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Introduction

Ebstein's anomaly (EA) is a congenital tricuspid valve (TV) defect, which was first described by Wilhem Ebstein in a 19-year-old human patient in 1866 [START_REF] Van Son | Wilhelm Ebstein and Ebstein's malformation[END_REF][START_REF] Mann | The life story of Wilhelm Ebstein (1836-1912) and his almost overlooked description of a congenital heart disease[END_REF]. Ebstein's anomaly is characterized by mild to severe apical displacement of the TV leaflets (septal (most often), mural, or both), resulting from failure of delamination of the leaflets from the underlying ventricular wall during embryologic development [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF][START_REF] Muñoz-Castellanos | Ebstein's Anomaly: anatomo-echocardiographic correlation[END_REF][START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF][START_REF] Yuan | Ebstein's anomaly: genetics, clinical manifestations, and management[END_REF][START_REF] Dearani | Ebstein anomaly review: what's now, what's next?[END_REF][START_REF] Webb | Congenital heart disease[END_REF].

The downward displacement of the TV leaflets results in an anteroapical shift of the functional TV orifice toward the right ventricular outflow tract. The right ventricle (RV) is thus divided in two parts, i.e., the "atrialized" portion of the RV (or inlet portion), which is functionally integrated with the right atrium (RA), and the functional RV including its trabecular and outlet portions [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF][START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF][START_REF] Dearani | Ebstein anomaly review: what's now, what's next?[END_REF]. In addition to the downward displacement of the TV leaflets hinge points, the TV leaflets can often be dysplastic with variable degrees of remodeling, thickening and fenestrations [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF][START_REF] Webb | Congenital heart disease[END_REF]]. Ebstein's anomaly typically leads to TV regurgitation with dilation of the atrialized portion of the RV, dilation of the RA and the anatomic TV annulus, and decrease in the functional RV size, although dilation of the latter RV portion may also occur [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF][START_REF] Muñoz-Castellanos | Ebstein's Anomaly: anatomo-echocardiographic correlation[END_REF][START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF][START_REF] Yuan | Ebstein's anomaly: genetics, clinical manifestations, and management[END_REF][START_REF] Dearani | Ebstein anomaly review: what's now, what's next?[END_REF][START_REF] Webb | Congenital heart disease[END_REF]. Some authors consider Ebstein's anomaly as a special form of TV dysplasia [START_REF] Yuan | Ebstein's anomaly: genetics, clinical manifestations, and management[END_REF], but most authors usually distinguish EA from TV dysplasia, which encompasses congenital abnormalities of the TV without any apical displacement of the TV leaflets [START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF].

In humans, EA is a rare congenital heart disease, occurring in about 1 to 5 per 200,000 live births and accounting for less than 1% of all congenital heart diseases [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF]. Congenital TV malformations represent 1.9 to 7.5% of all congenital heart diseases in the dog [START_REF] Buchanan | Prevalence of cardiovascular disorders[END_REF][START_REF] Baumgartner | Congenital cardiac diseases in dogs: A retrospective analysis[END_REF][START_REF] Oliveira | Retrospective review of congenital heart disease in 976 dogs[END_REF][START_REF] Schrope | Prevalence of congenital heart disease in 76,301 mixedbreed dogs and 57,025 mixed-breed cats[END_REF][START_REF] Tidholm | Retrospective study of congenital heart defects in 151 dogs[END_REF][START_REF] Chetboul | Retrospective study of 156 atrial septal defects in dogs and cats (2001-2005)[END_REF] and EA 2.4% according to one study [START_REF] Chetboul | Retrospective study of 156 atrial septal defects in dogs and cats (2001-2005)[END_REF]. Canine EA has been mostly described through case reports or case series [START_REF] Choi | Ebstein's anomaly with an atrial septal defect in a jindo dog[END_REF][START_REF] Takemura | Ebstein's anomaly in a beagle dog[END_REF][START_REF] Eyster | Ebstein's anomaly: a report of 3 cases in the dog[END_REF]. To the best of our knowledge, very few studies have been published on congenital TV malformations in the dog, and most of them do not differentiate animals with EA from those with TV dysplasia [START_REF] Adin | Tricuspid valve dysplasia[END_REF][START_REF] Kornreich | Right atrioventricular valve malformation in dogs and cats: an electrocardiographic survey with emphasis on splintered QRS complexes[END_REF][START_REF] Chetboul | Congenital malformations of the tricuspid valve in domestic carnivores: a retrospective study of 50 cases[END_REF][START_REF] Andelfinger | Canine tricuspid valve malformation, a model of human Ebstein anomaly, maps to dog chromosome 9[END_REF][START_REF] Navarro-Cubas | Tricuspid valve dysplasia: A retrospective study of clinical features and outcome in dogs in the UK[END_REF]. Thus survival time and prognostic factors predictive of survival in dogs with EA remain unknown.

