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Abstract

This research studying the phenomenon of Doppler (frequency Doppler) as a method through which the direction
and speed of the blood cells flows in blood vessels wear measured. This Doppler frequency is relied upon in medicine
for measuring the speed of blood flow, because the blood flow is an important concept from the concepts of medicine. It
represents the function and efficient of the heart and blood vesselsin the body so any defect in this function will appear
as achange in the speed of blood flow from the normal value assumed. As this speed changes alot in cases of disease
and morbidity of the heart, so in order to identify the effect of changing the Doppler frequency on the speed of blood
flow and the relationship of this frequency with the angles of transtions and receptions and the effect of changing the
ultrasound transmitted frequencies on the measured velocities . The Doppler ultrasound system has been used which is
more efficient and easier to be widely used as a practical application in Al Yarmouk Teaching Hospital on two subjects.
The normal had a natural medical history in the blood vessels, and abnormal had carotid artery stenosis. This device
will give the flow velocity of blood in the blood vessels which is useful to the examiner, the equation of Doppler as a
mathematica model in the research is adopted the measured speed to clarify the amount of change in the frequency
(shift in frequency). This speed was measured in five different blood vessdls, large arteries (abdominal aorta and carotid
artery in the neck) and large veins (the inferior vena cava across the abdomen and the externa Jugular vein in the neck)
and capillaries in the hand and fingers. Then using the measured velocities in these vessels the Doppler frequency was
calculated from this mathematical model using MATLAB program, was found that as vel ocity of the blood increases, so
does the Doppler frequency and vice versa. The greater the value of the Doppler angle used in the device then the
Doppler frequency decreased and vice versa. Aswell as increasing the transmitted frequency giving an increase in the
speed of blood flow and in the Doppler frequency and vice versa. It was observed during the practical work that it was
possible to get the speed of blood flow in different blood vessdls, arteries and veins easily, but to less extent in the
capillary vessels since in fact the value of the received frequency was very small.
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1. Introduction

The Doppler Effect provides a unique
capability for ultrasound to measure blood flow
[1]. The Doppler principle states that the
frequency of reflected ultrasound is atered by a
moving target, such as red blood cells. The
magnitude of this Doppler shift relates to the
velocity of the blood cells, whereas the polarity of
the shift reflects the direction of blood flow
toward (positive) or away (negative) from the
transducer [2]. The Doppler frequency shift is a
change or shift in the frequency of the returning
echoes compared to the frequency of the

transmitted ultrasound waves which the basis for
calculating blood flow velocities ,negative
frequency shift (echoes reflected from blood
flowing away from the transducer have lower
frequencies compared to the transmitted
ultrasound), positive frequency shift (echoes
reflected from blood flowing toward the
transducer have higher frequencies compared to
the transmitted ultrasound) ,net frequency shift
(echoes  reflected from blood flowing
perpendicular to the transducer exhibit no change
in frequency compared to the transmitted
ultrasound ) as shown in Fig. (1) [3]. Blood flow
through the heart and great vessels has certain
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characteristics that can be measured using
Doppler instruments designed for Medical use.
For the purpose of understanding flow patterns in
the heart, it is important to recognize the
difference between laminar flow and turbulent (or
disturbed) flow [4].Laminar flow is the flow
velocity in a straight vessel with uniform
diameter; it represents the majority of normal
blood flow. Turbulent flow within an arterial or
venous system, multiple factors exist that are
capable of altering or disrupting laminar flow, as
vessel tapering, curvature, bifurcations, and many
other abnormal deformations as arterial stenosis
and thrombus, cause turbulent flow [5]. The fact
that makes the frequency of the Doppler Effect
more than just an interesting curiosity is that it
actually provides a method that is used to measure
the direction and speed of moving red blood cells.
Doppler methods extend the use of cardiac
ultrasound into the evaluation of normal and
abnormal flow states and provide quantitative data
that are essential in the clinical decision making
process concerning patients with heart disease [4].
Carotid artery disease is also called carotid artery
stenosis. The term refers to the narrowing of the
carotid arteries. This narrowing is usually caused
by the buildup of fatty substances and cholesterol
deposits, called plague. Carotid artery occlusion
refers to complete blockage of the artery. When
the carotid arteries are obstructed, there will be an
increased risk for a stroke [6].
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Fig. 1. Doppler Frequency Shift [3].
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2. Mathematical Mode of
Frequency

