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Background: Right ventricular (RV) enlargement and dysfunction are associated with prognosis

in humans with pulmonary hypertension (PH).

Hypothesis/Objectives: To assess RV size and systolic function in dogs with PH and to deter-

mine if they are associated with disease severity and right-sided congestive heart failure

(R-CHF).

Animals: 89 dogs with PH and 74 healthy dogs.

Methods: Prospective observational study. PH was classified according to the tricuspid regurgi-

tation pressure gradient. RV end-diastolic area (RVEDA) index was calculated as RVEDA divided

by body surface area. RV systolic function was assessed with the tricuspid annular plane systolic

excursion (TAPSE) and the RV fractional area change (FAC) normalized for body weight

(TAPSEn and FACn, respectively).

Results: RVEDA index was higher in dogs with moderate PH (10.8 cm2/m2; range,

6.2-14.4 cm2/m2) and severe PH (12.4 cm2/m2; range, 7.7-21.4 cm2/m2) than in those with mild

PH (8.4 cm2/m2; range, 4.8-11.6 cm2/m2) and control dogs (8.5 cm2/m2; range, 2.8-11.6 cm2/

m2; P < .001). RVEDA index was significantly higher in dogs with R-CHF (13.7 cm2/m2; range,

11.0-21.4 cm2/m2) than in dogs without R-CHF (9.4 cm2/m2; range, 4.8-17.1 cm2/m2; P < .001).

The severity of tricuspid regurgitation (TR) was the only independent predictor of the RVEDA

index (P < .001). TAPSEn and FACn were not significantly different among varying degrees of

PH severity and between dogs with and without R-CHF.

Conclusions and Clinical Importance: The RVEDA index can be used to evaluate RV size in

dogs. It can provide additional information in dogs with PH and predict R-CHF. Severity of TR is

the main determinant of RV enlargement in dogs with PH.
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1 | INTRODUCTION

Pulmonary hypertension (PH) in dogs is associated with various condi-

tions, including idiopathic pulmonary arterial hypertension, pulmonary

diseases, heartworm disease, thromboembolic diseases, and congenital

or acquired cardiac diseases.1 Chronic PH can lead to changes of the

Abbreviations: 2D, two-dimensional; 3D, three-dimensional; BSA, body surface

area; BW, body weight; FAC, fractional area change; FACn, fractional area

change normalized for body weight; PH, pulmonary hypertension; RV, right ven-

tricle; RVEDA, right ventricular end-diastolic area; R-CHF, right-sided conges-

tive heart failure; TAPSE, tricuspid annular plane systolic excursion; TAPSEn,

tricuspid annular plane systolic excursion normalized for body weight; TR, tri-

cuspid regurgitation; TRPG, tricuspid regurgitation pressure gradient.
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right heart, including right ventricular (RV) hypertrophy, dilatation, and