The objectives of this retrospective study were therefore 1) to document the epidemiological, clinical, echocardiographic and Doppler features of dogs with EA, and 2) to assess their clinical outcomes, survival times, and exposures associated with cardiac death.

Animals, Materials and Methods

Animals

The study population consisted of client-owned dogs that had been diagnosed with EA following echocardiographic examination at the Alfort Cardiology Unit (UCA) at the National Veterinary School of Alfort (France) and the Veterinary Hospital "Centre Hospitalier Vétérinaire des Cordeliers" at Meaux (France) between January 2002 and October 2016. Dogs with equivocal echocardiographic findings were not included in the study.

Medical records review

Paper and electronic medical records of the included animals were carefully reviewed. Data regarding breed, age, sex, and body weight were obtained. Clinical status at the time of EA diagnosis, echocardiographic findings (including measurements, presence and types of concomitant congenital heart diseases), and data on outcomes were also recorded.

Standard echocardiography and Doppler examination

Standard two-dimensional (2D), M-mode, and Doppler examinations were performed in awake standing animals with continuous ECG monitoring by trained observers using ultrasonographic units f,g , as previously described [START_REF] Chetboul | Observer-dependent variability of quantitative clinical endpoints: the example of canine echocardiography[END_REF].

Apical displacement of the tricuspid annulus, morphology of the TV leaflets and chordae tendinae were evaluated on right parasternal and left apical 4-chamber views. The left apical 4-chamber view focused on RV cavities was also used to calculate the maximal area of the tricuspid regurgitant jet signal-to right atrium area ratio using color-flow Doppler mode. Left (LA) and right (RA) atrial diameters were measured using the 2D right parasternal 4-chamber view at end-diastole, as previously described [START_REF] Serres | Quantification of pulmonary to systemic flow ratio by a Doppler echocardiographic method in the normal dog: Repeatability, reproducibility, and reference ranges[END_REF], and the RA:LA ratio was then calculated (Fig. 1A). The RA was judged as transversely dilated if the RA:LA ratio was > 1, and severe transverse RA dilation was defined as RA:LA ratio values ≥ 2 [START_REF] Serres | Quantification of pulmonary to systemic flow ratio by a Doppler echocardiographic method in the normal dog: Repeatability, reproducibility, and reference ranges[END_REF].

Several indices, used to assess EA severity in human pediatrics, were also calculated:

-The displacement index was evaluated as the distance from the hinge point of the anterior mitral leaflet to the hinge point of the delaminated septal tricuspid leaflet normalized by the body surface area (Fig. 1B, [START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF]). For this purpose, the right parasternal and left apical four-chamber views were both checked, and the maximal measured distance was chosen to calculate the displacement index.

-The Celermajer index was defined as the ratio (in %) between the combined area of the RA and atrialized RV (between the true anatomic annulus and the TV leaflet coaptation), and the sum of the areas of the functional RV, the LA and the left ventricle [START_REF] Celermajer | Outcome in neonates with Ebstein's anomaly[END_REF]. This index was assessed at end-diastole, when possible on the left apical 4-chamber view (Fig. 1C), and otherwise on the right parasternal 4-chamber view when the latter offered a better view of the 4 cardiac cavities. Four grades in the classification of Celermajer were defined: grade 1: ratio < 50%; grade 2: ratio of 50 to 99%; grade 3: ratio of 100 to 149%; and grade 4: ratio ≥ 150% [START_REF] Celermajer | Outcome in neonates with Ebstein's anomaly[END_REF].

