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ABSTRACT

Background: Echocardiography is one of the most used diagnostic methods in Veterinary Cardiology for the investiga-
tion of heart diseases. This stands out for being a non-invasive technique, readily available and that generates satisfactory
results in hemodynamic monitoring compared to other invasive techniques. However, some parameters are still not well
established in Veterinary Medicine. This work aims to perform a comparative echocardiographic study of the hemodynamic
profile of the outflow tract of the left ventricle (LVOT) between the apical 5-chamber and subxiphoid windows in healthy
dogs, in order to characterize the difference between their hemodynamic indices.

Materials, Methods & Results: An observational, prospective study was carried out in which 30 clinically healthy dogs
of both sexes of small to medium-sized breeds were examined. All animals underwent a complete screening echocar-
diographics examinations without sedation. After the complete examination, the left ventricular outflow tract (LVLVD)
internal diameter was measured in the parasternal window on the long axis at the level of the aortic valve annulus during
systole. The LVOT cross-sectional area was calculated using the formula nr®. The LVOT velocity-time integral (VTI) was
measured by pulsed Doppler, with the cursor positioned before the aortic valve in the apical 5-chamber and subxiphoid
window. Stroke volume (SV) was the result of the product of LVOT IVT measurements and LVOT cross-sectional area.
Cardiac output (CO) was estimated by the product of SV and heart rate (HR). VTI, SV and DC were comparable between
the 2 groups and showed a statistically significant difference (P < 0.05). The values for the subxiphoid window were higher
compared to the values found in the apical 5-chamber window.

Discussion: CO and SV can be underestimated when VTI is measured with the probe in an apical position. With the results
of the present research, it is speculated that the measurement of the LVOT flow in a subxiphoid position is the method of
choice for the acquisition of more accurate data on CO and SV. This difference in precision is justified by the dependence
of the Doppler beam on alignment with blood flow. A Doppler signal with an intercept angle closer to 0° is preferable to
obtain reliable values. The subxiphoid transducer provides more consistent alignment of the ultrasound beam with the
aortic blood flow. Previous studies in humans have reported that vessel diameter has a greater relevance in the variation of
cardiac output. In the present study, the variables that presented the highest correlation value were the LVSD and CO, in
both acquisition methods. Studies performed in humans have suggested that cardiac output and VTI do not correlate with
body index or weight, concluding that vessel diameter has a greater relevance in the variation of cardiac output. In line
with previous human studies, the LVOT VTI allows for early identification of cardiogenic shock. In dogs, it has been used
as a substitute for SV. This approach eliminates errors in the determination of the LVOT cross-sectional area defined by
the formula 7tr?. In addition, the VTI has also been used in therapeutic guidance regarding fluid responsiveness. In these
circumstances, the level of sensitivity and precision of the LVOT flow measurement becomes worrying, since the present
research demonstrates a variability of hemodynamic profiles between 2 acquisition techniques in healthy dogs. Future studies
are needed to investigate its application in Veterinary Medicine, in addition, studies involving reference data are needed.
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INTRODUCTION

The transthoracic echocardiography is one
of the diagnostic methods most commonly used
in Veterinary Cardiology for the investigation of
cardiovascular diseases [9]. This is due to the
fact that this modality provides a quick, accurate,
non-invasive and reproducible diagnosis [12]. The
advances in recent years applied to this method
are notable, related to the introduction, validation
and improvement of diagnostic techniques [24].
This makes possible the early identification of
hemodynamic and morphofunctional changes in
the heart [3].

Hemodynamic monitoring is of fundamental
importance in the management of hemodynamically
unstable patients [29]. There are several modalities
that allow this monitoring, however, echocardiography
transthoracic surgery has become a readily available
technique that generates satisfactory results compared
to other invasive techniques [4]. Although this tool is
useful in hemodynamic monitoring, some parameters
are still not well established in Veterinary Medicine
[24]. Previous studies have demonstrated the existence
of variability in aortic flow velocity in different echo-
cardiographic windows in dogs [1,23]. However, these
studies superficially emphasize only the peak velocity
or the velocity-time integral, without demonstrating
the impact on the measurement of other hemodynamic
variables.

This work aims to perform a comparative echo-
cardiographic study of the hemodynamic profile of the
LVOT flow in the apical 5-chamber and subxiphoid
windows in healthy dogs, in order to characterize the
difference between their hemodynamic indices.

MATERIALS AND METHODS

Animals

An observational, prospective study was car-
ried out, in which 10 clinically healthy dogs of both
sexes, of small to medium breeds, ranging from 5 to
13-year-old and weighing between 3 and 20 kg, were
examined.

Inclusion criteria: animals considered
healthy based on physical examination, complete
blood count, serum biochemistry, echocardiogram
and electrocardiogram.

