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ABSTRACT

Background: Diabetes Mellitus is one of risk factors that cause carotid arteries atherosclerosis which occurs when
lipoprotein accumulates in the intima of the artery. As atherosclerosis progresses it may completely occlude the
artery lumen or plaque may rupture sending thrombus more distal, resulting in Transient Ischemic Attack or stroke.
Aim: The aim of this study was to assess the Common Carotid Arteries and Internal Carotid Arteries in adult
Sudanese patients with Type 2 Diabetes Mellitus. Materials and methods: 92 participants were enrolled in the
study; they were scanned with linear probe of (7-10 MHz). Intima-Media-Thickness (IMT), Caliper, peak Systolic
Velocity (PSV), End Diastolic Velocity (EDV) and Resistive Indices (RI) were measured. Results: Maximum
value of IMT in CAs increased with age and duration of type 2 DM, in Rt CCA it begins at 1.2 mm in first age
group and ended in 1.9 mm for age and duration in last age group, while for Lt CCA from 1.4mm to 2mm for age
and 1.4mm to 2.1mm for duration, the external calipers like IMT increased with increased in age and duration
while there is no correlation with PSV, EDV and RI. Conclusion: In conclusion, statistically IMT and carotid
calipers showed strong positive correlation with age and type 2 DM duration and they consider as a good marker of
subclinical for atherosclerosis. IMT values and diameter of carotid arteries tends to be larger in Lt side of the neck
than the Rt neck. While there is no correlation between PSV, EDV and RI with age and duration.

KEYWORDS: Common Carotid Artery, Diabetes Mellitus, Intima Media Thickness, Peak Systolic Velocity, End
Diastolic Velocity, Resistive Index.

INTRODUCTION

Diabetes is one of risk factors that cause carotid arteries
atherosclerosis ~ which  occurs  when lipoprotein
accumulates in the intima of the artery and is oxidatively the

of cardiac (myocardial infarction, angina pectoris,
coronary intervention) and cerebrovascular events
(stroke or transient ischemic attack) (Lorenz et al., 2006),
involvement of other arterial beds with

modified and cytokine released which leads to monocyte
deposition in the artery wall then transform into foam
cells causing smooth muscle cells to migrate to intima
and form the plaques. These plaques tend to occur at
arterial branches points and bifurcations. As
atherosclerosis progresses it may completely occlude the
artery lumen or plaque may rupture sending thrombus
more distal, resulting in Transient Ischemic Attack (TIA)
or stroke (Sharrett et al., 1994).

Ultrasound assessment of carotid arteries plaque and
stenosis has become the first choice for carotid scanning;
it is easily, a noninvasive, inexpensive, sensitive and
permitting the evaluation of both the macroscopic
appearance of plaques as well as flow characteristic in
carotid arteries (Stein et al., 2008). High-resolution
carotid ultrasonography can determine the presence or
extent of atherosclerosis in situ. Carotid artery intima—
media thickness (CIMT) independently predicts the risk

atherosclerosis and is well suited for use in large-scale
population studies as a marker of subclinical disease due
to the relative simplicity and noninvasive nature of the
technique (Naghavi et al., 2003).

In this study Doppler ultrasound was used to assess
Common and Internal Carotid Artery in both side of neck
in patients with type 2 diabetes mellitus, considering age
of patients and duration of diabetes, Intima-Media-
Thickness (IMT), Caliper in mm, peak Systolic Velocity
(PSV), End Diastolic Velocity (EDV) and Resistive
Indices (RI) were obtained as variables for assessment.

MATERIALS AND METHODS

Subjects

92 participants with type 1 diabetes mellitus (male = 51
and female = 41) who admitted at National Ribat
Hospital. The sample selection and negligence depend on
two criterions, the included subjects are patients with
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Type 2 Diabetes Mellitus and excluded are patients with
Type 1 Diabetes Mellitus, Hypertension, Smokers and
patients with previous history of carotid artery surgery.

Machine used

Ultrasound scan for CCA was performed using a higher
resolution Siemens Ultrasound medical system, Sonoline
G 60S, equipped with a linear probe frequency 7-10
MHz Printing facility issued through the ultrasound
digital graphic printer.