-The distance from the apex to the septal hinge point of the anterior mitral leaflet (AM) and the distance from the apex to the septal hinge point of the delaminated septal TV leaflet (AT) were measured using the left apical 4-chamber view at endsystole, and the AM:AT ratio was then calculated (Fig. 1D).

-Lastly, the anatomic Carpentier classification [START_REF] Carpentier | A new reconstructive operation for Ebstein's anomaly of the tricuspid valve[END_REF], simplified and adapted for echocardiographic application in dogs with EA, was used to define four EA types of increasing severity:

-Type A: mild to moderate displacement of the septal leaflet; large parietal (or mural) leaflet with normal free motion, small atrialized RV chamber and adequate RV volume.

-Type B: marked displacement of the septal leaflet; large parietal leaflet with normal free motion, large atrialized RV chamber and small functional RV.

-Type C: marked displacement of the septal leaflet which may be severely hypoplastic; restricted motion of the parietal leaflet tethered to the RV wall, large atrialized RV chamber and very small functional RV.

-Type D: almost complete atrialization of the RV, except for a small infundibular component.

-Signs of congestive heart failure were also noted (e.g., ascites associated with dilation of the caudal vena cava, and pericardial or pleural effusion).

Repeatability and reproducibility of the indices

Measurement variability was determined for several echocardiographic variables specifically used in the present study to assess EA severity (i.e., RA and LA diameters to calculate the RA:LA ratio, displacement index, AM:AT ratio, and Celermajer index). Selected examinations of 4 dogs with EA were subjected to 6 analyses in random order on a given day by a single trained observer (VC), Dipl.

ECVIM-CA (Cardiology), to determine the within-day variability (repeatability) and on 4 different days to determine the between-day measurement variability (reproducibility) for all parameters. A total of 96 echocardiographic examinations corresponding to 576 measurements were thus performed.

Follow-up

At the time of diagnosis, animals were classified as either clinically or subclinically affected, i.e., with or without clinical signs (e.g., exercise intolerance, dyspnea, syncope, ascites) attributed to EA, respectively. Owners of dogs for which the outcome was not indicated in the database at the time of writing were contacted by telephone or e-mail to determine the current status of their animal: alive (clinically or subclinically affected) or dead (date and cause of death, if known). Animals for which the outcome could not be obtained at the time of writing were considered lost to follow-up and were therefore censored at the time of their last examination.

Statistical analysis

Categorical data are reported as proportions or percentages, and continuous or ordinal data are reported as median (interquartile range [IQR]; minimum-maximum).

The median age at death was determined for those animals that died from cardiac causes.

Survival analyses were performed using the Kaplan-Meyer method to evaluate median times from EA diagnosis to both all-cause and cardiac death (CD).

Univariate survival analyses were carried out to identify the exposures associated with time to CD. The log rank test was used to test for differences in survival times between the compared groups. Due to the low number of animals, a multivariate model could not be performed [START_REF] Concato | Importance of events per independent variable in proportional hazards analysis. I. Background, goals, and general strategy[END_REF]. The level of significance was set at p < 0.05.

Results

Epidemiological features

The study population consisted of 40 dogs with EA, 24 males (60%) and 16 females (40%). Median age (IQR; range) at the time of EA diagnosis was 15 months (7-36; 2- 

Clinical features at the time of diagnosis

Eight of the 40 recruited dogs with EA (20%) had hemodynamically compromising concurrent heart diseases (n = 7) or respiratory diseases (n = 1) and were therefore excluded from subsequent analyses. Heart diseases included pulmonic stenosis (n = 3), sub-aortic stenosis (n = 1), atrial neoplasia (n = 1), patent ductus arteriosus (n = 1), and Gerbode defect appearing as a direct left ventricle -RA connection, as confirmed by 2D and color-flow Doppler modes (n = 1).