Exclusion criteria: pregnant bitches, animals
that had arrhythmias, congenital heart disease, systemic
arterial hypertension, aortic insufficiency and other
acquired heart diseases. Also, dogs showing signs of
systemic changes due to parasitic or infectious diseases
were excluded from the research.

Echocardiographic exam

Echocardiographic examinations were per-
formed without sedation, with animals positioned
in right lateral recumbency, left recumbency and
dorsal recumbency on appropriate table. Ultrasound
equipment (Vivid IQ)! coupled to a 4.0-13 MHz
multifrequency sectoral transducer with simulta-
neous electrocardiographic recording. All animals
underwent a complete screening echocardiographic
examination according to published guidelines
[15,27].

Then, the left ventricular outflow tract
(LVOTD) internal diameter was measured in the
parasternal window on the long axis at the level of
the aortic valve annulus during systole. The left ven-
tricular outflow tract (LVOT) cross-sectional area was
calculated using the formula nr2. The LVOT velocity-
time integral (VTI) was measured by pulsed Doppler
before the aortic valve in the apical 5-chamber and
subxiphoid window (Figure 1). Stroke volume (SV)
was the result of the product of LVOT IVT measure-
ments and LVOT cross-sectional area. Cardiac output
was estimated by the product of SV and heart rate
(HR) [5,30].

Statistical analysis

Data were tabulated and grouped according
to the echocardiographic windows used to deter-
mine the LVOT volumetric flow, respectively: 5C
apical and subxiphoid windows. Subsequently,
the data were analyzed in “Excel” and GraphPad
“Software” Prism 82, being submitted to the nor-
mality test (Shapiro - Wilk test), correlation test and
average test (Tukey's test), to assess whether the
data are normal, if the quantitative variables stud-
ied (LVLVD, VTI, SV, HR, CO, weight and age)
are modified together and if there is a statistically
significant difference between the hemodynamic
variables between the apical 5-chamber and sub-
xiphoid window data. In the analysis, a P equal to
5% was used.
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Figure 1. A- Parasternal window in the long axis at the level of the aortic valve. B- Subxiphoid window showing the left ventricular
outflow tract (LVOT). C- Velocity-time integral (VTI) of the LVOT in an apical 5-chamber window. D- LVOT VTI in subxiphoid window.

RESULTS

Tables 1 and 2 demonstrate the descriptive
analysis of the variables under study, in which the
mean, standard deviation (DV), coefficient of variation
(CV), 95% confidence interval (95% CI) and minimum
and maximum values are presented (Min-Max) of
the following variables: left ventricular outflow tract
internal diameter (LVOTD), velocity-time integral
(VTI), stroke volume (SV), heart rate (HR), cardiac
output (CO), weight and age. The FC variable obtained
a very high variation value due to its inherent nature
for each individual.

Tables 3 and 4 demonstrate the correlations
between the 7 variables studied for the volumetric
determination of the LVOT in the 5C apical and
subxiphoid windows: LVOT, VTI, SV, HR, CO,
WEIGHT and AGE. Data analysis showed a strong
positive correlation between the variables VTI x
LVSD, SV x LVSD, SV x VTI, DC x LVSD, DC
x VTI, DC x SV; Weight x LVSD; Weight x VTI,

Weight x SV and Weight x CO in both echocar-
diographic windows. It can be observed that DC x
LVSD, SV x LVSD and DC x SV presented correla-
tions greater than 0.9.

VTI, SV and DC were comparable between
the 2 groups (5C Apical Window and Subxiphoid)
and showed a statistically significant difference (P <
0.05). The mean CO at apical 5C was 2.22 + 1.29 L/
min, while that obtained by the subxiphoid was 2.60
+ 1.49 L/min. The mean SV found in the 5C apical
was 19.56 = 12.27 mL, while that obtained in the
subxiphoid was 22.82 + 14.21 mL. The mean VTI
found in the 5C apical was 13.97 + 2.78 cm, while in
the subxiphoid it was 16.34 + 3.30 cm. The values for
the subxiphoid window were higher compared to the
values found in the 5C apical window (Table 5). Data
analysis in a “box plot chart” demonstrated the asym-
metry and upper limit of the values of the subxiphoid
window variables compared to the apical 5-chamber
window (Figures 2 and 3).
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Figure 2. Comparative analysis between the cardiac output derived from  Figure 3. Comparative analysis between the aortic VTI derived from the
the 5C Apical and Subxiphoid Window. 5C Apical and Subxiphoid Window.

Table 1. Statistical description of the variables used in the volumetric determination by the SC Apical window in healthy dogs.

