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Background: Spectral Doppler assessment of hepatic veins may provide information
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Animals: Sixty-five healthy dogs.

Methods: Cross-sectional observational study. The direction and maximum velocity of
each of the 4 possible components of venous flow were determined from pulsed-wave
Doppler examination of the hepatic veins. In addition, structural and functional parame-
ters (TAPSE, longitudinal strain, FAC%, S/, Ei/A; and E'/ A'y) of the RV were evaluated.
Results: The same phase patterns for different waves were seen in all animals: A and
V were retrograde waves, and S and D were anterograde waves. The velocity of the
spectral waves increased with body weight (P < .05) and could be correlated with
functional indices of the RV. A significant difference was found when comparing
morphometric indices with body weight quartiles (P < .05). In addition, intra-and
inter-observer assessments showed low variability. The mean duration of the exami-
nations was 5.2 minutes.

Conclusions and Clinical Importance: Hepatic spectral Doppler findings can be corre-
lated with systolic and diastolic indices of the RV and vary with body weight.
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1 | INTRODUCTION

Abbreviations: A, velocity of the tricuspid annulus systolic excursion in late diastole; BW,
body weight; CV, coefficient of variation; E’, velocity of the tricuspid annulus systolic
excursm-n in early diastole; FAC%, fractional a.rea change; HR,}heart rate; RV, right ventrlcile, Normal hepatlc venous blood flow has low veIoaty and a pulsatlle pat-
S/D, ratio between the S and the D wave derived from hepatic venous Doppler; S, velocity

of the tricuspid annulus systolic excursion; SAP, systolic arterial pressure; TAPSE, tricuspid tern that reflects the changes in right atrial pressure throughout the
annular plane systolic excursion; TDI, tissue Doppler imaging.
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cardiac cycle. Therefore, assessment of hepatic veins using spectral
Doppler could provide information about heart function.*

Although retrograde movement is seen, the majority of the hepatic
venous blood flow must be anterograde and return to the heart cham-
bers. The hepatic venous waves typically exhibit a 3-phase normal pat-
tern, but a fourth component also has been described in healthy dogs?:
wave A, retrograde; wave V, transient, which may be anterograde, ret-
rograde, or neutral; and, 2 anterograde waves, named S and D3

The A wave represents right atrial contraction; the S wave (the larg-
est anterograde wave) occurs in ventricular systole, as the walls con-
tract and the tricuspid annulus is directed to the apex, generating
negative pressure and pushing blood out of the liver and the D wave
occurs during passive filling of the atrium and right ventricle (RV) during
diastole. Finally, the V wave is the result of atrial filling as systole
becomes less intense and the tricuspid valve returns to its normal
position.®

In veterinary medicine, spectral Doppler examinations of hepatic
veins have been carried out. These investigations were used for the
analysis of different hemodynamic conditions in healthy anesthetized
dogs,”* to estimate central venous pressure,” in patients with different
degrees of tricuspid insufficiency,® as well in overweight and obese
dogs.” However, this technique has not been widely used for assess-
ment of the RV.

Spectral Doppler examination of hepatic veins may provide infor-
mation regarding heart function. Our study was designed to assess
the normal pattern of hepatic venous flow from Doppler ultrasound
examination so as to characterize its spectral model. Additionally, we
tried to correlate these data with structural and functional RV vari-
ables to determine if age, sex, body weight (BW) quartiles, heart rate
(HR), cardiac rhythm, and systolic arterial pressure (SAP) affect the
results in healthy dogs.

2 | MATERIALS AND METHODS

2.1 | Animals

This cross-sectional prospective observational study included 65 healthy
client-owned dogs of different breeds and ages that were admitted to
the Comparative Cardiology Laboratory of the Federal University of Par-
ang, Curitiba, Parana, Brazil, between October 2017 and April 2018. All
the dogs received a complete physical examination, measurement of
SAP, abdominal ultrasound scan (to rule out structural liver disorders), as
well as ECG and echocardiographic examinations. Trained observers
indirectly measured SAP in all dogs using the Doppler technique, as
described in the literature.® Several measurements were performed to
obtain an average of 5 stable values. Electrocardiographic tracings were
obtained over a period of 3 minutes.

