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Abstract : This retrospective, echocardiographic study using 144 dogs with clear systolic tricuspid regurgitation on
Doppler echocardiography was performed to determine the diagnostic value of the systolic tricuspid regurgitation
velocity/pulmonary artery flow velocity time integral to predict the Doppler estimates of dogs with tricuspid regurgitation
pressure gradient compared with other cardiac indices of pulmonary hypertension, and to investigate a cutoff value
to select patients with a potentially poor outcome. The systolic tricuspid regurgitation velocity/pulmonary artery flow
velocity time integral increased significantly as the severity of pulmonary hypertension increased and had a correlation
coefficient that was analogous to those of other conventional cardiac indices. A cutoff value greater 1.65 provided
the best-balanced sensitivity (84%) and specificity (80%) in determining patients with a poor prognosis. In conclusion,
the systolic tricuspid regurgitation velocity/pulmonary artery flow velocity time integral is readily obtained using routine
echocardiography and could provide a non-invasive, novel, and supplementary index for evaluating dogs with pulmonary
hypertension as useful prognostic criteria, particularly in those with advanced pulmonary hypertension.
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Introduction

Pulmonary hypertension (PH) is a hemodynamic state in

which the pressure of the pulmonary arterial vasculature is

elevated (14,15,26). It is a complex syndrome that is caused

by a wide range of primary cardiopulmonary and systemic

etiologies (14,26). Dogs with PH show variable clinical signs,

such as syncope, cough, dyspnea, exercise intolerance, and

right-sided congestive heart failure (RCHF) (14). In dogs

with myxomatous mitral valve disease (MMVD), concurrent

with PH patients showed poorer prognosis (7). Because of

debilitating clinical symptoms and the negative prognostic

influence of PH, a prompt and accurate diagnosis is required

(7,15). Right-heart catheterization is an accepted gold stan-

dard technique for diagnosing PH (8,10). Pulmonary arterial

pressure (PAP), pulmonary capillary wedge pressure, and

cardiac output (CO) can be measured with right-heart cathe-

terization to determine hemodynamic information regarding

the presence and degree of PH (13). However, right-heart

catheterization has less clinical value in veterinary medicine

because of its invasiveness, cost, and the need for sedation or

anesthesia, which can influence CO and measured pressures

(21). Alternatively, Doppler echocardiographic measurement

is widely used for the clinical diagnosis (14,15).

Indirect echocardiographic indices for PH, including the

tricuspid regurgitation pressure gradient (TRPG), accelera-

tion time of pulmonary artery flow (AT), AT: ejection time

(ET), main pulmonary artery diameter:aorta diameter ratio

(MPA:Ao), right pulmonary artery distensibility index (RPAD

index), and other indices of right ventricular function have

been proposed. While some studies showed that there was a

very good correlation between these indices and catheteriza-

tion-derived parameters, others implied that these indices had

clinical, technical and alignmental limitations (15,23-25,30).

Pulmonary vascular resistance (PVR) (17-19) and pulmo-

nary arterial compliance (PCa) are parameters that are associ-

ated with PH (13). The exact value of PVR is calculated

invasively as transpulmonary pressure gradient divided by

CO (13,18). A definition of PCa is capacity of supporting

pulmonary pressure and is determined with the volume of

single cardiac stroke. In human medicine, PCa, either alone

or combined with PVR, gives clinicians a good stratification

of the prognosis of PH or heart failure (13).

The pulmonary artery flow velocity time integral (VTIPA)

correlates well with PVR in human studies (17-19). In addi-

tion, the systolic tricuspid regurgitation velocity (TRV)/VTIPA

had a better correlation coefficient with PVR compared with

that of VTIPA alone (18). More recently, VTIPA was found to

be strongly correlated with PCa, highlighting the need to fur-

ther investigate the prognostic value and effect of therapy

(5,13). However, the reliability and potential diagnostic value

of VTIPA measurements have not been evaluated in dogs.

Given that PVR and PCa correlated well with the TRV/

VTIPA in human medicine studies, we assumed that the TRV/

VTIPA could be used as a novel index in dogs with PH and

heart failure. We hypothesized that the TRV/VTIPA may pre-

dict the Doppler estimates of PAP, and discriminate between

the early and advanced stages of PH in those with RCHF.