Variables Mean SD VC 1C=95% Min - Max
LVSD (cm) 1.27 0.27 0.07 0.19 1-1.8
VTI (cm) 13.97 2.78 7.740 1.99 9.8-17.3

SV (mL) 19.56 12.27 150.57 8.78 7.64 -44
HR (bpm) 117.9 23.21 538.77 16.60 85-173
CD (L/min) 222 1.29 1.68 0.93 0.94-4.84
Weight (kg) 13.48 8.86 78.65 6.34 35-20
Age (years) 9.67 2.15 4.63 1.54 59-134

LVSD: internal diameter of the left ventricular outflow tract; VTI: velocity - time integral; SV: Stroke Volume; HR: Heart Rate; DC:
Cardiac Output; DV: standard deviation; CV: coefficient of variation; CI: confidence interval, Min - Max: minimum - maximum;
bpm: beats per minute.

Table 2. Statistical description between the variables used in the volumetric determination by the Subxiphoid Window in healthy dogs.

Variables Mean SD (&\% CI=95% Min - Max
LVSD (cm) 1.270 0.27 0.07 0.19 1-1.8
VTI (cm) 16.34 3.30 10.89 2.36 11.28 -21.4
SV (mL) 22.82 14.21 202.15 10.17 8.79 - 49
HR (bpm) 117.90 23.21 538.76 16.60 85-173
CD (L/min) 2.60 1.49 2.23 1.06 1.08 - 5.39
Weigth (kg) 13.48 8.86 78.65 6.34 35-20
Age (years) 9.67 2.15 4.63 1.54 59-13.4

LVSD: internal diameter of the left ventricular outflow tract; VTI: velocity - time integral; SV: stroke volume; HR: heart rate; DC:
Cardiac Output; SD: standard deviation; CV: coefficient of variation; CI: confidence interval; Min - Max: minimum - maximum.

Table 3. Statistical correlation between the variables used in the volumetric determination by the SC Apical Window in healthy dogs.

Variables LVSD (cm) VTI (cm) SV (mL) HR CO (L/min) Weight (kg) Age (years)
LVSD (cm) 1

VTI (cm) 0.803 1

SV (mL) 0.987 0.859 1

HR -0.158 -0.565 -0.297 1

CO (L/min) 0.990 0.772 0.972 -0.075 1
Weight (kg) 0.782 0.668 0.802 -0.402 0.735 1
Age (years) 0.060 -0.077 0.045 -0.068 0.029 0.254 1

LVSD: internal diameter of the left ventricular outflow tract; VTT: velocity-time integral; SV: stroke volume; HR: heart rate; CO: cardiac output.
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Table 4. Statistical correlation between the variables used in the volumetric determination by the Subxiphoid Window in healthy dogs.

Variables LVSD (cm) VTI (cm) SV (mL) HR DC (L/min) Weight (kg) Age (years)
LVSD (cm) 1
VTI (cm) 0.798 1
SV (mL) 0.987 0.860 1
HR (bpm) -0.158 -0.501 -0.285 1
CO (L/min) 0.989 0.785 0.972 -0.059 1
Weight (kg) 0.782 0.624 0.787 -0.402 0.715 1
Age (years) 0.060 -0.090 0.044 -0.068 0.0147 0.254 1

LVSD: internal diameter of the left ventricular outflow tract; VTI: velocity-time integral; SV: stroke volume; HR: heart rate; CO: cardiac output.

Table 5. Comparison between the means of the variables used in the volumetric determination by the 5C
Apical Window and Subxiphoid Window in healthy dogs.

Variables Apical 5C Subxiphoid Window
LVSD (cm) 1.27 £0.27 1.270 +0.27
VTI (cm) 13.97 +2.78 16.34 +3,30°
SV (mL) 19.56 = 12.27* 22.82 +14.21°
HR (bpm) 117.9 £23.21 117.90 + 23.21
CO (L/min) 222 +1.29 2.60 + 1.49°
Weight (kg) 13.48 = 8.86 13.48 + 8.86
Age (years) 9.67 £2.15 9.67 £2.15

Different letters indicate a statistically significant difference between the means (P < 0.05). LVSD: Inner
Diameter of the Left Ventricular Outflow; VTI: velocity-time integral; SV: stroke volume; HR: heart rate;

CO: cardiac output.

DISCUSSION

Echocardiography has been validated in other
studies as a reliable technique for determining cardiac
output in humans [2,13] and dogs [16,28]. However,
there is still a lack of consensus on the influence of
flow acquisition techniques on the LVOT and its hemo-
dynamic variables in Veterinary Medicine, in healthy
patients and in different pathological conditions, since
this flow can be obtained with the transducer in an
apical position, subxiphoid /subcostal, parasternal and
suprasternal [2,23].

The present study is the 1°in Veterinary Medi-
cine to compare LVOT-derived hemodynamic indices
in the apical and subxiphoid windows. Previous studies
in dogs have only emphasized the difference in peak
velocity and/or time integral velocity of the aortic
flow. These cited studies report that the flow velocities
derived from subxiphoid windows are superior to the
apical region [1,23].