Doppler

The shift in frequency is related to the
contraction or expansion of wavelengths ahead of
or behind the sound-emitting moving object
shown in Fig. (2). the wavelength of the sound,
is the speed of sound propagation, c, divided by
the frequency of the sound. As sound speed is
defined in units of length divided by time and
frequency is the number of cycles per unit time,
wavelength is expressed in units of length. The
velocity of the moving object, v, is also in units of
length divided by time. As the sound is emitted
from the moving object, the wavelengths observed
at points on either side of the object are
lengthened ( I) or shortened ( s). Because
wavelength is inversely proportional to frequency,
the observer will detect a frequency different from
that emitted by the object when it has zero

velocity [7]:
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In Equations (1) and (2), f is the frequency of
the sound emitted by the object and would be
detected by the observer if the object were at rest,
(=Af) represents a Doppler effect-induced
frequency shift. The sign depends on the direction
in which the object is traveling with respect to the
observer. In the case of ultrasound scattering back
from moving objects (e.g., red blood cells) in the
body, the derivation of the Doppler equation may
follow that of Wells Because ultrasound is used in
a transmit-echo approach. There is a Doppler
effect with the sound arriving at the scattering
object and a Doppler effect as the sound is
reflected from that object back toward the
ultrasound transducer. In US, the round trip time
for sound is related to the depth and the speed of
sound in tissue. As seen in Equations (1) and (2),
an inverse relationship exists between frequency
and the wavelength of the sound transmitted to the
red blood cells. The sound speed is constant (c
tissue = 1,540 m/sec) in this rdationship. The
frequency of the sound incident on the red blood
cdl is changed because the relative velocity of the
red blood cdll is added to the sound propagation
speed. The variables can be rearranged in the form
of the transmitted frequency, fo, and an object
velocity term [7]:

fo=— o=
Tk .3
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The sound is then reflected back toward the
transducer in the echo from thered blood cell. The
frequency of sound arriving back at the transducer
is shifted again in proportion to the red blood cell
velocity [7]:
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The equation for the frequency returning back
to the transducer, f ' can be rewritten once again
with respect to the original frequency, fo, and the
waveengths of the incoming and outgoing waves.
These relationships are now substituted into the
following equation to put everything in terms of

the red blood cdl vedocity, Vrec, the origina
frequency, fo, and the speed of sound
propagation, ¢ [7]:

VR.E‘I'__ VR.E‘C
ff=h+

I} AR.E'I‘__

Vrgc

—fu"‘T o + frsc)

Vrac Vrac
( 3'2

3'+ fol
.(6)

fD=f—-f
=fot2fp(

RBI‘_' RBI‘_'

}+fc-( } —fo

R.E'l‘_'

R‘BE
- )

=2 ( }+ﬁ}(

. (7)

since Vg << C

o= (270725)

..(8)

The rdative velocity (to be indicated as wr)
between the red blood cell and the transducer is
dependent on the angle of a straight line (the line
down which the sound is traveling) and the red
blood cell and the direction of the red blood cell
motion as shown in Fig.(3).

In other words, if thered blood cell weretraveling
directly toward the transducer (or directly away),
the relative velocity would be at a maximum (or
the negative maximum). When cosine 0° =1, vr =v
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rec @ 0°. When cosine 180°=1, wr = Vg at 180°.
Since cosine 90° =0, w = 0 at 90°. This
relationship can also be written as vr = Vesc « COSO ,
where the angle is indicated in Fig (2). Plugging
this relationship into Equation 8, the Doppler
equation can be obtained [7]:

fo=Af =2 f, =
_ E'fD'TJRE,_—'EGSE
B C ..(9)
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fo = Doppler shift frequency that is affected by
the density of the particles (red blood cdll) in the
blood vessdl.

Vrec = the velocity of blood in the vessel.

fo = transmitted frequency.

¢ = the velocity of the sound in the blood.

0 = Doppler angle.