Therefore, we determined the diagnostic value of TRV/VTIPA

to predict the Doppler estimates of dogs with TRPG com-
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pared with other cardiac indices of PH. Furthermore, a cut-

off value was investigated to select patients with a potentially

poor outcome.

Materials and Methods

Animals

This retrospective study included 144 dogs that had clear

TRV on Doppler echocardiography between August 2012

and August 2017. The dogs were divided into four groups

based on the echocardiography estimated TRPG that was

derived from the TRV. A simplified Bernoulli equation was

used: TRPG = 4 × (TRV)2. The groups were: 1) the normal

group; dogs with a TRPG < 36 mmHg, 2) the mild PH

group; dogs with a TRPG 36-50 mmHg, 3) the moderate PH

group; dogs with a TRPG 50-75 mmHg and 4) the severe PH

group; dogs with a TRPG > 75 mmHg (29,30). Exclusion cri-

teria were right ventricular outflow tract obstruction, tricus-

pid valve dysplasia, ventricular septal defect, cardiomyopathy,

and history of taking sildenafil and other vasodilator such as

amlodipine, hydralazine and nitroprusside. None of dogs

showed evidence of dehydration and those undergoing fluid

therapy were excluded from this study because of the possi-

bility that fluid therapy would result in hemodynamic alter-

ations. In the poor prognosis group, we included dogs that

showed any signs of RCHF, such as ascites, pleural effusion,

and hepatic congestion. Furthermore, the dogs in this group

were compared with those without RCHF with a TRPG more

than 36 mmHg, in whom at least mild PH was suggested to

be present.

Echocardiographic measurements

Doppler echocardiography studies were performed with an

ultrasound unit (Aloka ProSound 7, Hitachi Aloka Medical

Ltd., Tokyo, Japan) using a 3-8 MHz phased array sector

transducer. For echocardiographic examination, the dogs

were manually restrained in the right and left lateral recum-

bent position. The flow profile of the pulmonary artery with

pulse-wave Doppler in the parasternal short axis view, and

care was taken to optimize the MPA. The TRV and VTIPA

was obtained with continuous-wave Doppler in the left api-

cal view (Fig 1). Care was taken to align the sample volume

and axis of the blood stream correctly to obtain the highest

and clearest Doppler velocity. Five cardiac cycles were recorded

for each index. All data were stored on a separate worksta-

tion (Infinitt cardiology PACS, Infinitt Healthcare Co., Ltd.,

Seoul, Korea) to allow for off-line analysis. The following

variables were measured: TRV (m/s), VTIPA (cm), RPAD

index (%), AT (ms), AT:ET and MPA:Ao.

Statistical analysis

All echocardiographic measurements and calculations were

performed by the same individual (SJK). An additional

observer (DYO) assessed the reliability of the interobserver

measurement. The value of the intraclass correlation coeffi-

cient (ICC) was interpreted as follows: over 0.75 was excel-

lent, from 0.40 to 0.75 was fair to good, and less than 0.40

was poor (12).

All data were analyzed using statistical analysis software

(SPSS version 23.0 for Windows, SPSS Inc., Chicago, IL,

USA). Data are described as the mean and standard deviation.

A P value of < 0.05 was considered statistically significant.

Normality was determined with the Shapiro-Wilk test.

Analysis of variance was used to evaluate difference among

groups; subsequently a post hoc test was performed with

Bonferroni’s or Dunnett’s test. The Kruskal Wallis test was

used if the data did not show normality. The Jonckheere-

Terpstra test was used to identify trends among groups. To

predict the TRPG, using the cardiac indices, Pearson’s cor-

relation and a simple linear regression analysis were used.

The Mann-Whitney’s test was performed to identify whether

the indices could predict poor prognosis. A receiver operat-

ing characteristic (ROC) curve was used to suggest a cutoff

value, sensitivity, and specificity.

