
Published by Association for Scientific and Medical Education (ASME) Page438 

www.ijmse.com 

International Journal of Medical Science and Education 

Original Research Article pISSN- 2348 4438 | eISSN-2349- 3208 

MAGNETIC RESONANCE ANGIOGRAPHY (MRA) AND CORRELATION WITH COLOR 

DOPPLER ULTRASOUND (CDUS) IN EVALUATION OF THE CAROTID BULB AND 

PROXIMAL INTERNAL CAROTID ARTERY. 

Dr. Kapil Vyas
1
, Dr. Ravi Soni

2* 
, Dr. Bharat Jain

3
, Dr. Sunil Saini

4
 

 

1. Associate Professor 2.Assistant Professor, 3, 4. Senior Resident , Department of Radio-diagnosis, 

Pacific Medical College and Hospital, Udaipur  

 

*Corresponding author -  Dr. Ravi Soni 

Email id – dr.ravisoni90@gmail.com 

Received:09/07/2018 Revised:01/09/2018 Accepted:15/09/2018 

ABSTRACT 

Background: The aim of the study is to compare the magnetic resonance angiography (MRA) with color Doppler 

ultrasound (CDUS) for evaluation of the carotid bulb and proximal internal carotid artery. Material & Methods: 

The carotid arteries of 60 patients were studied using MRA &CDUS. All of the patients underwent both the 

investigations. MRA done with time-of-flight sequence and 3D- reconstruction. Carotid bulb and proximal internal 

carotid arteries were graded as normal, mild, moderate, or severe stenotic. Results: There was significant 

difference in the results of MRA as compared to CDUS in mild to moderate stenosis and it proved relatively more 

accurate in the diagnosis of severe stenosis. MRA had few false positives for complete occlusions and more false 

negatives in partial occlusion of the carotid arteries. In few cases MRA overestimated stenosis and in many cases 

underestimated the stenosis. Conclusions: MRA has advantages which may make it the screening test of choice. It 

can be done with MRI brain, can assess distal ICA and intracranial vessels but the sensitivity and specificity of 

MRA as compared to duplex ultrasonography is significantly lower for mild to moderate stenosis (non-surgical) 

however, in case of severe stenosis (surgical), it is having good sensitivity and specificity, almost equal to color 

doppler study. This preliminary study suggests that concordant CDUS may be used to clarify equivocal findings of 

MRA. 
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INTRODUCTION: 

 

The magnetic resonance angiography (MRA) for 

carotid arteries is being done frequently to assess 

stenosis in the stroke patients. Because of, rapid and 

laminar blood flow in the normal carotid artery is well 

suited to MRA, particularly by the so called time-of-

flight (TOF) principle imaging (1) (also called "flow-

related enhancement" or simply "inflow"). MR 

imaging coils used for the neck which have adequate 

sensitivity for permitting visualization of relatively 

small vessels and high-resolution images. The 

interpretatin of carotid MR angiograms has improved 

dramatically over the past decade (2) Due to 

implementation of small voxel volumes and very 

short echo times to minimize turbulent flow signal 

loss (3). In its 3D feature, a slab of data is developed 

that offers very high resolution and sensitivity to flow 

in all direction, but reflects poor contrast in the slow 

velocity situations. This output is the result of 

saturation of blood as it moves through the slab. 

Grayscale and Doppler ultrasound are applied for the 

evaluation of extra cranial branches of carotid 

arteries. The combination of these two ultrasound 

methods are known as CDUS. 
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Grayscale USG permits the evaluation of morphology 

with evaluation of atherosclerotic changes of vessel 

wall. It also make possible the measurement of 

intima-media complex thickness, by which we detect 

preclinical atherosclerosis and also assessing the risk 

stratification. We also avoid the issue of 3D TOF 

angiography versus 2D by taking both sequences and 

taking advantage of the benefits of both methods. 

MRA is compared in order to assess the agreement 

among these modalities in the evaluation of the 

carotid bifurcation and proximal internal carotid 

artery. 