Vese =

C
f- Af

D

v (velocity)
-
C
\_/ 1’5 =
«— [+Af

Fig. 2. As an Object Emitting Sound Moves at a
Velocity v, the Wavelength of the Sound in the
Forward Direction is Compressed ( s) and the
Wavelength of the Sound in the Receding Direction
isElongated ( 1), c = Sound Speed [7].
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v (velocity)

Fig. 3. The Vdocity of Red Blood Cells Relative to
the Position and Angle of the Transducer Depends
on the Angle (©) between the Direction of Sound
Propagation and the M otion of the Particle[7].

3. Experimental Work

This work was done on a subject that has
normal blood vessels history whose age is 30
years old, and on an abnormal subject that have a
problem of carotid stenosis; his age was 38 years
old. The Doppler device was applied to each one
of them in Yarmuk teaching hospital. This device
which has a linear probe of 4 -12 MHz frequency
was applied to the subject body after putting
ultrasonic gel on his skin, in order to make the
movement of the probe more easier and the
transmission of the ultrasonic wave better, the
blood flow velocity was measured by placing the
probe (A highly loaded lead zirconate titanate
ultrasonic transducer is usually used for this
purpose ) of the ultrasonic Doppler device on the
large arteries (abdominal aorta and carotid artery
in the neck), large veins (the inferior vena cava
across the abdomen and the external Jugular vein
in the neck) , and the capillaries of the hand and
fingers. At each type of these five different blood
vessels, the Doppler shift frequency was
calculated by making the ultrasonic device using a
band of transmitted frequencies toward each type
of vessels and using different probes angles for
each frequency transmitted. After getting the
velocity of the blood flow for each vessel of the
two subject from the device, the Doppler shift
frequency can be calculated from equation (10) by
using Mathlab program, in order to prove that the
Doppler frequency is dependent on:

1. Blood Veocity: As velocity increases, the
shifted Doppler frequency increases also as

shown in Table (1) [8].
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2. Ultrasound Frequency: Higher ultrasound
frequencies give less depth of Penetration, and
lower ultrasound frequencies have better
penetration. This is due to the fact that the
wavelength is inversely proportional to
frequency, the frequency transmitted ranges
between 2MHz and 12MHz, and Table (2)
shows the best range of frequencies used in
vascular region [9].

3. Doppler Angle. The Doppler frequency
increases as the Doppler ultrasound beam
becomes more aigned to the flow direction
(the angle 6 between the beam and the
direction of flow becomes smaller) this is of
the most importance in the use of Doppler
ultrasound, as explained by Fig. (4) [10].

4. Direction of Blood Flow: If the flow of blood
has the same direction as the ultrasonic beam,
then it is considered that the blood is flowing
away from the transducer. In this case, the
Doppler shift frequency is lower than zero, and
when the blood flow is opposite to the
direction of the ultrasonic beam, it is greater
than zero [11].

5. Ultrasound Probe: There are different types of
transducers which are used with the ultrasound
system; these are curved, phased, and linear.
The curved and phased are not used in vascular
application, the linear probe is vascular probe
and used for measuring blood flow in the
vessels.

Table1,
Normal Blood Flow Velocities in Different Types of
Blood Vessels[8].

Blood vessel Diameter (cm)  Velocity (cm\sec)
Capillary 0.0005- 0.001 0.005-0.1
Largearteries  2-60 20-25
Largeveins 0.5-1 15-20

Table 2,

The Transmitted Frequencies that are used to
M easur e Blood Flow According to Depth [9].

Application 7MHz-12MHz 4MHz-7TMHz
and depth

Vascular (O- Best Better

3cm depth)

Vascular (3-

8cm depth) Better Best




Ghaidaa Abdulrahman Khalid

Al-Khwarizmi Engineering Journal, Vol. 8, No.4, PP 26- 39 (2012)

wkin

L

jud L) i
r o

drection

A b B C | [N
ey 1l . -~
K LT | ey e D
Sarogram

Fig. 4. Effect of the Doppler Anglein the Sonogram.
(A) Higher-Frequency Doppler Signal is obtained if
the Beam is aligned more to the Direction of Flow.
In the Diagram, Beam (A) is more aligned than (B)
and Produces Higher-Frequency Doppler Signals.
The Beam/Flow Angle at (C) Is Almost 90° and
there is a Very Poor Doppler Signal. The Flow at
(D) I's Away from the Beam and there is a Negative
Signal [11].