Results

Clinical and echocardiographic data

The study population consisted of 144 dogs that were, allo-

cated into four groups. There were no significant differences

in body weight, body surface area (BSA), and age among the

dogs in the four groups. There were 41 Maltese, 35 Shih Tzu,

14 Miniature Schnauzers, 11 Pekingese, 10 Cocker Spaniels,

8 mixed breeds, 7 Miniature Poodles, 6 Yorkshire Terriers, 3

Pomeranian, 2 Jindo, 2 Chihuahuas, 1 Dachshund, 1 French

bulldog, 1 Miniature Pinscher, 1 Pug and 1 Cavalier King

Fig 1. Images of VTIPA (A) and TRV (B) in a dog (VTIPA: 12.17 cm, peak systolic TRV: 2.68 m/s). VTIPA, pulmonary artery flow veloc-

ity time integral; TRV, tricuspid regurgitation velocity.
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Charles Spaniel. Dogs in the severe PH group had a higher

heart rate than did those in the normal and mild PH groups.

A significantly higher number of dogs in the severe PH

group had RCHF (P < 0.05) than did those in other groups.

All velocity time integral (VTI) measurements were adjusted

by BSA (18). The echocardiographic data of the groups are

presented in Table 1.

In the Jonckheere-Terpstra test, TRV/VTIPA and MPA:Ao

were increased and the VTIPA, RPAD index, AT, and AT:ET

were decreased as the severity of PH increased (P < 0.001).

Correlation between echocardiographic measurements

and TRPG

The TRV/VTIPA had correlation coefficient (R = 0.48) that

was analogous to that of other conventional cardiac indices

for predicting TRPG. This parameter had lower correlation

coefficient than did the RPAD index, but this parameter’s

correlation coefficient was higher than AT, AT:ET, and

MPA:Ao (Table 2).

To calculate the TRPG non-invasively, a simplified equa-

tion, which was derived from TRV/VTIPA and VTIPA was:

TRPG = (18.895 × TRV/VTIPA) + 28.512

TRPG = (0.764 × VTIPA) + 84.569

Table 1. The clinical and echocardiographic characteristics of the dogs in this study (n = 144)

Data Normal (n = 41) Mild PH (n = 39) Moderate PH (n = 32) Severe PH (n = 32)

Body weight (kg) 5.2 ± 2.7 6.5 ± 3.7 5.0 ± 2.7 4.9 ± 1.9

BSA (m2) 0.294 ± 0.093 0.337 ± 0.120 0.284 ± 0.103 0.283 ± 0.075

Heart rate (bpm) 128 ± 300 124 ± 260 142 ± 320 .153 ± 32a,b

Age (years) 12.1 ± 2.10 12.4 ± 2.40 12.7 ± 3.10 11.4 ± 2.80

TRPG (mmHg) 29.8 ± 4.00 a41.2 ± 3.6a0 62.3 ± 7.2a,b 0094.3 ± 22.3a,b,c

VTIPA/BSA 45.4 ± 13.5 41.1 ± 12.2 a37.4 ± 11.5a. 032.2 ± 11.6a,b

(TRV/VTIPA)/BSA 0.86 ± 0.35 0.88 ± 0.39 01.66 ± 1.06a,b 002.32 ± 1.08a,b,c

RPAD index (%) 32.6 ± 7.30 26.7 ± 6.1a 22.2 ± 7.6a,b 015.0 ± 6.5a,b,c

AT 67.6 ± 18.3 66.9 ± 14.1 053.3 ± 13.0a,b 0.49.2 ± 13.4a,b

AT:ET 0.39 ± 0.10 0.38 ± 0.07 00.32 ± 0.05a,b 0.0.32 ± 0.08a,b

MPA:Ao 1.10 ± 0.10 1.09 ± 0.11 1.18 ± 0.14 001.27 ± 0.19a,b,c

RCHF (number) 0 0 5 14a,b

Data represented as mean ± standard deviation. PH, pulmonary hypertension; BSA, body surface area; TRPG, peak tricuspid regurgitation
systolic pressure gradient; VTIPA, pulmonary artery flow velocity time integral; TRV, tricuspid regurgitation velocity; RPAD, right pulmo-
nary artery distensibility; AT, acceleration time of peak pulmonary artery flow; ET, ejection time of pulmonary artery flow; MPA, main pul-
monary artery; Ao, aorta; RCHF, right-sided congestive heart failure.
a
P < 0.05 when compared with the normal group. bP < 0.05 when compared with the mild PH group. cP < 0.05 when compared with the

moderate PH group.