MATERIAL & METHODS: 

The study is prospective study in the Radiology 

department of the Pacific Medical College & 

Hospital, bhilo ka bedla, Udaipur. The prior approval 

from ethical committee was taken.  

Total 60 Patients were included in the study, which 

comes in the department for the evaluation of the 

stroke from October 2016 to May 2018.  

Patient Population: 

Out of total sixty patients, forty one patients were 

male and nineteen patients were female with age 

ranges from 45 years to 85 years with a high clinical 

risk for stroke were detect by color doppler and 

MRA. The stenosis in MR angiography and colour 

doppler study was assessed by three different 

radiologist randomly and all three radiologist were 

blind reader & they independently measured stenosis 

on MRA and DUS in 240 vessels (120 carotid bulbs 

and 120 internal carotid arteries) from 60 patients. 

3DTOF-MRA Studies 

MRA exams were performed on a 1.5-T essenza 

(Siemens AG) MRI machine using 16 channels 

transmit-receive head coil. 24 transverse sequential 

3D TOF slices were taken using fast low-angle shot 

(FLASH) and slice thickness of 1.5 mm, 40/10/25° 

TR/ TE/8 and acquisition time of approximately 5.0 

min, with velocity recompense in the slice and with a 

coronal saturation band over the dural venous sinuses 

of the occipital region and frequency encoding 

direction to eliminate jugular vein signals. 

Applying the transverse slices to locate the 

bifurcations, 2 sagittal 3D TOF slabs were used, one 

placed on each bifurcation, using the procedure 

described by Masaryk et al (9). Fast imaging with 

steady state precession (FISP) was carried out with 

70/7-8/20-30° TR/ TE/8, a matrix of 256 X 256, field 

of view (FOV) of 220 mm, 32 partitions per slab, 

acquisition time of 9.6 min, and velocity 

compensation in frequency and slab selection 

directions. The prolong repetition time provides very 

little saturation of blood over imaging volume. A 

coronal saturation band was used over the occipital 

area. In few cases, a second coronal saturation band 

was used anteriorly to carotid to remove any artefact 

from tongue motion and jaw motion. A transverse 3D 

TOF slab was then implemented. The slab was placed 

at the bifurcation when a lesion away from the 

bifurcation was not detected on the sagittal 

acquisition, if detected the slab was placed  at center 

of the lesion (FISP, 50/ 7/25° TR/ TE/8, matrix = 192 

X 256, 64 partition, superior transverse saturation 

band, FOV = 210, time = 10.3 min). Maximum 

intensity projections (MIPs)10 applied, which was 

calculated easily and permits the inspection of 

angiograms and execution of additional sequences, if 

necessary, before the patient left the study. The 

projections were photographed and with the 

individual slices from transverse acquisition and the 

bifurcations from the sagittal 3D acquisition.  

CDUS Studies 

The 7.5-12 MHz linear transducer on GE-E8 ultra 

sound machine was used for Color flow Doppler 

imaging. Carotid arteries were examined thoroughly 

in transverse and longitudinal planes. Spectral 

analysis was performed on areas of flow abnormality 

or if none existed, at the region of the maximum 

velocity of the CCA, ICA, and ECA. Peak systolic 

velocities and end diastolic velocities were noted. 

Doppler ultrasound detects the focal increased in 

blood flow velocity at rate of >150 cm/sec which 

indicates of high grade carotid stenosis.(13,14,15) 

The peak systolic velocity is the most commonly 

applied to detect the severity of the stenosis, but the 

spectral configuration and end diastolic velocity 

provide additional information.(12) This may 

improve the efficiency of the procedure, but it has not 

been shown any improvement in accuracy as an 

adjunct to CDUS.(13,15,17,18) 
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Assignment of Stenosis Grade 

