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Abstract

Obijective: In this research, we have shown how increase in glucose and cholesterol levels
in a blood mimicking fluid (BMF) influenced the peak systolic velocity (PSV) and end
diastolic velocity (EDV) in the common carotid artery wall-less phantom. Methodology:
The BMF was prepared and mixed with D(+)-glucose and cholesterol powders at different
levels from 50 mg/dl to 500 mg/dl. A multi-lumen diameter common carotid artery (CCA)
wall-less phantom was used to carry out measurements of flow velocity of the BMF using a
Hitachi HI Vision ultrasound scanner. Results: The PSV and EDV of the BMF are
inversely related to the concentration (level) of glucose and cholesterol in the BMF. The
PSV and EDV decreased by a maximum of about 3.0 cm/s across the 8 lumen diameters,
while they decreased by a maximum of 4.0 cm/s with increased in glucose and cholesterol
levels respectively. Conclusion: This suggests that no matter the concentrations of glucose
or cholesterol in the BMF samples, the flow parameters were similar to those for healthy
arteries. Therefore, we conclude that hyperglycemia and hypercholesterolemia does not
influence the flow velocity in the CCA, but trigger other risk factors at advance stages of
atherosclerosis.

Key Words: Common Carotid Artery; Blood Mimicking Fluid; Carotid Flow Velocity;
Cardiovascular Risk Factors; Doppler Ultrasound.

1.0 Introduction

The common carotid artery (CCA),
carotid bulb, and internal carotid artery (ICA)
form a major supply route for blood to the brain
(Piotr & Joshua, 2006). Therefore, they are a
subject of a lot of clinical investigations (Barnett
et al., 1998; Ferguson et al., 1999). Researchers
have studied blood flow velocity because it is
considered as an important tool to assess
hemodynamic parameters that can give good
idea about cardiovascular disease such as stroke
(Manisha & Vilas, 2019; Melanie et al., 2020;
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Mete Ozdikici, 2020; Thea et al., 2020). The
measurement of resistivity index (RI) is
independent on the Doppler angle, but
measurements of other hemodynamic indices
require that the Doppler angle should be within
the range 30° to 60°with very accurate
measurements taken at 60°. This is because at
angles greater than 60°, the velocity
measurements will substantially change leading
to much errors and inaccuracies (Lee, 2013).
Blood flow within a vessel does not have the
same velocity at any given time. It is faster at the
centre of the vessel and slow near the vessel wall
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due to viscous drag exerted by the walls causing
the fluid at wall to become stationary. This
difference in the flow velocity across the vessel
is referred to as velocity profile.

As a homogeneous fluid enters a long
tube with a steady flow, it moves from a blunt
flow profile with all the fluid moving with the
same velocity to a parabolic flow (Caro et al.,
2012). The distance over which the velocity
profile transits from blunt to parabolic flow is
dependent on the diameter of the vessel and
velocity of the fluid, but the velocity is usually
several times the tube diameter. The same
difference in velocity profile is observed in
several vessels in the human body, for instance,
flow profile up the aorta is blunt while it is
parabolic in the normal mid superficial femoral
artery even though the shape of the velocity
profile can be complicated by the pulsatile
nature of blood flow (Peter et al., 2019). In
arteries, blood flow is pulsatile and the velocity
profile varies over time, therefore, for normal
common femoral arteries and common carotid
arteries, there is no reverse flow except during
diastole where reverse flow is observed in the
common femoral artery. There have been no
much studies on the relationship between carotid
artery hemodynamic indices and ischemic
stroke. PSV, EDV and RI in the carotid artery
have been found to be associated with ischemic
stroke (Chyi-Huey et al., 2007; Chuang et al.,
2011). Age is a major risk factor associated with
stenosis of the carotid artery. Elderly people
have low PSV and large CCA diameters, while
high systolic blood pressure and diastolic blood
pressure increase PSV (Homma et al., 2009;
Toru et al., 2005; Arkadiusz et al., 2012; Azhim
et al.,, 2011; Pam et al., 2015a). Because
cholesterol is an insoluble particle in the blood,
its movement within blood vessels like arteries
makes it a risk factor of cardiovascular disease
known as atherosclerosis or hardening of the
artery wall by cholesterol deposits (stenosis)
(Vasudevan & Sreekumari, 2013). A real human
blood contains glucose as part of the
components of its plasma and serum, the
presence of high level of glucose in the blood
plasma (= 130mg/dl ) makes it hyperglycaemic
(diabetic) and a risk factor of cardiovascular
disease (Rita et al., 2015; Flora & Nayak, 2019;
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Hamid et al., 2019). Obese humans are known to
have large CCA lumen diameter and decreased
flow velocity, pointing to early stage of
atherosclerosis (Huseyin et al., 2015; Pam et al.,
2015b).

