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Abstract

Objective- Obtaining the normal images of color doppler and estimation of blood flow velocity parameters
of femoral and axillary arteries in dog.

Design- Descriptive study

Animals- 7 healthy adult mixed-breed dogs. weighing 14.3 = 2.8 kg (mean =+ SD).

Proceudure- Left and right femoral and axillary arteries of hind and forelimbs were evaluated. Color
and spectral doppler images of the each artery were obtained. Values of peak systolic velocity, end diastolic
velocity. mean velocity, resistive index and pulsatility index were measured.

Statistical analysis- Calculation of mean and standard deviation of measured parameters using Microsoft
Excel 2003.
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Results- Color Doppler of both arteries showed a laminar flow with higher velocity in the center of flow.
High-resistance flow pattern with triphasic flow velocity and plug velocity profile were observed in spectral
waveform analysis of pulsed Doppler.

Conclusion and Clinical Relevance- Results of this study can be useful for hemodynamic evaluation of
femoral and axillary arteries diseases such as thromboembolism and arterial stenosis in dogs.
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Introduction

Ultrasonography has emerged in the last decade as a frequently used and important diagnostic tool in
veterinary medicine.' Two characteristics of ultrasound that have made it popular are its safety, and lack of
pain or discomfort for the patient. Ultrasonography is relatively inexpensive, noninvasive, and allows
definition of structural anatomy and with the advent of Doppler imaging (color and pulse Doppler imaging),
permits measurement of blood velocity parameters of the various vessels. Doppler ultrasound has become
an accepted and routine method for the investigation of blood hemodynamic in both humans and animals
since it can provide information in many vascular diseases.” One of the most common uses of Doppler
ultrasound in humans is the estimation of blood velocity through the analysis of blood flow waveform. This
sophisticated technique based on the Doppler principle, permits the estimation of blood velocity by detecting
changes in the frequency of sound waves reflected back from flowing red blood cells. The greater the
Doppler shift, the greater the velocity of the red blood cells in the blood vessel. The shift is less when the
ultrasound beam is not parallel to the direction of blood flow within the blood vessel.” It is essential to
establish the normal velocity of arterial flow by Doppler ultrasonography to recognize the abnormal state in
animals. Although a few studies have focused on measurement of blood velocity in dogs,***” but information
on the normal Doppler flow velocity parameters of most of vessels in dogs is limited. This study was
performed to assess Doppler imaging of the normal canine femoral and axillary vasculature. The location,
spectral waveform morphology, and specific Doppler imaging blood velocity parameters of femoral and
axillary arteris were determined.

Materials and Methods

Left and right femoral and axillary arteries of seven healthy dogs (Mean weight = SD: 14.3 + 2.8 kg)
including 5 females and 2 males were evaluated using a Voluson 730 Pro ultrasound machine and multi-
frequency (6-12 MHz) transducer. The dogs were housed in indoor cages with balanced diet and water ad
libitum. All dogs were considered healthy following physical and clinical examination. The animals were
placed in lateral recumbency. The medial skin surface of arm and thigh were clipped and prepared for
sonographic examination. Default adjustments of the machine for the small parts and the resolution frequency
were used for all cases. B-mode and color flow imaging were performed initially to identify vessels of
interest (Fig. 1) for subsequent spectral Doppler analysis in transverse and sagittal views. Following
description of the blood flow pattern in color Doppler, pulsed-wave Doppler scan was achieved in sagittal
views. In pulse Doppler. the cursor was introduced toward the artery and sample volume size was selected
| mm for both femoral and axillary arteries. The Doppler angle was below 60° in all scans. Doppler waveforms
were recorded at a pulse repetition frequency (PRF) that was sufficient to prevent aliasing artifact. The
spectral waveforms of each artery and mean blood flow parameters of 4-7 waveforms were measured using
auto-trace and manual methods (Fig. 2). Efforts were made to obtain all values in an identical fashion. The
following Doppler parameters were measured in proximal, mid and distal parts of left and right arteries and
averaged: Peak-systolic Velocity (PSV), end-diastolic velocity (EDV). Mean Velocity (MnV), resistive
index (RI). pulsatility index (PI) and spectral waveform morphology. The RI was determined by: Rl =
(PSV-EDV)/PSV. The Pl was determined by PI = (PSV-EDV)/MnV.
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Results

Mean and standard deviation of PSV, EDV, MnV, Rl and PI as well as velocity profile and flow pattern
of the femoral and axillary arteries are summarized in Table 1. The arteries could be imaged easily in the
medial side of limb close to femoral and axillary veins. The color Doppler and waveform pattern of both
femora! and axillary arteries were similar in many aspects. Color Doppler showed a laminar flow with
higher velocity in the center of flow (Fig. 1). High-resistance flow pattern with triphasic flow velocity and
plug velocity profile were observed in spectral waveform analysis of pulsed Doppler. A systolic peak was
followed by a retrograde flow wave representing early diastolic velocity. then by a forward flow wave at a
high-resistance flow pattern. The spectral waveform morphology of femoral and axillary arteries 1s
demonstrated in Fig. 3A and B.