Diameter percent stenosis grades are denoted in 

Table1. MRA stenosis grades were defined by 

evaluating the observed width of stenotic vessel with 

width of closest normal portion of proximal and 

distally vessel. The orientation that established the 

greatest stenosis was selected. When the stenosis 

reached over a long segment so that there was no 

immediately adjacent normal segment for evaluation, 

the normal diameter was measured by reference of the 

contralateral side or by calculating the stenosis by 

measurement of residual lumen & vessel size if able 

to detect plaques of muscular wall of the vessel 

directly (11). Doppler study and MRA images were 

read in blinded fashion by three radiologists 

individually and randomly. The radiologists had two 

or more years’ experience in MRA, and were 

experianced with common artifacts such as saturation, 

flow separation, turbulence, and MIP effects. In the 

study, only the proximal 4cm of the ICA was 

included & stenosis at other sites was ignored so that 

correlation could be made with CDUS as distal ICA is 

not well assessed by CDUS. Doppler cross-sectional 

diameter stenosis was assigned by area of residual 

lumen divided by area of vessel & supplemented by 

the measured velocities according to the algorithm 

recommended by Bluth et al (12). 

RESULTS: 

In our study, we observe that there was significant 

difference in the results of MRA as compare with 

CDUS in mild to moderate stenosis and relatively less 

difference in the results for severe stenosis.  In our 

opinion few important reasons were playing 

important role for this difference, first of them was 

high observer difference in MRA probably due to 

very similar signal intensity of soft plaque with 

surrounding tissue and flow related artifacts at bulb, 

so the plaques sometimes under reported or 

sometimes over reported. Second, in Positive 

remodeling cases when plaque is identified on 

Doppler but sometimes no obvious difference in the 

lumen diameter as compare to distal and proximal 

vessel diameter so reported false negative on MRA 

and third reason was MRA stenosis measurement 

done by proximal and distal vessel diameter but at the 

level of bulb region it is difficult to compare the 

lumen from proximal and distal as it is already the 

widest part. 

In some other studies reported that sensitivity and 

specificity for 3D TOF MRA for predicting 50-99% 

angiographic stenosis varied between 73-100% and 

59-99%, respectively.(10, 27-31) 

Compared to CDUS, MRA is not cost-effective and 

time consuming. It is not commonly accessible than 

CDUS and difficult to be performed if the patient is 

critically ill, unable to lie supine or has 

claustrophobia, a pacemaker or ferromagnetic 

implants.
10

 In most of the series, up to 17% of MRA 

studies are unfinished because the patient could not 

bear the study or could not lie still enough to produce 

an image of adequate quality for interpretation
. 
(32) 

The evaluation of the carotid arteries by Carotid 

duplex ultrasound is a better approach though it is a 

safe, non-invasive, and relatively economic 

technique. 

CDUS is 91-94% sensitive and 85-99% specific in 

noticing a symptomatic stenosis of the internal carotid 

artery.(9,10,11) While restricted, CDUS has 

usefulness in gaining clear evidence about plaque 

composition. Intraplaque hemorrhage, which may 

amplified the risk of embolism and effect on 

prognosis, can be imagined on high resolution B-

mode.(8,9,10,11,16,17) Moneta and colleagues stated 

that the ratio of ICA peak systolic velocity to the 

common carotid artery velocity precisely estimated a 

high grade stenosis amenable to surgery.(18) Using 

available facts and receiver operator characteristic 

analysis, test criteria can be established that get the 

most out of patient outcome for a precise clinical 

situation.(19,20) 

CDUS is more specific in defining stenosis of less 

than 50 percent, but this infrequently effects on its 

clinical usefulness. (9,10).  

In our study the MRA having 70 – 80 % accuracy in 

mild to moderate stenosis and around 85 % accuracy 

in sever stenosis as compare with CDUS. 
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Table1: 

SEVERITY Stenosis Percentage 

Mild 15-35% 

Moderate 35-65% 

Severe 65-95% 

 

Table 2: 

Degree of 

stenosis  

CDUS 3D-TOF 

MRA 

Normal 149 169 

Mild 29 20 

Moderate 35 28 

Severe 27 23 

Total 240 240 

Graph 1: 

 

 

 

Table 3: 