There are no known studies on the effect
of high or low glucose and cholesterol levels on
the hemodynamic blood flow in the carotid
artery of the human being. Even though high
glucose and total cholesterol levels in the blood
plasma have been indicated as risk factors of
atherosclerosis and ischemic stroke, there is no
information on how they influence flow velocity
indices in the carotid artery. In this research, the
effect of different levels of glucose and
cholesterol in the BMF on flow velocity in a
multi-lumen diameter CCA wall-less phantom
has been discussed.

2.0 Materials and Methods

This experiment was approved by Physics
department, Universiti Sains Malaysia. There
was no need seeking for consent or approval
from the ethics committee or Institution Review
Board as this research does not involve human
or animal participants.

2.1 Blood Mimicking Fluid Preparation

The BMF was prepared by a
combination of 70% w/w of distilled water, 5%
w/w of propylene glycol, 25% w/w of
polyethylene glycol and 0.8% w/w of poly (4-
methylstyrene) (Sigma Aldrich, Germany)
scatters (Oglat et al., 2018a). This was followed
by adding 2 drops of benzalkonium chloride to
serve as a preservative against bacterial
manifestation. The prepared BMF was then
mixed with 50 mg/dl to 500 mg/dl of glucose
and cholesterol separately to find out their
effects on the flow velocity measurements. The
pumping of the BMF was actualized using a
50130 centrifugal multi-flow pump produced by
the German Society for Applied Medical
Physics and Technology (GAMPT), capable of
delivering up to 10 liters/minute. Care was taken
to ensure that the BMF was not left inside the
phantom after use to avoid settling of the scatter
particles. The phantom was flushed with
glycerol solution to remove the BMF completely
and avoid changing the composition of the
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TMM while it is being stored at room
temperature.

2.2 Preparation of Tissue Mimicking Material
(TMM) Wall-less Phantom

The TMM composition for the wall-less
phantom was adopted from research conducted
by (Ammar et al., 2018). It was made up of 84%
distilled water, 0.53% of silicon carbide, 0.96%
of aluminum oxide (3.0 um size), 0.89 % of
aluminum oxide (0.3 um size), 0.92% of gelatin,
1.5% of konjac powder, 1.5% of carrageenan
powder, 0.7 % of potassium chloride and 9.0%
of glycerol. About 5 cm?® of benzalkonium
chloride solution was added as an ant-fungal
agent. The Prepared TMM was cast inside a
plastic rectangular box with 8 different straight
metal rod of diameters 8.0 mm. 7.5 mm, 7.0
mm, 6.5 mm, 6.0 mm, 5.5 mm, 5.0 mm and 4.5
mm placed inside the box (figure 1a). When the
TMM had cooled to about 40°C, the metal rods
were removed gradually to provide 8 lumens
which were attached to rubber tubes for
connection to a gear pump.

2.3 Measurements of Density and Viscosity

The densities of the BMF fluids were
measured using a portable Density Meter

(DMA 35, Firmware Version, V1.79, Austria) at
37°C. The strip attached to the meter was
pressed down and dipped inside the fluid, then it
was released to draw up the fluid inside the strip
by suction pressure, while the density reading
was recorded automatically by the meter in just
few seconds.

About 700 cm?® of each BMF fluid was
required for the viscosity measurements using
the electronic rotational viscometer (ERV)
(Software Version 1.2, Fungilab, Barcelona,
Spain). The spindle L1 was selected for viscous
liquid, it was fixed to the ERV and then lowered
into the fluid while the ERV was switched on
(figure 1b). The spindle rotates inside the liquid
for few minutes until a steady value of the
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viscosity was recorded due to the viscous
resistance from the fluid (Kim et al., 2015;
Chunhwa et al., 2020).