Exclusion criteria were as follows: hypertensive and hypotensive
animals (defined as SAP >160 and <80 mm Hg, respectively), and dogs
with non-sinus arrhythmias and liver and heart diseases, either acquired
and congenital. All procedures met the guidelines for Animals in
Research: Reporting in vivo Experiments.

2.2 | Echocardiography

The echocardiographic examination was carried out in all animals with-
out the use of sedatives, in the right and left lateral decubitus position,
according to the recommendations of the Echocardiography Commit-
tee of the Specialty of Cardiology, American College of Veterinary
Internal Medicine.? For the assessments described later, we used digital
ultrasound equipment with multifrequency transducers of 4-12 MHz
(Affiniti 50, Philips Medical Systems, Andover, Massachusetts).

Morphologic assessment of the RV involved the measurement, on
2-dimensional images of the 4-chamber apical area optimized for the
RV, of the following parameters: (1) internal basal diameter, extending
from the free wall to the interventricular septum, immediately below
the tricuspid annulus; (2) average diameter, located at a midpoint
between the ventricular apex and the tricuspid annulus, extending
from the free wall to the interventricular septum; and, (3) length, cov-
ering the region from the ventricle peak to the tricuspid annular plane.
All measurements were performed in diastole and systole (Figure 1A
and B).

For systolic function of the RV, we determined the following
parameters: (1) fractional area change (FAC%), which was calculated
from the percentage difference between the systolic and diastolic areas
of the RV, based on 2-dimensional images (Figure 1A and B); (2) tricus-
pid annular plane systolic excursion (TAPSE), represented by the longi-
tudinal displacement of the tricuspid plane in images obtained in
M-mode, with the cursor placed on the junction of the tricuspid plane
and the RV free wall (Figure 1C); (3) longitudinal strain of the RV free
wall basal, middle and apical segments, obtained by 2-dimensional
speckle tracking (Figure 1D); and, (4) velocity of the tricuspid annulus
systolic excursion ('), quantified according to tissue Doppler imaging
(TDI), with the cursor placed on the junction of the tricuspid plane and
the RV free wall (Figure 1E). All parameters were quantified in 4 cham-
ber apical views optimized for the RV. The images were obtained
through the left parasternal window.

The structural variables of the RV (basal diameter, mean diameter,
and length) and TAPSE also were indexed using body surface area
(BSA; mm/m?) of the patients, which was obtained using the following

formula:
BSA =K x (BWin gram52/3) %1074,

K = constant (10.1 for dogs).

Finally, for diastolic function of the RV, we determined the follow-
ing parameters, based on the 4-chamber apical view optimized for this
chamber: (i) profile of trans-tricuspid inflow velocity (waves E; and Ay),
using pulsed Doppler, with the cursor placed below the tricuspid valve
(Figure 1F) and (i) velocities of the tricuspid annulus systolic excursion
in early and late diastole (E{/ and A/, respectively), which were quanti-
fied using TDI, with the cursor placed on the junction of the tricuspid
plane and the RV free wall (Figure 1E).
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FIGURE 1 Measures for the
morphofuncional assessment of
the right ventricle (RV) obtained
by means of echocardiography
in 65 healthy dogs. A and B,
Representation of structural
measures of the RV,
corresponding to the basal
diameter (green line), average
diameter (red line), and length
(yellow line), in addition to the
variation of fractional area of
the RV (FAC%) (white line,
dashed), in diastole and systole
(respectively). C, Systolic
excursion of the annular
tricuspid plane (TAPSE). D, Two-
dimensional longitudinal strain
characterized by deformation
graph of the basal, mid, and
apical segments of the RV