4. Resaultsand Discussion
4.1. Doppler Effect with Normal Subject

Since the Doppler shift frequency represent, a
change or shift in the frequency of the returning
echoes compared to the frequency of the
transmitted ultrasound waves [Fd= Fr-Ft] as
shown in Tables [3,4,5,6& 7], the Doppler shift
frequency have a higher magnitudes (greater than
zeroes) and a positive polarity [2,11], which
means that the blood flow in these vessels is
opposite to the direction of an ultrasonic beam
emitted from the transducer, and the echoes
reflected back from blood cells flowing towards
the ultrasonic transducer giving values greater
than zero and positive polarity [3]. Table (3)
represents Values of Doppler shift frequency in
Carotid artery for normal subject. As an example,
if the transmitted frequency is 7 MHz, and
Doppler angle is 30° ,the measured velocity from
the device was 15.45 cmv/sec, then by using
equation (10) the Doppler shifted frequency will
be 1.2 KHz , which is greater than zero; blood
flow is opposite to the direction of an ultrasonic
beam emitted from the transducer, and the echoes
that reflected back from blood cells flowing
towards the transducer. at the same transmitted
frequency (7 MHz) ,with Doppler angle 45° ,60°,
the measured velocity will be 19.07,19.2 crm/sec
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respectively, which means that the veocity of
blood flow increases as Doppler angle increases at
the same transmitted frequency until it reaches
37.1 cm /sec at 75 ° ,while the shifted Doppler
frequency will be at 45° 1.208khz while at 60
°,75° it will be 0.86,0.85khz, respectively. These
different changes in the values of the shifted
Doppler frequency are at the same transmitted
frequency because the movement of the blood
cdls in the vessels is in circular groups with
laminar flow, so the transducer will emit the same
frequency to each group of cel but receive
different echoes magnitude from the cdls
according to their distance from the transducer, so
there will be different Doppler shift frequency as
showninTables (3, 4, 5, 6, &7).

It is important to understand the Doppler shift
frequency since some of the ultrasonic Doppler
device gives only the Doppler shift frequency then
by using Doppler mathematical model in Equation
(10), the blood flow velocity can be determined.

From the graphical representations of the
normal subject found in Figures (5), the velocity
of blood flowing in the carotid artery was found.
The transmitted frequencies wear 7,8,10,& 12Mhz
which has been selected to measure blood flow
according to the depth of this vessd as shown in
Table(2) [9]. At each one of these transmitted
frequencies, there are three different reigns of
angles. This figure shows nearly linear
relationship between velocity and Doppler angle.
Thefirst liner region is between 30° to 45°, where
the velocity is lower than normal physiological
reference which is 20-25 cm/sec in large artery.
At angles between 45° to 60°, there is another
linear region that that differs from the first region
where the velocity is almost the same as that of
the normal physiological reference 20-25 cnvsec.
The third linear region at angles between 60-75°
the velocity is much higher than normal
physiological references. so Figure(5) shows that
in order to get the most accurate measure for
velocity of blood flow in carotid artery, so during
the investigation of the subject the Doppler
ultrasound system's probe needs a modification
for the Doppler angle to be between 45°and 60°
between the probe of the device and the vesse
direction.

From the graphical representations of the
normal subject found in Figure (6) the velocity of
blood flowing in Aorta, was found. The
transmitted frequencies 4,5,6,& 7Mhz which wear
selected to measure blood flow according to the
depth of this vessel as shown in Table(2) [9]. Each
one of these transmitted frequencies, there are
three different reign of angles. This figure shows



Ghaidaa Abdulrahman Khalid

Al-Khwarizmi Engineering Journal, Vol. 8, No.4, PP 26- 39 (2012)

nearly linear reationship between velocity and
Doppler angle. The first liner region is between
30° to 45°, where the velocity is lower than
normal physiological reference which is 20-25
cm/sec in large artery. At angles between 45° to
60,° there is another linear region that differs from
the first region where the velocity is amost the
same as that of the normal physiological reference
20-25 cn/sec. The third linear region is at angles
between 60-75°. The velocity is much higher than
norma physiological references. So Figure(6)
shows that during the investigation of the subject
the Doppler ultrasound system's probe must be
aligned at an angle between 45°and 60° between
the probe of the device and the vessdl direction to
get the accurate velocity measurement and
diagnosis.

