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INTRODUCTION 

The most common indication for the imaging of supra-

aortic arteries is the evaluation of steno-occlusive 

diseases, especially carotid artery stenosis due to 

atherosclerosis.1 Conventional Digital Subtraction 

Angiography (DSA) is still accepted as the gold standard 

for the detection of atherosclerotic lesions of the 

supraaortic arteries. However, DSA is a time consuming, 

expensive and invasive technique, besides various risks 

such as transient ischemic attack, iodine contrast 

nephrotoxicity and exposure to ionizing radiation.2-4 

Recent advances in 3D contrast-enhanced magnetic 

resonance angiography (MRA) and x-ray computed 

tomography (CT) angiography have altered diagnostic 

algorithms in cases of arterial stenosis. As a result, in the 

diagnosis of extracranial and intracranial steno-occlusive 

diseases, DSA is now being primarily used as a 

confirmatory method in cases that are considered to be 
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ABSTRACT 

 

Background: The aim of this study was to compare conventional digital subtraction angiography (DSA) with the 

multi-planar reformation (MPR) and maximum intensity projection (MIP) reconstruction of servical magnetic 

resonance angiography (MRA) in terms of detecting supra-aortic artery stenoses.  

Methods: In the study, 21 patients who had underwent 3D MRA and conventional DSA were retrospectively 

assessed. Axial MPR, coronal MIP reconstruction and contrast enhanced 3D MRA subtraction images of a total of 

333 artery segments were independently assessed by 2 separate radiologists. Conventional DSA results were accepted 

as gold standard results. The overall and individual Kappa values of all methods were calculated. 

Results: Results of the conventional DSA analysis indicated total occlusion in 9 (2.7%), severe stenosis in 16 (4.8%), 

moderate stenosis in 90 (27.1%), mild stenosis in 105 (31.5%) and no stenosis in 113 (33.9%) arteries. While the  

values of all methods were high which demonstrated strong relationships with the DSA method; the coronal MIP 

reconstruction method was found to be superior to other methods. The 3D MRA subtraction method did not yield 

better results in any of the individual comparisons.  

Conclusions: Our results indicate that the coronal MIP reconstruction method has higher correlation with 

conventional DSA results compared to the other two methods and may be used as an accurate first-line diagnostic 

method for supra-aortic artery stenoses.  
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‘suspicious’ with non-invasive techniques.5 Studies have 

indicated that contrast-enhanced MRA is superior to 

other non-invasive or minimally invasive methods such 

as duplex ultrasonography, color Doppler sonography, 

and CT angiography.6-8 

Source images obtained with contrast enhanced MRA 

imaging can be evaluated with different reconstruction 

methods, these reconstruction and post-processing 

operations can directly affect image quality.9,10 Images 

obtained after post-processing and reconstruction of 

MRA may also be compared with conventional DSA 

images for better evaluation of supraaortic arteries. In 

previous studies, the accuracy of contrast-enhanced MRA 

was compared with conventional DSA. In this study, we 

aimed to compare conventional DSA examinations with 

the coronal MIP reconstruction, axial MPR and 

subtraction images of contrast enhanced neck MRA.  

METHODS 

In the current study, 21 symptomatic patients with 

contrast-enhanced 3D MRA and conventional DSA 

imaging were evaluated retrospectively. All patients were 

clinically evaluated by neurology or neurosurgery 

specialists who ordered the imaging studies. All patients 

underwent contrast-enhanced 3D MRA and conventional 

DSA within a 2-week timeframe. A total of 42 subclavian 

arteries, 42 main carotid arteries, 42 internal carotid 

arteries, 42 external carotid arteries and 42 vertebral 

arteries were examined in these 21 patients. In some of 

the patients, evaluation of the vertebral artery with the 

conventional DSA method was not performed because 

optimal images could not be obtained due to the inability 

to perform selective catheterization of the vertebral 

arteries. These segments were excluded from the study. 

Sites of multiple stenosis were determined in some vessel 

segments; these sites were considered separately. As a 

result, a total of 333 vessel segments were included in the 

study. 