A small hemodynamically insignificant ostium secundum atrial septal defect was detected in 5 of the remaining 32 dogs (16%). A right apical systolic heart murmur was detected in these 32 dogs, with a thrill present in 15/32 dogs (47%) and a median (IQR; range) grade of 5/6 (4-5; 2-5). Clinical signs related to EA were recorded in 13/32 (41%) dogs. The most common clinical signs (isolated or combined) were exercise intolerance (9/32 dogs [28%]), ascites (4/32 dogs [13%]), weight loss (3/32 dogs [9%]), and syncope or fainting (2/32 dogs [6%]). Additionally, one dog presented coughing, and one dog showed tachypnea. Cardiac arrhythmias were detected in 5/32 dogs (16%), i.e., atrial fibrillation (n = 3) et ventricular premature beats (n = 2).

Treatment status at the time of EA diagnosis was known for all the animals: 19/32 (59%) were not being treated, and 13/32 (41%) were receiving 1 or a combination of the following drugs previously prescribed by referring veterinarians: benazepril, ramipril or enalapril (9/13 animals, 69%), furosemide (4/13 animals, 31%), pimobendan (2/13 animals, 15%), spironolactone (2/13 animals, 15%), and diltiazem (1/13 animal, 8%).

Repeatability and reproducibility of the echocardiographic indices

Values of within-and between-day standard deviations and coefficients of variation (n = 24) for the 6 echocardiographic variables used to assess EA severity are shown in Table 1. All within-and between-day coefficients of variation were < 15%, and all but one were < 10%. Additionally, the Celermajer grading, determined from the Celermajer index, led to the same value for all echocardiographic examinations (n=24) in each tested dog (3 dogs with grade 3 EA and 1 dog with grade 2 EA).

Echocardiographic and Doppler findings at the time of diagnosis (Table 2, n = 32)

Transverse RA dilation was detected in the [START_REF] Celermajer | Ebstein's anomaly: presentation and outcome from fetus to adult[END_REF] The Carpentier classification could be applied to 24 of the 32 dogs (75%): 5/24 (21%) dogs had a type A EA, 6/24 (25%) had a type B EA, 13/24 (54%) had a type C EA, and none had a type D EA.

Lastly, dilation of the caudal vena cava was diagnosed in 8/32 dogs (25%), and signs of congestive heart failure were observed in 9/32 dogs (28%): 2/9 with ascites, 3/9 with pleural effusion, 1/9 with pericardial effusion, 2/9 with both ascites and pleural effusion, and 1/9 with both pleural and pericardial effusion.

Cardiac events and survival

A follow-up after EA diagnosis was available for 25 of the 32 dogs recruited with EA.

Eight of these animals (32%) died during the study period, with CD reported for 4 of the 8 deaths (4/25, 16%). Cardiac causes of death included euthanasia due to worsening clinical signs such as exercise intolerance or ascites (n = 3) and sudden death (n = 1). Median age at all-cause death for the 8/25 dogs that died was 73 months (range = 20-163), and median age at CD was 41 months (range = 20-142).

Median time to all-cause death after EA diagnosis was 74 months [95% confidence interval: 68-135 months] (Fig. 2A). Median time to CD could not be calculated, due to the high proportion of dogs who did not present CD at the end of study (17/25; 68%). The Kaplan-Meier method estimated that 72% of the dogs had not died from CD 160 months after EA diagnosis (Fig. 2B).

Univariate analyses revealed that clinical signs at presentation (p= 0.018), ascites (p = 0.024), presence of a thrill (p = 0.036), a RA:LA ratio ≥ 2 (p = 0.002), and a Celermajer index ≥ 100% (p = 0.029), were significantly associated with a shorter time to CD (Figs. 2C to 2G). No statistical association was found between CD and the displacement index, Carpentier classification, and dilation of the caudal vena cava.

