural de enfermedad.
» Estadio B1: Presencia de soplo cardiaco sin remodelacién cardiaca.

* Estadio B2: Soplo cardiaco con dilatacion ventricular sin signos de ICC.
* Estadio C: Insuficiencia cardiaca congestiva manifiesta.

» Estadio D: Insuficiencia cardiaca refractaria al tratamiento convencional.
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2.3. Importancia clinica y prondstico de la enfermedad cardiaca
canina

El impacto clinico de las enfermedades cardiacas en perros varia segun la
gravedad de la afeccién. La enfermedad valvular mitral puede permanecer
asintomatica durante afios, pero una vez que se desarrolla insuficiencia
cardiaca congestiva, el tiempo de supervivencia promedio sin tratamiento
es de aproximadamente 9 meses (Brambilla et al., 2020). En el caso de
la cardiomiopatia dilatada, el prondstico es generalmente reservado,
con un tiempo de supervivencia promedio de 3 a 6 meses después del
diagndstico (Elsharkawy et al., 2022).

La deteccién temprana y el manejo adecuado son fundamentales
para mejorar la calidad de vida y la supervivencia de los pacientes.
Evaluaciones como la auscultacién cardiaca, la ecocardiografia Doppler y
los biomarcadores cardiacos (NT-proBNP y Troponina I) han demostrado
ser herramientas Utiles para el diagndstico precoz (Keene et al., 2019).

3. Evolucion de las técnicas diagndsticas en cardiologia
veterinaria

Las técnicas diagndsticas en cardiologia veterinaria han evolucionado
significativamente en las Ultimas décadas. Desde métodos convencionales
como la auscultacion y el electrocardiograma (ECG), hasta herramientas
avanzadas como la ecocardiografia Doppler y el anélisis de deformacion
miocérdica, la precisiéon diagndstica ha mejorado considerablemente
(Scansen & Drees, 2020).

El diagndstico precoz es muy importante para el manejo de la enfermedad,
y estd basado en diferentes pruebas como son la radiografia de térax,
el electrocardiograma, las pruebas analiticas y la ecocardiografia. Siendo
la ecocardiografia la prueba més importante para confirmar la MMVD
(Ljungvall et al., 2017; Keene et al, 2019). Sin embargo, persisten
limitaciones en la accesibilidad y estandarizaciéon de algunas técnicas.



3.1. Métodos convencionales: auscultacion, radiografia y
ECG

Auscultacion

La auscultacion cardiaca es el primer paso en la evaluacién cardiovascular
de los perros. Se trata de un método econdmico y de facil aplicacion,
aunque su interpretacién depende de la experiencia del clinico (Pace,
2017). Mediante esta técnica, se pueden identificar soplos cardiacos
indicativos de enfermedad valvular mitral, arritmias y otras alteraciones
hemodindmicas.

El principal signo clinico en pacientes con MMVD es |a presencia de soplo
sistélico a la altura del dpex cardiaco en el hemitérax izquierdo (Coté et
al., 2015). En perros con fases iniciales de MMVD, el soplo suele tener
una gradacién baja, menos de IlI/VI, mientras que, en fases avanzadas de
la enfermedad, la gradacion suele ser elevada V-VI/VI. También puede
ocurrir que perros con enfermedad en estadios muy iniciales, puedan
tener un soplo no audible (Pedersen et al., 1999).

Radiografia toracica

La radiografia toracica es una buena herramienta diagnéstica que esta al
alcance de casi todas las clinicas veterinarias (Poad et al., 2020), y nos sirve
paraevaluarlasconsecuenciashemodindmicasdela MMVD (cardiomegalia,
congestion/edema pulmonar), asi como el aumento del atrio izquierdo
(Mostafa et al., 2017; Szatmari et al., 2023). El estudio radiogréfico del
térax también nos sirve para valorar el sistema respiratorio, ya que a
veces estos pacientes vienen con patologias respiratorias concomitantes
(broncomalacias, colapso traqueal/bronquial, bronquitis crénica, etc.)
(Singh et al., 2012; Ferasin et al., 2019). Sin embargo, la radiografia tiene
limitaciones para evaluar la funcionalidad cardiaca en tiempo real.

Electrocardiograma (ECG)

El electrocardiograma no es una prueba muy sensible para valorar la
existencia de MMVD vy la presencia de remodelacién cardiaca, pero si
es Util para diagnosticar la existencia de arritmias. Normalmente, estas
arritmias son mas frecuentes en razas grandes, aunque las razas pequefias
también las pueden presentar (Loon et al., 2021).
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Existe una relacién estrecha entre la MMVD vy la presentacién de las
diferentes arritmias cardiacas. Se ha observado que hay una correlacién con
la activaciéon de los mecanismos compensatorios a nivel neurohormonal,
debido a la remodelacién cardiaca generada por la MMVD en los distintos
estadios de la enfermedad (Rosa et al., 2019).

El ECG es fundamental para diagnosticar arritmias y evaluar la conduccién
eléctrica del corazén. Un estudio reciente demostré que las alteraciones
en la duracién de la onda P y el intervalo QT pueden ser UGtiles como
marcadores prondsticos en perros con insuficiencia cardiaca congestiva
(Na et al., 2021). A pesar de su utilidad, el ECG tiene una capacidad
limitada para evaluar la morfologia cardiaca.

3.2. Principios de la ecocardiografia en perros

Aunque hemos visto anteriormente, que la presencia de un soplo sistélico
apical en el hemitérax izquierdo de razas predispuestas es casi diagnostica
de MMVD (Cété et al.,, 2015). Existen pacientes con estadios iniciales
de MMVD donde el soplo es casi inaudible (Haggstrom et al., 1995;
Pedersen et al., 1999). Por ello, la ecocardiografia es la prueba no invasiva
mas importante y el “gold standard” para el diagnéstico definitivo de la
MMVD (Chetboul et al., 2012; Ljungvall et al., 2017; Keene et al., 2019).

La ecocardiografia ha revolucionado la cardiologia veterinaria al permitir
la evaluacion anatémica y funcional del corazén en tiempo real. Existen
diferentes modalidades de ecocardiografia utilizadas en perros:

 Ecocardiografiamodo My bidimensional (2D): Permite la medicién de
didmetros ventriculares y la evaluacion de la contractilidad miocérdica
(Han et al., 2018).

* Ecocardiografia Doppler: Esencial para evaluar flujos sanguineos y
detectar insuficiencias valvulares (Han et al., 2018).

* Speckle Tracking (STE): Técnica avanzada utilizada para evaluar la
deformacion miocérdica y detectar disfunciéon cardiaca temprana en
perros con enfermedad valvular mitral (Coelho et al., 2015).
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3.3. Limitaciones y desafios de los métodos diagnésticos
tradicionales

A pesar de los avances en el diagnéstico cardioldgico veterinario, persisten
varias limitaciones:

* Variabilidad interobservador: La interpretacion de la auscultacion y
ecocardiografia puede variar entre clinicos con diferente experiencia,
afectando la precision del diagnéstico (Pace, 2017).

* Costo y accesibilidad: Mientras que la auscultacion y el ECG son
econdémicos, la ecocardiografia Doppler requiere equipos costosos y
entrenamiento especializado, lo que limita su disponibilidad en muchas
clinicas (Lucina et al., 2017).

* Dificultad en la evaluacién funcional: Técnicas como la radiografia no
permiten evaluar la contractilidad cardiaca en tiempo real, y el ECG
no proporciona informacién detallada sobre la estructura cardiaca

(Szatmari et al., 2023).

El desarrollo de nuevas herramientas de diagndstico, como el andlisis
de Strain miocérdico y el uso de inteligencia artificial en la interpretacion
de ecocardiografias, promete mejorar la precisién y accesibilidad de la
cardiologia veterinaria en el futuro.
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4. Nuevas propuestas en la visualizacion y manejo de datos
ecocardiograficos

La ecocardiografia es una de las principales herramientas en cardiologia
veterinaria para la evaluacion estructural y funcional del corazon. A pesar
de su utilidad, presenta desafios en la interpretacion de imégenes,
especialmente en la identificacién de estructuras cardiacas y en la
evaluacion de la funcién miocérdica (Ghorbani et al., 2020). En los Ultimos
afios, han surgido nuevas metodologias para mejorar la visualizacién y
anélisis de datos ecocardiogréficos, incorporando inteligencia artificial y

aprendizaje profundo.

4.1. El proyecto CARDIOBOX: antecedentes y justificacion

Elproyecto CARDIOBOX surge de lanecesidad de mejorarlainterpretacion
ecocardiogréfica en veterinaria, utilizando métodos gréaficos avanzados y
modelos computacionales para estandarizar la visualizacién de imagenes
cardiacas (Curra-Gagliano et al., 2025). En la medicina humana, se han
desarrollado modelos de aprendizaje automatico capaces de identificar
y clasificar estructuras cardiacas con una precisiéon superior a la de
cardidlogos experimentados (Madani et al.,, 2018). La implementacién
de estas tecnologias en veterinaria puede optimizar la evaluacién de
enfermedades como la degeneracién mixomatosa de la valvula mitral y la
cardiomiopatia dilatada.

Un estudio reciente demostré que la clasificaciéon automatica de vistas
ecocardiogréficas mediante redes neuronales convolucionales alcanzé
una precision del 97.8%, superando la evaluacién manual de cardiélogos
certificados (Madani et al., 2018). Estas técnicas han sentado las bases
para el desarrollo de herramientas como CARDIOBOX, con el objetivo
de proporcionar una interfaz de interpretacion gréafica mas eficiente para
la cardiologia veterinaria (Curra-Gagliano et al., 2025).
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4.2. Disefio y validacion de métodos graficos de interpretacion
ecocardiografica

El uso de herramientas computacionales en la ecocardiografia ha
permitido mejorar la precisién diagnéstica mediante la optimizacién del
procesamiento de imagenes. La introduccién de modelos de aprendizaje
profundo ha facilitado la identificacién de estructuras cardiacas en tiempo
real y la deteccién de patrones andmalos en estudios ecocardiograficos
(Ghorbani et al., 2020).

Entre los métodos mas innovadores se encuentran:

» Speckle Tracking Echocardiography (STE): Permite evaluar la
deformacion miocardica y ha demostrado ser méas sensible que la

fraccion de eyeccién en la deteccion temprana de disfuncién cardiaca
(Chang et al., 2024).

* Modelos de segmentacion basados en deep learning: Se han
desarrollado técnicas para la segmentacién automatica de estructuras
cardiacas utilizando redes neuronales, mejorando la consistencia en la
evaluacion de la contractilidad miocardica (Wang et al., 2024).

* Colour M-Mode Echocardiography (CMME): Un método emergente
que permite evaluar diferencias de presion intraventricular sin necesidad
de procedimientos invasivos, mejorando la evaluacién de la funcién
diastdlica en animales (Mandour et al., 2023).

4.3. Impacto de la visualizacién avanzada en la toma de decisiones
clinicas

La incorporacién de herramientas de inteligencia artificial y visualizacién
avanzada en la ecocardiografia ha demostrado beneficios en la precision
diagnéstica y en la eficiencia del flujo de trabajo clinico. Modelos de
aprendizaje profundo como EchoNet han sido capaces de predecir
volimenes ventriculares y fraccién de eyeccion con una correlacion
significativa respecto a la evaluacién manual (Ghorbani et al., 2020).
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Los principales beneficios de estas innovaciones incluyen:

* Reduccion de la variabilidad interobservador: Los modelos
automatizados han demostrado reducir errores de interpretacién en
comparacién con la evaluaciéon manual (Madani et al., 2018).

* Mejor estandarizacién del diagnéstico: La automatizacion de la
interpretaciéon ecocardiografica permite aplicar criterios diagnosticos

de manera uniforme en diferentes centros veterinarios (Chang et al.,
2024).

» Optimizacion de la toma de decisiones clinicas: Herramientas como
la ecocardiografia asistida por inteligencia artificial han mostrado ser
utiles en la deteccion temprana de disfuncién cardiacay en la prediccién
de resultados clinicos (Mandour et al., 2023).

En el futuro, la implementaciéon de estos métodos en veterinaria podria
mejorar significativamente la precisién diagnoéstica y la personalizacion
del tratamiento en pacientes con enfermedades cardiacas.
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5. Aprendizaje automatico aplicado al diagnéstico y
clasificacion de la enfermedad cardiaca

El uso de algoritmos de aprendizaje automético (machine learning, ML)
en la medicina veterinaria ha crecido en los Ultimos afos, ofreciendo
herramientas avanzadas para la deteccién y clasificacion de enfermedades
cardiacas en perros. Los modelos de ML pueden analizar grandes
volimenes de datos clinicos, imagenes ecocardiograficas y sefales
electrocardiogréficas para mejorar la precisién diagnéstica y facilitar la
toma de decisiones clinicas (Vani, 2021).

5.1. Fundamentos del machine learning en veterinaria

El aprendizaje automético se basa en la capacidad de los algoritmos para
identificar patrones en conjuntos de datos sin necesidad de programacién
explicita. Se ha utilizado en diversas aplicaciones médicas, desde la
prediccion de enfermedades hasta la personalizacién de tratamientos
(Pazhanivel et al., 2023). En veterinaria, ML ha mostrado gran potencial
en la deteccién temprana de enfermedades cardiacas, optimizando el
diagnéstico mediante la combinacién de informacién clinica y de imagen.

Los algoritmos mas utilizados incluyen:

* Support Vector Machines (SVM): Se han empleado con éxito para la
clasificacion de enfermedades cardiacas a partir de electrocardiogramas
y ecocardiografias (Pazhanivel et al., 2023).

* Redes neuronales artificiales (ANNs): Son utilizadas para la deteccién

de anomalias cardiacas y prediccién de riesgo cardiovascular (Hamid &
Ali, 2023).

* Random Forest y Decision Trees: Métodos basados en arboles
de decisién que han mostrado alta precision en la clasificacion de
insuficiencia cardiaca en humanos y modelos animales (Solanki et al.,
2023).
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5.2. Aplicaciones especificas en la clasificacion de la enfermedad
valvular mitral

La enfermedad mixomatosa de la valvula mitral (MMVD) es la cardiopatia
adquirida mas frecuente en perros y representa un desafio diagndstico
debido a su progresién gradual. Recientes estudios han demostrado
que ML puede mejorar la estratificaciéon de riesgo en perros con MMVD,
identificando factores clinicos y ecocardiograficos asociados con la
progresién de la enfermedad (Zheng, 2024).

* Clasificaciéon basada en ecocardiografia: Se han desarrollado modelos
de ML para automatizar la identificacién de insuficiencia mitral y predecir
la evolucién clinica de los pacientes (Vani, 2021).

* Integracién de biomarcadores: Modelos de aprendizaje automatico
han logrado correlacionar niveles de NT-proBNP con la gravedad
de la enfermedad, mejorando la deteccidén de insuficiencia cardiaca

congestiva (Pazhanivel et al., 2023).

5.3. Integracion de anammnesis, examen fisico y algoritmos de
aprendizaje automatico

El desarrollo de herramientas de diagnéstico asistido por IA ha permitido la
integracién de mdltiples fuentes de datos en la evaluacién cardiovascular.
Modelos hibridos combinan informacién de anamnesis, signos clinicos,

ECG y ecocardiografia para mejorar la precision diagndstica (Solanki et
al., 2023).

* Sistemas de apoyo ala decisién clinica: Laimplementacién de modelos
ML en software clinico ha demostrado reducir el error diagndstico en la
deteccién de enfermedades cardiacas (Hamid & Ali, 2023).

* Prediccién de progresion de enfermedad: Algoritmos como Random
Forest han sido utilizados para predecir la evolucién de la MMVD,
permitiendo una mejor planificacién del tratamiento (Zheng, 2024).
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5.4. Retos y perspectivas de la IA en el ambito clinico veterinario

A pesar del potencial del ML en cardiologia veterinaria, existen desafios
que deben abordarse antes de su implementacién generalizada:

1. Necesidad de grandes volimenes de datos: La eficacia de los
modelos de ML depende de |a disponibilidad de datos de alta calidad,
lo cual sigue siendo un reto en veterinaria (Vani, 2021).

2.  Interpretabilidad de los modelos: Algunos algoritmos, como las
redes neuronales profundas, funcionan como “cajas negras”, lo que
dificulta su validacién en entornos clinicos (Hamid & Ali, 2023).