Table 2. Results of Pearson’s correlation and simple linear
regression analysis of the echocardiographic indices and TRPG

Variable R R
2

P

VTIPA/BSA 0.37 0.14 < 0.001

(TRV/VTIPA)/BSA 0.48 0.23 < 0.001

RPAD index 0.68 0.47 < 0.001

AT 0.47 0.22 < 0.001

AT:ET 0.39 0.15 < 0.001

MPA:Ao 0.32 0.10 < 0.001

R, correlation coefficient; R2, determination coefficient.

Fig 2. The ROC curve. A TRV/VTIPA value of 1.65 provided a

sensitivity of 84% and specificity of 80% (area under the curve:

0.863, 95% confidence interval: 0.794 to 0.932) to identify

patients with a poor prognosis. ROC, receiver operating char-

acteristic curve; TRV/VTIPA, systolic tricuspid regurgitation

velocity/pulmonary artery flow velocity time integral.

ROC curve to identify patients with poor prognosis

As PH progressed, mechanical consequences are marked

increase in right ventricular afterload, resulting in RCHF. In

this study, dogs in the RCHF group had a significantly low

median survival time (106 days) and high mortality (86.7%)

compared with dogs without RCHF in the PH group (173

days and 45.2%, respectively).

In dogs in the RCHF group, the TRV/VTIPA was signifi-

cantly increased (P < 0.001) and the RPAD index (P = 0.033)

was significantly decreased compared with those in dogs in
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the PH group. Using the ROC analysis, we found that a

TRV/VTIPA cutoff value of 1.65 provided the best-balanced

sensitivity (84%) and specificity (80%) to determine patients

with poor prognosis (area under the curve: 0.863). However,

the RPAD index did not have clinical value to predict the

patient’s prognosis (area under the curve: 0.224) (Fig 2).

Intraobserver and interobserver reliabilities

In the intra- and interobserver agreement analysis, the

ICCs of VTIPA were excellent (ICCs > 0.9, P < 0.001).

Discussion

In this study, we observed that TRV/VTIPA increased with

the severity of PH, and there was an analogous, linear cor-

relation between the TRPG and Doppler-estimated TRV/

VTIPA or VTIPA compared with other cardiac indices of PH.

Additionally, a TRV/VTIPA over 1.65, with a sensitivity of

84% and specificity of 80%, suggested that dogs with PH

had poor prognosis. No significant variation of VTIPA was

identified in measurement reliability.

Various echocardiographic indices have been used rou-

tinely to determine PH; however, such indices have some pit-

falls. Heart rate has a significant effect on the ventricular

systolic time interval (AT and AT:ET) in dogs (1,20). How-

ever, another study indicated that age and heart rate have

only negligible effects on these indices (23). Echocardio-

graphic evidence of heart remodeling such as septal flatten-

ing or increased MPA:Ao may be observed in dogs with

moderate to severe PH, but these changes could be unde-

tected in dogs with in mild PH. The limitation of TRPG,

which is used routinely to estimate PAP, occurs especially

when evaluating patients who receive vasodilators. Sildena-

fil is frequently used to treat PH in dogs to decrease PVR;

the consequences include increasing CO, whereas the PAP

does not change significantly. Therefore, assessing the TRPG

alone could underestimate the hemodynamic changes of

vasodilators unless the patient remain untreated (18).

An accurate evaluation of pulmonary circulation requires

an understanding of both its static and dynamic components.

In human medicine, PVR and PCa are hemodynamic con-

cepts that are frequently used in clinical practice. Evaluation

of PVR is used to identify right ventricular afterload, but it

has limitation as a static component. Reduced PCa is known

to be a powerful marker of poor prognosis in patients with

idiopathic pulmonary arterial hypertension and those with

heart failure. Moreover, studies suggest that PH could be bet-

ter diagnosed in the early stage through alteration of PCa,

rather than increase in PVR (13). However, measuring these

hemodynamic components in vivo, especially in veterinary

medicine, is difficult due to its invasiveness and the patient’s

need for additional sedatives or anesthetics. As alternatives,

VTI is available by means of non-invasive parameter. VTIPA

was first introduced in veterinary medicine, as an index that

is measured with Doppler echocardiography in a study about

independent factors such as body position, sedation, and

exercise that can influence echocardiographic indices (21).