Discussion

Although EA is anatomically clearly defined in both dogs and humans as a congenital apical displacement of the hinge point of the TV, few studies have specifically focused on the natural history of EA in dogs, and most descriptions encompass both EA and triscupid dysplasia or are case reports or case series with only a limited number of cases [START_REF] Choi | Ebstein's anomaly with an atrial septal defect in a jindo dog[END_REF][START_REF] Takemura | Ebstein's anomaly in a beagle dog[END_REF][START_REF] Eyster | Ebstein's anomaly: a report of 3 cases in the dog[END_REF][START_REF] Adin | Tricuspid valve dysplasia[END_REF][START_REF] Kornreich | Right atrioventricular valve malformation in dogs and cats: an electrocardiographic survey with emphasis on splintered QRS complexes[END_REF][START_REF] Chetboul | Congenital malformations of the tricuspid valve in domestic carnivores: a retrospective study of 50 cases[END_REF][START_REF] Andelfinger | Canine tricuspid valve malformation, a model of human Ebstein anomaly, maps to dog chromosome 9[END_REF][START_REF] Navarro-Cubas | Tricuspid valve dysplasia: A retrospective study of clinical features and outcome in dogs in the UK[END_REF]. The present study provides original data regarding the signalment, clinical features, standard and Doppler echocardiographic findings, and prognosis in a population of 40 dogs with EA.

As described in human patients, this study first confirms that canine EA is relatively frequently diagnosed in conjunction with other congenital heart diseases (i.e., in 12/40 [30%] dogs), thus highlighting the need to systematically perform complete echocardiographic examinations in dogs with heart defects, regardless of the breed and clinical findings. In human patients with EA, the most commonly associated heart defects include atrial septal defect or patent foramen ovale (in about 80 to 90% of cases), pulmonic and subaortic stenosis, patent ductus arteriosus, mitral valve prolapse, and ventricular septal defect [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF][START_REF] Dearani | Ebstein anomaly review: what's now, what's next?[END_REF]. In the present study, similar concurrent heart diseases were found (atrial septal defect, arterial stenosis, and patent ductus arteriosus). Abnormalities of left ventricular morphology and function including left ventricular noncompaction are also reported in human EA but were not observed in our canine EA population.

Arrhythmias including accessory conduction pathways, atrial fibrillation or flutter, are also common in human patients with EA [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF][START_REF] Dearani | Ebstein anomaly review: what's now, what's next?[END_REF]. In the present study, cardiac arrhythmias (atrial fibrillation, ventricular premature beats) were detected in only 5/32 dogs (16%). Similarly, arrhythmias were reported to be uncommon in a study involving 39 dogs with congenital TV malformation [START_REF] Kornreich | Right atrioventricular valve malformation in dogs and cats: an electrocardiographic survey with emphasis on splintered QRS complexes[END_REF]. Conversely, morphological abnormalities (e.g., splintered QRS complexes, RV enlargement signs) were shown to be frequently associated with the disease [START_REF] Kornreich | Right atrioventricular valve malformation in dogs and cats: an electrocardiographic survey with emphasis on splintered QRS complexes[END_REF]. These ECG abnormalities were not examined here, which represents a limitation of the present study. Most of the dogs described here were large breed dogs (12 different breeds in all) with Labrador retrievers accounting for nearly two thirds of the study population (60%). These results are in accordance with other studies of congenital TV malformations which reported an over-representation of large breed dogs and among them, mostly Labrador retrievers [START_REF] Adin | Tricuspid valve dysplasia[END_REF][START_REF] Kornreich | Right atrioventricular valve malformation in dogs and cats: an electrocardiographic survey with emphasis on splintered QRS complexes[END_REF][START_REF] Chetboul | Congenital malformations of the tricuspid valve in domestic carnivores: a retrospective study of 50 cases[END_REF][START_REF] Andelfinger | Canine tricuspid valve malformation, a model of human Ebstein anomaly, maps to dog chromosome 9[END_REF][START_REF] Navarro-Cubas | Tricuspid valve dysplasia: A retrospective study of clinical features and outcome in dogs in the UK[END_REF] for which EA has been demonstrated to be a monogenic disease with an autosomal dominant trait, reduced penetrance and a susceptibility locus on chromosome 9, in a kindred of related Labrador retrievers [START_REF] Andelfinger | Canine tricuspid valve malformation, a model of human Ebstein anomaly, maps to dog chromosome 9[END_REF].