Methods

Common Carotid (CC) and Internal Carotid (IC) arteries
were scanned to visualize IMT, calipers, PSV and RI,
which consider as dependent variables and correlation
with age and duration of type 2 diabetes mellitus as
independent variables. Patient lay in supine position with
knee support and examiner seated toward the patient’s
head, the neck scanning was enhanced by tilting and
rotating the head away from the side being examined.
Several transducer positions were used in this research to
examine CC and IC arteries in long-axis (longitudinal)
planes and short-axis (transverse), the views of the
carotid arteries were obtained from anterior, lateral and
posterior-lateral approach depending on which best
shows the vessels. Image for CCA were obtained in
longitudinal plane at the point along a 1cm distal from
bulb of carotid artery to measure IMT which was proved
to be a simple and reproducible method for assessing
IMT of CCA for routine practice. B-mode image of
arterial wall composed of two parallel echogenic lines
separated by a hypoechoics space, calculation of carotid
IMT is arguably the most widely used noninvasive
measure of atherosclerosis currently employed by
clinicians and clinical investigators, both to quantify the
extent of subclinical disease and to monitor change over
times (Stein et al., 2004). For the far (posterior) wall of
the carotid artery, this index can be easily measured by
ultrasound as the distance between the leading edge of
the luminal echo (first bright line) and the leading edge

of the media-adventitia echo (second bright line). For the
near (anterior) wall, IMT is measured as the distance
between the trailing edge of the first bright line and the
trailing edge of the second bright line (del Sol et al.,
2001).

In CCA and ICA color Doppler ultrasound imaged the
arteries as completely as possible with caudal angulation
of transducer in supraclavicular area and cephalic
angulation at the level of the mandible. Pulsed Wave
Doppler ultrasound (PWD) is used to provide Doppler
parameters of CCA and ICA after positioning the sample
volume of the beam in the middle of the vessels using an
insonation angle 60 degree, between ultrasound beam
and longitudinal axis of the carotid segment, thus PSV
and EDV were assessed and RI was automatically
calculated by sonographic machine using the following
formula (Laurent et al., 1990).

RI=PSV - EDV/PSV

Informed Consent

The research protocol was approval from the both the
College of Medical Radiologic Science (CMRS), Sudan
University for Science and Technology (SUST) and
Ultrasound Department in Ribat Hospital. Beside we
obtained written informed consent from all patients prior
to each Common Carotid Artery and Internal Carotid
Artery ultrasound scan.

RESULTS

Frequency
g

Male Female

Figure 3.1 Gender distribution

Table 3.1: the Descriptive Statistics of Right Common Carotid Artery indices

Mean Std. Deviation Std. Error Mean
RT CCA Caliper 7.397 1.12 0.117
RT CCA IMT 1.184 1.94 0.202
RT CCA PSV 78.02 15.43 1.609
RT CCARI 0.680 0.932 0.097
RT CCAPI 1.983 0.307 0.032

Table 3.2: Descriptive Statistics of Left Common Carotid Artery indices

Mean Std. Deviation Std. Error Mean
LT CCAPSV 74.45 13.2647 1.3829
LT CCARI .6802 .5846 .00609
LT CCAPI 2.0103 27261 .02842
LT ICA Caliper 7.699 1.0392 .1083
LT CCAIMT 2.114 1.0552 A1
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Table 3.3: Descriptive Statistics of Right Internal Carotid artery indices

Mean Std. Deviation Std. Error Mean
RT ICA Caliper 5.935 0.99 .103
RT ICA PSV 67.96 11.79 1.23
RT ICA EDV 22.64 4.65 0.49
RT ICARI 0.69 0.05 0.005
RT ICAPI 1.98 0.32 0.033
Table 3.4: Descriptive Statistics of Left Internal Carotid artery indices
Mean Std. Deviation Std. Error Mean
LT ICA Caliper 5.9804 0.91618 0.9552
LT ICAPSV 65.72 14.7846 1.5414
LT ICA EDV 22.15 5.9153 0.6167
LT ICARI 0.67 0.0505 0.005
LT ICAPI 2.01 0.305 0.032
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Figure 3.2 Correlation between IMT and Age in Rt CCA.
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Figure 3.4 Correlation between IMT and Age in Lt CCA.

Figure 3.5 Carrelation between IMT and Duration of Diabetes in Lt CCA
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Figure 3.11 Correlations between Caliper and Age in Lt ICA

DISCUSSION
The study has been carried out in Ribat Hospital
affiliated to National Ribat University with general aim

to assess Common Carotid (CA) and Internal Carotid
(IC) artery in both side of neck in patients with type 2
DM using Doppler ultrasonography.