RV dysfunction, and can lead to right-sided congestive heart failure (R-

CHF).2,3 RV enlargement and systolic dysfunction are associated with

poor prognosis in humans.4–9

Transthoracic echocardiography is the main non-invasive

method for diagnosing PH both in humans and in dogs.1,10 In humans,

RV size and function are quantitatively assessed mainly using M-

mode, 2-dimensional (2D), 3-dimensional (3D), and Doppler

echocardiography.11–13 3D echocardiography is superior to 2D echo-

cardiography to evaluate RV size, however it is time-consuming, not

readily available, and the equipment is expensive. Thus, in clinical

practice, 2D evaluation of linear and area dimensions of the RV are

the most commonly used variables to assess RV size.11–17

3D echocardiography is also the gold standard non-invasive tool

for assessing systolic function. However, the tricuspid annular plane

systolic excursion (TAPSE) and the fractional area change (FAC) are

commonly used variables of RV systolic function in clinical

practice.11,12,18,19

In dogs with PH, RV size and function are typically assessed by

subjective assessment or M-mode evaluation.20–24 However, in

humans, 2D echocardiography is more accurate than M-mode for

evaluating RV size and function, and the subjective approach is rela-

tively inaccurate.11–14,25 Reference ranges for the quantitative assess-

ment (M-mode and 2D) of RV size and function in healthy dogs have

recently been proposed, and weight-specific reference intervals

provided.16,26

The aim of this study was to evaluate the RV end-diastolic area

(RVEDA) as a 2-dimensional indicator of RV size, and TAPSE and FAC,

as indicators of RV systolic function in dogs with PH. Our hypothesis

was that RV size increases with both the severity of PH and tricuspid

regurgitation (TR), and that RV size is a predictor of R-CHF. In addi-

tion, we hypothesized that RV systolic function decreases with the

severity of PH.

2 | MATERIALS AND METHODS

The investigation was prospective, multicenter, and observational.

Dogs were recruited at the Department of Veterinary Sciences of the

University of Pisa, at the Istituto Veterinario di Novara, at the Veteri-

nary Hospital Città di Pavia, and at the Department of Animal Medi-

cine and Surgery of the University of Murcia. The study protocol was

reviewed and approved by the Institutional Welfare and Ethics Com-

mittee of the University of Pisa (permission number 38/2015).

2.1 | Animals

Over a 2-year period, client-owned dogs affected by PH or clinically

healthy were prospectively included in the study. Dogs were clinically

healthy based on the absence of complaints and unremarkable physi-

cal, cardiovascular assessment and transthoracic echocardiogram.

Dogs were deemed to have PH if during echocardiography a tricuspid

regurgitation pressure gradient (TRPG) ≥ 36 mm Hg was identi-

fied.21,23,27 The TR jet velocity was measured by continuous-wave

Doppler from the view that lead to the best alignment with the

direction of the jet. The TRPG was derived from the peak systolic tri-

cuspid regurgitation jet velocity via the simplified Bernoulli equation

(PG = 4 × velocity2).

Dogs with PH were divided into 3 groups: mild PH if TRPG was

36-50 mm Hg, moderate PH if TRPG was 51-75 mm Hg, and severe

PH if TRPG was >75 mm Hg.21,23,27 Dogs with PH were divided into

2 subgroups, namely precapillary and postcapillary, according to his-

tory, physical examination, complete blood count, biochemical profile,

urinalysis, heartworm test, thoracic radiography, echocardiography,

abdominal ultrasound and, if necessary, computed tomography, bron-

choscopy and bronchoalveolar lavage, as previously described.1,28 If

presenting with pulmonary arterial hypertension (heartworm disease,

congenital systemic-to-pulmonary shunts, idiopathic), pulmonary dis-

ease or hypoxia (chronic obstructive pulmonary disease, interstitial

pulmonary fibrosis, neoplasia, high-altitude disease, reactive pulmo-

nary artery vasoconstriction), pulmonary thrombotic and/or embolic

disease, compressive mass lesions (neoplasia, granuloma), without

signs of left-sided congestive heart failure, dogs were assigned to the

precapillary group. If presenting with severe left heart disease with

signs of increased pulmonary venous pressure and/or left-sided con-

gestive heart failure, dogs were assigned to the postcapillary group.1

The presence of R-CHF was based on the presence of ascites

associated with jugular venous distension, hepatomegaly, and a sub-

jectively dilated caudal vena cava.