wall. E, Systolic excursion
velocity of the tricuspid annular
plane (S') and E’ and A’ waves
representing the initial and late
diastole, quantified by tissue
Doppler imaging (TDI). F
Transtricuspid inflow,
corresponding to E and A
waves, which represent the
initial and late diastole
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Body weight (quartiles)

triplex Doppler according to body weight 2.0-8.15 kg 8.16-10.4 kg 10.41-17.0 kg 17.01-61.5 kg
n 16 17 16 16 P-value
A Wave (cm/s) 01" 7.4 (2.3* 0(3.1" 17.2 (10.1)® <.001
S Wave (cm/s) 7194 11.9 (3.9 10.5 (2. ) 18.5 (9.9)® <.001
D Wave (cm/s) 3177 8.9 (3.7 7.7 13.5(8.5)° .001
S/D* 3(1.2-1.4° 1.4 (1.2-1.5 3(1.2-1. 5)A 4(1.2-1.74 79

Note: Data are expressed as mean and SD, except for * (nonparametric data), represented by median
(quartiles). Values with different overlapping letters indicate a statistically significant difference between
groups.

Abbreviations: n, number of animals per quartile; S/D, ratio S wave/D wave.
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2.3 | Doppler spectrum of hepatic veins parallel direction compared to Doppler, with angulations <60°. We

differentiated portal veins from other veins based on the higher

To assess the triplex Doppler of hepatic veins, the dogs were placed . . .
echogenicity of portal vein walls, and, for that reason, we did not
in dorsal decubitus position and examined using digital ultrasound
) . ] . assess them. A sample volume of 1 to 2 mm was used.
equipment with multifrequency transducers (both linear and convex)

of 2-12 MHz (Affiniti 50, Philips Medical Systems). The ultrasono-

graphic approach (subcostal) involved primarily the right medial and

The direction and maximum velocity of 1 of the 4 possible com-
ponents were determined from the pulsed-wave Doppler examination
. . . . . of the hepatic veins: (1) large negative anterograde wave during sys-

quadrate liver lobes, showing the right medial and quadrate hepatic . .
. . . tole (S wave); (2) small positive retrograde wave during late systole

veins. We used the gallbladder as a reference, because it provides a . i

(V wave); (3) anterograde wave during early diastole (D wave); or
(4) retrograde wave during diastole after atrial contraction (A wave).
Additionally, we established the ratio between the S wave and the D
wave (S/D). We determined the beginning of each of the 4 phases
based on cardiac electrical activity identified by the ECG tracing,
which was obtained simultaneously with the B-mode ultrasound
image and the use of pulsed-wave Doppler. The S wave occurs soon
after the QRS complex, the V and D waves occur shortly after the T
wave, and the A wave occurs immediately after the P wave of the
ECG tracing. All examinations and measurements were performed by

the same operator (V.B.C.S.).

2.4 | Intraobserver and interobserver variation and
time requirements

To calculate intraobserver variation, 15 animals were reassessed by

the same observer in the repeatability study, with a minimum interval
FIGURE 2 Hepatic venous flow obtained by triplex Doppler of a of 30 days from the first assessment. The same studies were carried
healthy dog, characterized by the A, S, and D wave spectrum. S wave out by a coinvestigator (E.M.U.G.), blinded to the results of the first
with higher velocity compared to D wave and consequent S wave/D
wave ratio >1. Simultaneous electrocardiographic tracing facilitating
the correct identification of the waves studied

investigation, to measure interobserver variation. We also determined

the time required for performing examinations in 8 dogs.