From the graphical representations of the
normal subject found in Figure (7) the velocity of
blood flowing in the large vein (Inferior Vena
Cava) was found. The transmitted frequencies
ware 4,5,6,&7Mhz which were selected to
measure blood flow according to the depth of this
vessdl as shown in Table(2) [9]. At each one of
these transmitted frequencies, there are three
different reign of angles in this figure shows
nearly linear reationship between velocity and
Doppler angle. The first liner region is between
30° to 45°, where the velocity is lower than
normal physiological reference which is 15-20
cm/sec in large artery; At angles between 45° to
60° there is another linear region differ from the
first region where the velocity is aimost the same
as that of the normal physiological reference 15-
20 cm/sec. The third linear region is at angles
between 60-75° .The velocity is much higher than
15-20 cnvsec. So Figure(7) shows that during the
investigation of the subject the Doppler ultrasound
system's probe must be aligned at an angle
between 45°and 60° between the probe of the
device and the vessel direction to get the accurate
velocity measurement and diagnosis.

From the graphical representations of the
norma subject that found in Figure (8) the
velocity of blood flowing in the external jugular
Vena Cava was found. That the transmitted
frequencies 7,8,10,& 12Mhz which were selected
to measure blood flow according to the depth of
this vessd as shown in Table(2) [9]. At each one
of these transmitted frequencies, there are three
different reign of angles. This figure shows nearly
linear relationship between velocity and Doppler
angle ,thefirst liner region is between 30° to 45°,
where the velocity is lower than normal
physiological reference which is 15-20 cnvsec in
large artery. At angles between 45° to 60° there is
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another linear region that differs from the first
region where the velocity is almost the same as
that of the normal physiological reference 15-20
cm/sec. The third linear region at angles between
60-75° the velocity is much higher than normal
physiological references. So Figure (8) shows that
the Doppler angle of the probe must be aligned to
be between 45°and 60° with the vessel direction.

From the graphical representations of the
normal subject found in Figure (9) the velacity of
blood flowing in the capillary was found. The
transmitted frequencies are 7,8,10,& 12Mhz which
were sdlected to measure blood flow according to
the depth of this vessel as shown in Table(2) [9].
at each one of these transmitted frequencies, there
are three different reign of angles in this figure
shows nearly linear relationship between velocity
and Doppler angle. The first liner region is
between 30° to 45°, where the velocity is lower
than normal physiological reference which is 15-
20 cnvsec in large artery; At angles between 45°
to 60° there is another linear region differ from
the first region where the velocity is amost the
same as that of the normal physiological reference
which is 15-20 cm/sec. The third linear region at
angles between 60-75° the velocity is much higher
than normal physiological references. So Figure
(9) shows that the Doppler angle of the probe
must be aligned to be between 45°and 60° with
the vessd direction.

Table 3,
Values of Doppler Shift Frequency in Carotid
Artery for Normal Subject.

'Fl'ransmitted ooy -rl;lr:;sured gr?lpf)tpelgr

requen oppler

(FIMHD  Angee)  Veooiy 25?:33%)
(V cm/sec) (Fd KH2)