Exclusion criteria for this study were the identification of a con-

genital heart disease, acquired cardiomyopathies, pericardial disease,

severe pleural effusion, atrial fibrillation, and breeds typically prone to

arrhythmogenic right ventricular cardiomyopathy (boxers and bull-

dogs). In addition, all dogs receiving sildenafil or pimobendan were

excluded from the study, due to the potential influence of these drugs

on TRPG and RV systolic function.29,30

2.2 | Echocardiographic assessment

All examinations were performed by 4 experienced operators (TV,

OD, LV, and JFP). Unsedated dogs were examined in right and left lat-

eral recumbency. Each dog underwent a complete echocardiographic

examination, which included transthoracic 2D, M-mode, spectral and

color flow Doppler imaging.31 In all dogs, the echocardiographic char-

acterization of the RV was obtained from the left apical 4-chamber

view optimized for the right heart.11,16,26 RVEDA was measured by

planimetry at the end of ventricular diastole, tracing from the lateral

aspect of the tricuspid annulus to the septal aspect, excluding the area

of the annulus and trabecular structures, following the RV endocar-

dium (Figure 1).11,13 The RVEDA index was calculated as the ratio of

RVEDA and body surface area (BSA).13,14 The BSA was calculated as

0.101 × body weight (kg)2/3, as previously described.32 The TAPSE

was measured from M-mode recordings of the lateral aspect of the

tricuspid valve annulus seen from the left apical 4-chamber view opti-

mized for the right heart.11,26

The fractional area change (FAC) was derived from RV chamber

areas using the formula: FAC = [(RV diastolic area − RV systolic area)/

RV diastolic area] × 100.11,26 Normalized FAC and TAPSE (FACn and

TAPSEn) were calculated as the ratio of FAC or TAPSE and body

2 VEZZOSI ET AL.



weight (BW) using allometric scaling (TAPSEn = TAPSE/BW0.297 and

FACn = FAC/BW−0.097, respectively).26

TR severity was evaluated qualitatively, using color Doppler and

continuous wave Doppler of the TR jet. Briefly, TR was considered

mild when a small TR jet on the color Doppler and a faint parabolic TR

jet signal on the continuous wave Doppler were detected. Moderate

TR was considered when an intermediate TR jet on the color Doppler

and a dense parabolic TR jet signal on the continuous wave Doppler

were present. Severe TR was considered when a very large central jet

or eccentric wall impinging jet on the color Doppler and a dense trian-

gular, early peaking TR jet signal on the continuous wave Doppler

were present.33

The echocardiographic images were stored as digital data for later

analysis. All measurements were performed offline by the same opera-

tor (TV) evaluating 3 cardiac cycles, and the mean values were

calculated.

2.3 | Statistical analysis

Statistical analysis was performed with a commercially available statis-

tical software.a Descriptive statistics were generated. The normality

of data distribution was tested using the Shapiro-Wilk test. Parametric

or nonparametric tests were used in accordance with the Gaussian

distribution. Linear regression was used to evaluate relationships

between RVEDA and BSA. The chi-squared or Fisher’s exact tests

were used to compare categorical variables. Continuous variables

were compared using the unpaired t test or the Mann-Whitney U test,

based on data distribution.

Differences in echocardiographic continuous data among PH

groups were determined by one-way analysis of variance with subse-

quent pair-wise comparisons using Tukey’s multiple comparison test

(for normally distributed data) or by the Kruskal-Wallis test with sub-

sequent pair-wise comparisons using the Dunn test (for nonnormally

distributed data). In addition, receiver operating characteristic curve

analysis was used to identify the best diagnostic cut-off of the RVEDA

index to identify R-CHF, and the optimal combination of sensitivity

and specificity was determined using the Youden index.

In dogs with PH, simple (univariate) linear regression analyses

were performed to determine the strength of association of selected

clinical (age, sex, and heart rate) and echocardiographic indices (TRPG

and TR severity) with the RVEDA index. Multiple linear regression

analysis was used to identify significant independent predictors of the

RVEDA index.

The variables were entered into a multiple linear regression model

in a backward stepwise manner if P was <.2 based on univariate linear

regression analysis.

Finally, to verify the applicability of the RVEDA, TAPSE, and FAC

in a clinical setting, intra- and interobserver measurement variability

were determined with the coefficient of variation (CV). For the

intraobserver variability, 1 operator (TV) calculated RVEDA, TAPSE,

and FAC from 6 randomly selected echocardiographic studies on 2 dif-

ferent occasions 30 days apart. The interobserver variability was car-

ried out by 2 operators (TV and OD) measuring the RVEDA, TAPSE,

and FAC from 6 randomly selected blinded echocardiographic studies.

A value of P < .05 was considered statistically significant.

