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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 1 Diabetes Mellitus.

Material and methods: 108 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),
pulsatility index (PI) and Resistive Index (RI) were measured.

Results: Intima-Media-ThicknessIMT in CCAs increased in Type 1 Diabetes; furthermore, it has been
found to be significantly correlated to age and duration of diabetes. Pulsatility index (PI) also
increased in diabetic patient. Other Doppler indices found to be within normal range.

Conclusion

Intima-Media-Thickness (IMT) and pulsatility index (PI) have been regarded as an early indicator of
atherosclerosis in type 1 diabetes. IMT increases as the disease progresses, causing a range of macro
and microvascular atherosclerosis-induced complications. Therefore ultrasound measurements can be
considered as a noninvasive screening test and follow-up method in diabetic patients.

Copyright © 2016, Hassan Hamed et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted

use, distribution, and reproduction in any medium, provided the original work is properly cited.

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 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).

*Corresponding author: Ahmed Abukonna,
College of Medical Radiologic Science — Sudan University of Science
and Technology.

High-resolution carotid ultrasonography can determine the
presence or extent of atherosclerosis in situ. Carotid artery
intima—media thickness (cIMT) independently predicts the risk
of cardiac (myocardial infarction, angina pectoris, coronary
intervention) and cerebrovascular events (stroke or transient
ischemic attack)(Lorenz et al., 2006), the involvement of other
arterial beds with 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 1 diabetes
mellitus, considering age of patients and duration of diabetes,
Intima-Media-Thickness (IMT), Caliper in mm, peak Systolic
Velocity (PSV) and Resistive Indices (RI) were obtained as
variables for assessment.

MATERIALS AND METHOD
Subjects

108 participants with type 1 diabetes mellitus (male = 61 and
female =47) who admitted at National Ribat Hospital.
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The sample selection and negligence depend on two criterions,
the included subjects are patients with Type 1 Diabetes
Mellitus and excluded are patients with Type 2 Diabetes
Mellitus, Hypertension, Smokers and patients with previous
history of carotid artery surgery.

Machine used

Ultrasound scanfor 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.

Methodology

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 1 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 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 lcm 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 was
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 by 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
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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 7.648  1.12 0.108
RT CCA IMT 1.857 1.75 0.168
RT CCA PSV 74.68 18.20 1.750
RT CCARI 0.685  0.063 0.006
RT CCA PI 1973  0.276 0.026

Table 3.2. Descriptive Statistics of Left Common
Carotid Artery indices

Mean Std. Deviation Std. Error Mean
LT CCAPSV 73.525 14.6896 1.4135
LT CCARI .6659 .05956 .00573
LT CCAPI 2.0531 25637 .02467
LT ICA Caliper 5.8206  .97417 .09418
LT CCAIMT 2.024 1.4142 1361

Table 3.3. Descriptive Statistics of Right Internal
Carotid artery indices

Mean Std. Deviation Std. Error Mean
RT ICA Caliper 5.83 0.85 .0819
RT ICA PSV 66.99 12.96 1.24
RT ICA EDV 22.62 4.89 0.47
RT ICARI 0.67 0.05 0.005
RT ICA PI 1.96 0.35 0.034

Table 3.4. Descriptive Statistics of Left Internal
Carotid artery indices

Mean Std. Deviation Std. Error Mean
LT ICA Caliper 5.82 0.97 0.094
LT ICA PSV 65.43 12.16 1.17
LT ICA EDV 22.18 5.30 0.51
LT ICARI 0.66 0.057 0.005
LT ICA PI 2.00 0.33 0.032
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 1 Diabetes using Doppler
ultrasonography.
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Figure 3.2 Correlation between IMT and Age in Rt CCA
Figure 3.5 Comparison between Lt and Rt CCA indices (data

presented as mean, (a strike indicates the significant difference at

y=0.085x+0.853

22 R2=0.740 p<0.05)

2 Changes in both structural and functional aspects of arteries
_a1s have been a research interest for several years as they are
g considered risk factors for cardiovascular events. As diabetes is
é 16 one of the most common causes of cardiovascular disease, IMT
=R was changed due to impaired glucose level.Many published

studies of normative IMT reported that the diagnostic values of

12 ¢ carotid arteries ultrasound using B-mode in evaluating IMT in
1 patients with type 1 DM(Lim et al., 2008), in this study IMT
a5 6.5 85 105 125 145 found to be increased than the normal range. Furthermore, IMT
Db of ik is significantly correlated to age and duration of diabetes.