3. Implementaciéon en la practica diaria: La integracion de ML
en la rutina veterinaria requiere desarrollo de software accesible y

capacitacion de los profesionales para su uso efectivo (Solanki et al.,
2023).

En el futuro, la combinacién de ML con técnicas de imagen avanzadas
y biomarcadores permitird diagndsticos mas precisos y personalizados,
mejorando el prondstico de los pacientes con enfermedades cardiacas.
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6.Evaluacion dela calidad de vida en perros con enfermedad
cardiaca

La evaluacién de la calidad de vida (CdV) en perros con enfermedad
cardiaca ha cobrado una importancia creciente en |la medicina veterinaria.
El impacto de las cardiomiopatias en la calidad de vida no solo afecta a
los pacientes, sino también a sus tutores, lo que ha motivado el desarrollo
de herramientas especificas para medir el bienestar de los animales con

enfermedades cardiovasculares (Freeman et al., 2018).

6.1. Concepto de calidad de vida y su importancia en medicina
veterinaria

La calidad de vida se define como la percepcion global del bienestar de un
individuo, incluyendo aspectos fisicos, emocionales y sociales. En perros
con enfermedad cardiaca, la presencia de signos clinicos como disnea,
fatiga e intolerancia al ejercicio puede comprometer significativamente
su bienestar (Freeman et al., 2018). Ademas, se ha demostrado que el
impacto de estas enfermedades no solo afecta al perro, sino también a
sus tutores, quienes experimentan una disminucién en su propia calidad
de vida debido al estrés y la carga emocional de cuidar a un animal con
una enfermedad crénica (Freeman et al., 2018).

En este contexto, la evaluacidon de la calidad de vida ha cobrado relevancia
en la toma de decisiones clinicas, ayudando a los veterinarios a establecer
cuando iniciar o ajustar tratamientos, asi como a determinar el momento

adecuado para considerar cuidados paliativos (Strunz et al., 2017).

6.2. Instrumentos de medicion: el cuestionario FETCH-Q™ y sus
propiedades psicométricas

El Functional Evaluation of Cardiac Health Questionnaire (FETCH-Q™)
es una herramienta validada para evaluar la calidad de vida en perros con
enfermedad cardiaca. Este cuestionario ha sido desarrollado para medir
de manera objetiva el impacto de |la enfermedad en la vida del animal y la
percepcién del duefio sobre su bienestar (Pérez et al., 2020).



En la validacién del cuestionario FETCH-Q™, se evaluaron 228 perros
con enfermedades cardiovasculares, encontrando que el instrumento
presentaba alta fiabilidad y consistencia interna (a = 0.89), asi como una
correlacién significativa con la gravedad de la enfermedad (p = 0.82, p <
0.05) (Pérez etal., 2020). La versién en espafol del cuestionario FETCH-Q™
también ha sido validada y ha demostrado ser una herramienta confiable
para la evaluacién de la calidad de vida en perros hispanohablantes (Pérez
et al., 2020).

Otros estudios han confirmado la utilidad del FETCH-Q™ para evaluar la
respuesta al tratamiento en perros sometidos a cirugia de la véalvula mitral,
demostrando mejoras significativas en la calidad de vida hasta 12 meses
después del procedimiento (Pennington et al., 2022).

6.3. Relevancia clinica de la evaluacion de la calidad de vida en
perros con cardiomiopatias

El uso de herramientas como el FETCH-Q™ ha permitido correlacionar la
calidad de vida con marcadores clinicos objetivos. En un estudio reciente,
se encontré que valores elevados de NT-proBNP y una mayor puntuacién
en el cuestionario FETCH-Q™ estaban significativamente asociados con
un peor prondstico y mayor riesgo de mortalidad en perros con MMVD
(Strunz et al., 2017).

Ademas, la evaluacién de la calidad de vida ha demostrado ser util en la
toma de decisiones clinicas, permitiendo ajustar los tratamientos en funcién
del bienestar percibido por el duefio y los signos clinicos observados. Se
ha recomendado su uso rutinario en la practica veterinaria para mejorar
la comunicaciéon con los tutores y optimizar la gestién de pacientes con
cardiomiopatias crénicas (Freeman et al., 2018).

En conclusidn, la integracion de herramientas de evaluaciéon de la calidad
de vida en la practica veterinaria permite una atencién mas integral,
centrada no solo en la supervivencia del paciente, sino también en su
bienestar y el de sus cuidadores.
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7. Integracion de los tres ejes de investigacion

La combinacién de métodos avanzados de visualizacién ecocardiogréfica,
aprendizaje automatico y evaluacién de calidad de vida representa un
enfoque integral en la cardiologia veterinaria. La sinergia entre estas
técnicas mejora la precision diagnostica y optimiza la toma de decisiones
clinicas (Engel-Manchado et al., 2024).

7.1. Relacion entre la visualizacion ecocardiografica
(CARDIOBOX) y las técnicas de clasificacion (machine learning)

El desarrollo de modelos computacionales para la interpretacién de
imagenes ecocardiograficas ha permitido automatizar la identificaciéon y
clasificacién de anomalias cardiacas. Algoritmos de aprendizaje profundo
han demostrado ser efectivos para mejorar la segmentacién de estructuras

cardiacas y la deteccién de insuficiencia valvular mitral (Loncari¢ et al.,
2021).

El proyecto CARDIOBOX se basa en el uso de gréficas para mejorar la
interpretacién de datos ecocardiograficos (Curra-Gagliano et al., 2025).
Los modelos de aprendizaje automatico como arboles de decisién han
mostrado ser capaces de clasificar con alta precisiéon a perros con MMVD en
diferentes etapas, utilizando imagenes ecocardiogréficas y datos clinicos
(Engel-Manchado et al.,, 2024). Ademéas, la implementacién de estos
sistemas reduce la variabilidad interobservador y optimiza la eficiencia en
la deteccidn de enfermedad cardiaca.

7.2. Beneficios de incorporar la evaluacion de la calidad de vida
(FETCH-Q™) al protocolo diagnostico y de seguimiento

El cuestionario FETCH-Q™ ha sido validado como una herramienta
fiable para medir la calidad de vida en perros con enfermedad cardiaca,
permitiendo evaluar la progresién de la enfermedad y la respuesta al
tratamiento (Pérez et al., 2020). Recientes estudios han demostrado que
la integracién de estos cuestionarios con modelos de machine learning
mejora la estratificacién de riesgo en pacientes con MMVD (Engel-
Manchado et al., 2024).
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* Predicciéon de progresion de la enfermedad: Se ha observado que
los valores de calidad de vida correlacionan significativamente con la
clasificacion de la enfermedad mediante ecocardiografia y machine
learning (Engel-Manchado et al., 2024).

* Toma de decisiones clinicas: La evaluacion conjunta de calidad
de vida y datos ecocardiograficos facilita la personalizacion del
tratamiento, ayudando a determinar cuédndo iniciar o ajustar terapias
cardiovasculares.

7.3. Sinergias potenciales para la medicina veterinaria: de la teoria
a la practica

El uso combinado de visualizacién ecocardiogréfica avanzada machine
learning y evaluacién de calidad de vida ofrece varios beneficios en la
practica clinica veterinaria:

1. Mayor precision diagnéstica: La combinacién de técnicas de
imagen y algoritmos de machine learning mejora la clasificacion de
enfermedades cardiacas en perros (Valanrani, 2024).

2. Optimizacion del tiempo y recursos: La automatizacion de
la interpretacion ecocardiogréfica y la integraciéon de encuestas de
calidad de vida reducen la carga de trabajo de los clinicos y mejoran la
eficiencia diagndstica (Patel et al., 2022; Curra-Gagliano et al., 2025).

3. Mejor seguimiento del paciente: La correlacién entre calidad de vida
y pardmetros ecocardiogréficos permite un monitoreo més preciso de

la evolucién de la enfermedad y la respuesta al tratamiento (Engel-
Manchado et al., 2024).

En conclusién, la integracién de estos tres ejes de investigacién no solo
mejora el diagndstico y manejo de la MMVD en perros, sino que también
allana el camino para la implementaciéon de modelos més avanzados de
atencion veterinaria personalizada.
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8. Perspectivas futuras y retos en investigacion

El avance de la inteligencia artificial y las técnicas de imagen en la
cardiologia veterinaria ha abierto nuevas oportunidades para mejorar la
precision diagndstica y el manejo clinico de las enfermedades cardiacas
en perros. Sin embargo, aln existen desafios importantes que deben
abordarse para su implementacién efectiva en la practica veterinaria

(Zamzmi et al., 2020).
8.1. Ampliacion de bases de datos y mejora de algoritmos

Uno de los principales retos en el desarrollo de modelos de aprendizaje
automatico esla disponibilidad de grandes volimenes de datos de calidad.
En la actualidad, la mayoria de los modelos se entrenan con conjuntos
de datos relativamente pequefios y especificos de ciertas poblaciones,
lo que limita su aplicabilidad en diferentes entornos clinicos (Alaa et al.,
2022). Para mejorar la generalizacion de estos modelos, es fundamental:

 Estandarizar los protocolos de adquisicion de datos: La variabilidad
en la calidad y formato de las imégenes ecocardiograficas dificulta la
comparacién entre estudios (Zamzmi et al., 2020).

* Ampliar el acceso a bases de datos multicéntricas: Iniciativas como
ETAB han demostrado que el uso de conjuntos de datos anotados de
manera homogénea puede mejorar significativamente la precisién de
los modelos de aprendizaje profundo (Alaa et al., 2022).

* Optimizar la eficiencia de los algoritmos: El uso de técnicas de
optimizacién computacional, como modelos de redes neuronales
convolucionales, ha permitido mejorar la segmentacion de estructuras

cardiacas en ecocardiografia con mayor precision (Gandhi et al., 2018).
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8.2. Validacion clinica multicéntrica a gran escala

Para que los avances en inteligencia artificial sean clinicamente Utiles, es
necesario validar los modelos en estudios multicéntricos con poblaciones
diversas. Actualmente, la mayoria de los modelos de aprendizaje
automatico han sido probados en entornos de investigacién controlados,
pero su desempefio en la practica clinica real sigue siendo incierto
(Krittanawong et al., 2023).

» Estandarizacion de métricas de validacion: Es crucial definir criterios
homogéneos para evaluar el desempefio de los modelos, incluyendo
sensibilidad, especificidad y valores predictivos (Zamzmi et al., 2020).

* Ensayos clinicos prospectivos: La validacion de modelos en escenarios
clinicos reales permitird evaluar su impacto en la toma de decisiones
médicas y en los resultados de los pacientes (Fletcher et al., 2021).

* Integracion en los flujos de trabajo clinicos: El uso de inteligencia
artificial en ecocardiografia requiere interfaces intuitivas que permitan
a los clinicos aprovechar su potencial sin aumentar la carga de trabajo
(Gandhi et al., 2018).

8.3. Aplicacion de estas metodologias en otras patologias o especies

El éxito de la inteligencia artificial en la cardiologia veterinaria podria
extenderse a otras especialidades médicas y a diferentes especies
animales. Estudios recientes han demostrado que modelos de aprendizaje
automatico pueden ser Utiles en el diagndstico de enfermedades
respiratorias, endocrinas y neurolégicas en animales de compafiia (Ben
Ali et al., 2021).

» Extensiéon a cardiomiopatias en otras especies: El uso de machine
learning para la evaluacién de enfermedades cardiacas en gatos y
caballos representa un area de investigacién emergente con gran
potencial (Patrascanu et al., 2024).

 Aplicacion en el monitoreo remoto de la salud: El desarrollo de
dispositivos portatiles con sensores integrados permitiria el monitoreo
continuo de pardmetros fisiolégicos en animales con enfermedades
cronicas (Fletcher et al., 2021).
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* Personalizacion del tratamiento: La combinacién de inteligencia
artificial con biomarcadores clinicos podria permitir una medicina
veterinaria mas personalizada y basada en datos objetivos (Ghorbani
et al., 2020).

En conclusidn, la inteligencia artificial y las técnicas avanzadas de imagen
tienen el potencial de transformar la cardiologia veterinaria. Sin embargo,
su implementacién efectiva requiere la ampliacién de bases de datos,
validaciones clinicas rigurosas y su aplicacién en un contexto mas amplio
de enfermedades y especies.
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9. Consideraciones finales

Los avances en cardiologia veterinaria han sido impulsados por el desarrollo
de nuevas tecnologias de diagnéstico, la implementacion del aprendizaje
automatico y el enfoque en la evaluacién de la calidad de vida de los
pacientes. La integracion de estas innovaciones ha permitido mejorar la
precisién en la deteccidn y clasificacion de la MMVD, optimizando asi la
toma de decisiones clinicas y los resultados terapéuticos (Ben Ali et al.,
2021).

9.1. Principales avances logrados por los trabajos presentados

En las Gltimas décadas, la cardiologia veterinaria ha experimentado un
crecimiento significativo gracias a la incorporacién de herramientas de
inteligencia artificial y técnicas avanzadas de imagen cardiaca (Yang et al.,
2021). Entre los principales avances logrados se destacan:

* Mejoras en la visualizacién ecocardiografica: La integracion
de aprendizaje profundo en la ecocardiografia ha permitido una
segmentacién mas precisa de las estructuras cardiacas y una evaluacion
automatizada de la insuficiencia mitral (Ben Ali et al., 2021).

* Aplicacion de machine learning en la clasificacién de enfermedades
cardiacas: Algoritmos como Support Vector Machines (SVM) y redes
neuronales han mostrado una alta precision en la prediccién de la
progresién de la enfermedad valvular mitral (Zheng, 2024).

* Evaluaciéon objetiva de la calidad de vida en perros con cardiopatias:
Herramientas como el cuestionario FETCH-Q™ han sido validadas para
medir el impacto de la enfermedad y el tratamiento en el bienestar del
paciente y de sus cuidadores (Pérez et al., 2020).

9.2. Aportes para la practica clinica y la investigacion futura

El uso de inteligencia artificial y el andlisis de datos a gran escala han
revolucionado la préctica clinica en cardiologia veterinaria. Las principales
contribuciones incluyen:



» Mayor precision en el diagnéstico y seguimiento: La combinacién de
ecocardiografia avanzada con modelos de machine learning ha mejorado
la deteccién temprana de enfermedades cardiacas, permitiendo una
intervenciéon méas oportuna (Juarez-Orozco et al., 2019).

» Optimizacion de la estratificacion de riesgo: La integracion de datos
clinicos, biomarcadores y cuestionarios de calidad de vida ha permitido
personalizar los tratamientos en funcién del estado del paciente (Cuocolo
etal., 2019).

* Desarrollo de modelos predictivos: Los avances en aprendizaje
automatico han abierto nuevas oportunidades para la prediccion
de eventos adversos en pacientes con cardiopatias, mejorando la
planificacion terapéutica y el prondstico (Zheng, 2024).

9.3. Contribucion a la cardiologia veterinaria

Los avances en ecocardiografia, machine learning y evaluacién de calidad de
vida han transformado el diagndstico y manejo de la MMVD en perros. Sin
embargo, aln existen desafios por resolver:

1.  Validacién multicéntrica de algoritmos de IA: La implementacién de
modelos de aprendizaje automatico en la practica clinica requiere estudios
prospectivos que evallen su desempefio en diferentes entornos clinicos
(Ben Ali et al., 2021).

2.  Estandarizacién de bases de datos: La recopilaciéon y procesamiento
de datos ecocardiograficos deben ser homogéneos para garantizar la
reproducibilidad de los resultados (Yang et al., 2021).

3. Aplicacion en otras especies y patologias: La expansién de estas
metodologias a otras especies, como gatos y caballos, podria mejorar el
diagndstico y manejo de enfermedades cardiacas en diferentes poblaciones
animales (Juérez-Orozco et al., 2019).

En conclusién, la integracion de tecnologias avanzadas en la cardiologia
veterinaria ha permitido mejorar la precisién diagnéstica y la calidad de vida de
los pacientes. Sin embargo, es fundamental continuar con investigaciones que
validen la aplicabilidad clinica de estos avances y su impacto en la medicina
veterinaria a largo plazo.






3.-

Objetivos/Objectives




34



3.1.- El objetivo de este estudio multicéntrico fue evaluar las caracteristicas
psicométricas de la version espafnola de la encuesta de calidad de vida
FETCH-Q™, y validarla en tutores de habla hispana con perros en los
distintos estadios ACVIM de la enfermedad mixomatosa de la vélvula
mitral (MMVD).