3 | RESULTS

3.1 | Study population

A total of 163 dogs of 22 breeds were included: 89 dogs with PH and

74 healthy dogs (Table 1). Dogs with PH were significantly older than

controls (P < .001) and had a lower BW (P < .001). Regarding sex, no

differences were found between dogs with PH and healthy controls

(P = .16).

In the PH group, 25 dogs had mild PH, 25 had moderate PH, and

39 had severe PH, based on TRPG. R-CHF was present in 22 dogs,

8 with moderate PH and 14 with severe PH. Fifty-eight dogs had pre-

capillary PH (65%) and 31 dogs had postcapillary PH (35%), with all

dogs with postcapillary PH affected by myxomatous mitral valve dis-

ease. Regarding etiology, dogs with precapillary PH were affected by

heartworm disease (n = 21), idiopathic PH (n = 12), pulmonary fibrosis

(n = 7), angiostrongylosis (n = 5), chronic bronchitis (n = 5), heart base

tumor (n = 4), and chronic pulmonary thromboembolism (n = 4). Dogs

with precapillary PH had a higher TRPG compared to postcapillary PH

(P < .05; Table 2).

FIGURE 1 Left apical 4-chamber view optimized for the right heart.

The right ventricular end-diastolic area (RVEDA) was measured by
planimetry at the end of ventricular diastole [Color figure can be
viewed at wileyonlinelibrary.com]
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3.2 | Right ventricular size

The RVEDA showed a strong positive linear correlation with BSA in

healthy dogs (r = .91; r2 = .86; P < .001). The 95% reference range of

the RVEDA index in heathy dogs was 4.9-10.9 cm2/m2. No differences

in RVEDA index were found between dogs with mild PH and controls

(P = .98). Conversely, the RVEDA index was significantly higher in dogs

with moderate and severe PH compared to dogs with mild PH and

healthy controls (P < .001; Figure 2). No differences in RVEDA index

were found between dogs with moderate and severe PH (P = .056). In

the univariate analysis, among the clinical and echocardiographic vari-

ables, TRPG (P = .002) and TR severity (P < .001) showed a positive

association with the RVEDA index. However, only TR severity main-

tained a significant (P < .001) and independent association with an

increased RVEDA index based on multivariate analysis (Table 3).

The RVEDA index was significantly higher in dogs with R-CHF

(13.7 cm2/m2; range, 11.0-21.4 cm2/m2) than in dogs without R-CHF

(9.4 cm2/m2, range: 4.8-17.1 cm2/m2; P < .001; Figure 3). The most

accurate cut-off value of the RVEDA index in the prediction of R-CHF

was >10.9 cm2/m2, with a sensitivity of 100% and a specificity of 73%

(Table 4). No differences in the RVEDA index were found between

dogs with precapillary and postcapillary PH (P = .81).

3.3 | Right ventricular systolic function

The TAPSEn and FACn did not significantly differ among dogs with

mild, moderate, and severe PH compared to healthy dogs (P = .54 and

P = .67, respectively). No differences in TAPSEn and FACn were found

between dogs with R-CHF and dogs without R-CHF (P = .32 and P =

.64, respectively). TAPSEn and FACn were significantly higher in dogs

with postcapillary PH compared to dogs with precapillary PH (P <

.001 and P < .05, respectively) (Table 2). However, even when analyz-

ing dogs with precapillary and postcapillary PH as separate groups,

TAPSEn and FACn did not significantly differ among dogs with differ-

ent levels of PH, nor between dogs with and without R-CHF.