Changes in both structural and functional aspects of
arteries have been a research interest for several years as
they are considered risk factors for cardiovascular
events. As diabetes is one of the most common causes of
cardiovascular disease, IMT was changed due to
impaired glucose level. Many published studies of
normative IMT reported that the diagnostic values of
carotid arteries ultrasound using B-mode in evaluating
IMT in patients with type 2 DM (Lim et al., 2008), in
this study IMT found to be increased than the normal
range. Furthermore, IMT is significantly correlated to
age and duration of diabetes. this result totally consistent
with( Kamile,), study which reveal that in patients with
type 2 DM CIMT is higher than in the control group and
each increment in its value is related with diabetes
microvascular complications and duration of diabetes
(Gul et al.,, 2010)(Sharief et al 2015), and due to
adherence of circulating monocytes to the endothelium
then immigration into the sub-endothelium and
subsequent formation of foam cells which are principle
initial events in an increase IMT value in type 2DM
patients (Eigenbrodt et al., 2007). From obtained data
observed that IMT for the Lt CCA is greater than in the
Rt CCA which is based on the basic thickness of Lt CCA
that usually thicker than the Rt CCA and this is approved
by previous study which showed that the value of IMT
for Lt CCA has been greater than the Rt CCA (Vicenzini
et al., 2007).

The study showed that the calipers positively correlated
with patient’s age and duration of type 2 DM. This
results consistent with (Schmit A, et al, 1999), study
showed that arterial wall enlarged with age and (Marsh
L, et al, 2007), in his study found that CAs diameter
complemented IMT for discrimination of risk factors of
carotid events and both IMT and diameter are so
effective in men but in women diameter is stronger than
IMT. This prove that the CAs diameter can be a good
marker as IMT in assessment early progression of carotid
plaques, because arterial diameter occurs early in
atherosclerosis (Landy A, et al. 2004) and exaggerated in
the presence of vulnerable plaques (Kichel S, et al, 1999)
and (Merono P, et al, 2002).

Calipers data revealed that the caliper for the Lt CCA is
greater than in the Rt CCA which is based on the basic
thickness of the Lt CCA that is usually thicker than the
Rt CCA as has been stated by (Edoardo et al, 2007), in
their study in which they found that the Lt CCA
thickness is greater than in the Rt CCA.

Regarding PSV, EDV and RI the results showed that,
there is no correlation with age and type 2 DM as
appearance in scatters plots of PSV, EDV and RI.

WWW.ejpmr.com

77




Hassan et al. European Journal of Pharmaceutical and Medical Research
CONCLUSION 9. NAGHAVI, M., LIBBY, P., FALK, E,
In conclusion, statistically IMT and carotid calipers CASSCELLS, S. W,  LITOVSKY, S,
showed strong positive correlation with age and type 2 RUMBERGER, J., et al. 2003. From vulnerable
DM duration and they consider as a good marker of plaque to wvulnerable patient: a call for new
subclinical for atherosclerosis. IMT values and caliper of definitions and risk assessment strategies: Part I.
carotid arteries tends to be larger in Lt side of the neck Circulation, 108: 1664-72.

than the Rt neck. While there is no correlation between 10. SHARRETT, A. R., PATSCH, W., SORLIE, P. D,

PSV, EDV and RI with age and duration. HEISS, G., BOND, M. G. & DAVIS, C. E. 199%4.

Associations of lipoprotein cholesterols,

REFERENCES apolipoproteins A-lI and B, and triglycerides with

1. DALL'ASTA, A, GIZzO, S., MUSARO, A, carotid atherosclerosis and coronary heart disease.
QUARANTA, M., NOVENTA, M., The Atherosclerosis Risk in Communities (ARIC)
MIGLIAVACCA, C., SOzZl, G., MONICA, M, Study. Arterioscler Thromb, 14: 1098-104.
MAUTONE, D. & BERRETTA, R. 2014. Uterine 11. STEIN, J. H., FRAIZER, M. C., AESCHLIMANN,
smooth muscle tumors of uncertain malignant S. E., NELSON-WOREL, J., MCBRIDE, P. E. &
potential (STUMP): pathology, follow-up and DOUGLAS, P. S. 2004. Vascular age: integrating
recurrence. Int J Clin Exp Pathol, 7: 8136-42. carotid intima-media thickness measurements with

2. DEL SOL, A. I.,, MOONS, K. G., HOLLANDER, global coronary risk assessment. Clin Cardiol, 27:
M., HOFMAN, A., KOUDSTAAL, P. 1J, 388-92.