2.4 Measurements of speed of sound,
Attenuation and Backscatter power

The speed of sound was measured by
pulse echo (PE) method using Ultrasonic
echoscope GAMPT-scan machine (German
society for Applied Medical Physics and
Technology, GAMPT Ultrasonic solutions,
Hallesche Strabe, Merseburg, Gamany). The
arrangement for this measurement is shown in
(figure 1c) where the time of flight (TOF)
between the highest two peaks of the transmitted
and reflected waves was measured, the values
for the speed of sound of the liquids were
calculate using the equation:

Speed of sound = %

Where x is the distance between the walls of the
vessel containing the liquid and t is the time of
flight

The amplitudes of the highest two
similar peaks were also measured and the
attenuation coefficients (a) were also calculated
using the attenuation equation:

2X0.868, A,
a=—"—In—
X Aq

Such that A; and A, are the amplitudes of the
two highest but similar wave peaks respectively
and x is the distance.

The backscatter power of the BMF was
measured at different radio frequency signals by
calculating the average power spectrum through
applying the fast Fourier transform (FFT)
generated by the A-scan GAMPT software at 5
MHz. This was done to find out if the BMF
simulates the real human blood.
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Figure 1: (a) casting of the TMM inside the
phantom box, (b) Rotational Viscosity Meter
measuring the viscosity of the mixture
fluids, (c) Measurement of the acoustic
properties of solutions using the A-scan
Gampt technique

2.5 Doppler Ultrasound Measurement of
Flow Velocities

A digital clinical Hitachi ultrasound
scanning machine (HI VISION Avius, Hitachi
Medical Corporation, Tokyo, Japan) connected
with a linear array transducer (probe) EUP-
L74M with frequencies ranging from 5 to 13
MHz was used to get an image of the wall-less
flow phantom. The phantom was placed on a flat
table and connected to a 50130 centrifugal

multi-flow pump (German society for Applied
Medical Physics and Technology, GAMPT
mbH, Hallesche Strabe, Merseburg, Gamany)
with the aid of plastic tubes to pump the BMF
(figure 2a). This fluid was pumped through the
lumen at a flow rate of 1500 ml/min (for both
steady and pulsed flow) and B-mode images of
the lumen and the BMF were displayed on the
screen of the scanning machine. Measurements
of peak systolic velocity (PSV) and end-diastolic
velocity (EDV) were carried out by color
Doppler and Pulse- wave (PW) Doppler systems
(figure 2b). The angle of beam (insonation
angle) was set at the center of the flow at 60°
with the required sample volume and a
minimum entrance length of about 5 cm.

(b)

Figure 2: (a) Ultrasound measurements of hemodynamic parameters using the Hitachi ultrasound
scanner, (b) Colour Doppler measurements of peak systolic and end diastolic velocity.
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3.0 Results

The BMF prepared has a density of
1.04040.02g/cm?, viscosity of 4.404+0.03 mPa.s,
speed of sound of 1595+1.2 m/s and attenuation
of 0.055+0.002 dB/cm at 5 MHz. The values for
these physical and acoustic properties increased
slightly as 50 mg/dI to 500 mg/dl of glucose and
cholesterol were added to the BMF. This
increase in the values of the BMF properties did
not affect its effectiveness to be used as a fluid
for Doppler ultrasound flow measurements. The

TMM multi-lumen diameter CCA wall-less
phantom has a speed of sound of 1548+0.07 m/s
while the attenuation was 0.5+0.02 dB/cm at 5
MHz frequency. Results for the peak systolic
and end diastolic velocities of 50 mg/dl to 500
mg/dl of glucose and cholesterol in the BMF are
shown in table 1 and table 2 respectively.