TABLE 1 Clinical and echocardiographic data of all study dogs (n = 163)

Control Mild PH Moderate PH Severe PH

N cases 74 25 25 39

Sex (male/female) 33/41 15/10 17/8 18/21

Age (years) 2.9 (1-13) 11.5 (2-15)a 11 (2-16)a 12.2 (1-18)a

BW (kg) 25.7 (1.8-57) 12.6 (5-41.2) 7.9 (2.7-34)a 10.8 (2.2-40)a

TRPG (mm Hg) 0 (0-25) 44 (37.7-49)a 59.6 (51.8-74)a,b 96 (77-149)a,b,c

Severe TR 0 (0%) 0 (0%) 8/25 (32%)a,b 20/39 (51%)a,b

RVEDA index (cm2/m2) 8.5 (2.8-11.6) 8.4 (4.8-11.6) 10.8 (6.2-17.4)a,b 12.4 (7.7-21.4)a,b

TAPSEn 6.4 (4.8-10.3) 6.3 (4.9-10.1) 6.9 (2.3-10.9) 6.0 (3.1-10.2)

FACn 62 (47.6-82.1) 61.4 (48.0-99.5) 67.9 (38.6-93.4) 62.8 (22.3-95.8)

R-CHF 0 (0%) 0 (0%) 8/25 (32%)a,b 14/39 (36%)a,b

Abbreviations: FACn, fractional area change normalized for body weight; R-CHF, right-sided congestive heart failure; RI, reference interval; RVEDA, right
ventricular end-diastolic area; TAPSEn, tricuspid annular plane systolic excursion normalized for body weight; TR, tricuspid regurgitation; TRPG, tricuspid
regurgitation systolic pressure gradient.
a P < .001 compared to control group.
b P < .001 compared to mild PH group.
c P < .001 compared to moderate PH group.
Data represent median (min-max) or number (percentage).

TABLE 2 Clinical and echocardiographic data of dogs with

precapillary and postcapillary PH

Precapillary PH Postcapillary PH

N cases 58 31

TRPG (mmHg) 79 (38-149) 60 (37-96)a

Severe TR 18 (31%) 10 (32%)

RVEDA index (cm2/m2) 10.7 (4.8-21.4) 10.6 (6.2-14.8)

TAPSEn 5.8 (2.3-10.1) 7.9 (3.8-11)b

FACn 60.6 (22.3-85.5) 65.8 (39.1-97.5)a

R-CHF 12/58 (21%) 10/31 (32%)

Abbreviations: FACn, fractional area change normalized for body weight;
R-CHF, right-sided congestive heart failure; RI, reference interval; RVEDA,
right ventricular end-diastolic area; TAPSEn, tricuspid annular plane sys-
tolic excursion normalized for body weight; TR, tricuspid regurgitation;
TRPG, tricuspid regurgitation systolic pressure gradient.
a P < .05 compared to pre-capillary group.
b P < .001 compared to pre-capillary group.
Data represent median (min-max) or number (percentage).

FIGURE 2 Box and whiskers plot for right ventricular end-diastolic

area (RVEDA) index in control dogs in comparison to dogs with
different degrees of pulmonary hypertension (PH). The RVEDA index
was significantly higher in dogs with moderate and severe PH than in
dogs with mild PH and the control group (*P < .001)
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3.4 | Tricuspid regurgitation severity

Among dogs with PH, 35/89 (39%) presented mild TR, 26/89 (29%)

moderate TR, and 28/89 (32%) severe TR. The prevalence of severe

TR was significantly higher in dogs with moderate and severe PH than

in dogs with mild PH (P < .001; Table 1). The TRPG was significantly

higher in dogs with moderate and severe TR than in dogs with mild

TR (P < .001; Table 5).

The prevalence of severe TR was higher in dogs with R-CHF

(20/22, 91%) than in dogs without R-CHF (8/67, 12%; P < .001). Dogs

with severe TR presented a higher RVEDA index than in dogs with

mild and moderate TR (P < .001). TAPSEn and FACn did not signifi-

cantly differ among dogs with mild, moderate and severe TR (P = .50

and P = .63, respectively).

Finally, TR severity was not different between dogs with precapil-

lary (mild TR: 25/58, 43%; moderate TR: 15/58, 26%; severe TR:

18/58, 31%) and postcapillary PH (mild TR: 10/31, 32%; moderate TR

11/31, 36%; severe TR: 10/31, 32%) (P = .20).