In a recent retrospective UK report, Labrador retrievers and Border collies were the two most common breeds, but compared with the overall hospital population, only Border collies were significantly over-represented [START_REF] Navarro-Cubas | Tricuspid valve dysplasia: A retrospective study of clinical features and outcome in dogs in the UK[END_REF]. Only one Border collie dog was included in our study.

In the present study, EA-related tricuspid valve regurgitation was responsible for a right apical systolic heart murmur detected in all studied dogs with EA (n = 32), and in the great majority (75%) the heart murmur was graded loud (grade 4) or "thrilling" (grade 5). However, and surprisingly, EA in more than half of the dogs (59%) was subclinical at the time of diagnosis. These results therefore confirm that canine EA may be an incidental finding suspected by cardiac auscultation when a right apical systolic heart murmur is detected, and then confirmed by echocardiographic examination. Most dogs with clinical EA (only 13 animals) showed exercise intolerance, representing 9/20 (45%) of all the reported clinical signs, whereas ascites related to right-sided congestive heart failure represented only 20% of the latter. In human patients, EA may also be either subclinical or associated with similar clinical signs, with clinical presentations ranging widely from severely symptomatic neonate to asymptomatic adult [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF][START_REF] Dearani | Ebstein anomaly review: what's now, what's next?[END_REF][START_REF] Holst | Improving results of surgery for Ebstein anomaly: where are we after 235 cone repairs?[END_REF][START_REF] Holst | Surgical management and outcomes of Ebstein anomaly in neonates and infants: a society of thoracic surgeons congenital heart surgery database analysis[END_REF][START_REF] Warnes | ACC/AHA 2008 guidelines for the management of adults with congenital heart disease: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Develop Guidelines on the Management of Adults With Congenital Heart Disease)[END_REF].

In human patients, EA is also characterized by a broad spectrum of anatomical abnormalities ranging from minimal displacement of the TV leaflets, through marked displacement with tethering and secondary severe TV regurgitation, to an imperforate membrane between the inlet and trabecular zones of the RV [START_REF] Jost | Ebstein's anomaly[END_REF][START_REF] Jost | Ebstein's anomaly -review of a multifaceted congenital cardiac condition[END_REF][START_REF] Dearani | Ebstein anomaly review: what's now, what's next?[END_REF][START_REF] Holst | Improving results of surgery for Ebstein anomaly: where are we after 235 cone repairs?[END_REF][START_REF] Holst | Surgical management and outcomes of Ebstein anomaly in neonates and infants: a society of thoracic surgeons congenital heart surgery database analysis[END_REF]. To optimally assess the anatomic severity of canine EA in the present study, several echocardiographic indices used to assess EA severity in human pediatrics were specifically evaluated. These included the RA:LA ratio, displacement index, AM:AT ratio, as well as the Celermajer index and grading (extending from grade 1 to 4). The Carpentier classification, comprising four types of increasing EA severity (from A to D), was also applied. Our study confirms that repeatability and reproducibility of the latter 2D echocardiographic indices (RA:LA ratio, AM:AT ratio, displacement index, and Celermajer index) may be suitable for a routine clinical evaluation, as all withinday and between-day coefficients of variation obtained by the involved trained observer were < 15%, and all but one < 10%. Interestingly, all dogs included in the study showed a displacement index > 8 mm/m 2 . In human cardiology [START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF], this cut-off value is used as a major diagnostic criterion to differentiate EA from tricuspid valve dysplasia, and our results suggest that it may also be suitable for this purpose in dogs.

Our data also confirm that, as in human patients with EA, canine EA encompasses a broad spectrum of TV malformations, with a wide range of both the displacement index (from 9.3 to 32.2 mm/m 2 ) and Celermajer index (from 30 to 210%) values. The Celermajer index is defined as the ratio of the combined area of the RA and atrialized RV to that of the functional RV and left heart. It therefore reflects both the degree of TV leaflet apical displacement and its hemodynamic consequences. The Celermajer echocardiographic grading score, based on the Celermajer index values, was also applied in the present study. Dogs were distributed between the four Celermajer grades, ranging from the mildest to the most severe, i.e., grade 1 (ratio < 50%; 21%) to grade 4 (ratio ≥ 150%; 17%), thus confirming the broad anatomical spectrum of canine EA with various degrees of EA severity. Regarding the anatomic Carpentier classification [START_REF] Carpentier | A new reconstructive operation for Ebstein's anomaly of the tricuspid valve[END_REF], the dogs were distributed between three of the four types (A, B and C), none having type D EA.