3.2- El objetivo principal de este estudio fue evaluar si con una historia
clinica bien estructurada, la encuesta de calidad de vida FETCH-Q™
y un examen fisico completo, se podia llegar a clasificar la MMVD en
las distintas fases ACVIM en perros utilizando técnicas de aprendizaje
automatico (“machine learning”).

3.3.- Los objetivos de este estudio fueron los siguientes (a) disefar un
método para la representaciéon grafica de resultados ecocardiogréficos
estandarizados y (b) validar la utilidad del método en un entorno clinico.

NN N RN

3.1- This multicentre study aimed to evaluate the psychometric characteristics
of the Spanish version of the FETCH-Q™ quality of life survey and to validate
it in Spanish-speaking tutors with dogs in the different ACVIM stages of mitral
valve myxomatous disease (MMVD).

3.2- The main objective of this study was to evaluate whether a well-structured
medical history, the FETCH-Q™ quality of life survey, and a comprehensive
physical examination could be used to classify MMVD at different ACVIM stages
in dogs using machine learning techniques.

3.3- This study aimed to (a) design a method for the graphical representation of
standardised echocardiographic results and (b) validate the method'’s usefulness
in a clinical setting.
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ABESTRACT

Toevaluate the psychometric properties of the Spanish version of the "FETCH-0™", 228 dogs with cardiovas-
cular diseases were included After forward and back translation of the ariginal questionnaire, nonexperts,
ethologists and veterinary colleagues evaluated the content's validity through feedback. For criteria validity,
the total score was cormrelated with the heart disease/failure class, For construct validity, the overall quality of
life of the dog and the results obtained in each question was comelated. The reliabflity of the questionnaire
wis Jisessed using the Crombach's alpha coelfickent. To evaluate the test-retest validity the intra-clis corre-
lagon coelficient and Wilooxon signed-rank test were used. A good agreement with the origina question-
naire was evident. For construct validity, the questionnaine obtained r = 0,09 to < 082 The criterian validity
was appropriste and the cormelation was rho =082, with an efiect siee of 0.55 (P « 0.05). Cronbadch's alpha
coefficient was (== (0L89]) The test-retest asessment revealed adequate repeatabdlity (correlation coeffi-

“Diepariment of Mediine 0nad Epidemiology. chent = 0.87; P < ,001), There was no difference in the owner responses to the questionnaire at baseline and 2
Unsiveryy of Colformie, Dovis, P, CA, LA weeks later in dogs with stable cardise disease (P 051 This study supports the validity of psychametric
Aardiokegy service, Veterinary Qlinie-Teacking praperties of the Spanish version of the landional evalustion of cardise health questionnaire “FETCHSY2-
Haspifal, CELF Cardenal Herrena Linfversify, 0" 1 assess Health-related Quality of Life in dogs with cardicvasalar disease in clinical seetings and
Valewcic, Expatia resarch.

© 2020 Elsevier Ine. All fights reserved
Introduction and negative effects on life,""" HRQGL refers to the impact of a dis-

Traditionally, physicians and veterinarians have acquired key
information from patients and pet owners that facuses on the clinical
histary, including the Mequency and severity of clinical signs st pre-
sentation, and on recurrence of events, such as hospitalization.” ' In
recent decades. especially in human medicne, additional information
has been sought out and collected regarding variables that are indica-
tive of the day-to-day changes in quality of life of patients." When
the information comes directly from the patient, the approach is
kniwam as patient-reported outcomes for humans, \When the informa-
tion comes from the observation of someone different to the patient
or health professional regarding animals, neonates and people with
disabilities it is called observer-reparted cutcomes (obsRO)"

Playing & critical robe in this approach, the health-related quality
of life (HRQoL) measurement has been the most assessed obsR0 in
the last years in human and veterinary medicne.” The obsRO is a
comprehensive approach to the standardized collection of informa-
tion focused on the perspective that proxies have on the quality of
life at any point in time,” This information is commanly obtained
through a validated questionnaire'='" and the main utility is often
its ability 1o monitar the progression of the disease and the impact of
therapeutic interventions.*' ' In human beings the obsRO can also be
useful in predicting outcomes and survival time.™'*'

Quality of life is a broad multidimensional concept that usually
inchedes subjective evaluation of variables that have both positive

“Cerresponding author. el M. Peees, VML Advanced Vetesinany Contee - = pamld
el i g D02 Expy, A Bis Aliss S Muachyean BRulels South, PO, BOX: 1334,
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193897360 2000 Elsevier Inc. Ml rights reserved,
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ease and it dinical consequences in indhadual’s quality of life,
HR(Qol. measurements are a common reference poing that can then
be used to measure the impact of different interventions and treat-
ments for the same health conditions,'™ These instruments that
ansess HREQoL have been developed to measure the impact of the dis-
eage, the effect of specific reatment and a range of other health-
related variables on the lives of patients."" Thus, it is essential to
submit any questionnaire designed to assess HRQoL. 1o rigorous test-
ing. mainly to determine if this sort of instruments are reliable and
valid methads of measurement within the target population, Consid-
ering the above, the questionnaire must be psychometrically ana-
lyzed and should also be easy to interpret before being used in
clinical settings.*'

The Functional Evaluation of Cardiac Health Questionnaire
“FETCH-Q™" creatid in 2005 by Freeman and colleagues™ was origi-
nally developed and validated with 360 dogs belonging to English-
speaking owners. The questionnaire was designed to be wsed as a dis-
ease-specific instrument to assess health-related quality of life in
dogs with congenital and acquired heart disease, The FETCH-Q™ iz a
questionnaire designed 1o be easily completed by owners with the
instruction to consider anly the prioe 7 days of the pet's life to salve
each item. High scores on the FETCH-Q™ indicate a negative impact
of the heart disease on health-related quality of life. To use this ques-
tionnaire within the Spanish-speaking community it is necessary 1o
ansess the psychometric properties x5 well the reliability and validity,
Therefore, the aim of this cross-sectional multicenter study was to
evaluate the psychometric properties of a Spanish version of the
“FETCH-Q™" and validate its use with Spanish-speaking owners of
dogs with cardiac disease.
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Materials and Methods
Validation of the FETCHSV2-G™

The validation procedure of the Spanish version of the functional
evaluation of cardiac health questionnaire (FETCHSVE-0™) was
achieved wsing an intemationally accepted translation methodology
recommended by Mapi Research trust, a research organization in
Lyon, France. This methodology is described and detailed by Beaton
and cowarkers.”

Two professonsl translators translated the FETCH-Q™ from
English into Spanish independently. After forward and back transla-
tiom of the original questionnaire, the face and content validity of the
FETCHSV2-Q™ (Functional Evaluation of Cardiac Health Spanish Ver-
sion Z-Questionnaire] were evalusted by pre-evaluators including
nonex perts (lay persons), ethologists and weterinary colleagues feed-
back seeking to include different perspectives. The structure of
the questionnaire consists of eighteen items that ask about how
cardiac disease negatively affects the quality of life of the pet.
Both guestionpaifes consider only the prior 7 days of the pet's
life to solve each item.

The possible score in the FETCHSVZ-0™ ranked between (0 - 85
points) was transformed to a percentage by dividing the score
obtained for each patient by the maximum possible score and multi-
plied by 100 only for statistical purposes and data analysis. High
scores on the questionnaire indicate a negative impact of heart dis-
ease on quality of life.

To demonstrate criterion validity the total FETCHSV2-Q™ score
was correlated with an existing and standardized classification sys-
tem, the International Small Animal Cardiac Health Council™ using
Spearman rank correlation test (rho). A total of 139 dogs was esti-
mated to achieve a minimum effect size of 0.3 with a P-value < 05.a
statistical power of BOE, and assuming 30% refusals and losses. For
construct validity, owners at the same time were requested to evalu-
ate the overall quality of life of their dogs by means of numerical rat-
ing from O to 5, being 0 nonaffected ar all and 5 severely affected
quality of life (see appendi:) and their answers were comelated with
the results obtained in the individoal items to analyze the variation
and assess if each measure fodlow the same tendency using Spearman
rank correlation test. A calculation indicated that a total of 174 dogs
would be needed to achieve a minimum efect size of 0.3 with a P
value < 05, a statistical power of 8% and assuming 30% refusals and
losses for this analysis.

Study Population

Any dog diagnosed with congenital or acquired heart disease with
or withowt documented congestive heart failure (CHF) that was
examined between January 2015 and December 3016 was eligible to
be included in this study, Dogs could be of any age, weight, breed or
s The dogs were examined af seven private veterinary clinics and
2 veterinary teaching hospitals located in 4 Spanish-speaking coun-
tries (Manizales-Colombia, Medellin-Colombia, San Martin de los
Andes-Argentina, Buenos  Aires-Argentina, Caracas-Venezuela,
Malaga-Espana, Vige-Espana, Valencia-Espania). Alter abtaining insti-
tutional review board approval from the ethics committee of the Uni-
versity of Caldas on February, 2014 (act 02 February 24, 2014)
reaching the requirements of the code of ethics of veterinary medi-
cine for professional practice (Law 576, 2000), the respective review
committees at each clinic approved the project and informed consent
was obtaining from each owner.

Reliability Cohart

Randomly selected, 51 owners completed the questionnaire dur-
ing the first wvisit and again 2 weeks later 1o pedorm the

questionnaine’s test-retest reliability,” Dogs included in this group
were dassified in the first visit as 15SACHC class la-Ib-1l and again
reclassified two weels later. The most severely affected dogs were
nod condidered in this analysis because it was essential that the
patients remained stable during this period of time,

Dara Collection

The referring chinician and cedified cardiologist provided routine
dimical and diagnostic data for each dog that included an echocardio-
gram, thoracic radiographs, an electrocardiogram, cardiac biomarkers
(NT-proBNF or cardiac troponin [}, an assessment of the functional
dass of heart failure (1SACHC class) and the results of the FETCHSVZ-
Q™. Although each veterinary doctor had autenomy in their criteria,
whenever possible the patients were diagnosed and  dassified
according to the last version toe the date of data collection with guide-
lines of the European socety of veterinary cardiology™ and the
guidelines of the American college of veterinary internal medicine
according to the disease suffered by each dog.™ The questionnaire
wis completed by each owner during the consultalion in a paper for-
mat and saved using a website designed to collect the data {www.
scorefetchsv2wixsite.comfinicio). All owners had to be willing to
participate in the study, Spanish had to be their native language, had
to have an acceptable lewel of education or at least international
grade & of secondary school, had to have no history of cognitive
impairment and had to have lived with the dog for at keast & consecu-
tive months prior to first visit to the veterinary cardiologist. If more
than 30% of the FETCHSY2-Q™ questions were not propery filled in,
the questionnaire was excluded from the statistical analysis.

Statistical Analysts for Reliabilicy and Repeatablity

All the statistical analyses were carried out using the statistical
software R V.2.15.3. The data mormality was evaluated using the Kol-
mogorov-5mimoy  test. The reliability of the questionnaire was
assessed with the Cronbach's alpha coefficent (o)™ This coefficient
reflects the cohesion of each item or question with the same objective
(e.g., assess the impact of disease on quality of Kfe). Cronbach’s alpha
({a) valaes = 0.7 have been considered acceptable, a value = 0.8 have
been considered good and a value = 0.9 has been considered excel-
lent. To evaluate the test-retest repeatability of the questionnaire,
the intra-class comelation coefficient and the Wilcoxon rank test
were used to analyze the changes in FETCHSV2-0™ score of patients
that were followed-up two weeks later as described by Terwee.”'
The Z-way random intra-class correlation coefficient (ICC) of single
measures denotes the proportion of variability in scores and an I0C =
0.4, 06 and 0.8 indicate moderate, substantial and excellent repeat-
ability. respectively. The ceiling and floor effect were displayed with
the mean scores, standard desiation and percentage of patients with
the maximum possible score and minimum possible score, respec-
tively as described by Gonzaler.”' AP-value = 05 was considered a-
tistically significant.

Resulis

Reconds from 240 dogs were abtained and only the data of 228
dizgs was used for statmtical analysas sinte 12 digs were congidered
missing data due to absence of complete information on clinical his-
tory/ISACHC classification, informed consent not provided by the
owner or difficult issues uploading information 1o a web-designed
platform, None of the dogs were removed from the statistical analbysis
due 1o incomplete questionnaines. Table | shows the demographic
informarion and Fig 1 shows the distribution of dogs in the preclinical
(m=110) and congestive heart failure stages (n=118) Most dogs
were suffering from myxomatous atrioventnicular valve disease
(=149, BEX). Dilsted cardiomyopathy was present in 29% of the
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* Level of significance (Fvolue « 05)

dogs (n =67 ). most frequently affecting giant breeds and cocker span-
iels. Pulmonary hypertension (n=3) and arrhythmogenic right wen-
tricular cardiomyopathy (n=4) were present in 3% of ovenall
population, all of them boxer breed dogs. Atrial septal defect (n=2],
cor triatriatum dexter (n=1), subaortic stenosis (n=1) and patent
ductus arteriosus (n=1) added up to 2% of the diseases of dogs
incheded in this study,

After forward and back translation, no changes were identified in
the questionnaire and a good agreement with the original question-
naire was subjectively evident. All the pre-evaluators considered that
the face and content validity was appropriate and easy to understand
fior the owners. For construct validity, each item was correlated with
the overall quality of life evaluated by the owner by means of numer-
ical rating and the correlations (rho) anged = 0.09 o < 0.82; the

No. Patients
$

IA 1B

effect size ranged 0.25 (small) to 1,00 (Large), (P < 05}, The criterion
validity was appropriate (Fig 2) and with an effect sizes of .55
(medium) the correlation between a set of ranges of the total scone
obtained in the FETCHSVZ-Q™ and the classes of heart dissase (Eail-
ure ISACHC class was rho = D82(P = 05),
The Kobmogarow-Smirmov test showed a non-namal data distri-
bation (P < 05 Cronbach’s alpha coefficient was (o = 0.89) showing
an appropriate internal consistency of the guestionnaire. The test-
retest had an adequate repeatability on the intra-dlass correlation
coefficient test (I0C =087; P = 001) The Wilcoxon rank test showed
no difference in responses at baseline and two weeks Liter (P = 05)
and those patients reclassified 2 weeks later didn't change of class as
well The numbrer of patients with the maximum score obtained (ceil-
ing effect] was (2/228 dogs; 08%) and the number of patients with
the minimum score obtained (floor effect) was (3228 dogs: 1.3%)

Discussion

The growing necessity to use alternative methods o demonstrae
treatient euloomes for cardiovasailar diseases has been filled out
with HRQol questionnaires for different diseases where the Qol. of the
patient i often considered the main objedive,”” HRQoL questionnaines
havee become a widely used method 1o assess specifically the rehabili-
tation of chronic diseases,”™™ demonstrating particular advantages
over traditionally measured binlogical variables,™ Indeed, It's clear
that the evaluation of bickgical variables such as the presence of signs
of CHF, status of ventricular function, hemodynamic stability, even

o Ima Ime
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survival time are not all the essential evidence needed to provide
proper managenent of dogs with cardiovascular disease,'™

The assessment of HRQoL is commonly used to complement tradi-
tional measures of success such as survival time and CHF status.'*"
Those complemental instruments have been used in areas such as
drug discovery” and clinical practice.” The responsiveness of those
HRQol. questionnaires documenting therapeutic success has been
reported ' and agencies such as the European Medicines Agency
and the S Food and Drug Administration recommend the use of
HRQol questionnaires to document the effects of drugs in public
health,* dinical practice and preventive care settings,'

Assessing only quantitative variables and survival time fails to
address the multi-dimensionality of quality of life in an animal,*'
especially the subjective nature of some of its components. ™~ The
evaluation of some results as qualitative factors™ that can be measur-
able i the complement that might be necessarnily induded in further
research to evaluste the success of medical or surgical treatments
with an averall approach,’™**#° Some nonclinical aspeas such as
emotional stress, physical discomfort, restrictions on daily life
activities and loss of social-affective interaction are a sort of qual-
itative indicators of health-related quality of life in dogs that can
then be measurable™" Thug, any HRQol instrument that
address this multidimensional approach is considered an impor-
tant therapeutic benefir <%

Congestive heart failure morbidity not only increases the recur-
rence of hospitalization™ =< and limitations during exercise (fatigue,
dyspnea or syncope), it is also responsible for psychological and

emaotional complications in people and animals affecting their well-
being. “**** In some studies, HRQoL has been shown to be a good
predictor of mortality and hospitalization in human patients with
CHF and this might be similar in dogs."" However, even after evi-
dence, health-related quality of life is not yet a primary goal in some
treatrents and should be incorporate in further sudies.™

The application of a questionnaire in a specific setting does not
mean it will work in another setting. """ Some of the most impor-
tant limitations of using a questionnaire in a different setting are lan-
guage and cubture.” (Mtentimes a questionnaire needs to be adapted
te the context of a new population that has different sociocultural
characteristics.” = Specifically, the grammar, the syntax and the
semantic differences upset the reliability and repeatability of the
questionnaine.” "

In our study precepis, if more than 30% of the FETCHSV2-Q™
items were not properly filled in, the questionnaire was excluded
from the statistical analysis. The fact that none of the question-
naires were excluded demonstrates the ease and simplicity of
completing the gquestionnaire and apparently confirms o some
extent the content validity.™ The need for a questionnaire to be
simple and easy 1o complete has been stated in order to be a
valid instrument for clinical use,”™"

For construct validity wsually all the scores in individual items are
correlated with an overall score to recognize the agreement and
interaction between the items and asses if the measure, in this case
each itemn behaves as the theary supposed the measure of the con-
struct should behave, In this study with this sort of assessment the
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goal was 1o know the objectivity of the results of each item in the
questionnaire. If an owmner reacts adequately to the overall quality of
life, results should be similar with almost the same tendency in each
item, because the perception of how the disease impacts the quality
of life of the pet is immersed in each item,

The scattered correlation of each item with the overall response of
quality of life in this study suggests that some questions may not be
important enough to remain in the questionnaire or that some ques-
tions were not relevant for the alfected pet at the time of completing
the questionnaire by each owner, Considering the variable presenta-
tion of cardiovascular diseases, some patients may not be afected by
the same dinical signs, be in the same ISACHC class or have the same
disease. Thus, high internal consistency between all ibems means
there may be redundant items in the questionnaire evaluated.'
Howewer, in this study a reliability coefficient > 0,80 is excellent as it
implies that B0% of the measured variances are reliable and only 206
are due to random error.