3.5 | Reproducibility of measurements

Intraobserver and interobserver measurement variability for RVEDA

yielded an average CV of 7.4% and 9.1%, respectively. Intraobserver

and interobserver measurement variability for TAPSE yielded an aver-

age CV of 3.2% and 4.7%, respectively. Intraobserver and interobser-

ver measurement variability for FAC yielded an average CV of 6.6%

and 12.9%, respectively.

4 | DISCUSSION

The major findings of this prospective study are that 1 RV size, when

evaluated with the RVEDA index, increases in dogs with moderate

and severe PH, and it predicts R-CHF; 2 TR severity is the only inde-

pendent determinant of RV size in dogs with PH; and 3 RV systolic

function, assessed with TAPSEn and FACn, does not seem to be a pre-

dictor of R-CHF in dogs with PH.

In line with the fact that cross-sectional areas within the heart are

likely to correlate positively with BSA (proportional to BW2/3), we found

that RVEDA correlated positively with BSA, showing a very high coeffi-

cient of determination (r2 =.86). There is a linear correlation between

RVEDA and BSA in humans, and the normalization of the RVEDA to the

BSA is recommended to account for the different biometric characteris-

tics of human patients.13,34,35 Thus, considering the clinically acceptable

measurement variability, as found in this study, RVEDA indexed to BSA

can be used to objectively evaluate RV size in dogs. We identified a nor-

mal reference range for this index in healthy dogs.

This study uses a 2D echocardiographic index of RV size in dogs

with PH. Similar to previous investigations in humans and in

dogs,22,23,36,37 in our study the RV size increases in dogs with

moderate-to-severe PH and not in those with mild PH. In contrast, a

recent study in dogs did not detect any differences in RV size in dogs

with a different severity of PH,24 but the authors of that study assessed

RV size using linear dimensions obtained by M-mode. This finding could

reflect the inaccuracy of M-mode in assessing RV size. Another study in

dogs reported RV dilation not only in moderate-to-severe PH but also

in dogs with mild PH.20 However, in this study, RV dilation was only

based on a subjective assessment, which is relatively inaccurate com-

pared to objective assessment, as demonstrated in humans.9–12,25

In our study, the RVEDA index was significantly higher in dogs

with R-CHF compared to those without R-CHF, and an RVEDA index

of >10.9 cm2/m2, best predicted R-CHF. In line with our results, a pre-

vious study in dogs with induced PH by pulmonary artery banding

reported a significant increase in RVEDA in onset R-CHF.38 This result

is in accordance with the literature for humans, where RV enlarge-

ment is of clinical importance as it reflects RV pressure and volume

overload, and is associated with prognosis with PH.3,5,7,8

Multivariate analysis revealed that RV size is mainly influenced by

TR severity (volume-overload) rather than by TRPG (pressure-over-

load) in dogs with PH. This is in line with the literature on humans,

where RV size and remodeling in patients with PH is mostly influ-

enced by TR severity.39,40 In patients with PH, TR is mainly caused by

tricuspid annulus dilation and papillary muscle displacement second-

ary to RV remodeling.39,41 The development of TR leads to RV volume

overload and presumably triggers a cycle of progressive annular dila-

tion, RV remodeling, and worsening of TR.38,39 In addition, considering

that in our study almost all the dogs with R-CHF exhibited a severe

TR, we can hypothesize that the severity of the TR is more important

for the development of the R-CHF rather than RV systolic dysfunc-

tion. Again, this is in line with the literature on humans, where TR

severity is negative prognostic factor.40,42,43

TAPSE and FAC are reproducible indices of RV systolic function

in veterinary practice.26 In our study, TAPSEn and FACn did not

FIGURE 3 Box and whiskers plot for right ventricular end-diastolic

area (RVEDA) index in dogs with and without right-sided congestive
heart failure (R-CHF). The RVEDA index was significantly higher in
dogs with R-CHF than in dogs without R-CHF (*P < .001)

TABLE 3 Multivariate analysis of echocardiographic variables used

to predict right ventricular end-diastolic area index in dogs with
pulmonary hypertension

Dependent
variable

Independent
variables

Β
coefficient

P
value

RVEDA index
(cm2/m2)

TRPG −0.83 .13

TR severity 2.47 <.001

Abbreviations: RVEDA, right ventricular end-diastolic area; TRPG, tricuspid
regurgitation systolic pressure gradient; TR, tricuspid regurgitation.