Aside from age as a variable that can influence IMT, the

Figure 3.3. Correlation between IMT and Duration duration of diabetes is a relevant factor for IMT increase, this
of Diabetes in Rt CCA result totally consistent with Kamile, study which reveal that in

patients with type 1 DM CIMT is higher than in the control

4 y=%8]=85‘;8%715 group and each increment in its value is related with diabetes

i microvascular complications and duration of diabetes (Gul et

al., 2010), and due to adherence of circulating monocytes to the

19 . : T .

" endothelium then immigration into tht? sub—end(.)thfzhun.l gpd
g 5= subsequent formation of foam cells which are principle initial
< events in an increase IMT value in type 1DM patients
E A (Eigenbrodt et al., 2007).Longer disease duration of diabetes

13 ¢ might enhance its metabolic effects on the vascular system and

1:4 result in earlier onset and accelerated progression of

13 atherosclerosis. However, with increasing age other classical

12 cardiovascular risk factors may play an additional role in

32 42 - 2 62 diabetic(Pezeshki Rad et al., 2014).
This study revealed that IMT for the Lt CCA is greater than in
Figure 3.4. Correlation between IMT and Age in Lt CCA 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
y=0065x+1.170 previous study which showed that the value of IMT for Lt
21 B=0698 CCA has been greater than the Rt CCA (Vicenzini et al., 2007).
2 This study demonstrated that the PI of CCA and ICA increased
10 in diabetic patients. This may result from either luminal
i narrowing of the ICA or reduced resistance of the distal
B vessels.Thus, the increased PI observed in this study
gl presumably represents enhanced cerebrovascular resistance in
1.6 the cerebral circulation.These results were quite consistent with
1.3 those of Lee et al; they demonstrated significantly increased
1.4 . pulsatility of the ICA in diabetic patients(Lee et al., 2000).
13 IMT and PI have been regarded as an early indicator of
5 - 0 1 13 15 atherosclerosis in type 1 diabetes. IMT increases as the disease
Duration of Diabetes progresses, causing a range of macro and microvascular

atherosclerosis-induced complications. Therefore ultrasound
Figure 3.5 Correlation between IMT and Duration of Diabetes in measurements can be considered as a noninvasive Screening
Lt CCA test and follow-up method in diabetic patients.



2979

Hassan Hamed et al. Sonographic assessment of common and internal carotid arteries in type 1 diabetic patients

REFERENCES

Dall'asta, A., Gizzo, S., Musaro, A., Quaranta, M., Noventa,
M., Migliavacca, C., Sozzi, G., Monica, M., Mautone, D. &
Berretta, R. 2014. Uterine smooth muscle tumors of
uncertain malignant potential (stump): pathology, follow-up
and recurrence. Int j clin exp pathol, 7, 8136-42.

Del Sol, A. 1., Moons, K. G., Hollander, M., Hofman, A.,
Koudstaal, p. J., Grobbee, D. E., Breteler, M. M.,
Witteman, J. C.& Bots, M. L. 2001. Is carotid Intima-media
thickness useful in cardiovascular disease risk assessment?
The rotterdam study. Stroke, 32, 1532-8.

Eigenbrodt, M. L., Sukhija, R., Rose, K. M., Tracy, R. E.,
Couper, D. J., Evans, G. W., Bursac, Z. & Mehta, J. L.
2007. Common carotid artery wall thickness and external
Diameter as predictors of prevalent and incident cardiac
events in a large population study. Cardiovasc ultrasound,
5, 11.

Gul, k., Ustun, 1., Aydin, Y., Berker, D., Erol, K., Unal, M.,
barazi, A. O., Delibasi, T. & Guler, s. 2010. Carotid intima-
media thickness and its relations with the Complications in
patients with type 1 diabetes mellitus. Anadolu kardiyol
derg, 10, 52-8.

Laurent, S., Lacolley, P., Brunel, P., Laloux, B., Pannier, B. &
safar, M. 1990. Flow-dependent vasodilation of brachial
artery in essential hypertension. Am j physiol,258, h1004-
11.