TABLE 2 Comparison of the different indices of systolic and diastolic function of the right ventricle according to body weight in 65
healthy dogs

Body weight (quartiles)

2.0-8.15 kg 8.16-10.4 kg 10.41-17.0 kg 17.01-61.5 kg

n 16 17 16 16 P-value
Systolic indices

FAC (%) 43.4 (103 43.4 (10.0" 39.7 (7.3° 37.3 (8.6 16

TAPSE (mm) 7 (17 11.7 (2.8)"® 13.3(2.9)® 16.8 (3.5)¢ <.001

TAPSE (mm/m?) 35.7 (104 25.8 (6.4)° 24.8 (4.6)5¢ 18.6 (4.3)° <.001

S'* (cm/s) 11.2 (7.6-11.8)" 11.0 (10.1-14.0)"® 12.3 (11.2-15.9)"® 14.6 (12.1-16.9)® .001

StL (%) 24.6 (3.8)% 22.7 (3.5)°8 22.1(3.3)"® 20.4 (4.1)® .02
Diastolic indices

E/A: 1.2 (0.4° 1.4 (0.3° 1.3 (0.3 1.5 (0.2 .09

E/o/A 0.9 (0.6-1.2* 1.3 (1.1-1.4)° 1.2 (1.0-1.2)*8 1.3 (1.1-1.4) .001

Note: Data are expressed as mean and SD (quartiles), except for * (nonparametric data), represented by median (quartiles). Values with different
overlapping letters indicate a statistically significant difference between groups.

Abbreviations: E¢/A, relation of the waves of the transtricuspid influx; E's/A's, relation of the systolic excursion of the tricuspid ring waves, in initial and
late diastole, originating from the tissue Doppler; FAC, fractional area variation; n, number of animals per quartile; StL, longitudinal strain of the right
ventricle; TAPSE, systolic excursion of the annular tricuspid plane.
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2.5 | Statistical evaluation

The Shapiro-Wilk test was used to investigate the normality of data.
Parametric and nonparametric data results, for both hepatic venous
flow and morphology and function of the RV, are presented as mean,
standard deviation (SD), and median (quartile), respectively. We divided
the dogs into BW quartiles and compared them using analysis of vari-
ance followed by Tukey's test (for the parametric data), and the
Kruskal-Wallis test followed by Dunn's test (for nonparametric data).
The Kruskal-Wallis test was used to compare age with hepatic venous
flow variables, whereas sex comparison was performed using the
Mann-Whitney test. The Spearman test was used to investigate corre-
lations between the data of the Doppler spectrum of the hepatic veins
and age, SAP, HR, and RV structural and functional variables. Addition-
ally, we calculated the coefficient of variation (CV) for the interob-
serverand intraobserver assessments and the mean duration of the
examinations. All statistical analyses were performed using commer-
cially available software (GraphPad Prism version 7.0.0, GraphPad Inc,

La Jolla, California). We considered P < .05 as significant.

3 | RESULTS

Sixty-five animals were recruited for the study, comprising a popula-
tion of small-sized to large-sized dogs, including the following breeds:
Beagle (n = 15), German Shepherd (n = 5), Pug (n = 3), Border Collie,
Lhasa Apso, Pekingese, Rottweiler, Whippet, Yorkshire Terrier (2 ani-
mals for each breed), French Bulldog, Chinese Crystal, Doberman
Pinscher, Great Dane, Labrador, Belgian Malinois, Poodle, Shih-Tzu
(1 animal for each breed), and crossbreed dogs (n = 20). Of these,
24 were male (36.9%) and 41 were female (63.1%). Ages ranged
between 4 and 156 months (mean, 45.2; median, 30), and BW from
2 to 61.5 kg (mean, 13.8; median, 10.4). The most common heart
rhythm was sinus arrhythmia (83.1%), followed by sinus rhythm
(10.7%) and sinus tachycardia (6.2%).

The values of the A, S, V, and D hepatic spectral waves varied
according to the size of the animals. Significant statistical differences
(P <.05) were documented when BW quartiles were compared
(Table 1). These results showed a positive relationship between BW
quartiles and hepatic venous flow.