VEZZOSI ET AL. 5



significantly differ among dogs with and without PH, irrespectively of

severity. Similarly, in our sample population no differences in TAPSEn

and FACn were found between dogs with and without R-CHF. In the

veterinary literature, there is contrasting data regarding RV systolic

function in dogs with PH. Two studies reported a significant reduction

in TAPSE20 and FAC23 in dogs with severe PH. In contrast, in other

studies on PH in dogs with myxomatous mitral valve disease, TAPSE

did not significantly change with PH severity.22,24 Possible reasons for

this discrepancy are different reference intervals for TAPSE, different

sample population size, different underlying etiology of PH, and possi-

bly different clinical severity among dogs with severe PH. Moreover,

severe TR can influence the Doppler estimation of pulmonary arterial

pressure44,45 and is a significant confounding factor when applying

TAPSE to assess RV function.46 As is known,46 TAPSE increases with

TR severity irrespectively of RV function. Consequently, differences in

TR severity among studies could potentially influence the estimation

and interpretation of RV systolic function. Our results highlight that

dogs with postcapillary PH showed higher RV systolic function mea-

surements than dogs with precapillary PH. Other studies in dogs with

myxomatous mitral valve disease have also found that TAPSE did not

change with PH severity.22,24 This result could be due to the hyperdy-

namic left ventricle in myxomatous mitral valve disease which causes

a traction on the RV free wall and subsequently a shift in the tricuspid

annulus toward the left due to ventricular interdependence.24,47

Our study has some limitations. First, the sample population was

not homogeneous, in fact, the healthy group was younger and

weighed relatively more than the dogs with PH. Second, the body

condition score was not evaluated in the study population, and since

the RVEDA index is calculated using the BSA, the body condition

score could have influenced this index. Similarly, the presence of asci-

tes could have influenced the RVEDA index; however, the body

weight was always evaluated after paracentesis. Third, in our study

PH was classified according to the TRPG and not by invasive

measurements of pulmonary artery systolic pressures (ie, right heart

catheterization), which represents the gold standard. However, quan-

tification of the TRPG is currently used by most cardiologists to esti-

mate pulmonary artery systolic pressure in small animals.1 In addition,

a TRPG cut-off value of 36 mm Hg was used to diagnose PH in line

with the literature21,23,27; however, there is no consensus regarding

the best echocardiographic cut-off to diagnose PH in dogs. Thus, if a

different TRPG cut-off had been used, our results might possibly have

been different. Fourth, the RV outflow tract was not included in the

evaluation of RV size, as the RVEDA was measured from the left api-

cal 4-chamber view optimized for the right heart as previously

described.11,16,26 Thus, a possible dilation of the RV outflow tract

could have been missed using the RVEDA as the only measurement of

RV size. Lastly, dogs were divided into precapillary and postcapillary

PH only based on clinical findings. Right heart catheterization is the

gold standard for this classification and to identify possible cases of

mixed PH (precapillary and postcapillary), however it is invasive and

not commonly used in the veterinary clinical practice.

In conclusion, we believe that the RVEDA index can be used in

the quantitative assessment of RV size in dogs. It can provide benefi-

cial complementary information in dogs with PH and predict R-CHF.

TR severity is the main determinant of RV enlargement in dogs with

PH, and it seems to play a key role in the occurrence of R-CHF. RV

systolic function, assessed with TAPSE and FAC, does not seem to be

a predictor of R-CHF. Further longitudinal studies are needed to eval-

uate the prognostic role of the RVEDA index and to evaluate a less

load-independent variable of RV systolic function, such as the RV

strain rate, in dogs with PH.
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