Lee, K. Y., Sohn, Y. H., Baik, J. S., Kim, G. W. & Kim, J. S.
2000. Arterial pulsatility as an Index of cerebral
microangiopathy in diabetes. Stroke, 31, 1111-5.

Lim, t. K., lim, e., dwivedi, g., kooner, j. & senior, r. 2008.
Normal value of carotid Intima-media thickness--a
surrogate marker of atherosclerosis: quantitative assessment
by b-Mode carotid ultrasound. J am soc echocardiogr, 21,
112-6.

Lorenz, M. W., Von Kegler, S., Steinmetz, H., Markus, H. S.
& Sitzer, M. 2006. Carotid intima-media thickening
indicates a higher vascular risk across a wide age range:

Prospective data from the carotid atherosclerosis progression
study (caps). Stroke, 37, 87-92.

Mayor, P., bodmer, R. E. & lopez-bejar, M. 2011. Functional
anatomy of the female Genital organs of the wild black
agouti (dasyprocta fuliginosa) female in the peruvian
amazon. Anim reprod sci, 123, 249-57.

Naghavi, M., libby, P., falk, E., casscells, S. W, litovsky, S.,
rumberger, J., badimon, J. J., stefanadis, C., moreno, P.,
pasterkamp, G., fayad, Z., Stone, P. H., waxman, S., raggi,
P., madjid, M., zarrabi, A., burke, A., yuan, C., fitzgerald,
P.J., siscovick, D. S., de korte, C. L., aikawa, M., juhani

Airaksinen, K. E., Assmann, G., Becker, C. R., Chesebro, J. H.,
Farb, A., Galis, Z. S., Jackson, C., jang, I. K., Koenig, W.,
Lodder, R. A., March, K., Demirovic, J., Navab, M., Priori,
S. G., Rekhter, M. D., Bahr, R., Grundy, S. M., Mehran, R.,
Colombo, A., Boerwinkle, E., Ballantyne, C., Insull, W.,
Jr., Schwartz, R. S., Vogel, R., Serruys, P. W., Hansson, G.
K., Faxon, d. P., Kaul, s., Drexler, h., Greenland, p., Muller,
J. E., Virmani, R., Ridker, P. M., Zipes, D. P., Shah, P. K.
& Willerson, J. T. 2003. From vulnerable plaque to
vulnerable patient: a call for new definitions and risk
assessment strategies: part i. Circulation, 108, 1664-72.

Pezeshki Rad, M., Farrokh, D., Vakili, R., Omidbakhsh, M. &
mohammadi, M. 2014. The association between carotid
intima-media thickness and the duration of type 1 diabetes
in children. Iran j pediatr, 24, 249-54.

Sharrett, A. R., Patsch, W., Sorlie, P. D., Heiss, G., Bond, M.
G. & Davis, C. E. 1994. Associations of lipoprotein
cholesterols, apolipoproteins a-i and b, and triglycerides
with Carotid atherosclerosis and coronary heart disease.
The atherosclerosis risk in communities (aric) study.
Arterioscler thromb, 14, 1098-104.

Stein, J. H., Fraizer, M. C., Aeschlimann, S. E., Nelson-worel,
J., Mcbride, P. E. & Douglas, P. S. 2004. Vascular age:
integrating carotid intima-media thickness Measurements
with global coronary risk assessment. Clin cardiol, 27, 388-
92.

Stein, J. H., Korcarz, C. E., Hurst, R. T., Lonn, E., Kendall, C.
B., Mohler, E. R., Najjar, S. S., Rembold, C. M. & Post, W.
S. 2008. Use of carotid ultrasound to

Identify  subclinical vascular disease and evaluate
cardiovascular disease risk: a consensus Statement from the
american society of echocardiography carotid intima-media
thickness

Task force. Endorsed by the society for vascular medicine. J
am soc echocardiogr, 21, 93-111; quiz 189-90.

Vicenzini, E., Ricciardi, M. C., Puccinelli, F., Altieri, M.,
Vanacore, N., di Piero, V. & Lenzi, G. L. 2007. Common
carotid artery intima-media thickness determinants in a
population study. J ultrasound med, 26, 427-32; quiz 434.

skeosk skok skokosk