The present study confirms that, as in humans, EA may be diagnosed at any age in the dog (from 2 months to > 10 years) and that the clinical course is highly variable [START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF][START_REF] Yuan | Ebstein's anomaly: genetics, clinical manifestations, and management[END_REF][START_REF] Celermajer | Outcome in neonates with Ebstein's anomaly[END_REF][START_REF] Celermajer | Ebstein's anomaly: presentation and outcome from fetus to adult[END_REF][START_REF] Luu | Ebstein's anomaly in those surviving to adult life -a single centre experience[END_REF]. Most dogs with EA can live for years (median age at all-cause death of 73 months) and do not necessarily die from cardiac death (half of the observed deaths were cardiac-related deaths), with an estimation of nearly three quarters of the dogs (72%) that did not present cardiac death more than 13 years after EA diagnosis. Nevertheless, these results do not take perinatal mortality into account.

Studies of human EA have shown that symptomatic neonates with EA have a poor prognosis and that the early mortality rate in neonates with EA is high, related to congestive heart failure during the first few months of life, with 20 to 40% of all neonates not surviving one month [START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF][START_REF] Yuan | Ebstein's anomaly: genetics, clinical manifestations, and management[END_REF][START_REF] Celermajer | Outcome in neonates with Ebstein's anomaly[END_REF][START_REF] Celermajer | Ebstein's anomaly: presentation and outcome from fetus to adult[END_REF][START_REF] Luu | Ebstein's anomaly in those surviving to adult life -a single centre experience[END_REF]. However, human patients with EA may live for years, even > 70 years for some rare patients [START_REF] Cetta | Echocardiography in pediatric and congenital heart disease: from fetus to adult[END_REF][START_REF] Yuan | Ebstein's anomaly: genetics, clinical manifestations, and management[END_REF][START_REF] Celermajer | Outcome in neonates with Ebstein's anomaly[END_REF][START_REF] Celermajer | Ebstein's anomaly: presentation and outcome from fetus to adult[END_REF][START_REF] Luu | Ebstein's anomaly in those surviving to adult life -a single centre experience[END_REF]. Although EA in adulthood is often characterized by severe morphological abnormalities, a good medium-term survival is observed as in the present study, with an overall survival of 81% at 60 years and a general clinically-driven approach to the indications for TV surgery [START_REF] Luu | Ebstein's anomaly in those surviving to adult life -a single centre experience[END_REF].

As for many acquired or congenital heart diseases, congestive heart failure signs (i.e., ascites) and clinical signs at presentation were significantly associated with decreased survival time in dogs with EA in our study sample, as was the presence of high heart murmur grade (i.e., "thrilling murmur). Interestingly, severe transverse RA enlargement (characterized by a RA:LA ratio ≥ 2.0), and a high Celermajer index (≥100%, i.e., grades 3 and 4 of the Celermajer classification) were also significantly associated with a decreased survival time. The Celermajer index, commonly used to grade EA severity in human patients, also has a relevant prognostic value in evaluating their risk of cardiac death [START_REF] Celermajer | Outcome in neonates with Ebstein's anomaly[END_REF][START_REF] Celermajer | Ebstein's anomaly: presentation and outcome from fetus to adult[END_REF], with high grades being associated with higher mortality rates. One study, involving 220 patients with EA, that presented from fetal to adult life with a 1 to 34 years follow-up, showed that the echocardiographic grade of severity based on the Celermajer index was a good predictor of death, with the relative risk being increased by 2.7 for each increase in grade [START_REF] Celermajer | Ebstein's anomaly: presentation and outcome from fetus to adult[END_REF]. Our results therefore suggest the importance of specific echocardiographic indices to characterize EA in dogs, as in humans, even though no association was found between both the displacement index and the Carpentier grade, and the time to cardiac death. Nevertheless, the Carpentier classification offers a clear description of TV leaflets morphology and mobility, and also of the atrialized and functional RV, which provides useful information in the case of TV surgical repair [START_REF] Holst | Improving results of surgery for Ebstein anomaly: where are we after 235 cone repairs?[END_REF][START_REF] Holst | Surgical management and outcomes of Ebstein anomaly in neonates and infants: a society of thoracic surgeons congenital heart surgery database analysis[END_REF][START_REF] Warnes | ACC/AHA 2008 guidelines for the management of adults with congenital heart disease: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Develop Guidelines on the Management of Adults With Congenital Heart Disease)[END_REF].