Table 1: Results for the Effects of Change of
Glucose concentration (level) in milligram per
deciliter (mg/dl) on the Peak Systolic velocity
(V1) and End Diastolic Velocity (V2)

Conc. 4.0 mm 5.0 mm 5.5 mm 6.0 mm 6.5 mm 70mm 75mm 8.0mm
of vi V2 V1 V2 V1 V2 V1 V2 V1 V2 V1 V2 V1 V2 V1 V2
Gluco
se
(mg/dl
)
0 130. 36. 125. 31. 119. 28. 108. 27. 103. 26. 90. 22. 82. 21. 70. 19
0 7 0 0 5 4 2 5 8 5 4 0 0 2 0 9
50 128. 35. 123. 29. 118. 27. 107. 26. 102. 24. 88. 20. 80. 20. 68. 18.
0 4 8 7 3 0 0 0 2 9 9 8 8 9 9 0
100 127. 35. 123. 29. 118. 27. 107. 26. 102. 24. 88. 20. 80. 20. 68. 18.
8 2 8 7 3 0 0 0 2 7 9 6 7 4 8 0
150 127. 35. 123. 29. 118. 26. 106. 25. 102. 24. 88. 20. 80. 20. 68. 17.
8 2 6 5 0 9 7 8 0 5 6 6 7 4 6 7
200 127. 35. 123. 29. 118. 26. 106. 25. 102. 24. 88. 20. 80. 20. 68. 17.
6 0 5 5 0 6 7 6 0 5 6 5 4 1 6 5
250 127. 35. 123. 29. 117. 26. 106. 25. 101. 24. 88. 20. 80. 20. 68. 17.
6 0 3 3 8 6 5 5 8 4 3 4 4 0 4 3
300 127. 34. 123. 29. 117. 26. 106. 25. 101. 24. 88. 20. 80. 19. 68. 17.
4 8 0 3 7 4 5 4 7 3 1 2 2 7 3 3
350 127. 34. 122. 29. 117. 26. 106. 25. 101. 24. 88. 20. 80. 19. 68. 17.
4 7 9 1 7 2 3 4 7 3 0 2 0 7 0 0
400 127. 34. 122. 29. 117. 26. 106. 25. 101. 24. 87. 19. 79. 19. 68. 17.
2 7 7 0 5 2 2 2 2 0 7 9 6 5 0 0
450 127. 34. 122. 29. 117. 25. 106. 25. 101. 24. 87. 19. 79. 19. 67. 16.
2 5 7 0 5 9 2 0 2 0 6 6 5 5 7 8
500 127. 34. 122. 28. 117. 25. 106. 25. 101. 23. 87. 19. 79. 19. 67. 16.
0 2 4 7 2 5 0 0 0 9 4 6 3 2 7 6

Table 2: Results for the Effects of Change of Cholesterol (CHO) concentration (level) in milligram per
deciliter (mg/dl) on the Peak Systolic velocity (V1) and End Diastolic Velocity (V2)

Conc.
of
CHO
(mg/dl
)

4.0 mm

5.0 mm

55 mm

6.0 mm

6.5 mm

7.0 mm

7.5 mm

8.0 mm

V1

V2 V1

V2 V1

V2 V1

V2 V1

V2 V1 V2 V1 V2 V1 V2
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0 130. 36. 125. 31. 119. 28. 108. 27. 103. 26. 90. 22. 82. 21. 70. 19
0 7 0 0 5 4 2 5 8 5 0 0 0 2 0 9
50 128. 35. 123. 29. 117. 26. 106. 25. 101. 24. 88. 20. 80. 19. 68. 17.
8 0 7 6 9 7 3 7 5 8 4 6 0 9 4 8
100 128. 35. 123. 29. 117. 26. 106. 25. 101. 24. 88. 20. 80. 19. 68. 17.
8 0 7 6 9 7 0 5 5 5 4 6 0 2 4 0
150 128. 34. 123. 29. 117. 26. 106. 25. 101. 24. 88. 20. 79. 19. 68. 17.
5 8 5 5 5 5 0 3 3 5 1 3 5 0 3 0
200 128. 34. 123. 29. 117. 26. 105. 25. 101. 24. 88. 20. 79. 18. 68. 17.
3 8 4 3 2 5 5 3 0 2 0 3 5 5 0 0
250 128. 34. 123. 29. 117. 26. 105. 25. 101. 24. 88. 20. 79. 18. 68. 16.
0 5 1 0 0 4 5 0 0 2 0 0 4 5 0 8
300 128. 34. 122. 29. 117. 26. 105. 25. 100. 24. 87. 20. 79. 18. 67. 16.
0 2 9 0 0 2 4 0 8 0 4 0 0 3 7 5
350 127. 34. 122. 28. 116. 26. 105. 24. 100. 24. 87. 19. 79. 18. 67. 16.
6 0 9 7 8 2 2 6 5 0 2 6 0 1 4 0
400 127. 33. 122. 28. 116. 26. 105. 24, 100. 23. 87. 19. 78. 18. 67. 16.
2 6 6 7 5 0 0 5 3 7 2 5 8 0 4 0
450 126. 33. 122. 28. 116. 26. 105. 24. 100. 23. 86. 19. 78. 17. 67. 15.
4 4 5 4 2 0 0 3 2 4 9 0 3 5 3 5
500 126. 32. 122. 28. 116. 25. 104. 24. 100. 23. 86. 18. 78. 17. 67. 15.
0 5 3 3 2 6 7 0 1 4 3 6 0 5 0 5