Patients having a same result 180 

3D-TOF MRA CDUS Patients having 

a different 

result 

Normal Mild stenosis 26 

Mild moderate 11 

Moderate Severe 2 

Mild severe 1 

Mild Normal 11 

Moderate Mild 1 

Severe Moderate 8 

 

DISCUSSION: 

Out study, have found that 3D TOF magnetic 

resonance angiography in screening and grading 

carotid stenosis in the patients of stroke having good 

and similar results when the stenosis was severe but 

in case of mild and moderate stenosis, it proves less 

sensitive and specific as compared to CDUS. In our 

opinion, as the two methods provide complementary 

data, they should be used in combination as a 

diagnostic tool for assessment of stenosis. For the 

surface plaque assessment, CDUS is superior to 3D 

TOF MRA. The continuing technological 

developments and the so many studies indicating 

diagnostic consistency and diagnostic relationship of 

these two non-invasive methods lead us MRA is good 

for the screening purpose to just rule out occlusion or 

severe stenosis for characterization of plaque and 

final labeling of mild, moderate and severe stenosis 

must undergo Doppler evaluation. 

The patients with carotid ischemic symptoms 

commonly do not have much severe carotid stenosis 

so that not required stenting. The DSA is gold 

standard for strok patients but not reasonable in every 

patient of stroke. So being as invasive and relatively 

more risky procedure, the MR angiography along 

with color Doppler study provides a better diagnostic 

tool.(25, 26) Therefore; patients are commonly 

selected for angiography preferring one of the 

noninvasive tests. 
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When, MR angiography is supplemented with CDUS 

have better sensitivity & specificity then MRA alone 

which proved less specific in the characterization of 

normal, mild and moderate stenotic plaques and 

almost equivocal sensitive and specific in the 

characterization of severe stenosis. 

The previous studies have reported the sensitivity and 

specificity of both CDUS and MRA evidently to 

angiography in the finding of surgical 

disease.(23,26,29,30) Some researcher have stated 

that the combine use of ultrasound and MRA is not 

only economical, 
32

 but results in an overall error rate 

that is comparable to the inter-observer reliability 

when two radiologists are presented with the same 

conventional angiogram revealing carotid artery 

disease. (33) 

When alone color doppler ultrasound is taken as 

screening for stenosis it can give better result than 

MRA at carotid bulb and proximal ICA but as distal 

ICA and intracranial ICA cannot be assessed by it, so 

cannot be taken as single screening test. When MRA 

taken as single screening test, it proves less sensitive 

and specific in the grading of the mild & moderate 

stenosis and normal cases in our study so we 

recommend the combination of carotid ultrasound and 

MRA to obviate the need for conventional 

angiography in the every patient with stroke for pre 

surgical assessment of patients with carotid artery 

disease and use should be limited in high grade 

stenotic patients after screening with MR angiography 

& CDUS requires stent or surgery for the treatment. 

CONCLUSION: 

MRA having some advantages, like it can be done 

with MRI brain, can assess distal ICA and intracranial 

vessels that  make it screening test of choice but our 

study shows that the sensitivity and specificity of 

MRA as compared to duplex ultrasonography is 

significantly lower for mild to moderate stenosis 

(non-surgical) however, in case of severe stenosis 

(surgical), it is having good sensitivity and specificity, 

almost equal to color doppler study. This preliminary 

study suggests that concordant CDUS may be used to 

clarify equivocal findings of MRA. 

 

 

Figures: 

 

(a) 

 

(b) 

Fig1: CDUS image (a) shows around 45-55% of 

stenosis in the left common carotid bulb region and 

image (b) shows around 30-40% stenosis in right 

common carotid bulb, so categories into moderate 

stenosis on left side and mild stenosis on right side.
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   (c)

 

(d) 

Fig 2: MRA TOF image (c) in axial sections showing 

mild eccentric narrowing at bilateral common carotid 

bulb region marked by circle. 3D- reconstructed TOF 

image (d) in coronal plane showing mild stenosis at 

both common carotid and proximal ICA region by 

visual comparing with proximal and distal diameter.             