Our research describes step-by-step the rigorous psychometric
evaluation to which the FETCHSV2-0™ was submitted in a cross-cul-
tural validition context. It proved o be 4 questionnaing that was
apparently clear. valid, reliable, repeatable in dinical settings and
useful as a measurable result for dinical research. The high internal
consistency (o=089) supports the evidence that all 18 items are
highly comrelated with each other and suggests that the instrament is
reliable for measuring the health-related quality of life in this group
of dogs with different naturally ocoumring cardiovascular diseases.
This & value was close to the results obtained during the initial vali-
dation of the FETCH-Q™ instrument” where authors obtained o =
090, Indeed, our research still confirms that the FETCHSV2-O™ can
be used to evalwate the clinical course of cardiovascular diseases in
dogs considering the strong correlation with the ISACHC dass of CHF
with a moderate effect size.™

There are several Emitations in our study that deserve consider-
ation. First, the sample size was relatively small. Howewver, this study
was carried out at different veterinary centers in 4 countries, prowid-
ing a wide range of sodocultural, economic, educational and environ-
mental contexts that enriches the psychometric properties of the
questionnaire with a heterogeneous group of dogs and possibly over-
come the Emitation of sample size. Second, it is unknown if the ques-
tionnaire is unidimensional or multidimensional in nature and all
items in the questionnaire were treated as if they were equally
important. There is a possibility that some Eactors perhaps are maore
important than others in dogs with heart disease and further
research is necessary to determine these different factors by
advanced statistical methods,”" such as prindpal component analy-
5is™ or by a subjective approach.”’ Third, no sub-group analysis was
done due to the number of dogs from each clinic was too small for
robust statistical analysis and the entire population was considered
as a total sample. The small number of critical dogs in the most severe
stage of heart failure class (ISACHC HIk) was also a limiration, Finally,
the difficulty 1o follow-up dogs limited the collection of data o evalu-
are the responsiveness of the questionnaire 1o changes in the clinical
status of the disease or the impact of the therapy over time and fur-
ther research is needed.

Conclusion

The results of this study support the validity of the Spanish ver-
sion of the functional evaluation of cardiac health gquestionnaire
“FETCHEV2-0™" o evaluate HROol. in dogs with naturally ocourring
cardipvascular disease, These results justify its use in clinical settings
and the authors hope it will be wseful in further research that con-
sider the good qualiry of kfe as an important goal and can be measure
as complement to the quantitative results.

The management of the dog's bealth care can be shared through
the HRQoL assessment due to the cooperation of both parties. the
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health prefessional and proxies. Participation of the owners in the
health care of their own pets is indeed a critical aspect that facilitates
education, communication and improves adherence to cardiologist's
recommendations, espedally in decision-making. Finally, further
research should be developed to demonstrate responsiveness of the
FETCH-0™ or FETCHSV2-0™ to changes in the clinical status of dogs
with heart disease as well as responsiveness to changes when a ther-
apy is established.
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Simple Summarny: Myxomatous mitral valve disease is dogs’ most commeon acquired heart disease.
The gold standarnd for its definitive diagnosis is echocardiography. This study aimed to develop a
tool that uses a quality of life survey, structured anamnesis, and physical examination to predict
the American College of Veterinary Internal Medicine classification stages. Accurately identifying
a patient’s atage i3 erucial to evaluating when treatment ahould be initiated and tailoring it to
their ACVIM stage. The study analysed 1011 dogs from 23 hospitals, and the results showed that
the majority of patients were successfully classified into the control group (healthy dogs), stage B
{dogs with a heart murmur but are asymptomatic), and stage C (dogs with heart failure). However,
efficiont results were not obtained to differentiate between stage Bl (dogs with a heart murnur and
without heart enlargement) and stage B2 (dogs with a heart murmur and heart enlargement). Further
studies should be carried out to implement these techniques and improve their diagnestic value in
veterimary cardiology.

Abstract: Myxomatous mitral valve disease (MMVD) is a prevalent canine cardiac disease typically
diagnosed and classified using echocardiography. However, accessibility to this technique can be
limited in first-opinion clinics. This study aimed to determine if machine leamning techniques can
classify MMV according to the ACVIM classification (Bl, B2, C, and D) through a structured
anamnesis, quality of life survey, and physical examination. This report encompassed 23 veterinary
hospitals and assessed 1011 dogs for MMV D using the FETCH-Q quality of life survey, clinical history,
physical examination, and basic echocardiography. Employing a classification tree and a random
forest analysis, the complex model accurately identified 96.9% of control group dogs, 49.8% of Bl,
62.2% of B2, 77.2% of C, and 7.7% of D cases. Toenhance clinical utility, a simplified model grouping
Bl and B2 and C and D into categories B and CD improved accuracy rates to $0.8% for stage B,
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73.4% for stages CD, and 93.8% for the control group. In conclusion, the current machine-leaming
technique was able to stage healthy dogs and dogs with MMV D classified inte stages B and CD'in the
majority of dogs using quality of life surveys, medical history, and physical examinations. However,
the technique faces difficulties differentiating between stages Bl and B2 and determining bebween
advanced stages of the disease,

Keywords: anamnesis; clinical diagnosis; machine learning: predictive nodel: myxomatous miteal
valve disease; dog

1. Introduction

Myxomatous mitral valve disease (MMYD]) is the most common heart disease in
dogs [1-3], It accounts for up to 75% of all cardiovascular diseases in dogs, with an
exoeptinna]]y high pref\ralenqe in senior and small -dns breeds, such as Cavalier K'.ing
Charles Spamels (CKCS) [4.5]. MMVD significantly reduces life expectancy and quality
of life in affected dogs [6,7]. Early diagnosis and staging of this condition are essential to
determining the appropriate time to start therapy, achieving a better prognosis in most
dogs [8].

The American College of Veterinary Internal Medicine (ACYIM) developed a classifica-
tion system (stages A, B, C, and D) for MMVD, umphasiscin.g the importance of identifying
the disease’s severity and response to treatment [9]. Accurate and timely diagnosis is
typically based on a combination of ancillary tests, including thoracic radiography, elec-
trocardiography, and blood tests, Echocardiography is the most important clinical test to
confirm a definitive diagnosis [%,10]. However, it is not possible to classify patients solely
based on medical history and clinical signs, leading to misdiagnosis, especially when other
non-cardiac illnesses present similar signs [11-13],

Although highly effective in diagnosing MMVD and its progression, echocardiogra-
phy is only sometimes readily available due to the need for specialised equipment and
expertise [14]. Therefore, there is a need for user-friendly ools to assist general veteri-
narians in classifying MMVD, especially in cases where advanced diagnostic tests are
unavailable [15,16] and prompt action is crucial,

Machine learning techniques have gained recognition for their ability to analyse
extensive datasets, offering flexibility, and scalability compared to traditional biostatistical
methods, making them applicable to many tasks, such as risk stratification, diagnosis,
classification, and survival predietions [17]. Human cardiclogy has successfully used these
techniques to aid diagnosis and risk stratification [17,15]. However, their application in
veterinary cardiology, especially for patient consultation, is still in its early stages [19-21].
A previous study demonstrated the usefulness of quality of life surveys in predicting
outcomes in dogs with MMYD [22]. In addition, a recent study has shown the ability
of machine learning techniques to classify patients affected by MMVD using thoracic
radiographs [21].

The primary aim of this study was to assess the potential of a structured medical his-
tory complemented by a quality of life survey and physical examination analysed through
machine learning to assist in classifying MMVD at various stages in dogs. Moreover, the
purpose was to explore how owners perceive the disease in dogs with MMVD, even when
they ane unaware of the specific cause behind their pets’ clinical signs.
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2. Materials and Methods

An observational, prospective, and multicentre clinical study was conducted across
twenty-three veterinary hospitals in Spain, Brazil, Argentina, Chile, and Costa Rica. All
participating veterinarians had at least five yvears of experience in veterinary cardiology,
further substantiated by postgraduate training in this specialised field (Ph.D. in cardiol-
ogy research, specialised accreditation in cardiclogy, International School of Veterinary
Postgraduate Studies (ISVPS) recognition, certificate in advanced veterinary cardiology
by the BCVS, and cardiology resident by the ACVIM residency programme authorised to
perform evaluations). Ethical approval was granted by the Animal Experimentation Ethics
Committee of CEL Cardenal Herrera University (Spain) under reference number CEEA
22/06.

A total of 1011 client-owned dogs wene evaluated; 64 healthy dogs were integrated
intoa control group; and 947 dogs wiith clinical findings of a left apical systolic murmur,
which was confirmed through echocardiography, were integrated into a MMVD group.
The inclusion criteria did not discriminate based on sex, breed, reproductive status, or body
weight. However, dogs younger than one year old were excluded. The patients” owners
were fully informed about the nature of the study, and their wrilten consent was obtained to
use their questionnaire responses and patient examination data for research purposes. The
inclusion criteria for both control and MMV D groups required that the owner complete the
FETCH-() quality of life survey and that each dog be evaluated through history, physical
examination, and echocardiography.

Thie control group were animals evaluated prior to elective surgery did not present
clinical signs (absence of cardiorespiratory clinical signs, heart murmur, and systemic
or organ-related diseases) and did not receive any medication. The MMVYD group were
dogs with the presence of a left-sided systolic heart murmur and were subsequently
classified according to the ACVIM guidelines after echocardiography and radiographic
examination (stage B1/B2/C/D). In particular, dogs previously treated or diagnosed
with MMV D were excluded from the study, and dogs with other structural cardiovascular
disorders (congenital, infectious, or degenerative) were also excluded from the study design.
However, the presence of other non-cardiovascular comorbidities was not considered an
exclusion factor due to the heterogeneous nature of the sample and the common ocourrence
of comorbidities in patients with MMVD, along with the degenerative progression of
the disease.

At the time of completing the quality of life questionnaire, the owner of the patients
in the group with MMV possessed only the knowledge that their dog exhibited a heart
murmur. Similarly, the sonographers conducting the echocardiography were aware that the
referral was based on the presence of a heart murmur but lacked information regarding the
anamnesis, physical examination, and specific stage according to the ACVIM classification.

A structured consultation comprised four distinet parts: a quality of life survey [7,22
anamnesis, a comprehensive physical examination, and an echocardiography examina-
tion, all conducted on the same day and with the same patient. The patient’s medical
history was meticulously documented, and the owner was asked about specific clinical
signs in the previous two weeks, such as cough, dyspnoea, syncope, exercise intolerance,
hypoxiafanorexia, or weight loss. Furthermore, the owner completed the Spanish version
of the FETCH-Q quality of life survey [23]. A thorough physical examination encompassed
the assessment of heart rate (HR), respiratory rate (RR), and rectal temperature (RT). Dogs
wene further categorised based on murmur grade, aceording to the V1 sysbem [24,25]
Body weight was recorded in kilograms, and the body condition score was assessed on
ascale of 1 to 9 [26]. Blood pressure was measured with the following devices (SunTech
Wet20, Bbraun Vet 25, and Vet30), according to ACVIM guidelines [27]. Five measurements
were taken, and the values of the two extremes were discarded. With the other three values,
a mean was obtained. One minute was allowed to elapse between measurements.,
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To standardise echocardiographic measurements, all investigators possessed exten-
sive sonographer experience and adhered to predefined criteria [25]. Key measurements
included the assessment of the keft atrium and ascending aorta diameter, enabling the cal-
culation of the left atrium/acrta ratio (LA /Ao). This ratio was determined from a 20 right
parasternal short-axis view during early ventricular diastole. Additional measurements
included left ventricular internal diameter in diastole (LVIDD) and normalised to body
weight (LVIDDN) using the formula: IVTDDN = LVIDD (cm)/weight 0,294 (kg [29]. The
echocardiographic classification of mitral disease was conducted according to the ACYIM
criteria [9], categorising patients into stages B1, B2, C, and D. Additionally, the mitral valve
insufficiency (MINE score) was assessed [30]. According to the ACVIM guidelines for
the classification of MMVD, thoracic radiological studies were performed for the cornect
diagnosis of the animals classified in stages C and D [9].

Echocardiographic data were collected using specialised veterinary cardiology equip-
ment equipped with appropriate probes and softwane [Philips Affinity 50C, (Amsterdam,
Metherlands); General Electric Vivid Ig, (Boston, MA, USA); Mindray Animalcare Vetus
7. (Shenzhen, China); and M8 and Canon a450, (Tokye, Japan); with phased array probes
between 2.5 and 12 MHz), and a uniform protocol was followed for image acquisition.
Images were subsequently reviewed by the kead author (JEM) and a board-eligible Ameri-
can College of Veterinary Cardiology (YED) member, with any substandard images being
excluded from analysis.

Statistical analysis was performed using the R software (version 4.3.0, R Core Team,
2023, Vienna, Austria). Descriptive statistics summarised animal history data and were
presented as mean £ SO, the number of observations, and percentages. Responses to the
FETCH-Q scale were analysed using the Likert package for R [31] and represented as Likert
plots. Univariate analysis was conducted to investigate differences in proportions between
categories using the chi-square test [32] and a one-way ANOVA test for quantitative
variables, with significance defined at p < 0,05

Classification trees were developed using the rpart function of the rpart statistical
package [33] to predict the stage of mitral disease as classified by the ACVIM. This was
achieved using three approaches: (1) utilising the FETCH-Q survey, (2) relving on clinical
signs identified during the physical examination, and (3) combining the FETCH-Q survey
and physical examination findings. A minimum of 100 cases were required for a partition to
be performed. The analysis was conducted in two parts: first, for the five ACVIM categories
(A, Bl B2, C, and D), and second, a simplified model unifying categories Bl and B2 into
classes B, C, and D into category CD. Classification trees wene visualised using the rpart.
plot function of the rpart.plot package [34].

Furthermore, data wiere analysed using the random Forest package [35], wherein 66%
of the data were used asa learning sample to construct a classification tree, with a minimum
of five observations per node. The remaining 33% of the data were treated as out-of-bag
data for evaluating the sensitivity and specificity of the classification tree. This process wis
repeated 1000 times, and the weight of each ACVIM category was adjusted based on the
nelative percentage frequency of cases analysed. Finally, sensitivity and specificity were
calculated by comparing observed results with those predicted by the classification forests,
utilising the caret package for R [26].