GROBBEE, D. E. BRETELER, M. M, 12. STEIN, J. H., KORCARZ, C. E., HURST, R. T,,
WITTEMAN, J. C. & BOTS, M. L. 2001. Is carotid LONN, E., KENDALL, C. B., MOHLER, E. R,,
intima-media thickness useful in cardiovascular NAJJAR, S. S., REMBOLD, C. M. & POST, W. S.
disease risk assessment? The Rotterdam Study. 2008. Use of carotid ultrasound to identify
Stroke, 32: 1532- subclinical ~ vascular  disease and evaluate

3. EIGENBRODT, M. L., SUKHUJA, R., ROSE, K. cardiovascular disease risk: a consensus statement
M., TRACY, R. E.,, COUPER, D. J., EVANS, G. from the American Society of Echocardiography
W., BURSAC, Z. & MEHTA, J. L. 2007. Common Carotid Intima-Media Thickness Task Force.
carotid artery wall thickness and external diameter Endorsed by the Society for Vascular Medicine. J
as predictors of prevalent and incident cardiac Am Soc Echocardiogr, 21: 93-111; quiz 189-90.
events in a large population study. Cardiovasc 13. VICENZINI, E., RICCIARDI, M. C.,
Ultrasound, 5: 11. PUCCINELLLI, F., ALTIERI, M., VANACORE, N.,

4. GUL, K., USTUN, I, AYDIN, Y., BERKER, D., DI PIERO, V. & LENZI, G. L. 2007. Common
EROL, K., UNAL, M., BARAZI, A. O., DELIBASI, carotid artery intima-media thickness determinants
T. & GULER, S. 2010. Carotid intima-media in a population study. J Ultrasound Med, 26, 427-
thickness and its relations with the complications in 32; quiz 434.
patients with type 1 diabetes mellitus. Anadolu 14. Edoardo V, Maria C, Francesco P, Marta A, Nicola
Kardiyol Derg, 10: 52-8. V, Vittorio D, Gian L (2007). Common Carotid

5. LAURENT, S., LACOLLEY, P., BRUNEL, P., artery Intima-Media-Thickness Determinants in a
LALOUX, B., PANNIER, B. & SAFAR, M. 1990. Population study. J Ultrasound 26, P: 427-432.
Flow-dependent vasodilation of brachial artery in 15. Schmidt-Trucksass A, Grathwohl D, Schmid A,
essential hypertension. Am J Physiol, 258: H1004- Boragk R, Upmeier C, Keul J, Huonker M:
11. Structural, functional, and hemodynamic changes of

6. LIM, T. K, LIM, E., DWIVEDI, G., KOONER, J. the common carotid artery with age in male subjects.
& SENIOR, R. 2008. Normal value of carotid Arterioscler Thromb Vasc Biol 1999; 19: 1091-
intima-media thickness--a surrogate marker of 1097.
atherosclerosis: quantitative assessment by B-mode 16. Marsha L1, Rishi S2, Kathryn M3, Richard E4,
carotid ultrasound. J Am Soc Echocardiogr, 21: 112- David J5, Gregory W6, Zoran Bursac7 and Jawahar
6. L Mehta8, (2007). Common carotid artery wall

7. LORENzZ, M. W. VON KEGLER, S, thickness and external diameter as Predictors of
STEINMETZ, H., MARKUS, H. S. & SITZER, M. prevalent and incident cardiac events in a large
2006. Carotid intima-media thickening indicates a population study.
higher vascular risk across a wide age range: 17. Landry A, Spence JD, Fenster A: Measurement of
prospective data from the Carotid Atherosclerosis carotid plaque volume by 3-Dimensional ultrasound.
Progression Study (CAPS). Stroke, 37: 87-92. Stroke 2004; 35: 864-869.

8. MAYOR, P., BODMER, R. E. & LOPEZ-BEJAR, 18. Kiechl S, Willeit J: The natural course of
M. 2011. Functional anatomy of the female genital atherosclerosis. Part Il: vascular remodeling.
organs of the wild black agouti (Dasyprocta Bruneck Study Group. Arterioscler Thromb Vasc
fuliginosa) female in the Peruvian Amazon. Anim Biol 1999; 19: 1491-1498.

Reprod Sci, 123: 249-57. 19. Kamile G, Thsan U, Yusuf A, Dilek B, Kutlu E,

Mustafa U, Ayse O (2008). Carotid intima-media

WWW.ejpmr.com

78




Hassan et al.

European Journal of Pharmaceutical and Medical Research

20.

21.

thickness and its relations with the complications in
patients with type 1 diabetes mellitus.

K.M. Sharief.,, H.A. Hassan, H. Osman, Al-Safi
Ahmed, Ejection fraction rate for hypertensive
patients using echocardiography. Med. Res. Chron.,
2015; 2(3): 322-329.

Moreno PR, Purushothaman KR, Fuster V,
O'Connor WN: Intimomedial interface damage and
adventitial inflammation is increased beneath
disrupted atherosclerosis in the aorta: implications
for plaque vulnerability. Circulation 2002; 105:
2504-2511.

WWW.ejpmr.com

79