It was observed in the present study that the
hemodynamic values obtained through the subxiphoid
window were always higher than those obtained

through the 5C apical window, with a statistically
significant difference. In echocardiography, it is of fun-
damental importance to have knowledge about the dif-
ferences in results between different methodologies in
obtaining hemodynamic data, in order to avoid clinical
errors in the diagnosis and treatment of patients [11].

In a study in Human Medicine, a significant
variability of VTI and peak velocity was also found,
when comparing different acquisition techniques,
referring to these findings the influence of the loca-
tion of the Doppler sampling on the impact of the
resulting velocity [20]. This information corroborates
our results, which showed a significant difference in
the VTT of the LVOT between the 2 forms of acquisi-
tions, thus directly impacting the other hemodynamic
variables evaluated.

One reason for this difference is that the Dop-
pler beam is dependent on alignment with blood flow.
A Doppler signal with an intercept angle closer to 0°
is preferable to obtain reliable values, because when
the angle deviates from zero the velocity will be un-
derestimated [6,18]. Thus, the transducer in subxiphoid
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position allows for more consistent alignment of the
ultrasound beam with aortic blood flow in dogs [23].

CO and SV can be underestimated when VTI
is measured with the probe in an apical position.
Based on our results, we speculate that measurement
of LVOT flow in a subxiphoid position is the preferred
method for acquiring more accurate data from CO and
SV. However, positioning the transducer close to the
xiphoid process and angling it becomes uncomfortable
and some dogs do not tolerate it and reluctant to accept
it without sedated [1].

Studies performed in humans have suggested
that cardiac output and VTI do not correlate with body
mass index or weight, reporting that vessel diameter
has a greater relevance in the variation of cardiac output
[19]. In our studies, the variables that showed the highest
correlation value were LVOT and CO in both acquisition
methods, thus agreeing with the work reported. However,
CO and VTI showed a certain correlation with weight,
albeit moderately, similarly to what was observed in
healthy children and adolescents, which was also shown
that the LVOT VTI was associated with weight in this
group of patients [11]. However, this correlation was not
seen in children under 1 year of age, where there was
independence between VTI and body weight [20].

Previous human studies, the LVOT VTT allows
for early identification of cardiogenic shock [25]. Stud-
ies carried out in dogs [8] have used VTI as a substitute
for VS. This approach eliminates errors in the determi-
nation of the LVOT cross-sectional area defined by the
formula wr2 [8]. In addition, the VTI has also been used
in therapeutic guidance regarding fluid responsiveness
[26]. Furthermore, the isolated use of the LVOT VTI
is considered a quick and easy-to-apply technique that
can help in the assessment of hemodynamic status or
suspected abnormal function [22].

In the present study, we did not find a correla-
tion between the age of the dogs and the other variables
analyzed. This result differs from that described for
humans in a study involving individuals aged 16 to 80
years, where cardiac output decreased with advancing
age [19]. Some authors justified this decrease in CO by
reducing oxygen consumption, decreasing body size and
decreasing HR [7]. Thus, studies with large populations
are necessary for a more precise investigation regarding
the influence of age on the analyzed parameters [11].

HR is an important intrinsic factor in the vari-
ability of echocardiographic measurements [14]. This

can be affected by many factors, including stress,
age, and physical activity. In the present study, the
dogs were at rest, in an appropriate environment, and
physically restrained by their owners [21]. Previous
studies involving animals with chemical restraint have
shown a reduction in the influence of stress on HR.
However, sedatives and/or anesthetics can influence
the other variables of the present study, but this was
not the objective of the research [17].

The CO values derived from the 5-chamber
apical and subxiphoid window compared gave a mean
error of 0.38 L/min, equivalent to 15% of the result-
ing value. Although there is a significant difference
between these 2 techniques, research suggests accept-
ing a new method when there is a difference in the
range between 10% and 20% in DC and recommend
accepting a maximum limit of 30% difference [10].
However, due to wide variations in their research, this
information becomes questionable [31].

In these circumstances, the level of sensitivity
and precision of the LVOT flow measurement becomes
worrying, since our research demonstrates a variabil-
ity of hemodynamic profiles between 2 techniques in
healthy dogs. Future studies are needed to investigate
its application in Veterinary Medicine in different
conditions, pathologies and hemodynamic disorders, in
addition, studies involving reference data are needed.

CONCLUSION

The velocity-time integral of the left ventricu-
lar outflow tract, stroke volume and cardiac output
were significantly higher in the subxiphoid window
compared to the 5-chamber apical window. Further
studies are needed to standardize the reference of these
variables in different echocardiographic windows for
more effective monitoring in cases of impossibility of
measurement in a given window, benefiting a more
accurate assessment and, consequently, more effec-
tive results.
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