50 mg/dl of glucose or cholesterol
means mixing 0.05g of glucose or cholesterol in
100 cm?® of the BMF, while 500 mg/dl means
mixing 0.5g in 100 cm? of the BMF. The PSV
and EDV of the BMF are inversely related to the
concentration (level) of glucose and cholesterol
in the BMF. These results show that increase in
glucose and cholesterol levels have no
significant effect on the velocity of BMF flow in
the wall-less phantoms because only a maximum

decrease of about 3.0 cm/s of Peak systolic and
end diastolic velocity were observed across the
wall-less phantoms as the glucose level was
increased from 0 -500mg/dl in the BMF.
Similarly, a maximum decrease of about 4.0
cm/s was observed as the cholesterol level was
increased from 0 -500mg/dl in the BMF. Graphs
showing the correlations between glucose and
cholesterol levels with the Peak systolic and end
diastolic velocities are seen in figures 3, 4.

140
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Figure 3: (a) Variations between Peak Systolic Velocity and glucose level across the lumen diameters
from 4.5 mm to 8.0, (b) Variations between Peak Systolic Velocity and cholesterol level across the lumen
diameters from 4.5 mm to 8.0 mm
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(b)

Figure 4: (a) Variations between End Diastolic
Velocity and Glucose level across the lumen
diameters from 45 mm to 80 mm, (b)
Variations between End Diastolic Velocity and
Cholesterol level across the lumen diameters
from 4.5 mm to 8.0 mm

4.0 Discussion

Atherosclerosis, or hardening of the
arteries, developed when too much cholesterol
clogged arteries with fatty deposits called
plaques. When blood vessels became completely
blocked, heart  attacks and  strokes
occur. Diabetes (high blood glucose or sugar) on
the other hand increases high blood pressure,
which in turn damages the carotid artery walls
and making it prone to plagues development
(Francine K. Welty, 2013; Minsu et al., 2017;
Niki & Dimitri, 2020). The effect of high
glucose and cholesterol levels in the blood is a
long time effect and does not have any
immediate influence on the blood flow velocity
in the carotid artery. Hypercholesterolemia,
hyperglycemia, high blood pressure and other
cardiovascular risk factors cause arterial
stiffness, plague formation, increased ITM and
increased chances of arterial blockage
(Vasudevan et al., 2013; Alvim et al., 2017
Alessandro et al., 2019). The narrowing of
carotid lumen diameter by accumulated plaques
is the major factor that affects the blood flow
velocity and volume flow. This accumulated
plague caused by cholesterol and fatty
substances takes years to happen leading to a
narrowed lumen (Leticia et al., 2017). The
results in this research suggest that high blood
glucose and cholesterol levels do not have any
significant influence on the velocity of flow in
the carotid artery at different lumen diameters
since the results of the PSV and EDV values are
within the range of acceptable standards (Oqlat,
et al., 2018b). Therefore, high glucose or
cholesterol levels in the blood (hyperglycemia
and hypercholesterolemia) cannot be classified
as independent risk factors of stroke because
they influenced other major risk factors such as

© 2021 JPPW. All rights reserved

hypertension and atherosclerosis (Virani et al.,
2011; Kozakova & Palombo, 2016; Minsu et al,
2017).

5.0 Conclusion

In conclusion, this research results
suggest that no matter the concentrations of
glucose or cholesterol in the BMF samples, the
flow parameters were similar to those for
healthy arteries. This is because the real human
artery is not only affected by glucose and
cholesterol concentrations in the blood, but also
by their long time effects on the walls of the
artery combined with other cardiovascular risk
factors.