7 30 15.45 1.20

7 45 19.07 1.208

7 60 19.20 0.86

7 75 37.1 0.85

8 30 9.36 0.83

8 45 15.20 1.10

8 60 20.00 1.02

8 75 32.43 0.85

10 30 14.18 1.57

10 45 16.27 1.47

10 60 19.89 1.27

10 75 37.03 1.22

12 30 15.10 2.01

12 45 16.20 1.76

12 60 20.09 1.54

12 75 37.80 1.50
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Table 4, Table 6,
Values of Doppler Shift Frequency in Aorta for Values of Doppler Shift Fregquency in Inferior Vena
Normal Subject. Ceva for Normal Subject.
Transmitted The gﬁff)tpelgr Transmitted The gﬁpf)?elgr
Frequency Doppler meaSt_Jred Frequency Frequency Doppler meaSt_Jred Frequency
(Ft MH2) Angle(©) Velocity (Ft MH2) Angle(©) Velocity
(V cm/seq) (calculated) (V cm/seq) (calculated)
(FdKH2) (FdKH2)
7 30 11.7 0.90 7 30 10.47 0.81
7 45 17.07 1.08 7 45 12.90 0.81
7 60 23.60 1.05 7 60 16.90 0.75
7 75 36.10 0.83 7 75 27.60 0.70
6 30 12.20 0.81 6 30 11.82 0.77
6 45 19.07 1.03 6 45 13.50 0.73
6 60 24.68 0.94 6 60 17.11 0.65
6 75 36.17 0.71 6 75 27.79 0.59
5 30 14.70 0.81 5 30 11.80 0.65
5 45 21.25 0.96 5 45 13.90 0.62
5 60 25.50 0.81 5 60 18.68 0.59
5 75 38.87 0.64 5 75 28.95 0.47
4 30 15.18 0.67 4 30 11.80 0.49
4 45 20.27 0.73 4 45 13.97 0.50
4 60 25.30 0.64 4 60 18.02 0.46
4 75 37.0 0.48 4 75 28 0.37
;r/glbdge%f Doppler Shift Frequency in External Table 7,
Jugular Vena Ceva for Normal Subject. \N/lerL:neilofSi?zgl.er Shift Frequency in Capillary for
Transmitted Hégwr ed gﬁff)tpelgr Transmitted The gﬁff)tpelgr

Frequency Doppler
(Ft MH2) Angle(©)

Frequency Doppler measured

velocity  Frequency (FtMH2)  Anglg®)  Velocity | oduency

V calculated calculated
f:m/sec) EFd KH2) : (V cm/sec) EFd KH2) :
7 30 9.77 0.74 7 30 0.033 0.0045
7 45 11.50 0.72 7 45 0.039 0.0043
7 60 14.93 0.64 7 60 0.049 0.0038
7 75 27.64 0.63 7 75 0.085 0.0034
8 30 10.08 0.89 8 30 0.037 0.0042
8 45 11.47 0.83 8 45 0.040 0.0037
8 60 15.28 0.78 8 60 0.050 0.0032
8 75 26.60 0.70 8 75 0.087 0.0029
10 30 11.25 1.24 10 30 0.042 0.0038
10 45 12.68 1.14 10 45 0.045 0.0033
10 60 14.82 0.95 10 60 0.048 0.0025
10 75 26.60 0.87 10 75 0.183 0.0022
12 30 11.67 1.55 12 30 0.038 0.0030
12 45 13.08 1.51 12 45 0.037 0.0024
12 60 15.12 1.16 12 60 0.042 0.0019
12 75 27.60 1.07 12 75 0.056 0.0013
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Fig. 5. The Velocity of the Blood Flow versus the
Doppler Angle in Carotid Artery for Different
Frequencies[7, 8, 10, 12 MHZ] for Normal Subject.
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Fig. 6. The Velocity of the Blood Flow versus the
Doppler Angle In Aorta for Different Freguencies
[4, 6,5, 7MHZ] for Normal Subject.
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Fig. 7. The Velocity of the Blood Flow versus the
Doppler Anglein Large Vein (Inferior Vena Ceva)
for Different Frequencies[4, 5, 6,7MHZz] for Normal
Subject.
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Fig. 8. The Velocity of the Blood Flow versus the
Doppler Angle in External Jugular Vein for
Different Frequencies[7, 8, 10, 12 MHZz] for Normal
Subject.
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Fig. 9. The Velocity of the Blood Flow versus the
Doppler Angle in Capillary for Different
Frequencies[7, 8, 10, 12MHz] for Normal Subject.