All animals had the same phase pattern for different waves: A and
V retrograde waves (when present), and S and D anterograde waves,
with higher velocities attributed to the S wave compared to the D
wave (Figure 2). The mean of S/D ratio was 21.2 for the different BW
quartiles, with no statistical differences when the interquartiles were
compared (Table 1). The V wave was neutral in all but 3 dogs from the
following experimental groups: 8.16-10.4 kg (3.5 cm/s), 10.41-17 kg
(3.3 cm/s), and 17.01-61.5 kg (4.6 cm/s).

No correlation was observed between the waves of the hepatic
venous flow and the S/D ratio with age and HR. However, the A wave
showed a weak negative correlation with SAP (r;: —0.25; P = .04), and
a higher median value for hepatic spectral waves was found in males

compared to females and a higher median value for hepatic spectral

T
waves was found in males compared to females, except for the S/D
ratio.

Table 2 shows the comparisons between BW quartiles and the dif-
ferent indices of systolic and diastolic function of the RV. Significant
differences (P < .05) were observed between the BW quartiles (except
for FAC% and E{/A,), with increasing values with increases in BW for
TAPSE (mm), &', and E't/A';. In contrast, values for TAPSE (mm/m?) and

longitudinal strain showed a negative correlation with BW. Several

TABLE 3 Correlations between the hepatic venous flow assessed
by triplex Doppler, and the indices of systolic function and diastolic
right ventricle in 65 healthy dogs

r P-value
A Wave (cm/s)
FAC (%) -0.1842 14
TAPSE (mm) 0.3921 001
TAPSE (mm/m?) -0.2028 .10
S (cm/s) 0.2939 02
StL (%) -0.1182 .34
E/A 0.3908 .001
E'/A, 0.3593 .001
S Wave (cm/s)
FAC (%) -0.1148 .36
TAPSE (mm) 0.2602 .03
TAPSE (mm/m?) -0.1569 21
S (cm/s) 0.3184 .001
StL (%) -0.1298 .30
E/A: 0.1720 17
E'/A 0.2810 .02
D Wave (cm/s)
FAC (%) -0.1055 40
TAPSE (mm) 0.1671 18
TAPSE (mm/m?) -0.1514 22
S’ (cm/s) 0.3144 01
StL (%) -0.0153 .90
E/A: 0.1442 .25
E' /A 0.2352 .06
S/D
FAC (%) 0.0834 50
TAPSE (mm) 0.0510 .68
TAPSE (mm/m?) -0.0687 .58
S (cm/s) -0.0976 43
StL (%) -0.0938 45
E/A: 0.0849 .50
E' /A 0.0640 61

Abbreviations: Cl, confidence interval; E{/Ay, transtricuspid influx waves
ratio; E'/A’y, ratio of systolic excursion of the tricuspid ring waves, in
initial and late diastole, originating from tissue Doppler; FAC, fractional
area variation; S/D, S wave/D wave ratio; StL, longitudinal strain of the
right ventricle; TAPSE, systolic excursion of the annular tricuspid plane.
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TABLE 4 Comparison of different right ventricular structural indices in systole and diastole according to body weight in 65 healthy dogs

Body weight (quartiles)