REFERENCES 

 

1. Laub GA, Kaiser WA. MR angiograph y with 

gradient motion refocusing.JComput Assist 

Tomogr1988; 12:377-382 

2. Lenz GW. Advances in time-of-flight MR 

angiography. Paper presentedat the Society of 

Magnetic Resonance Imaging, Chicago, 

April1991 

3. Schmalbrock P, Yuan C, Chakeres DW. 

Volume MR angiography:methods to achieve 

very short echo times. Radiology 1990; 

175:861-865 

4. Gullberg GT, Wehrli FW, Shimakawa A , et al. 

MR vascular imagingwith a fast gradient 

refocusing pulse sequence and 

reformattedimages from transaxial sections. 

Radiology 1987; 165:241-246 

5. Litt AW, Eidelman EM, Pinto RS, et al. 

Diagnosis of carotid arterystenosis: compari 

son of 2DFT time-of-flight MR angiography 

withcontrast angiography in 50 patients. AJNR 

199 1; 12: 149-154 

6. Kido DK, Panzer RJ , Szumowski J, et a f. 

Clinical evaluation of stenosisof the carotid 

bifurcation with magnetic resonance 

angiographictechniques. Arch Neural 1991 

;48:484-489 

7. Masaryk AM, Ross JS, DiCello MC, et al. 

3DFT MR angiography ofthe carotid 

bifurcation: potential and limitations as a 

screening examination.Radiology 1991 ;1 

79:797-804 

8. Anderson CM, Saloner D, Lee RE, et al. 

Dedicated coil for carotid MRMasaryk AM, 

Modic MT, Ruggiere PM, et al. Three-

dimensional(volume) gradient-echo imaging of 

the carotid bifurcation : preliminaryclinical 

experience. Radiology 1989; 171 :801-806 

9. Masaryk AM. Modic MT< Ruggiere PM, et al. 

Three-dimensional (volume)gradient-echo 

imaging of the carotid bifurcation :Preliminary 

clinical experience. Radiology 1989;171:801-

806 

10. Rossnick SG, Laub GA, Braeckle R. Three 

dimensional display of blood vessels. In: 

Proceedings of the IEEE Computers in 

CardiologyConference. New York: Institute of 

Electrical and Electronic Engineers, December 

1986:193-196 

11. Anderson CM, Saloner D, Tsuruda JS, et al. 

Artifacts in maximum-1003intensity-projection 

display of MR angiograms. AJR 1990; 

154:623-629 

12. Bluth El, Stavros AT, Marich KW, et al. 

Carotid duplex sonography:a multicenter 

recommendation for standard ized imaging and 

Dopplercriteria. Radiographies 1988;8:487 -

506 

13. Tsuruda JS, Saloner D, Anderson D. 

Noninvasive evaluation of cerebral ischemia. 

Trends for the 1990s. Circulation 1991; 

83(SI):I176-I-189. 

14. Zwiebel WJ. Duplex sonography of the 

cerebral arteries: efficacy, limitations, and 

indications. AJR 1992; 158:29-36. 

15. Hunink JGM, Polak JF, Barlan MM, O'Leary 

DH. Detection and quantification of carotid 

artery stenosis:efficacy of various Doppler 

velocity parameters. AJR 1992; 160:619-25. 

16. Hallam MJ, Reid JM, Cooperberg PL. Color-

flow Doppler and conventional duplex 

scanning of the carotid bifurcation: 

prospective,double-blind, correlative study. 

AJR 1989; 152:1101-5. 

17. Steinke W, Kloetzsch C, Hennerici M. Carotid 

artery disease assessed by color Doppler flow 

imaging: correlation with standardDoppler 

sonography and angiography. AJR 1990; 

154:1061-68. 

18. Wilterdink JL, Furie KL, Benavides J, Cabral 

PJ, Feldmann E. Combined transcranial and 

carotid Duplex ultrasound optimizesscreening 

http://www.ijmse.com/


Published by Association for Scientific and Medical Education (ASME) Page444 

for carotid artery stenosis. Can J NeurolSci 

1993; 20:S205. 