4.2. Doppler Effect with Abnor mal Subject

The Doppler shift frequency for abnormal
subject shown in Tables (9,10,11,& 12) is the same
as that found with normal person except for that
found in Table (8) which indicates there is a
stenosis in the carotid artery where the region at
the Doppler angle between 45-60° the velocity
decreased gradually until it reached sever stenosis
at 60 degree where blood flowing was obstructed
by narrowing of the artery which is usually
caused by the buildup of fatty substances and
cholesterol deposits, called plaque. So as the
velocity decreased, the Doppler shift frequency
decreased also. For example, at 7MHz (45°was
1.291& 60° was 0.736), at 8MHz (45°was 1.41
KHz& 60° was 1.02 KHz), at 10MHz (45°was 2.4
KHz & 60° was 0.98 KHz), at12 MHz (45°was
2.19 KHz & 60° was 1.3 KHz). This high decrease
in the Doppler shift magnitudes is consider as an
indication for the presence of turbulent flow,
where the presence of stenosis increases the
value of echoes received by the transducer, so
the shift frequency will be reduced.

From the graphical representations of the
abnormal subject (undergoes stenosis in the
carotid artery) that found in Figure (10), the
velocity of blood flowing in the carotid artery was
found. The transmitted frequencies are
7,8,10,&12Mhz which has been sdected to
measure blood flow according to the depth of this
vessd as shown in Table(2) [9]. At each one of

these transmitted frequencies, there are three
different reign of angles. This figure shows nearly
linear relationship between velocity and Doppler
angle, the first liner region is between 30° to 45°,
where the velocity is almost the same as that of
the normal physiological reference which is 20-25
cm/sec and there is no appearance or indication
for any abnormal flow. At angles between 45° to
60°, there is another linear region differed from
thefirst region wherethe velocity at 7 MHz (45°
was 20.09 cnv/sec,60° ,was 16.2 cm/sec) ,at BMHz
(45° was 19.20 cm/sec,60° was 20 cm/sec),at
10MHz (45° was 20 cm/sec,60° was 15.2 crm/sec),
a 12MHz (45° was 19.89 cm/sec,60° was
16.7cm/sec).Obvioudly in this region (45 © -60° )
when compared with normal person, at each
transmitted frequency, the velocity of the blood
decreased gradually until it reached lower value
than that of the normal physiological references
that were 20-25 crm/sec since the diameter of the
artery decreased gradually making blood flow
turbulent. So this is an indication for the
appearance of problem of stenosis, the third linear
region at angles between 60-75°. The velocity is
very much higher than normal physiological
references. So in order to get the most accurate
measurement for velocity of blood flow in carotid
artery and to get best diagnosis for the stenosis
artery, the Doppler ultrasound system's probe
needs a modification for the Doppler angle to be
between 45°and 60° between the probe of the
device and the vessel direction.

All the graphical representations found in
Figures (11,12,13,&14) when compared with
normal subject have the same characteristic found
in the normal subject ,which means that there is
no disease in these vessels.
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Table 8, Table 10,
Values of Doppler Shift Frequency in Carotid Values of Doppler Shift Frequency in External
Artery for Abnormal Subject. Jugular Vena Cevafor Abnormal Subject.
Transmitted The Doppler Transmitted The Doppler
Frequency Doppler measured Shifted Frequency Doppler measured Shifted
: Frequen i Frequency

(FtMHZ)  Anglg®)  Velocity equency (FtMHZ)  Anglg®)  Velocity

(V cm/seq) (calculated) (V cmisec) (calculated)

(Fd KH2) (Fd KH?2)

7 30 15.45 1.20 7 30 9.77 0.74
7 45 20.09 1.291 7 45 11.50 0.72
7 60 16.20 0.736 7 60 14.93 0.64
7 75 37.1 0.85 7 75 27.64 0.63
8 30 9.36 0.83 8 30 10.08 0.89
8 45 19.20 1.41 8 45 11.47 0.83
8 60 37.00 1.02 8 60 15.28 0.78
8 75 32.43 0.85 8 75 26.60 0.70
10 30 14.18 1.57 10 30 11.25 1.24
10 45 20 2.4 10 45 12.68 1.14
10 60 15.2 0.98 10 60 14.82 0.95
10 75 37.03 1.22 10 75 26.60 0.87
12 30 15.10 2.01 12 30 11.67 1.55
12 45 19.89 2.19 12 45 13.08 1.51
12 60 16.7 1.3 12 60 15.12 1.16
12 75 37.80 1.50 12 75 27.60 1.07
Table9, Table11,
Values of Doppler Shift Frequency in Aorta for Values of Doppler Shift Frequency in Inferior Vena
Nor mal Subject. Cava for Abnormal Subject.
Transmitted The gﬁff)tpelgr Transmitted The gr(])lpf)tpelgr
Frequency  Doppler measured Frequency Frequency ~ Doppler measured Frequency