2.0-8.15 kg 8.16-10.4 kg 10.41-17.0 kg 17.01-61.5 kg
n 16 17 16 16 P-value
Diastolic measurements
Length (mm) 22.3 (4.6 32.6 (4.7)® 35.5 (6.4)° 48.6 (7.8)° <.001
Length (mm/m?) 81.1 (19.74 71.7 (10.2)"8 66.3 (9.4)° 53.4(7.)¢ <.001
Basal diameter (mm) 14.7 277 19.2 (4.0)® 22.6 (4.5)° 28.2 (3.9)¢ <.001
Basal diameter (mm/m?) 53.9 (15.9)* 422(8.2)° 42.4(7.8)8 31.3(5.8)° <.001
Mean diameter (mm) 12.2 (2.3)* 16.0 (3.3)® 18.4 (3.8)° 23.4 (3.5) <.001
Mean diameter (mm/m?) 44.4 (108" 35.3(7.1)° 34.5(6.8)° 26.2 (5.6)° <.001
Systolic measurements
Length (mm) 18.2 (6.3" 23.9 (3.5)B 27.3(4.8)8 38.1(6.7 <.001
Length* (mm/m?) 63.1(49.2-72.1)A 54.6 (48.7-59.1)A 51.9 (47.8-55.8)" 42.2 (37.0-44.9)° <.001
Basal diameter (mm) 11.0 2.0" 16.4 (4.7)° 19.0 (4.4)® 23.1 (3. 7)c <.001
Basal diameter (mm/m?) 40.1 (11.6% 36.0 (9.5)4 355 (7.7)% 25.8 (5.6 .001
Mean diameter (mm) 8.7 (1.7~ 12.7 (3.3 14.9 (3.5 18.9 (3. ) <.001
Mean diameter (mm/m?) 31.8(8.8)" 27.8 (6.6)" 27.7 (5.6 21.3(5.5 .001

Note: Data are expressed as mean and standard deviation (quartiles), except for * (nonparametric data), represented by median (quartiles). Values with
different overlapping letters indicate a statistically significant difference between groups.

Abbreviations: n, number of animals per quartile.

functional indices of the RV, such as TAPSE (mm), S, and the ratios
Ei/A¢and E'y/A't, had weak positive correlation with the hepatic venous
flow waves (Table 3). The S’ wave weakly correlated with all hepatic
spectral waves. On the other hand, the S/D ratio showed no correlation
to these waves.

A significant difference (P < .05) was found between all the struc-
tural parameters of the RV when compared to BW quartiles, with
higher values as BW increased (Table 4). When BW was indexed to
BSA, we found an inverted relationship. No correlation was found
between morphometric data of the RV and hepatic venous flow.

Good repeatability was found for intraobserver and interobserver
assessments of hepatic spectral flow. The CV values were moderately
higher for the A, S, and D waves in the interobserver (CV, 10.7%,
17%, and 10.6%) compared to the intraobserver (CV, 2.7%, 10.5%,
and 7.2%) analysis. The mean time for obtaining hepatic spectral wave
measurements was 5.2 minutes. We had difficulty performing the
examination in tachypneic and restless patients, but such characteris-

tics did not prevent us from obtaining measurements.

4 | DISCUSSION

In people, assessment of hepatic venous flow and its association with
right heart hemodynamics is well established.! This technique is uncom-
mon in veterinary medicine. Our study has demonstrated the applicability
of this technique and its feasibility with respect to detection, direction,
velocity, and morphology of hepatic spectral waves and their relationship
to BW. Furthermore, data related to morphology and function of the RV
support the findings of the Doppler technique.

All the animals had a 3-phase pattern, characterized by the A, S,
and D waves, with the exception of 3 dogs, in which the retrograde V
wave was seen. These findings support those reported in a previous
study.®

In normal hearts most anterograde blood flow occurs during ven-
tricular systole, and consequently the S wave is larger than the subse-
quent D wave, with direct effects on the S/D ratio.’® No significant
difference was found in the comparison of the BW quartiles to the
S/D ratio (Table 1). However, an increase in the values of A, S, and D
waves was observed according to BW (P < .05), possibly in response
to the larger volumetric requirement involved. Values of the S/D ratio
>1.2 were observed in the different BW ranges (Table 1), similar to
previously findings.® Thus, it is possible to set an expected cutoff
value for normality.