Right Fem 3

Figure 1. Color Doppler, B-mode image of femoral artery (sagittal view) demonstrates the artery with a red color while the
center of the vessel shows brighter red to yellow color indicating of higher velocity due to laminar blood flow. The adjacent blue
color indicates a reverse flow (a part of femoral vein). This sonogram was obtained transcutaneously at a displayed depth of 3.5
cm. The left side of the sonogram is proximal of the limb and the right side is distal.
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simultaneous spectral waveform of pulsed Doppler (bottom). The femoral and axillary arteries had a plug velocity protile and
high-resistance flow pattern. Auto-trace of 7-waveform and calculation of the velocity parameters are seen in this sonogram.
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Figure 3. Pulse waveforms of the femoral artery (A) and axillary artery (B) in normal dogs of this study. Pulsatile triphasic
waveforms are shown. (a) Peak systolic velocity, (b) End diastolic velocity. (¢) Retrograde flow wave representing early diastolic

velocity,

Table 1. Doppler imaging results of the femoral and axillary arteries in normal dogs

PR " SD \'L‘lm.:it}' Resistance
' profile flow pattern
Femoral artery Plug- triphasic High
PSV 71.8441 28.4404
EDV 8.7529  5.5209
MnV 18.3436  3.8830
Rl 0.8455  0.0497
Pl 3.4191 1.0586
Axillary artery Plug- triphasic High
PSV 78.3920 31.8751
EDV 9.1687 3.1908
MnV 20.7864  B.6656
RI 0.8671 0.0515
Pl 3.4128  0.9597

PSV = Peak-systolic Velocity (ecm/s)

EDV = End (or minimum) diastolic velocity (em/s)
MnV = Mean Velocity (cm/s)

RI = Resistive index

P1= Pulsatility inde
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Discussion

Many peripheral vascular diseases identified in humans also occur in dogs and cats, although their clinical
identification is frequently overlooked.® Color and pulsed-wave Doppler ultrasonography has been adapted
as one of the most important tools for evaluating the cardiovascular system of both animals and humans
because of its noninvasiveness. Blood flow velocity is estimated with Doppler ultrasonography using the
Doppler equation. The closest estimations of velocity can only be calculated when the Doppler angle is less
than 60°.° Although maintaining the Doppler angle below 60°. which is the accepted limitation for desirable
measurement. was difficult in the femoral artery in this study. this problem was surmounted through the use
of steer capability of the advanced machine which sends the waves in an angle not perpendicular to the skin
surface and underlying parallel superficial vessels.

The velocity waveform derived from the Doppler frequency shift of an artery has a high PSV followed
by a rapid drop in velocity to the low EDV. The Rl is calculated to interpret the shape of the waveform. The
RI varies from 0 to 100%. with 0 representing no resistance and 100 representing high resistance." High RI
correlates to increased distal vascular resistance and decreased perfusion .'"" PSV, EDV. Pl and RI values
are the most frequently reported Doppler ultrasonography parameters for detecting arterial disease in humans
and dogs. PSV, in particular, is the most reliable Doppler measurement parameter for estimating stenosis in
humans. Internal carotid PSV was reported to be the single best Doppler parameter for distinguishing
severe (greater than 80%) from less severe carotid stenosis in humans.” Meanwhile, the EDV more than
80 cm/s in the carotid artery determined by Doppler ultrasonography is an indication that severe stenosis
should be considered. "

Changes in the waveform may have pathologic significance. Most of the arterial blood flow is laminar,
with blood moving in thin concentric layers. Laminar flow velocity profiles comprise plug (narrow range
of frequencies/velocities in larger arteries such as the aorta), parabolic (wide range of frequencies/velocities
in smaller arteries such as renal artery), and blunted parabolic (intermediate range in middle sized arteries
such as the celiac trunk).! In this study, femoral and axillary arteries had a plug velocity profile.

This report provides a database of Doppler imaging blood velocity parameters of the femoral and axillary
arteries in healthy dogs.
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