Financial support and sponsorship

Not applicable

Conflicts of interest
There are no conflicts of interest.
References

Alessandro Mattina, Antonina Giammanco,
Philippe Giral, David Rosenbaum, Alain
Carrié, Philippe Cluzel, Alban Redheuil,
Randa Bittar, Sophie Béliard, Davide Noto,
Angelo Quartarone, Maurizio Averna, Eric
Bruckert, A. G. (2019). Polyvascular
subclinical atherosclerosis in  familial
hypercholesterolemia:  The role  of
cholesterol burden and gender Journal of
Nutrition, Metabolism & Cardiovascular
Diseases., 29(10), 29: 1068-1076.

Alvim, R. de O., Mourao-Junior, C. A,
Magalhdes, G. L., Oliveirall, C. M. de,
Krieger, J. E., Mill, J. G., & Pereira, A. C.
(2017). Non-HDL cholesterol is a good
predictor of the risk of increased arterial
stiffness in postmenopausal women in an
urban Brazilian population. Clinics, 72(2),
106-115.



403

Journal of Positive School Psychology

Ammar, A. O., Matjafri, M., Suardi, N., Oglat,

M. A, Oglat, A. A., Abdelrahman, M. A,,
Farhat, O. F., Ahmad, M. S., Alkhateb, B.
N., Gemanam, S. J., Shalbi, S. M.,
Abdalrheem, R., Shipli, M., & Marashdeh,
M.  (2018b).  Characterization  and
Construction of a Robust and Elastic Wall-
Less Flow Phantom for High Pressure
Flow Rate Using Doppler Ultrasound
Applications. Natural and Engineering
Sciences, 3(3), 359-377.
https://doi.org/10.28978/nesciences.46897
2

Arkadiusz Siennicki-Lantz, Per Wollmer, S. E.

(2012). Carotid Velocities Determine
Cerebral Blood Flow Deficits in Elderly
Men with Carotid Stenosis < 50 %.
International  Journal of  Vascular
Medicine, 2012, 1-9.
https://doi.org/10.1155/2012/579531

Azhim, A., Ueno, A., Tanaka, M., Akutagawa,

M., & Kinouchi, Y. (2011). Biomedical
Signal Processing and Control Evaluation
of blood flow velocity envelope in
common carotid artery for reference data.
Biomedical Signal Processing and Control,
6(2), 209-215.
https://doi.org/10.1016/j.bspc.2010.11.002

Barnett, H.J., Taylor, D.W., Eliasziw, M., Fox,

AlJ., Ferguson, G.G., Haynes, R.B.,
Rankin, R.N., Clagett, G.P., Hachinski,
V.C., Sackett, D.L., Thorpe, KU,
Meldrum, H.E., Spence, J. D. (1998).
Benefit of carotid endarterectomy in
patients with symptomatic moderate or
severe stenosis. New England Journal of
Medicine, 339(20), 1415-1425.

Caro, C. G., Pedley, T. J., Schroter, R. C., Seed,

W. A, & Parker, K. H. (2012). The
Mechanics of the Circulation (2nd ed.).

Chuang, S., Bai, C., Chen, J., & Yeh, W. (2011).

Common Carotid End-Diastolic Velocity
and Intima-Media Thickness Jointly
Predict Ischemic Stroke in Taiwan. Stroke,
42, 1338-1344.
https://doi.org/10.1161/STROKEAHA.110
605477

© 2021 JPPW. All rights reserved

Chunhwa, 1., Lee, D., Ahn, K. H., & Oh, J. S.

(2020). Viscosity Measurement of Whole
Blood with Parallel Plate Rheometers. The
Korean BioChip Society and Springer, 1-
6. https://doi.org/10.1007/s13206-020-
4202-7

Chyi-Huey Bai, Jiunn-Rong Chen, Hou-Chang

Chiu, W.-H. P. (2007). Lower blood flow
velocity, higher resistance index, and
larger diameter of extracranial carotid
arteries are associated with ischemic stroke
independently of carotid atherosclerosis
and cardiovascular risk factors. Journal of
Clinical  Ultrasound, 35, 322-330.
https://doi.org/10.1002/jcu.20351

Ferguson, G.G., Eliasziw, M., Barr, HW.,

Clagett, G.P., Barnes, R.W., Wallace,
M.C., Taylor, D.W., Haynes, R.B., Finan,
JW., Hachinski, V.C., Barnett, H. J.
(1999). The North American Symptomatic
Carotid Endarterectomy Trial: Surgical
results in 1415 patients. Stroke, 30(9),
1751-1758.