The authors have theroughly and comprehensively reviewed the content of the article.
Additionally, the Grammarly assistant (standard version, 2023, San Francisco, CA, USA)
has scrutinised the writing of the article to ensure effective presentation of information and
to prevent spelling and grammatical errors in the English language.
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3. Results

The study encompassed 1011 dogs, comprising 482 females and 529 males, with a
median age of 12.0 vears (range: 1.0 to 1900 years) and a median body weight of 7.0 kg (range:
1.0 to 48.5 kgh. The most represented breeds included crossbreeds (n = 371), Yorkshire
terriers (n = 128), Chihuahuas (n = 105), Maltese (n = 59), Poodles (n = 55), and Dachshunds
{n = 40), while other breeds accounted for the remaining dogs (n= 253). According to
the ACVIM classification criteria, 64 dogs fell into the control group, 273 in B1, 357 in
B2, 291 in C, and 26 in D, Tables 1 and 2 represent some demographic data separated by
ACVIM groups.

Table 1. Demographic data (sex, age, and body weight) of the control group (healthy dogs) and the
MMV groups (ACVIM B1, B2, €, and [,

SEX

AGE I}-lan&}
Median
(Min, max)
BODY WEIGHT (Kg)
Median
{Miin, max}

Control Group Bl B2 C D
™ = G64) N = 273) M = 357) N = 291) (M = 26)
M 36 (546.3%) 139 (50.97%:) 175(497%) 121 (41.6%%) 11 142.3%)
F 25 (43.8%) 134 149.2%) 182 (51%) 170 (58.4"%) 15(57.7%)

6.0 (1.0, 16,00 1.0 (20, 1900 120 (L0, 1809 12.0 (5.0, 18.00 128 (120, 17.00

13.2 (2.5, 48.5) 7 (1.0, 46.5) 7.5(15,47.5 581015 37.5) 12.5 (10u0, 17.00

M: mabe: F femake.

Table 2. List of the mone nepresentative breeds in the control group (healthy dogs) and the MMVYD
groups (ACVIM B1, B2, C, and ).

Control Group B B2 C D
[N = 64 M = 2730 i = 357} M = 291} N = 25)

CROSSBREED X3 (51.6%) 100 (37.0%:) 13E (37.0%) a3 (XLO%) 12 ddb2%)
BEACLE 12 (18.8%) S(29%) 11 13.1%) 8 [27%) 00007}
YORKSHIRE TERRIER 51(7.8%) 42 (15.4%) 40 (11.2%) 35 (13.1%) I11.5%)
CHIHUAHUA 2R1%) I3 (BAY) 0 (B4 50 (17.2%) 00000
MALTESE 00 %) 19 (7.0%) 14 (3.5%) i (R.2%) 27.7%)
POODLE 0] 9133%) B (5.6%) 24 (8.2%) 27.7%)
DACHSHUND {00 %) 11 (4.0%) 19 (3.3%) 10 (3.4%) O0.0%)
MINIATURE v X

SCHNAUZER 0] H{29%) 9 [2.5%) 7iza%) 113.8%)
S5HIH TZU {00 %) 11 {4.0%:) 7 (2.40%) 5(L7%) 0 00.07%)
COCKER SPANIEL {00 %) F1.1%) 12 (3.4%) 5(L7%) O0.0%)

Figures 1-% illustrate the responses to the FETCH-C} questions across different ACVIM
stages. It is noteworthy that, with the exception of OQ06, all inquiries demonstrated statis-
tically significant differences between groups. The observed variances imply a marked
elevation in response scores with increasing severity according to the ACVIM classification,
strongly suggesting a decline in quality of life.

Tables 3 and 4 provide insights into clinical signs and physical examination findings,
nespectively, categorised by ACVIM classification. Signiﬁl:ant differences emerged in the
proportion of various clinical indicators, including COUGH, DYSPNOEA, SYMCOPE,
EXERCISE INTOLERANCE, HYPOREXIA fANOREXLA, WEIGHT LOSS, and MURMUE
GRADE. In general, clinical signs exhibited a progressive pattern of aggravation with
higher ACVIM stages. Notable differences were also observed in heart rate (HR), respi-
ratory rate (RE), and capillary refill time (CET). However, no significant differences were
noted in systolic blood pressure (5BP), diastolic blood pressure (DBP), and median arterial
pressure {(MAF).
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Figure 1. Likert representation of the answers for FETCH-Or and questions 1 to 7. Q1: “Does your
dog have difficulty breathing?”; Q2: “Does your dog cough?™; Q3 “Does your dog often breathe
very fast?™; Q4: “Does your dog snore when breathing?”; Q5 “Does yvour dog have difficulty in
necreation? (Playing fetch, running, playing with other dogs or you, ete J27; Q6: “Wene your dog's
favourite activities limited due to exerdse restrictions by the veterinarian?; QF: “Does your dog sit
or I down during walks? (Does not tolerate exercise)”.
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Figure 2. Likert representation of the answers for questions § to 13, Q8 “Does your dog have
difficulty going up and down stairs?”; 0% “Has your dog had episodes of collapse or fainting
{symeope)?; Q10 “Does your dog have difficulty getting comfortable? (At any time of the day).";
Q11: “Does your dog have difficulty sleeping through the night?; Q12 “Is your dog eating less than
he should, or has he been inappetent for the last few weeks?"; 13: “Have you changed the type of
food your dog is willing to eat?”.
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Figure 3. Likert representation of the answers for questions 14 to 18, Q14: “Increased urinary
accidents in the house? (Urinating inside the house or whene he should not)?”; Q15: “Has your dog
had vomiting episodes?™; Q16 *7 Has your dog had any limitations in spending time with you and
the family {cannot get on the bed or sofa, avoids moving around, avoids bed or sofa, avoids moving)™;
Q17: "Has your dog become irritalle or unwilling to be touched? (Behaviour chamge)”; Q18: “Is your

dog less active and vital?”,

Table 3. Correlation between the clinical signs reported during history and the ACVIM cassification.

Control
B B2 & i
Group - - - -
N = 6l (N =273} (N = 357} (N =291} (N = 26}
Cough Yes  ada3%'  SE00%) Y o426aN)b 160(SEIN)C 17 (AS4%)¢
Mo  G0(9LEN)  IB(POON)  26IGFITR)  122(409%) @ (T46%)
Dyspnoea Yes 3 (AT%H4 15(5.5%)%  2T(76%)Y  IT1(5EEN)Y  16(RL5%)P
Mo 61(953%) 258 (BL5%) 330 (924%) 120 (41.2%) 10 {38.5%)
Syncape Yes  VOLE%) T T(2E%)* 30EA%E HS(165%)° T(edn)©
No  63(984%1  266(374%)  32T(916%) 243 (825%) 19 73.1%)
Exercise Yes 116" LI ESIY 36001%)° 100(344%) "  J4{S3ER)C
Intclerance Mo B3 (9E.4%0 260 (952D 321 (89.9%) 191 (B5.6%) 12 {46.2%)
Anorexia ies 0 00%) WETRIY 1542%)% 42(144%) Y S(3EN)T
Mo B0I00%)  26IOEIN) I (O58%)  MO(BSEL) 17 (65.4%)
Body weight loss  Yes 0% S{1E%) 8 B {1L7%)0 19 (6.5%) b B{308%)
No  G0I00%)  26B(SEI%)  I51(EI%)  FIHESR) 18 (69.2%)

Data are presented as frequency tables. Classes with diferent letiers are statistically different [ < C0G).
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Table 4. Correlation between the physical examination and the ACYIM classification.
Contrel Group 13} B2 c 3]
i = N =TT i = 3570 iN = 1) P = 2ap
Murmur  es B} w00 357 (1007 * 291 100y * 26 (1o
Na B 1007 I 0[0%) 0 (0P} 0 (0%}
Murmar Mo £ (1007 * o40%) Tt o % LR
wrade 1 i) JLETY ] FIMED 0 0%h (=] ]
2 000} 71265 18(7H%) 40L4%) 11L8%)
3 ) 124 {45.4%) 1233 5%) 1L 1 i385
4 0 i) 56 420.5%) 143 (4018 7RI 8 (19.2%)
5 0 0%} H{L5%) 52 (1487 141 48.5%) 12 46.2%)
& 0 00} 84073 B2 1% 8.5%]) 72BN
CHI »2s o) * 2007 * 1405} * S{LT%)* (115"
€24 B4 (10075} 71 (935 356 (9TH) 286 (9E.3%) 13 (RR %)
HR bpm 07 6, 176] * 120 60, 220) * 124 [55, 230]* TAZ [0, T90 © 150 [B5.0, 2600
KR bpm Mofiz6am]* 240015 too] MOz 900]*  Wo[1s0 180" 00[0 10"
SAF men Hg 136100, 146577+ T [73, 206] * 13073, 4]~ 140 [75 2100 * 135 95, 154] *
IAF mm Hg 540 [45 158]° EO 8, 142 051, 150 0 [, 129 * F20 [0, 103
MAP  mmHg 950065163 SRO[S,WF]*  SRO[F0NE]*  SRO[S, 148 e [71, 120] =
RT o IR0 [0 400]0 3R] (54, 050 RRI[IKT,WT|0 IAT[I0,WE]C AT [I6E I
Data are presented as frequency tables and medians [miniomam, maximem), Classes with difenent ketbers an:
statistically different (p < 005) CRT: capillary eefill timwe. HE: heart rate. RR: respiratory rabe. SAF: systolic arterial
pressure. DA diastolic arterial pressure. MAP: mean arlerial pressure. KT rectal lemperature.
Figures 4 and 5 present the classification tree and the variable importance plot derived
from the random forest analysis for the FETCH-Q survey, respectively.
Similarly, Figures 6 and 7 depict the classification tree and variable importance plot
obtained from the random forest analysis for the anamnesis and the physical examination.
Figures & and 9 extend this analysis to include the FETCH-0, the anamnesis, and the
physical examination.
= COHTRGL
- m
0 P

56

(reuma = B

Figure 4. Classification tree for the model using the FETCH-(). It represents the different selection
criteria or ‘decision nodes” used to predict the most correct classification of the total number of dogs
{represented at the tree’s root as 100°75). As the data are classified into subsets, the percentage value
represents the probability of a dog belonging to that data subset. ACVIM class D was unused due to
the few dogs recorded. Q1: “Does your dog have difficulty breathing™; Q2 “Does your dog cough?™;
Q4 "Does vour dog snore when breathing?™: QF: “Does vour dog sit or lie down during walks?
{Does not tolerate exercise).”; Q18: “Is your dog less active and vital?”.
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Qo2 Q Qo o
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Q10 |e Q04 I+
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25 30 35 0 10 20 30 40 50
MeanDecreassAccuracy MeanDecreasaini

Figure 5 Variable importance plot of the first five variables for the model created using the FETCH-Q.
The random forest algorithm measures the importance of each variable in classifying the data. The
Mean Decrease Accuracy plot and Mean Decrease in the Gini coefficient help identify the variables
that contribute most to the homogeneity of nodes and leaves in the forest. Varables are ranked in
order of importance based on how much accuracy is lost when excluded. Q1: “Does your dog have
difficulty breathing?"; Q2: "Does your dog cough?”; Q% “Does your dog often breathe very fast?™;
Q10 “Dioes your dog have difficulty getting comfortable? (At any time of the day)?”; (18: “Is your
dog less active and vital?.
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Figure 6. Classification tree for the anamnesis and the physical examination model. The classification
trew represents the different selection criteria or “decision nodes” used to predict the most cormect
classification of the total number of dogs (described at the tree’s root as 1009%), As the data are
classified into subsets, the percentage value represents the probability of a dog belonging to that data
subset. ACVIM class D was unused due to the few dogs collected.

Table 5 summarises the model's ability to correctly categorise dogs based on ACVIM
classification in the three analyses. Notably, combining the FETCH-Q scale and physi-
cal examination significantly improved classification accuracy compared to using each
component individually. In the combined model, the overall accuracy reached 0.64 (95%,
Cl: 0609-006649; p < 0.0001; Kappa's Cohere 0.45%), whereas individual models yielded
accuracies of 0,484 (95% CL: 0.453-0.515; p < 000001; Kappa's Cohen: 0.263) for the FETCH-O
scale-only model and 0.599 (95% Cl: 0.568-0.630; p < 0.0001; Kappa's Cohen: 0.435) for
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the clinical signs-only model. In the complex model, 96.9% of the control group category,
49.8% of Bl, 62.2% of B2, 77 2% of C, and 7.7% of D were correctly classified. Notably, B1
dogs were often confused with B2 (83.2% of B1 dogs misclassified as B2), and B2 dogs
were mistaken for Bl and C (57.0% of B2 dogs misclassified as Bl and 42.0% as C). Dogs in
category C were frequently misclassified as B2 (86.3%), and D tended to be confused with
C (87.5%).

MURMUR.GRADE = MURMUR.GRADE =
DYSPMNOEA o HR -]
RR o RR -]
BODY,.CONDITION, SCORE |0 BODY. CONDITION, SCORE 0
COUGH & CYSPMNOEA o
| I I B | B R . D
20 60 100 160 0 50 100
MeanDecreaseAccuracy MeanDecreasaGin

Figure 7. Varable importance plot of the first five variables for the model created using anamnesis
and physical examination. The random forest algorithm measures the importance of each variable in
classifying the data. The Mean Decrease Accuracy plot and Mean Decrease in the Gini coefficient
help identify the variables that contribute most to the homogeneity of nodes and leaves in the forest.
Variables ane ranked in order of importance based on how much accuracy is lost when excluded. RR:
respiratory rate; HR: heart rate,

-]

gy

A A .

L o o
e

B -l .- fmien:

Figure 8. Classification tree for the model using the FETCH-(), the structured amamnesis, and the
physical examination. The classification tree represents the different selection criteria or *decision
nodes” used to predict the most cornect classification of the total number of dogs (represented at
the tree’s root as 100%). As the data ane classified into subsets, the percentage value represents the
probability of a dog belongimg to that data subset. ACVIM class D was unused due to the few dogs
collected. Q2: “Does your dog cought?”; Qd: " Does your dog snore when breathing?™; Q18 “Is your
dog less active and vital?".
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MLURMUR GRADE & MURMUR. GRADE =
CYSPHOEA ] RR o
RR & HR -]
oz a BODY COMDITION SCORE a
i o DYSPNOEA o
I 1 1 T rrorrnTra
40 60 B O 40 B0 120
MeanDecr easeACCUnecy Pz i D Craar s G-

Figure 9, Variable importance plot of the first ten variables for the model cneatied using the FETCH-Q,
the structured anamnesis, and the physical examination. The random forest algorithm measures the
importance of each variable in classifying the data. The Mean Decrease Accuracy plot and Mean
Decrease in the Gini coefficient help identify the variables that contribute most o the homogene ity
of nodes and leaves in the forest. Variables are ranked in order of importance based on how mucdch
accuracy is lost when excduded. RE: mespiratory rate; HR: heart rate. Q1= “Does your dog have
di:f'l"i:u"}r bmath.ins?";ﬂl: Do your |:|n5 W.IBII?".

Table 5. Classification matrixes of the complex models (echo-based dassification). They illustrate
the accuracy of the models in correctly classifying dogs based on the ACVIM classification criteria.
Each row corresponds to an ACVIM class and displays the number of dogs classified into various
categories by the model. The “class error’ represents the percentage of misclassified dogs when
utilising the model

FETCH-0Q madel
Control group B1 B2 C D Class ervor
Control group 2 56 3 3 o 7%
B1 2 143 84 R o 8%
B2 1] 126 138 93 o B1%
C 0 14 72 204 o 30%
(M 1] L] 3 i | ¥4 2%
Physical examination model
Control group Bl B2 C n] Class error
Control group a4 L] 1] 0 0 0%
B 0 149 111 13 o 45%
B2 1] 106 169 62 o 47 %
C 1] 20 e 01 2 1%
(4] a 3 5 15 3 BR%
FETCH-0} plus physical examination model
Control group Bl B2 C (8] Class error
Control group 62 1 0 1 o 3%
B1 1] 136 114 23 1] 50%
B2 0 7 1 58 o 38%
C 1] 9 57 224 o 3%
(8] 1] 1 2 21 2 B2%

In the simplificd model, which grouped categories B and B2 as B and Cand D as CD,
an improvement in classification accuracy was evident, Specifically, 93.8% of the control
group, 90.8% of B, and 73.4% of CD were correctly classified, with 9.2% of B misclassified as
CD and 27.0% of CD misclassified as B (Table 6). The accuracy of this model reached 85.5%
{95% Cl: 0.832-0.877; p < 0.0001; Kappa's Cohen: 0.710). The regression tree and variable
importanoe plot for the simplified model ane detaibed in Figunes 100and 11.
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Table 6. Classification matrix of the simplified model (echo-based classification). Categories Bl and
B2 ane grouped into category B, and categories © and D are grouped into category CD. The “class
error’ represents the percentage of misclassified dogs when utilising the mode].