(Vemser) (0T (Vem/se) e kHy)
7 30 11.7 0.90 7 30 10.47 0.81
7 45 17.07 1.08 7 45 12.90 0.81
7 60 23.60 1.05 7 60 16.90 0.75
7 75 36.10 0.83 7 75 27.60 0.70
6 30 12.20 0.81 6 30 11.82 0.77
6 45 19.07 1.03 6 45 13.50 0.73
6 60 24.68 0.94 6 60 17.11 0.65
6 75 36.17 0.71 6 75 27.79 0.59
5 30 14.70 0.81 5 30 11.80 0.65
5 45 21.25 0.96 5 45 13.90 0.62
5 60 25.50 0.81 5 60 18.68 0.59
5 75 38.87 0.64 5 75 28.95 0.47
4 30 15.18 0.67 4 30 11.80 0.49
4 45 20.27 0.73 4 45 13.97 0.50
4 60 25.30 0.64 4 60 18.02 0.46
4 75 37.0 0.48 4 75 28 0.37
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Table 12,
Values of Doppler Shift Frequency in Capillary for
Abnormal Subject.

Transmitted The gﬁff)tpelgr
Frequency Doppler measured Frequen
(FtMHZ)  Anglg®)  Velocity (cael?:ul at?(;)
(Vem/se) e kHy)
7 30 0.033 0.0045
7 45 0.039 0.0043
7 60 0.049 0.0038
7 75 0.085 0.0034
8 30 0.037 0.0042
8 45 0.040 0.0037
8 60 0.050 0.0032
8 75 0.087 0.0029
10 30 0.042 0.0038
10 45 0.045 0.0033
10 60 0.048 0.0025
10 75 0.183 0.0022
12 30 0.038 0.0030
12 45 0.037 0.0024
12 60 0.042 0.0019
12 75 0.056 0.0013
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Fig. 10. The Velocity of the Blood Flow versus the
Doppler Angle in Carotid Artery for Different
Frequencies [7, 8, 10, 12 MHZz for Abnormal
Subject.
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Fig. 11. The Velocity of the Blood Flow versus the
Doppler Angle in Aorta for Different Freguencies
[4, 6,5, 7MHZz] for Abnormal Subject Subject.
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Fig. 12. The Velocity of the Blood Flow versus the
Doppler Anglein Large vein (Inferior Vena Cevan
for Different Frequencies [4, 5 6,7/MHZz] for
Abnormal Subject.
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Fig. 13. The Velocity of the Blood Flow versus the
Doppler Angle in External Jugular vein for
Different Frequencies [7, 8, 10, 12 MHZ] for
Abnormal Subject.
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Fig. 14. The Velocity of the Blood Flow versus the
Doppler Angle in Capillary for Different
Frequencies [7, 8, 10, 12MHZz] for Abnormal
Subject.

5. Conclusions

1. Thesize of the Doppler signal is dependent on
blood velocity, as veocity increases, so does
the Doppler frequency.

2. In the Doppler ultrasound, the penetration
depth in the human body is inversey
proportionate with the transmitted frequencies
as explained in Table (2).The relationship
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between shifted Doppler frequencies and
Doppler angles is nearly linear for each group
of Doppler angles. As the Doppler angle
increases the shifted Doppler frequency
decreases and vice versa.

3. Transmitted frequencies have great effect on
shifted Doppler frequencies and on measured
Velacities. As transmitted frequency increases
the shifted Doppler frequency and measured
velocities increase and vice versa.

4. The Doppler ultrasound system's probe needs
a modification for the angle to be between
45°and 60° between the probe and the vessdl
direction to give the most accurate measure.

5. The Doppler ultrasound can measure the
blood flow in al types of blood vessels,
arteries, veins, but to less extent the capillaries
as the scattered frequency from them is very
small and inaudible.
Doppler methods can be used for the
evaluation of normal and abnormal flow states
and provides quantitative data that are
essential in the clinical decision .making
process concerning patients with heart
disease.

o
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