Flora, Gagan D.; Nayak, M. K. (2019). A Brief

Review of Cardiovascular Diseases,
Associated Risk Factor. Current
Pharmaceutical Design, 25(38), 4063-
4084.
https://doi.org/https://doi.org/10.2174/1381
612825666190925163827

Francine K. Welty. (2013). How Do Elevated

Triglycerides and Low HDL-Cholesterol
Affect Inflammation and
Atherothrombosis, Curr Cardiol Rep.,
15(9), 400-412.

Hamid, S., Groot, W., & Pavlova, M. (2019).

Trends in cardiovascular diseases and
associated risks in sub-Saharan Africa: a
review of the evidence for Ghana , Nigeria
, South Africa , Sudan and Tanzania. The
Aging Male, 22(3), 169-176.
https://doi.org/10.1080/13685538.2019.158
2621

Homma, S., Sloop, G. D., & Zieske, A. W.

(2009). The Effect of Age and Other
Atherosclerotic Risk Factors on Carotid



Dakok K.K, et. al.

404

Artery Blood Velocity in Individuals
Ranging From Young Adults to
Centenarians. Angiology, 60(5), 637-643.

Hiiseyin Ozdemir, Hakan Artas, Selami
Serhatlioglu, E. O. (2015). Effects of
overweight on luminal diameter, flow
velocity and intima-media thickness of
carotid arteries. Vascular Radiology, 12(3),
142-146.

Kim You Ra, Ka Young Moon, Nam Chun Cho,
E. Y. K, & Lee, D. W. (2015). Measuring
Blood Viscosity in Normal Tension
Glaucoma Patients. J Korean Ophthalmol
Soc, 56(5), 753-758.

Kozakova, M., & Palombo, C. (2016). Diabetes
Mellitus , Arterial Wall , and
Cardiovascular Risk Assessment.
International Journal of Enviromental
Research and Public Health, 13(201).
https://doi.org/10.3390/ijerph13020201

Lee, W. (2013). General principles of carotid
Doppler ultrasonography.
Ultrasonography, 33(1), 11-17.
https://doi.org/10.14366/usg.13018

Leticia Fernandez-Friera, Valentin Fuster,
Beatriz Lopez-Melgar, Belén Oliva, José
M. Garcia-Ruiz, José Mendiguren, Héctor
Bueno, Stuart Pocock, Borja Ibéfez,
Antonio Fernandez-Ortiz, J. S. (2017).
Normal LDL-Cholesterol Levels Are
Associated With Subclinical
Atherosclerosis in the Absence of Risk
Factors. Journal of the American College
of Cardiology, 70(24), 2979-2991.

Manisha B. Makwana & Vilas J. Patel. (2019).
Assessment Of Common Carotid Artery
Hemodynamic Parameters To Evaluate
Risk. J Integr Res Med, 10(5), 7-10.

Melanie Wielicka, Jolanta Neubauer-Geryk,
Grzegorz Kozera, L. B. (2020). Clinical
application of pulsatility index. Medical
Research Journa, 5, 1-10.
https://doi.org/10.5603/MRJ.a2020.0016

Mete Ozdikici. (2020). Quantitative

© 2021 JPPW. All rights reserved

Measurements Of Blood Flow Parameters
In Normal Internal Carotid Arteries With
Color Doppler Ultrasonography And
Vascular Stenosis Index. Clinical Medicine
and Medical Research, 1(1), 1-6.

Minsu Noh, Hyunwook Kwon, Chang Hee Jung,
Sun U. Kwon, Min Seon Kim, Woo Je Lee,
Joong Yeol Park, Youngjin Han,
Hyangkyoung Kim, Tae-Won Kwon, Y.-P.
C. (2017). Impact of diabetes duration and
degree of carotid artery stenosis on major
adverse cardiovascular events: a single-
center, retrospective, observational cohort
study. Cardiovasc Diabetol, 16(74).