CRmplSer Moo
Control Group B o Class Error
Control group &l 3 1 6%
B 0 572 58 9%
o ] 84 32 )

7 i S = 8-}

i A = 1804

|:|m r

L
——

& & & - @&

Figure 10. Classification tree for the simplified model using the FETCH-Q, the structured anamnesis,
and the physical examination. The classification tree represents the different selection criteria or
‘decision nodes” used to predict the most correct classification of the total number of dogs (represented
at the tree’s root as 100%). As the data are classified into subsets, the percentage value represents the
probability of a dog belonging to that data subset. Q14 “Increased urinary accidents in the house?
{Urinating inside the house or where he should not)™.

MURMUR.GRADE o MURMUR.GRADE a
DY¥SPNOEA o RR a
RR & DY SPNOEA &
=i} ] = Qi kel
o2 o HR o
I I I | rrrirruri
40 B0 0 40 80 120
MeanDecreasaACouracy MeanDecreaseGini

Figure 11. Variable importance plot of the first ten variables for the simplified model created wsing
the FETCH-, the structunsd anamnesis, and the physical examination. The random fonest algorithm
measures the importance of each variable in dassifying the data. The Mean Decrease Accuracy plot
and Mean Decrease in the Gini coefficient help identify the variables that contribute most to the
homogeneity of nodes and leaves in the forest. Variables are ranked in order of importance based an
how much accuracy is lost when excluded. RR: respiratory rate; HR: heart rate; Q1: *Does your dog
have difficulty breathing?™; Q2 “Dues your dog cough®™.
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4. Discussion

Traditionally, suspicion of MMYD in dogs has been described by veterinarians based
on the presence of a heart murmur and / or cardionespiratory signs. Echocardiography is
the definitive diagnostic method and the preferred technique for categorising the severity
of the disease. The developed project has demonstrated adequate results to differentiate
between healthy animals and those with MMYD using I'I'IEIL'h:iI‘H.“II.‘iImII:I'IE algorithms, which
use clinical history, a quality of life survey, and a physical examination. The information
obtained can aid in the initial assessment of dogs with MMVD before confirmation by
echocardiographic study. Furthermore, the technique allowed for capturing the owner’s
perspective on disease progression, contributing to a comprehensive understanding of the
disease [16].

The complex model correctly classified control dogs and stage C patients, achieving
96.9% and 77.2% accuracy, respectively. However, it needed support to accurately identify
the B groups, with only 49.8% of B1 and 62.2% of B2 patients correctly classified. Notably, a
significant proportion of misclassified B1 patients were categorised as B2 (83.2%), while
misclassified B2 patients were often mistaken for Bl (57.0%) or C dogs (43.0%). It can be
challenging to diﬁ.tinguiﬁh between Bl and B2 stages, as asymptomatic dogs with murmurs
characterise both, and to differentiate between advanced B2 and C stages, where dogs adapt
to cardiac enlargement to compensate for velume overload before developing congestive
heart failure [9]. In such cases, echocardiographic and radiographic diagnostics are often
necessary for differentiation [9,37). The complexity of distinguishing between classes may
have led to classification difficulties for the machine leaming algorithm. A simplified model
achieved a higher accuracy (90.8%) in classifving B dogs without distinguishing between B1
and BL However, the ability to determine between stages Bl and B2 is essential in MMV
Patients definitively diagnosed as B2 according to the ACYVIM consensus guidelines [9]
should begin chronic oral treatment with pimobendan in order to prolong the preclinical
period and delay the onset of clinical signs [6].

The algorithm also had difficulty distinguishing between stages C and D in the com-
plex model, with 87.5% of D dogs being misclassified as C. It is challenging to differen-
tiate between stages C and D of cardiac disease in dogs, as clinical signs largely overlap.
These clinical signs include tachypnoea, dyspnoea, hyporexia/ anorexia, weight loss, and
cough [9]. In the simplified medel, both categories were grouped.

In general, while anamnesis and physical examination contribule to staging, especially
for the controel group and C dogs, that information could not distinguish B1 from B2 or C
from D dogs. However, the simplified model could differentiate effectively betwean the
control group, B, and C-D dogs.

The simplified model could differentiate between the control group, B, and CD patients
in the majority of dogs. With further development of the technique, this information
could prove advantageous for general veterinarians who may be deficient in advanced
cardiology expertise, as it may help them evaluate a patient with MMVD and determine
the need for urgent referral to a cardiology centre. Furthermore, this tool could improve
the cardiovascular evaluation of patients with MMV D without the risks of anaesthesia and
sedation necessary for accurate ACVIM classification based on thoracic radiography [9]
and, in certain geographic regions, could reduce radiation exposure to human operators.

An alternative set of simple tests has been suggested for diagnesing dogs with pre-
clinical stage MMV D (B2), including biomarker-based diagnostics and tailored therapeutic
management to avoid sedation for radiography [35]. Echocardiography, considered the

“gold standard”, requires specialised training [9] and has limited accessibility in first-

opinion practice. Although in this study, physical examination and history helped o
classify a dog with MMVD, according to the ACVIM guidelines. It would be a mistake
tor start treatment without prior echocardiegraphy. The importance of early detection
should be prioritised for referral to a specialist for dogs suffering from MMVD. This is
a fundamental part of the developed study because machine learning technigues do not
intend to replace echocardiography and the ACVIM guidelines for diagnosis in dogs but
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may be useful as an additional tool in the disease classification, when further developed
and studied.

Diagnostic methods based on artificial intelligence have recently been implemented
in canine MMYD [21]. In the research developed by Valente et al. (2023) [21], the ability
of machine learning techniques to assess the severity of MMVD from canine thoracic
radiographs was investigated. Kadiological studies of 1242 dogs in different phases of the
disease were retrospectively analysed. The results in the study of the lateral radiological
views showed an AUC of 0.87, 077, and 0.88 for stages B1, B2, and C+ I, respectively. The
high accuracy of the algorithm in predicting the MMVD stage suggests that it could be
a helpful support tool in the interpretation of canine thoracic radiographs. The previous
artificial intelligence study determined that stage B1, C, and D dogs wene better than stage
B2 dogs. As in the conducted study, the worst classification results were obtained for the
stage B2 dogs. The echocardiographic study and the radiological study of dogs in phase B2
ame complex, with a great clinical variety among patients compared to animals classified as
Bl C,orD.

As MMVD advanees, FETCH-Q scores typically rise, and owners’ responses to ques-
tions during the anamnesis process also increase as clinical signs emerge or worsen in
patients. These findings ane consistent with previous studies [7.22). The FETCH-0 survey
contributes to dog classification to varying degrees. FETCH-Q question responses differ
across the five ACVIM classes. The owner s perception of their dog's quality of life aligns
with their assessment within the ACVIM classification, supporting our hypothesis. The
responses obtained from the completion of a structured anamnesis through simple and
objective questions by dog owners have been shown to be a critical factor in assessing
cardiac diseases in primary veterinary cane. The evaluation of the quality of life in dogs
with MMVD is essential, and tools like the FETCH-O scale can be beneficial. However, a
conclusive diagnosis should consistently rely on support from imaging tests, particularly
thoracic radiography and echocardiography [7.22].

The significance of an entire medical history is well known in human medicine. An
adequate physical examination starts with a systematic patient history, which can improve
diagnostic precision [39]. However, new technologies, online consultations, and artificial
intelligence have disrupted this feld [40,41].

Variances in clinical signs and physical examination outcomes across the groups
werne observed. As the ACVIM stage increased, the clinical signs became more severe.
Hyporexia /anorexia and declining body condition were negative markers, These signs can
indicate possible congestive heart failune [6,12,42]. Also, there was a cormelation between
poor outcomes and dyspnoea, cough, syncope, worsening bc-::l_-,r condition, and anorexia, as
indicated by previous studies [11,38,42-84].

The physical examination remains fundamental in the ACYIM classification, dis-
Iingui.-’..hing the control group from b dogs based on the presence or absence of a heart
murmur [9]. A left apical systolic murmur is the initial clinical finding in MMVD pa-
tients [45,46]. The findings align with previous research, suggesting that murmur intensity
bcjrund 111/ V1 often coincides with advanced stages of heart disease and may indicate an
increased risk of adverse outcomes [35,42,47].

The algorithm uses various physical examination variables to differentiate between
stages, including heart rate, respiratory rate, and capillary refill ime, Heart rate variations
reflect how the sinus node responds to stimulation from the autonomic nervous system,
which regulates heart rate through sympathetic tone. As MMV D severity increases, heart
rate gradvally rises, a trend confirmed by various studies [45-50], an observation confirmed
in this study. Physical activity and envirenmental stress can temporarily increase heart
rate [51].

Resting respiratory rate (RRER) is an easily measurable clinical parameter for clinicians
and pet owners, hiBhlighting; its importance. Healthy dogs typically exhibit a RER below
40 breaths per minute (bpm) in a clinical scenario [52=54] and below 30bpm at home [53].
Chur findings are consistent with previous studies indicating an increase in respiratory rate
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from stage B2 to stage C [50,55]. Capillary refill time (CET) is a simple tool to assess periph-
eral perfusion, circulatory stability, and hydration status [54,55]. Our study found that CET
inereased as MMV D progressed, which may indicate deteriorating haemodynamie [56]. In
human medicine, it is commonly used to assess critically ill patients with cardiopulmonary
pathalogies [55]. CRT's usefulness may be affected by inter-observer variability, and it is
recommiended to be used in conjunction with other diagnostic tests [56-58].

Theme were no significant differences in systolic blood pressure measurements bebween
groups. Systemic hy pertension can cause irreversible damage to organs, while systemic
hypotension can result in circulatory shock due to inadequate tissue perfusion [59,60]. A
decrease in systolic blood pressure with MMVD progression has been documented [6,60]
While the current study employed the same blood pressure measurement protocol, the
absence of significant findings between groups could be attributed to the individual vari-
ability among dogs, the level of excitement or relaxation exhibited by patients, the ease
of patient handling, and the relaxed and comfortable environmental conditions where
measurements were conducted.

While the study conducted provides valuable insights, it also carries limitations,
First, dogs were studied only once. Other studies follow up and observe variations over
time [6,12], making their data more robust by following a repeated measures model. Sec-
ond, despite the efforts made to establish consistent diagnostic eriteria, the multicentre
approach of the study resulted in some subjectivity in collecting data from the physical
and echocardiographic examinations. Experienced veterinarians performed the echocardio-
graphic measurements, which an ACVIM board-eligible professional reviewed, However,
inter-observer variability in measurements may result in differences in specific measure-
ments, which could affect the ACVIM classification of a dog [60.61] and, consequently,
the accuracy of the machine learning algorithms. Third, the study included a diverse
dog population with different breeds, ages, and sizes, which was essential for developing
classification trees wsing machine learning technigques. Although many breeds ane included
in this study, it is worth noting the absence of dogs from breeds with a high predisposi-
tion to the development of MMVD, such as the CKCS [4], which could affect the results
obtained. This mav be due to the limited presence of CKCS in the countries where the
study was conducted, which may be a limiting factor of this study. The inclusion of this
breed in future studies may improve the results of our hy pothesis. Concurrent diseases
were not excluded, which mirmors the neality of geriatric patients with multiple comorbidi-
ties. Fourthly, owners' subjective assessments may have been influenced by concomitant
pathologies, his personal opinions and emotional state, and the dog’s clinical signs, making
it c'haﬂenﬁlnﬁ to differentiate cardiac-related .-'.i.sru'h Similar observations have been seen in
human patients with congenital heart disease and high anxiety levels [62] and in patients
who withhold medical information due to embarrassment or ignorance [63,64], The efficacy
of machine learning techniques relies on proper pre-processing of data, precise training
of models, and refinement of systems [65]. These factors pose significant challenges that
require additional efforts to overcome. As such, exploring and implementing strategies that
address these challenges are crucial to enhancing the accuracy and reliabality of machine
learning processes.

5. Conclusions

Machine learning techniques, based on a quality of life survey, clinical history, and
physical examination, can be helpful additional teols when approaching dogs with MMYD
in the first-opinion scenario. In most cases, the proposed model could classify healthy
dogs and patients in stages B and C, according to the ACVIM classification for MMV
However, it still faces difficulties differentiating between stages B1 and B2 and determining
the advanced stages of the disease, C and D Furthermore, the FETCH-O survey showed
that owners were aware of their dogs’ deterioration as MMVD progressed. To validate
the algorithms, conducting clinical prospective studies on patients at different stages of
MMVD would be necessary.
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Simple Summary: Rapid and acourate interpretation of echocardiographic results in dogs
is crucial to good clinical decision-making. In this study, we developed and evaluated a
graphical method called CARDIOBOX, designed to simplify the visual representation of
echocardiographic values. CARDIOBOX is a system consisting of three overlapping boxes,
which house nine boxes. Each box represents a specific range of echocardiographic values.
Its design is based on the results of an analysis of 2967 dogs. In this process, percentiles
and cut-off points were established to delimit the boxes corresponding to normal and
abnormal ranges, To evaluate the efficacy of CARDIOBOX, 55 veterinarians participated in
the interpretation of echocardiographs of dogs, presented in two different formats: using
CARDIOBOX and exclusively using numerical reference tables. The time taken to interpret
and the accuracy of responses in each format were recorded. The results indicated that
CARDIOBOX enabled veterinarians to interpret echocardiographic values more quickly
without decreasing interpretation efficiency. This study shows that CARDIOBOX allows
veterinarians to interpret and apply echocardiographic results more quickly and effectively,
significantly facilitating clinical decision-making.

Abstract: Introduction and objective: Rapid and efficient interpretation of echocardio-
graphic findings is critical in clinical decision-making. This study aimed to design and
validate a new graphical method, called CARDIOBOX, to represent echocardiographic
findings in dogs. Methods: A prospective, observational, exploratory cohort study was
conducted over three years. The design of CARDIOBOX was based on baseline values
obtained from 802 healthy dogs and 2165 ill dogs. Using these data, a graph consisting of
nine bowes was built to show the intervals of the different echocardiographic measurements.
Validation of the method was performed by a survey of 55 veterinarians, who compared
the use of CARDIOBOX with the use of numerical tables. Results: CARDIOBOX demon-
strated significantly faster interpretability {p < 0.05) without reducing its effectiveness. In
addition, the staff surveyed considered it easy to use and interpret. Conclusions: The
introduction of CARDIOBOX emerges as a resource that facilitates rapid and efficient inter-
pretation of echocardiographic findings in dogs. This new graphical method is presented
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as a valuable tool for veterinary professionals in clinical decision-making in the field of
veterinary cardiology.

Keywords: echocardiography; dogs: graphic method; graphic result interpretation;
veterinary cardiology; clinical decision-making

1. Introduction

The exact prevalence of cardiac disease in dogs is unknown, although it may be around
10% of cases seen in daily clinical practice [1]. Echocardiography is the technique of choice
in diagnosing and staging most cardiac diseases [2,3]. Echocardiographic data are usually
interpreted emploving tables, which use allometric formulas to predict average values
based on a dog's weight [4].

Interpreting numerical values can be challenging for the human brain, designed to
interpret graphs more effectively than numbers [5-7]. Human medicine has developed
new strategies to present data innovatively and impactfully [5]. The efficient design of new
graphical representation systems requires fast, simple, and effective implementation and
interpretation, and they have been successfully employed in clinical pathology [9].

Thus, a rew way of displaying these complex echocardiogra phic measurements could
be through their graphic representation, normalizsing the values beforehand so that they
can be easily interpreted independently of the animal’s weight, as in the allometric tables
used in veterinary cardiclogy [4]. Given the challenges faced by patients of varying sizes
and weights in a clinical setting, this study sought to create, standardise, explain, and
assess a visual system for interpreting echmardir-graphic findings, called CARDICBCX
(Comprehensive Analysis of Results of Diagnoestic Imaging Organized in a BOX),

The objectives of this study were as follows: {a) to design a method for graphical
representation of standardised echocardiographic results and (b) to validate the method's
usefulmess in a clinical setting. We hypothesise that CARDIOBOX allows the representation
of echocardiographic numerical results in a simple graph that is easy and efficient to
interpret and that its interpretation is faster than the traditional numerical method.