19. Fisher M, Sotak CH, Minematsu K, Li L. New 

magnetic resonance techniques for evaluating 

cerebrovascular disease. Ann Neurol1992; 

32:115-22. 

20. Heiserman JE, Drayer BP, Fram EK, et al. 

Carotid artery stenosis: clinical efficacy of two-

dimensional time-of-flight MRangiography. 

Radiology 1992; 182:761-68. 

21. Huston J, Lewis B, Wiebers D, Meyer F, 

Riederer S, Weaver A. Carotid artery: 

Prospective blinded comparison of two-

dimensionaltime-of-flight MR angiography 

with conventional angiography and Duplex US. 

Radiology 1993; 186:339-44. 

22. Mattle HP, Kent KC, Edelman RR, Atkinson 

DJ, Skillman JJ. Evaluation of the extracranial 

carotid arteries: correlation of 

magneticresonance angiography, duplex 

ultrasonography, and conventional 

angiography. J VascSurg 1991; 13:838-45. 

23. Polak J, Bajakian R, O'Leary D, Anderson M, 

Donaldson M, Jolesa F. Detection of internal 

carotid artery stenosis: Comparison of 

MRangiography, color Doppler sonography, 

and arteriography. Radiology 1992; 182:35-40. 

24. Riles T, Eidelman E, Litt A, Pinto R, Oldford 

F, Schwartzenberg G. Comparison of magnetic 

resonance angiography, 

conventionalangiography, and duplex scanning. 

Stroke 1992; 23:341-6. 

25. Sitzer M, Furst G, Fischer H, Siebler M, 

Fehlings T, Kleinschmidt A, Kahn T, 

Steinmetz H. Between-method correlation 

inquantifying internal carotid stenosis. Stroke 

1993; 24:1513-8. 

26. Hankey G, Warlow C. Symptomatic carotid 

ischaemic events: safest and most cost effective 

way of selecting patients forangiography, 

before carotid endarterectomy. BMJ 1990; 

300:1485-91. 

27. Zhu CZ, Norris JW. Role of carotid stenosis in 

ischemic stroke. Stroke 1990; 21:1131-4. 

28. Mittl RL, Broderick M, Cartpenter JP, 

Goldberg HI, Listerud J, Mishkin MM, 

Berkowitz HD, Atlas SW. Blinded-reader 

comparison ofmagnetic resonance angiography 

for carotid artery bifurcations stenosis. Stroke 

1994; 25:4-10. 

29. Turnipseed WD, Kennell TW, Turski PA, 

Acher CW, Hoch JR. Combined use of duplex 

imaging and magnetic resoanceangiographyfor 

evaluation of patients with symptomatic 

ipsilateral high-grade carotid stenosis. J 

VascSurg 1993; 17:832-40. 

30. Polak JF, Kalina P, Donaldson MC, O'Leary 

DH, Whittemore AD, Mannick JA. Carotid 

endarterectomy: Preoperative evaluation 

ofcandidates with combined doppler 

sonography and MR angiography. Radiology 

1993; 186:333-8. 

31. Kent KC, Kuntz KM, Patel MR, Kim D, Klufas 

RA, Whittemore AD, Polak JF, Skillman JJ, 

Edelman RR. Perioperative ImagingStrategies 

for Carotid Endarterectomy: An Analysis of 

Morbidity and Cost-Effectiveness in 

Symptomatic Patients. JAMA 1995;274:888-

893. 

32. Young GR, Sandercock PAG, Slattery J, 

Humphrey PRD, Smith ETS, Brock L. 

Observer variation in the interpretation of 

intraarterialangiograms and the risk of 

inappropriate decisions about endarterectomy. J 

NeurolNeurosurg Psychiatry 1996; 60:152-157. 

33. European Carotid Surgery Trialists' 

Collaborative group. MRC European Carotid 

Surgery Trial: interim results for 

symptomaticpatients with severe 9 70-99%) or 

with mild (0-29%) carotid stenosis. Lancet  

 

 