However, the diagnostic significance of VTIPA has not been

evaluated in dogs so far.

Many studies have demonstrated that there is a correlation

between TRV/VTIPA and PVR in humans with PH (1,17-19),

and suggested normal value by age in pediatrics (17). More-

over, evaluating the VTIPA in heart failure patients has been

shown to be feasible (5). VTI is closely related to CO; the

consequences of low CO are cardiogenic shock, multi-organ

dysfunction, and even death (2). Moreover, a low VTI in

either the right or left ventricular outflow tract correlates with

adverse clinical outcomes (18,27). The rapid ultrasound in

shock (RUSH examination) using VTI is an emerging proto-

col to identify the source of shock or hypotension and pre-

dict the patient’s response to treatment in the emergency

department (6).

The progression of postcapillary PH is slow, a hyperten-

sive left ventricle adversely affects the compliance and fill-

ing of the contralateral right ventricle, resulting in a cycle of

vicious impact on function in the two ventricles (9). In veter-

inary clinics, MMVD that is associated with moderate to

severe PH is also associated with shorter survival times (8).

Estimating the TRV/VTIPA may be useful to assess disease

over time.

Many equations and cutoff values for screening patients

with a high PVR have been suggested through echocardio-

graphic measurement of TRV/VTIPA in diseased humans

(16,19,20,23). However, its reliability differs according to

various inclusion criteria (4,27). For example, echocardiogra-

phy was shown to be useful to screen patients with PH and

PVR greater than 2 wood units using TRV/VTIPA value of

0.14 as the cutoff. However, the authors of that study con-

cluded that this cutoff value was disappointing for the accu-

rate assessment of higher PVR (22). Alternatively, another

study suggested a linear regression equation that was applica-

ble to patients who had severe PH with a PVR greater than 6

wood units (3). Because the pulmonary pressure in our dogs

ranged broadly and the hemodynamic values could not be

measured directly, the linear regression equation in this study

needs further validation. There is an absence of studies about

a normal VTI value that is based on age, body weight, BSA,

heart rate, and various cardiopulmonary diseases, further

studies are needed to evaluate healthy and ill dogs.

In our study, group of poor prognosis were confined to

dogs with RCHF. Unlike in humans, identifying RCHF in

dogs depends entirely on the evidence that is seen on radiog-

raphy or ultrasonography, such as ascites, pleural effusion,

and pericardial effusion. Therefore, the cutoff value that was

suggested in this study could be overestimated or inaccurate.

As client-owned dogs were included, indirect measure-

ments of hemodynamic value could be suggested as poten-

tial limitations. In this study design, the degree and presence

of PH were determined with the TRPG. This method is

known to be less accurate than invasively determined PAP

(10,28). The accuracy of invasive systolic PAP was mini-

mally improved when adding right atrial pressure to the

TRPG (25). Moreover, calculating the right atrial pressure

could result in overestimation of the severity of PH (11). For

reasons mentioned above, we neglected to study right atrial

pressure to estimate the Doppler derived PAP. Many studies

that evaluated the relationship between Doppler echocardiog-

raphy-derived PAP and various cardiac indices showed simi-
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lar results, although slightly different methods were used in

each study to estimate PAP.

The authors pursued to evaluate the importance of VTIPA

and in clinical settings, VTIPA could provide additional infor-

mation on individual hemodynamics as an alternative to

invasive PVR or PCa in PH dogs. Moreover, the TRV/VTIPA

cutoff value can propose whether the PH patients are accept-

able or abnormally impaired. It allows for good clinical strat-

ification of the prognosis particularly in progressed PH. In

conclusion, it is suggested that TRV/VTIPA could be included

as a simple and non-invasive parameter to determine the sever-

ity of PH through routine echocardiographic examination.
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