2. Material and Methods

This project received authorisation from the [nstitutional Commitbee for the Cane and
Use of Experimental Animals (CICUALY) at the Faculty of Veterinary Sciences, University
of Buenos Aires, Argentina (Project 2009/49). All animal owners were informed about
this study’s objectives, methods, and purpose and gave their informed consent, which
was also signed by the veterinarians involved in this clinical study. This study comprised
two phases: (1) the design and standardisation of the CARDIOBOX method using echocar-
diographic values in dogs as a reference and (2) assessing the method's effectiveness
in a elinical context.
2.1. Design and Standardisation of the CARDIOBOX Method

This descriptive, cross-sectional study was conducted to create and standardise the

CARDIOBOX graphical method for assessing dog echocardiographic results. This study
included 2967 dogs.

2.1.1. Patient Selection, Assessment, and Classification

All animals underwent a comprehensive evaluation, including anamnesis, detailed
physical examination, and complementary diagnostic tests. These tests involved measuring
systolic, diastolic, and mean arterial blood pressure with a SunTech Vet 30 oscillometrie
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monitor (SunTech Medical Inc., Morrisville, USA), performing a six-channel electrocar-
diogram using a TEMIS mode]l TM-300 digital electrocardiograph (Temis Tech., Cordoba,
Argentina), right lateral and ventrodorsal radiographic views, and haematology includ-
ing comphete blood count (red blood cells, white blood cells, and platelets, as well as
haemoglobin and haematoent), Biochemistry, including glucose, urea, creatinine, alkaline
phosphate (ALKF), cholesterol, alanine aminotransferase (ALT), total protein, globulin,
albumin, and electrolvtes (sodium, potassium, and chloride), was also measuned.

Based on these assessments, animals wene assigned to one of two groups according
to health status, The HEALTHY GROUT (802 dogs) comprised dogs with no cardiac or
systemic disease signs, excluding breeds with specific echocardiographic reference values
(eg.. grevhounds, Labraders). Dogs diagnosed with cardiae diseaze formed the CARDIAC
GROUP (2165 dogs). Together, the HEALTHY GROUP and the CARDIAC GROUP were
called the TOTAL GROUP (297 dogs).

2.1.2. Echocardiographic Evaluation

Echocardiography was performed following standard clinical recommendations [10]
using a SonoScape Ab ultrasound machine (SonoSeape Medical Corp., Guangdong, China)
with 5=% MHz microconvex probes and a Vinno 5 ultrasoand machine (Vinno, Suzhou City,
China) using 1-5 MHz adult phased array and 511 MHz microconvex probes, The Left
atrium and ascending aorta diameters were measured in Bmode in the right parasternal
short-axis view at early diastole to calculate the left atrium/aorta (LA /Ao) index [11].
Additionally, in the right parasternal short-axis M-mode view at the level of the papillary
muscles, the following parameters were measurned:
Interventricular septal thickness in diastole and systole (TWVSd and TVSs)
Left ventricular internal diameter in diastole and systole (IVIDd and LVIDs)
Left ventricular free-wall thickness in diastole and systole (FLVWd and FLVWz)
The principal investigator (FOG) performed all echocardiographic scans, and one
additional investigator (JEM), each with over ten years of experience and specialised

accreditation in veterinary cardiology, reviewed the images. Images that did not

meet quality standards for accurate measurements were excluded from the analysis.

Echocardiographic values for each patient were standardised to account for body

weight variations using a formula derived from Cornell et al. (2004) [4]:

Standardised Value = Absolute Value (cm)/Weight (kg) B where B is the constant b in
the allometric equation defined by Cornell et al. (2004) [4].

2.1.3. Construction of the CARDIOBOX (:raphica] Method

The CARDIOBOX is a visual tool developed to evaluate graphically echocardiographic
parameters in dogs. Each parameter is represented within a row of nine boxes, divided
into three categories: values below the normal range (boxes 1, Z, and 3), values within the
normal range (central grey boxes 4, 5, and 6), and values above the normal range (boxes 7, 8,
and 9). Each box represents a specific percentile range, allowing an intuitive interpretation
of a patient’s data against neference values derived from a healthy population {see Figure 1)
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Figure 1. Basic structure of the CARDIOBOX. A marker indicates each parameter in one of the mine
boxess boxes 1, 2, and 3 for values below the normal range (white); boxes 4, 5, and & for values
within the mormal range (grey central rectangle): and boes 7, 8, and % for values above the normal
range (white).

The boundaries for cach box in a specific parameter wene determined as follows:

1.  Define overall bounds (minimum and maximum): The minimum and maximum val-
ues were established using data from the TOTAL POPULATION, including HEALTHY
and CARDIAC groups (1 = 2967). The minimum value defines the lower bound of
box 1, while the maximum value defines the upper bound of box 9.

2. Calculate boves 4, 5, and & (normal range): The central normal range was established
using data from the HEALTHY GROUF (n = 802). This standard range spans from the
1st to the #0th percentiles and consists of three central boxes. The intervals between
bowes 4, 5, and & ane equal, with box five centred precisely at the median:

0 Box 5 s centred on the median (30th percentile), representing the midpoint of
the normal distribution,

o Box 4 begins at the 1st percentile of the data of the HEALTHY GROUF and
extends to a central boundary between the 1st percentile and the median,
defining the transition from box 4 to box 5

o Boo & begins at this equidistant boundary on the other side of the median and
extends to the 99th percentile of the data of the HEALTHY GROUR

J. Calculate boxes 1, 2, 3 and 7, 8, 9 (values outside the normal range): To represent
values below and above the normal range, the following steps were applied:

O Fowes 1, 2, and 3 capture values below the 1st percentile of the normal range
(the lower bound of box 4). These boxes are set with equidistant boundaries
that span the range from the minimum value {the lower bound of box 1) to the
start of the normal range.

o Bowes 7, B, and 9 caphune values abeve the 99th percentile of the normal range
ithe upper bound of box &). These boxes are also set with equidistant bound-
aries, covering the range from the end of the normal range to the maximum
value (the upper bound of box ).

2.2, Validation of the CARDIOBOX

A survey was designed to assess the clinical utility of the CARDIOBOX graphical
tool. This survey was created following the CHERRIES checklist [12]. The survey was
developed and hosted on the JOTFORM platform (https: / / form jotformocom /2232783195
52059, last accessed on 19 August 2023, also accessible on Supplementary Materials Figure
51), automatically recording each question’s response time. The survey was active feom
25 November to 6 December 2022, It was distributed in specialised veterinary groups,
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including cardiology, anaesthesiology, and general clinical practice. Participation was
anocnymous and voluntary.

The survey included four prominent clinical cases with echocardiographie findings:
two patients without pathology and two with myxomatous mitral valve disease (MMVI)
at different stages. Each case was presented using two formats: (a) a panel of numerical
echocardicgraphic values accompanied by a reference table and (b) a CARDIOBOX chart
displaying the values graphically.

The four cases were presented randomly, two using the CARDIOBOX method (one
healthy and one pathological case) and two using the traditional numerical method with
reference values (one healthy and ome pathological case).

key variables studied included response time (automatically measured by JOTFORM)
and the percentage of correct answers for the seven variables under analysis. Additionally,
participants were asked to rate the effectiveness and ease of use of the CARDIOBOX method
compared to the tradibional numerical format using a 5-point Likert scale. A final question
gauged their willingness to adopt CARDIOBOX in clinical practice,

Statistical Analysis

The statistical analysis was done using the R language program (4.4.2). The first step
is calculating the percentiles for the studied standardised echocardiographic vanables to
build the CARDIOBOX graph,

In the second step, a detailed statistical analysis was conducted to assess the effect of
the presentation method (CARDIOBOX vs. numerical) and the presence of pathology on
response time and accuracy. [t was also used to analyse participants’ perceptions using
Likert-type questions.

The parameters analysed in the survey were nesponse time (TIME) and percentage
of cormect answers (CORRECT), which wene compared in two cases: CARDIOBOX and
cases with numerical results and reference tables. Using the Shapiro-Wilk test, the null
hypothesis of normality could be rejected. As the response data (Hime and correct answers)
did not have a normal distribution, to validate the results of the form and detect statistical
differences, the Wilcoxon test was used to compare the variables” percentage of correct
answers and response time between groups. The significance level was set at 5% (p < 0L05).

Descriptive statistics, such as means and standard deviations, were caloulated for
response time and percentage of cormect responses, grouped by method of presentation and
presence of pathology. Shapiro-Wilk normality tests indicated that the data did not follow
a normal distribution, justifying non-parametric tests in subsequent analyses.

The non-parametric Friedman test for repeated-measures data was applied to compare
the median response time and percentage of correct responses among the different cases,
Adfter finding significant differences, post hoo comparisons were performed using the
Wilcoxon paired signed-rank test with Bonferroni correction to adjust the significance level
due to multiple comparisons. A linear mived model was also used to analyse the effect of
the method of presentation, presence of pathology, and order of presentation on response
time and percentage of correct responses, These models allow for repeated measures of
data and intra- and inter-subject variability. The lmer function of the lmed R package was
used, inmrpm'at:ins fixed effects for the method of assesament, the presence or absance of
pathology, and the order in which cases were presented, as well as their interactions, in
addition to a random effect for the participant’s identifier (identifier variable). A similar
moddel was fithed for the percentage of comect answers.

Cronbach’s alpha coefficient was calculated to measure the reliability of the scales
used in the questionnaire and assess the internal consistency of the Likert-type questions
related to the perceived ease of use and effectiveness of CARDIOBUOIX,
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3. Results

A total of 2067 dogs participated in this study. OF these, 802 wene classified as healthy,
forming the HEALTHY GROUF while 2165 were diagnosed with cardiac diseases and
wene included in the CARDIAC GROLUT Table 1 shows the calculated percentiles for data
parameters for the HEALTHY GROUP and TOTAL GROUT: The CARDIOBOX boxes" limits
were determined and shown in Table 2 using this data.

Table 1. Calculated percentiles using the normalised data from 802 healthy dogs and the total
Pnpu]atinn {m = 2967).

Percentile

HEALTHY GROUP Min 1 2.5 5 25 S 75 95 97.5 99 Max
AlDn 049 056 059 062 0.70 075 0.82 0.92 0.96 1.00 123
VS5 0.25 029 031 032 038 042 046 03 056 058 069
LVIDDR 054 1.12 1.19 122 1.38 147 1.55 1.66 1.68 1.69 1.74
PLVWDn 023 02 029 030 037 042 047 056 058 062 069
V550 033 043 043 046 05 059 064 074 077 082 092
LVIDSn 0.28 047 0 0.58 073 0.82 090 1.01 1.04 1.06 1.09
PLVWSn 0.37 041 044 047 0.54 061 (LBE 077 080 083 095

TOTAL POPULATION

AlDn 0.35 058 06l .64 073 0.80 oe] 1.20 1.37 1.52 233
V3D 022 028 030 032 038 043 048 056 060 065 084
LVIDDn 0.68 1.07 116 1.22 141 1.54 ) 212 129 2.46 304
PLVWDn 0.19 0. 029 0.21 0.38 043 049 0.57 06l 065 086
VS5 011 040 044 047 0.55 0.62 (68 0.81 0.85 0.90 1.22
LVIDSn 024 045 052 0.59 075 0.86 097 118 1.34 1.58 255
PLVWSn 032 041 044 047 05 063 070 081 08 082 112

AIDn: rormmadised Jeft abrial intennal diameber in diastode, VS50 normalised interventricular sepial thickness in

diastole. INTDDn: normalised left ventricular intermnal diameter at diastiole, PLYWDne normalised left ventricular

free-wall thickness in diastole. VS5 normalised interventricular septal thickness in systobe. IVTDSn normalised

left ventricular internal diameter at systole. PLVWSn: normalised keft ventricular free-wall thickness in systole.

Tahle 2. Limits for each box for constructing the CARDIOBOX for the shudied echocardiographic variables
BOX 1 BOX 2 BOX3  BOX4 BOX 5 BOX & BOX7 BOX 8 BOX 9

AlDn 035 041 042 048 049 055 056 070 071 085 08 100 101 126 1% 15 15 2112
WesDn 022 0 025 026 027 028 020 039 040 048 049 058 050 061 062 085 066 084
VIDDn 068 082 083 08 097 111 112 131 132 150 151 169 1F0 207 208 246 247 3ad
FLVWDn 019 021 0622 023 024 0325 026 038 039 050 051 062 063 063 064 065 066 086
WsSn 041 021 022 032 033 042 043 056 057 069 070 082 083 085 086 090 091 L2
WVIDSn 024 031 032 039 040 046 047 067 068 086 087 106 107 132 133 158 159 255
PLVWSn 032 035 036 035 039 040 041 055 056 069 070 08 084 08 0O 089 090 112

76

AlDn: normalised loft atrial internal diamseber in diastede. TVSSDre normalised interventricular sepial thicleness in
diastole, LVIDDn: normalised left ventricular internal diameter at diastole, PLYWDn normalised left ventricular
free-wall thickness in disstole. VS50 normalised inlerventricular septal thickness in systobe. LVIDSn normalised
leit ventricular intérmal dlarmhr.rh:,rﬂnlt. PIVWSs: normalised beft ventricular frse-wall thicloness lnsysl:ult.
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Validation of the CARDIOBOX

A total of 55 surveys were collected. Fesults indicated that evaluation times were
significantly shorter with CARDIOBOX than with the traditional numerical method
{p = 0.0001), with no significant time difference between cases with or without pathol-
ogy (CARDIOBOX: p = 0.28; Numeric: p = 0.80). CARDIOBOX also yielded a higher
pereentage of cormect answers compared to the numerical method (p = 0.02793), and there
was no significant difference in accuracy between cases with and without pathology as
shown in Table 3 (CARDIOBOX: p = 1; Numeric: p = 0.224),

Table 3. Mean time and standard deviation employed in the evaluation of echocardiographic
data from the cases using the traditional numerical method and the propesed graphical method
(CARDIOBOX) and percentage of correct answers in evaluating echocardiographic data of the cases
using the conventional numeric method and the propesed graphical method (CARDIOBOX).

Method Pathology Muan Time S0 Time Correct
CARDIOBOX, NO b5 35 7T
CARDIOBOX YES 72 a2 T
Numeric MO 109 52 LT
 Numeric YES 128 61 o3.5%

Farticipants” perceptions of the CARDIOBOX graphical tool wene also assessed using
Likert-type questions, and the effect of the presentation method (traditional vs. CAR-
DIOBOK) was analysed.

Mean scores and standard deviations wene obtained for two critical aspects of the
tool. Ease of use received a mean scome of 4.49 (out of 5) with a standard deviation of
0.98, indicating that participants perceived the tool as easy to use. The tool's effectiveness
received a mean score of 4,18 (out of 5) with a standard deviation of 1.19, suggesting that
users consider CARDIOBOX effective for interpreting echocardiographic results.

The frequency analysis showed that most participants gave high scores in terms of
ease of use: 40 people rated it a five, 7 a four, and only 8 gave scores of three or lower. For
the tool's effectiveness, 32 participants rated it a five and 10 a four, while 13 scored three or
less. Results are shown in Figure 2.
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Figure 2. Likert graphs for perceived case of use and tool ¢ flechivenes.

Interest in the future implementation of CARDIOBOX was high, with 44 respondents
(80%:) considering it beneficial for patient information. A smaller group of 10 respon-
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dents (18.18%) expressed uncertainty about its usefulness, while only 1 (1.82%) deemed
it irrelevant.

Cronbach’s alpha was caleulated for the first two Likert-type questions (ease of use
and effectiveness of the tool). obtaining a value of 0,76, This result indicates good intemal
consistency between items, supporting the measures” neliability.