Niki Katsiki, D. P. M. (2020). Diabetes and
carotid artery disease_ a narrative review.
Ann Transl Med., 8(19), 1280-1289.

Oglat, A. A., Matjafri, M. Z., Suardi, N.,
Abdelrahman, M. A., Oglat, M. A, &
Oglat, A. A. (2018a). A new scatter
particle and mixture fluid for preparing
blood mimicking fluid for wall-less flow
phantom. In  Journal of Medical
Ultrasound (Vol. 26, Issue 3, pp. 134-
142).
https://doi.org/10.4103/JMU.JMU _7 18

Oglat, A. A., Matjafri, M. Z., Suardi, N., Oglat,
M. A., Abdelrahman, M. A., & Oglat, A.
A. (2018b). A review of medical doppler
ultrasonography of blood flow in general
and especially in common carotid artery. In
Journal of Medical Ultrasound (Vol. 26,
Issue 1, pp. 3-13).
https://doi.org/10.4103/JIMU.JMU_11_17

Pam, S.D., Dakok, K.K., Sirisena, U.A.l,
Gadong, E.P., Taddy, E.N., Chagok, N. M.
D. (2015). Human Age Estimation : Use of
Doppler  Ultrasound Blood Velocity
Measurement in the Human Carotid
Artery. Journal of Health, Medicine and
Nursing, 14(50), 1-10.

Pam S.D, Dakok K.K, Sirisena U.A.l1.1 Gadong
E.P, C. N. M. . (2015). B-Mode Doppler
Ultrasound  Blood  Flow  Velocity
Measurements for the Determination of the
Intima Media Thickness in the Human



405

Journal of Positive School Psychology

Carotid Artery. Journal of Biology,
Agriculture and Healthcare, 5(14).

Peter R. Hoskins, Kevin Martin, A. T. (2019).
Diagnostic  Ultrasound  Physics and
Equipment (3rd ed.). CRC Press.

Piotr Sobieszczyk, J. B. (2006). Carotid Artery
Disease. Circulation, 114(7), 244-247.
https://doi.org/https://doi.org/10.1161/circu
lationaha.105.542860

Rita de Céssia Fernandes Borges, Ricardo
Scarparo Navarro, Hector Enrique Giana,
Fernanda Grubisich Tavares, A. B. F., &
Junior, L. S. (2015). Detecting alterations
of glucose and lipid components in human
serum by near-infrared Raman
spectroscopy  (pp. 31(2): 1-8). Res.

Biomed. Eng.
https://doi.org/https://doi.org/10.1590/2446
-4740.0593

Thea Vigen , Hakon lhle-Hansen, Magnus N
Lyngbakken, Trygve Berge, Bente
Thommessen, Hege Ihle-Hansen, °, &
Eivind B Orstad, Steve Enger, Helge
Resjg, Arnljot Tveit, O. M. R. (2020).
Carotid Atherosclerosis is Associated with
Middle Cerebral Artery Pulsatility Index -
Vigen - 2020 - Journal of Neuroimaging -
Wiley Online Library. J Neuroimaging,
30(2), 233-239.

Toru Fukuhara, Yoichiro Namba, H. K. (2005).
Evaluation of carotid artery. Journal of
Stroke and Cerebrovascular Diseases,
14(1), 12-16.

Vasudevan DM, Sreekumari S, K. V. (2013).
Textbook of Biochemistry for Medical
Students (7th ed.).

Virani, S. S., Catellier, D. J., Pompeii, L. A,
Nambi, V., Hoogeveen, R. C., Wasserman,
B. A., Coresh, J., Mosley, T. H., Otvos, J.
D., Sharrett, A. R., Boerwinkle, E., &
Ballantyne, C. M. (2011). Relation of
cholesterol and lipoprotein parameters with
carotid artery plaque characteristics: The
Atherosclerosis Risk in Communities
(ARIC)  carotid MRI  study. In

© 2021 JPPW. All rights reserved

Atherosclerosis (Vol. 219, Issue 2, pp.
596-602).
https://doi.org/10.1016/j.atherosclerosis.20
11.08.001