Body weight directly influenced the findings when compared to the
functional variables of the RV (Table 2), as described in a previous
study.* According to the authors, because several structural and func-
tional echocardiographic indices (eg, body size) are affected, consider-
ation must be given to provision of a more accurate assessment of
reference intervals, given the wide range of dog sizes. In this context,
TAPSE (in millimeters) is a linear measure and increases according to
body dimensions.? However, when indexed to the BSA, an inversion
of the results was observed (Table 2). One possible explanation is that,
despite the larger values in millimeters, the percentage of annular dis-
placement is lower in larger dogs, as observed in a study that assessed
mitral annular movement.*3
Comparison between functional RV indices and hepatic venous

flow (Table 3) allowed for detection of a weak positive correlation
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between S’ and hepatic waves A (r;: 0.29, P: .01), S (rs: 0.31; P: .001),
and D (r:: 0.31, P: .01). The velocity of the tricuspid annulus systolic
excursion is a fast, easy-to-execute, and strongly correlated variable
for invasive hemodynamic measurement of the RV.141> Therefore,
values within the reference range for S/, in the absence of liver dis-
ease, make it a possible predictor for normal hepatic venous flow.

Values of RV morphometric indices increased with BW (Table 4).
However, when the measurements were indexed to BSA, an inversion
of results occurred. In humans, a survey involving a healthy multieth-
nic population showed that measurements of the RV in men exceeded
absolute scores in females for 90% of measurements. However, once
BSA was indexed, the values for women became significantly higher.
Furthermore, indexation decreased the number of statistical differ-
ences among male ethnic groups.'® Similarly, in dogs, although struc-
tural measurements of the RV of bigger dogs are larger, so is their
BSA. Thus, proportionally, values when indexed to BSA become
smaller when compared to small dogs.

The 3-phase hepatic wave pattern is produced during the final
silent phase of inspiration. At this point, sufficient blood has returned
to the heart through the hepatic veins to produce a normal wave-
form.” A study involving a healthy human population determined that
hepatic vein velocities and waveforms varied during respiratory move-
ments.*® In our study, breathing had a direct influence on the Doppler
study. In animals with tachypnea, artifactual waves were generated,
and simultaneous ECG analysis was important in these cases. Exces-
sive movement of the patient hinders the identification of hepatic
veins.

In our study, repeatability was satisfactory between duplicate
measurements, and intraobserver and interobserver variability was
lower for the characterization of the hepatic spectral Doppler. This is
important considering that it is a dynamic examination, susceptible to
interference (such as unhealthy animals and panting), in addition to
the relatively long time that elapsed (minimum interval of 30 days)
from the first assessment.

In a single dog, examination took substantially longer (26 minutes).
Both assessors found detection of hepatic waves in this animal difficult.
In healthy dogs, the diameter of hepatic veins is small, and individual
variation occurs. If this outlier is withdrawn from the analysis, the mean
time for the examination would fall from 5.2 to 2.26 minutes.

Our study had some limitations. The animals were described as
healthy based on clinical assessment and echocardiographic, ECG, and
ultrasonographic examinations, as well as SAP measurements. How-
ever, asymptomatic comorbidities cannot be excluded, because spe-
cific complementary examinations were not performed. In addition,
the number and variability of the animals may have been insufficient
to extrapolate the results obtained to all breeds, and only the M mode
(and not the bidimensional mode) was used to evaluate TAPSE.

Although the expected phasic pattern for hepatic venous flow in
healthy dogs has already been described,? no studies have established
reference ranges according to BW quartiles.

Because hepatopathies modify the hepatic venous flow pattern,*
the results of our study provide a basis for future studies involving

animals with changes that affect both the right side of the heart and

N

the liver. More studies regarding hepatic venous flow pattern could
help the ultrasonographer distinguish between diseases that cause
hepatic congestion because of local disturbance or in response to
right-sided congestive heart failure. Thus, we propose that ultrasonog-
raphy be considered as a complementary diagnostic modality, which

allows objective referral for further complementary examinations.

5 | CONCLUSIONS

Hepatic spectral Doppler correlates with systolic and diastolic indices
of the RV and varies according to BW. It is a technique with good
repeatability and low variability, and future studies should validate the
diagnostic applicability of this technique by assessment of its use in
different diseases that affect the right heart.
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