For the analysis of turnaround time and accuracy, a linear mixed model was fitted o
assess the effect of presentation method, presence of pathology, and order of presentation
on turmaround time. The mesults showed that the traditional method was associated
with a significant increase in turmaround tme compared to CARDIOBOX, Specifically,
using the conventional method increased response time by 4949 5 (standard error = 4.65,
Fvalue = 10.64). Pathology had no significant effect on response time {(f-value = <0.18), nor
did pathology significantly affect the onder of presentation (tvalue = 1.21)

A linear mived model was used to caloulate the percentage of correct answers, The
results indicated that the traditional method tended to slightly decrease the rate of commect
answers compared to CARDIOBOX, with a reduction of 00299 (standard error = 0.0154,
Fvalue = =1.94). However, this effect did not reach statistical significance. The presence of
pathology showed no significant impact on the accuracy of responses (fvalue = 1.47), and
the order of presentation had no considerable effect either (f-value = 1.27). Analysis of the
impact of the order of presentation revealed that this factor had no significant influence on
either response time or the percentage of correct answers, This indicates that no learning or
fatigue effects were observed that could bias this study’s nesults,

The Likert-type questions indicated a positive trend in participants” perceptions of
CARDIOBOX. Most participants gave high ratings for ease of use and effectiveness, and
many showed interest in its futune implementation.

4, Discussion

The CARDIOBOX graphical method was developed to provide a standardised, effi-
cient, and intuitive means for interpreting dog echocardiographic parameters. Our findings
support our hy pothesis that CARDIOBOX, could facilitate rapid and reliable clinical as-
sesaments. Clinicians found the toal user-friendly and effective in distinguishing between
healthy and pathological cases, with significantly faster assessment times than traditional
numerical methods, such as the Cornell allometric scaling charts [4].

Defining the range limits within the nine CARDIOBOX boxes was critical for clinical
accuracy and utility. The method was constructed using a percentile-based approach, where
the outer bounds (minimum and maximum} were defined from the TOTAL POPULATION,
which included both healthy and cardiac groups. At the same time, the central boxes
{4, 5, and &) were determined exclusively from the HEALTHY GROUP This combined
approach aims to balance sensitivity for pathological cases with specificity for healthy cases,
providing a reliable diagnostic aid for veterinarians,

Using the TOTAL POPULATION to define the minimum and maximum values (boxes
1 and 9) ensures that CARDIOBOX captures the full range of values encountered in prac-
tice, enhancing sensitivity by encompassing the entire data spectrum. This is essential,
as a narrow outer range might exclude clinically relevant values. Including data from
both healthy and cardiac groups at the extremes allows CARDIOBOX to reflect the broad
echocardiographic variation seen in practice, making it suitable for diverse cases [4,13].
However, defining the central boxes (4, 5, and 6) from the HEALTHY GROUP ensures that
standard range cutolfs remain strictly derived from non-pathological values, preserving
high specificity. Frevious research suggests that using only heal!h:,.r populations for refer-
ence intervals is crucial for avoiding skewed ranges, which could misrepresent the normal
distribution [3].
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Another potential approach to constructing the CARDIOBOX would be to define the
central and extreme boxes exclusively from the HEALTHY GROUT data. While this might
yield a tighter distribution, such a configuration would likely result in pathological values
clustering at the outermost edges (boxes 1 and ). This clustering could reduce diagnostic
efficacy, as it may limit the method’s ability to differentiate degrees of abnormality, making
distinguishing between mild and severe pathology harder. Practical diagnostic tools benefit
from capturing a spectrum of abnormal valees, enabling clinicians to detect deviations at
varying stages [8]. By using healthy-only data to set the normal range while relying on
the broader total population for the extremes, CARDIOBOX enhances both specificity and
sensitivity across clinical cases.

CARDIOBOX was validated by 55 veterinarians, who responded positively to its case
of use and effectiveness, While the feedback suggests high user satisfaction, expanding this
study to include veterinarians with varyving experience in cardiology would provide mone
comprehensive validation. Additional insights from general practitioners and specialists
would help confirm that CARDIOBOX is universally accessible. Given that veterinary
technology can sometimes face resistance due to kearning curves, the ease-of-use scores
indicate that this tool could integrate smoothly into clinical practice, regardless of users’
prior experience [13].

A further consideration is this study’s focus on dogs under 20 kg, which restricts
generalisability to larger breeds with differing cardiac morphologies. The variability in
cardiac parameters across breeds underscones the importance of expanding CARDIOBOX
to include larger dogs and diverse morphologies and validating its applicability for other
canine populations. Further rescarch in this direction would strengthen CARDIOBOX as a
versatile tool and extend its clinical relevancoe.

Standardised echocardiographic values adjusted for weight through allometric scaling
ensure consistency in measurement across dogs of different body sizes (see Supplementary
Materials Tables 51 and 52). However, a more detailed explanation of how allometric
scaling integrates with the graphical method could provide a mone robust theoretical basis.
This explanation would enhance readers” understanding of the method’s applicability
across different body sizes, further supporting CARDIOBOX s validity as a tool for diverse
velerinary populations.

Although this study provides valuable cross-sectional data, longitudinal studies could
offer additional insights into how well CARDIOBOX performs over Hime, especially in
monitoring disease progression or assessing treatment efficacy. Applying CARDIOBOX
in a longitudinal context could reveal its potential for tracking individual changes in
echocardiographic parameters, broadening its utility in velerinary practice.

In human medicine, graphical data representation is widely recognised as beneficial
for diagnostic accuracy, interpretive speed, and error reduction, mainly when it balances
central tendencies with extremes [ 14]. CARDIOBOX follows these principles by adopting
percentile-based limits, enhancing sensitivity and specificity for a reliable, clinically useful
tool. By employing a clear, percentile-based visual differentiation, CARDIOBOX supports
prompt and accurate decision-making in clinical settings [15]. Additionally, user feedback
in this study highlights the positive reception of CARDIOBOX s layvout, suggesting that
graphical tools of this type could be beneficial across veterinary and human medicine for
complex data interpretation [13].

The unigue advantages of this new graphical method are summarized as follows: (A)
It solves a critical problem. Traditional numerical representation of echocardiographic
data often leads to delays and errors in interpretation, particularly in scenarios requiring
quick decisions or for practitioners without immediate access to reference materials (see
Supplementary Materials Figure 52). By providing a straightforward graphical represen-
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tation, the method significantly reduces interpretation time while maintaining diagnostic
accuracy. Furthermore, (B) it fills an existing gap. While echocardiography and its result-
representation metheds ane well-established, no simple and casily adaptable method exists
for futune integration into ultrasound software. This approach bridges the gap by enabling
automated, reliable, and simplified interpretations directly within altrasound devices,
empowering clinicians to make immediate decisions without external resources. Lasthy, (C)
it simplifies and modemizes an existing solution. Beyond its graphical design, it is built to
seamlbessly integrate with emenging technologies such as Deep Learning and Artificial Inbel-
ligence (Al). These advancements promise faster and more accurate interpretations, while
the system’s scalability allows practitionens to build personalized neference tables tailored
to their patients and clinical approaches, making it a dynamic and evolving tool for modern
veterinary practice. It has the potential to be integrated into ultrasound software, facilitating
real-time graphical representation and automatic interpretation of echocardiographic data,
which further enhances its utility in clinical settings, CARDIOBOX could integrate Al and
machine learning to enhance diagnostic capabilities. Developing automated algorithms for
segmentation and measurement could provide clinicians with immediate, standardized
echocardiographic assessments. Tests in simulated environments show that using computer
vision in ultrasound devices can streamline data acquisition and offer real-time feedback in
CARDIOBOX outputs. These improvements would aid in monitoring disease progression
and treatment efficacy, expanding CARDIOBOX s impact in veterinary cardiology.

This study has certain limitations, At present, this first study does not consider all the
echocardiographic parameters. In this publication, we have focused on introducing the
CARDIOBOX system using the main absolute parameters that vary with body weight. In
addition, the CARDIOBOX system is validated on breeds with standard weight-adjusted
neference tables, excluding Greyhounds, Labradors, and other giant breeds that are not
nepresented in the demographic studied, as well as specific brachveephalic breeds that
requine customised reference tables, Future research should investigate the applicability
of this system to these excluded breeds, also exploring variations between breed types
(brachyoephalic, mesocephalic, and dolichocephalic) and size (small vs giant). In addition,
extending the research to other species, such as cats and even humans, is essential to realise
the full potential of this system. In conclusion, CARDIOBOX represents an effective tool for
interpreting echocardiographic results in dogs, significantly improving interpretation speed
without compromising diagnostic accuracy, The balance bebween sensitivity and specificity
through the combined use of healthy and total population data enhances its applicability
across clinical scenarios, from general practice to specialised cardiology. However, ex-
panding the tool's validation to larger breeds, and conducting longitudinal studies would
further strengthen CARDIOBOX s potential. These findings suggest that CARDIOBCX
could become a widely applicable alternative to traditional methods, advancing clinical
data interpretation and optimising patient care in veterinary medicine.

Supplementary Materials: The following supporting information can be downloaded at: hitps:
S fwwewmdpicom,/article / 103300 vetsct L2010034/ 51 ; Figure 51: Form template used to validate
the Cardiobos: (jotform English.doac). Table 51: Table showing reference values of echocardiographic
parameters using the CARDIOBOX system for dogs weighing up to 17 kg: Table S2: Table showing
reference values of echocardiographic parameters using the CARDIOBOX system for dogs weighing
20 ta 50 kg, Figure SZ (CARDIOBOX REPORT.doc) ecochardiographic meport including the template
of Cardiobaosc
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5.1.- Los resultados de nuestro trabajo apoyan la validez de la versién
espafola del cuestionario FETCH-Q™ para evaluar la evolucién de
la calidad de vida de los pacientes caninos con MMVD, a medida que
evoluciona la enfermedad en los distintos estadios ACVIM.

5.2.- Las técnicas de aprendizaje automatico, basadas en una encuesta
de calidad de vida, el historial clinico y la exploracion fisica, pueden ser
herramientas adicionales Utiles a |la hora de abordar perros con MMVD en
las clinicas generalistas. En la mayoria de los casos, el modelo propuesto
pudo clasificar perros sanos y pacientes en estadios ACVIM By C.

5.3.- El sistema CARDIOBOX representa una herramienta eficaz para
interpretar los resultados ecocardiograficos en perros, mejorando
significativamente la velocidad de interpretacién sin comprometer la
precision diagndstica. Estos resultados sugieren que CARDIOBOX podria
convertirse en una alternativa ampliamente aplicable a los métodos
tradicionales de datos clinicos y optimizar la atencién al paciente en
medicina veterinaria.

NN N RN

5.1.- The results of our work support the validity of the Spanish version
of the FETCH-Q™ questionnaire in evaluating the evolution of quality of
life for canine patients with MMVD as the disease progresses through the
various ACVIM stages.

5.2.- Based on a quality-of-life survey, clinical history, and physical
examination, machine learning techniques may serve as helpful additional
tools for treating dogs with MMVD in generalist clinics. In most cases, the
proposed model could classify healthy dogs as well as ACVIM stage B and
C patients.

5.3.- The CARDIOBOX system is an effective tool for interpreting
echocardiographic findings in dogs. It significantly enhances the speed of
interpretation without compromising diagnostic accuracy. These results indicate
that CARDIOBOX could serve as a widely applicable alternative to traditional
clinical data methods and optimise patient care in veterinary medicine.
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En el primer trabajo se evalué la utilidad de la encuesta de calidad de vida
FETCH-Q™ en pacientes caninos con MMVD con tutores de habla hispana.
El objetivo fue evaluar si los datos de la encuesta se correlacionaban con
el empeoramiento de los signos clinicos a medida que avanzaba el estadio
ACVIM de la enfermedad mixomatosa de la valvula mitral. Se estudiaron
228 perros de 51 tutores, de 7 clinicas privadas y 2 hospitales universitarios,
y se hizo un seguimiento a dos semanas para repetir la prueba. Nuestro
trabajo confirma que el cuestionario FETCH-Q™ puede ser utilizado para
evaluar la evolucion clinica de la MMVD.

La enfermedad mixomatosa de la valvula mitral es la cardiopatia adquirida
mas frecuente en los perros. La prueba estdndar para su diagndstico
definitivo es la ecocardiografia. El objetivo del segundo trabajo fue
desarrollar una herramienta que utilice una encuesta de calidad de vida,
una anamnesis estructurada y una exploracion fisica para predecir los
estadios de la clasificacién del Colegio Americano de Medicina Interna
Veterinaria. Identificar con precisién el estadio de un paciente es crucial
para evaluar cudndo debe iniciarse el tratamiento y adaptarlo a su estadio
ACVIM. El estudio analiz6 1011 perros de 23 hospitales, y los resultados
mostraron que la mayoria de los pacientes se clasificaron con éxito en
el grupo de control (perros sanos), estadio B (perros con soplo cardiaco
pero asintomaticos) y estadio C (perros con insuficiencia cardiaca). Sin
embargo, no se obtuvieron resultados eficientes para diferenciar entre el
estadio B1 (perros con soplo cardiaco y sin agrandamiento del corazén)
y el estadio B2 (perros con soplo cardiaco y agrandamiento del corazén).

En este trabajo, desarrollamos y evaluamos el método CARDIOBOX,
disefiado para simplificar la representacién visual de los valores
ecocardiogréficos. Para evaluar la eficacia de CARDIOBOX, 55
veterinarios participaron en la interpretacion de ecocardiografias de
perros, presentadas en dos formatos diferentes: utilizando CARDIOBOX
y utilizando exclusivamente tablas numéricas de referencia. Se registraron
el tiempo empleado en la interpretacion y la precisién de las respuestas
en cada formato. Los resultados indicaron que CARDIOBOX permitia a
los veterinarios interpretar mas rapidamente los valores ecocardiograficos
sin disminuir la eficacia de la interpretacion. Este estudio demuestra
que CARDIOBOX permite a los veterinarios interpretar y aplicar los
resultados ecocardiogréficos con mayor rapidez y eficacia, facilitando
significativamente la toma de decisiones clinicas.
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In this paper was evaluated the utility of the FETCH-Q™ quality of life
survey in canine MMVD patients with Spanish-speaking owners. The aim
is to determine whether the survey data correlates with worsening clinical
signs as the ACVIM stage of myxomatous mitral valve disease progresses.
Two hundred twenty-eight dogs from 51 owners, seven private clinics,
and two university veterinary hospitals were studied and followed up for
repeat testing for up to 2 weeks. Our work confirms that the FETCH-Q™
questionnaire effectively assesses the clinical course of MMVD.

Myxomatousmitralvalve disease isthe mostcommonacquiredheartdisease
in dogs. The gold standard for definitive diagnosis is echocardiography.
The aim of this second study was to develop a tool that utilises a quality-
of-life survey, structured anamnesis, and physical examination to predict
the classification stages of the American College of Veterinary Internal
Medicine (ACVIM). Accurately identifying a patient’s stage is crucial for
determining when treatment should be initiated and for tailoring it to their
ACVIM stage. The study analyzed 1,011 dogs from 23 hospitals, and the
results indicated that most patients were successfully classified into the
control group (healthy dogs), stage B (dogs with a heart murmur but are
asymptomatic), and stage C (dogs with heart failure). However, efficient
results were not achieved in differentiating between stage B1 (dogs with a
heart murmur and without heart enlargement) and stage B2 (dogs with a
heart murmur and heart enlargement).

In this study, we developed and evaluated a graphical method called
CARDIOBOX, which aims to simplify the visual representation of
echocardiographic values. To assess the efficacy of CARDIOBOX, 55
veterinarians participated in interpreting echocardiographs of dogs
presented in two formats: using CARDIOBOX and solely utilising
numerical reference tables. We recorded the time taken for interpretation
and the accuracy of responses in each format. The results indicated that
CARDIOBOX enabled veterinarians to interpret echocardiographic values
more quickly without compromising the efficiency of interpretation. This
study demonstrates that CARDIOBOX allows veterinarians to interpret
and apply echocardiographic results swiftly and effectively, significantly
aiding clinical decision-making.
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Will Rogers, comediante y actor estadounidense nacido en 1879 dijo:
“El mejor médico del mundo es el veterinario: él no puede preguntarles a sus
pacientes qué les pasa. Simplemente, lo tiene que saber”.

La enfermedad mixomatosa de la valvula mitral representa la cardiopatia
adquirida méas comun en la préactica veterinaria, afectando a una proporcién
significativa de pacientes caninos. El presente trabajo surge como resultado

de una investigacion orientada a optimizar el abordaje diagndstico de
esta patologia. Se propone brindar a los clinicos veterinarios herramientas
diagnésticas actualizadas y basadas en la evidencia, con el objetivo de facilitar
una deteccidn precoz y una gestién clinica mas eficaz. Asimismo, se espera que
esta contribucién constituya un punto de partida para futuras investigaciones
que permitan profundizar en el entendimiento de la enfermedad y, en
consecuencia, mejorar la calidad de vida de los pacientes afectados.
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