This study presents several limitations, mainly related to its retrospective nature.

Values of several echocardiographic and Doppler variables were not available for some animals. For ethical reasons, and also for logistical reasons due to the retrospective nature of the study, the assessment of repeatability and reproducibility was performed on recorded loops and not on diseased animals, which might have underestimated the within-day and between-day coefficients of variation. Lastly, a multivariate analysis could not be performed owing to the low number of recruited animals for which follow-up was available (n=25), which prevented from making causal inference.

Conclusions

In conclusion, as described for human patients, canine EA is a congenital heart disease characterized by a broad anatomical and clinical spectrum with marked variation in its hemodynamic severity. Several echocardiographic variables (e.g., Celermajer index) should therefore be systematically assessed, together with clinical findings, as they may help to evaluate the long-term prognosis. As most dogs with EA may live for years and as cardiac death is not predominant, indications for surgery still need to be defined. Further studies including a larger number of dogs suffering from EA are therefore needed to identify the risk factors for cardiac death based on multivariate analyses. The role of associated defects also needs to be defined. 

Figure legend

  126). Only medium to large breeds (n = 12) were represented, with a median (IQR; range) body weight of 30.0 kg (23.2-34.3; 7.0-64.0). The most common breed in the study sample was Labrador retriever (24/40, 60%), and other breeds were: Belgian shepherd, Boxer, Dogue de Bordeaux, Golden retriever, Beauceron (2 of each), Newfoundland, Border collie, Slovakian hound, Bullmastiff, Great Dane, and German shepherd (1 of each).

  studied dogs (median [IQR; range] RA:LA ratio=1.45 [1.29-1.72; 1.10-2.36]; normal range = 0.6-1.02) [25], with high maximal area of the tricuspid regurgitant jet signal-to right atrium area ratio values (100% [87-100; 71-100]; n = 20). The median [IQR; range] values of the displacement index were also high (17.4 mm/m 2 [12.0-21.9; 9.3-32.2]; n = 28) as compared to the cut-off value used to diagnose EA in human patients (> 8 mm/m 2 [6]). The AM:AT ratio and the Celermajer index could be calculated in 24 of the 32 dogs (75%), with AM:AT ratio values > 1 for all tested dogs (1.4 [1.3-1.5; 1.2-1.7]) and Celermajer index values of 100% [50-130; 30-210]. Regarding the Celermajergrades, 5/24 dogs (21%) were grade 1, 6/24 (25%) were grade 2, 9/24 (37%) were grade 3, and 4/24 (17%) were grade 4. For the remaining 8 dogs, optimal images to correctly evaluate these indices were lacking.
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 1 Figure 1: Main echocardiographic measurements used to assess Ebstein's
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Table 1 -Within-and between-day variability, expressed as standard deviations (SD) and coefficients of variation (CV) for six two-dimensional quantitative echocardiographic variables specifically used in the present study to assess Ebstein's anomaly severity.

AM, distance from the apex to the hinge point of the anterior mitral leaflet; ARJ:RAA ratio, maximum area of the tricuspid regurgitant jet signal-to right atrium area ratio; AT, distance from the apex to the hinge point of the delaminated septal tricuspid leaflet.

Imaging Variables

Within-day variability

Between-day variability Celermajer index (%) 24 100 (50 -130) [30 -210]