Contrast enhanced 3D MRA imaging parameters 

3D MRA images were obtained on a 1.5T magnetic field 

device (Magnetom Symphony; Siemens Medical 

Systems) via a CP neck array coil integrated to a CP 

spine array. The coronal FISP (fast imaging steady-state 

precession) 3D sequence was used for all patients and all 

supraaortic arteries from the sternal notch to the base of 

the skull were evaluated without breath-hold. Following 

precontrast imaging, contrast material was injected via an 

autoinjector with the CARE bolus technique (22-gauge 

venous catheter, 2ml/sec, 0.2ml/kg dose of 0.5 mmol/mL 

Gadodiamid; Omniscan, Nycomed, Ireland). Following 

each bolus, an intravenous push of 20ml of 0.9% NaCl 

was performed. The parameters of the CARE bolus 

sequence were determined as follows: TR:500 ms, TE: 

1.8 ms, flip angle: 20°, FOV:360 mm, matrix:256x128, 

NEX:2, acquisition time: 60 secs, sections: 60. Scanning 

time was 1 sec for each image. After an average of 8-10 

sections (according to patient’s cardiovascular status) at 

which the concentration of the contrast material reached 

appropriate levels in the arcus aorta, coronal FISP 3D 

sequences were started and 3 consecutive images were 

obtained. Sequence parameters were: TR/TE: 4.47 ms/ 

1.54 ms, NEX: 1, FA: 25°, sections: 52-56, section 

thickness: 1.6-1.8 mm, distance: 0.2 mm, FOV: 35x35 

cm, matrix: 512 x 193, imaging time:18 secs, Voxel 

volume: 1.6 x 0.7 x 1.7 mm. Breath-holding was not 

used. Re-format images were prepared using the initial 

arterial phase images. Firstly, non-contrast images were 

digitally subtracted from the contrast images; thus, static 

tissues were removed from vascular structures and 

subtraction images were obtained. Next, coronal 

reconstruction images of the supraaortic arteries were 

obtained via the MIP technique. Finally, axial plane 

reconstruction images were obtained from subtraction 

images via the MPR technique. Axial MPR images were 

produced from coronal subtraction images with the 

following parameters: section thickness: 1.6mm, 

intersection distance: 0.016mm. Although final results 

varied from patient to patient, 130-155 sections were 

generated for each patient. 

Conventional angiography 

Conventional DSA was performed with femoral 

catheterization and digital subtraction technique 

(Multistar Top, Siemens Medical Systems). After arcus 

aorta images were obtained, the catheter was advanced to 

the arcus aorta with the help of a guidewire. Selective 

catheterization of the main carotid artery was performed 

and anteroposterior, lateral and bilateral oblique (+45° 

and -45°) images of each catheterization were obtained 

after checking positional correctness with test-injection of 

contrast (iohexol, Omnipaque 300; Nycomed, Ireland). 

Conventional DSA was performed with FOV: 33 cm and 

matrix: 1024x1024. Spatial resolution was 0.32x0.32 

mm. 

Image analysis 

To evaluate the degree of stenosis, contrast enhanced 3D 

MRA subtraction images, axial MPR and coronal MIP 

reconstruction images of all patients were transferred to 

the computer environment (Leonardo, Siemens Medical 

Systems). Two separate radiologists independently 

assessed both subclavian arteries, ½ distal and ½ 

proximal main carotid arteries, ½ distal and ½ proximal 

internal carotid arteries, both external carotid arteries and 

½ distal and ½ proximal vertebral arteries, without 

knowledge of conventional DSA results. Conventional 

DSA was accepted as the gold standard. Stenosis grade 

was calculated using the formula (1-N/D) x100.11 

According to NASCET criteria and the degree of 

occlusion was classified as follows: occluded (100%), 

severe stenosis (70-99%), moderate stenosis (30%-69%) 

and mild stenosis (between 1% and 29%).12 Segments in 

which loss of signal was seen at the level of stenosis but 

with signs of distal flow, occlusion was accepted to be 
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99%; while segments which showed total loss of signal 

throughout the artery were accepted as occluded (100%). 

Stenoses were evaluated at the same level (of the artery) 

in both conventional DSA and contrast enhanced 3D 

MRA. 

Statistical analysis 

The data were analyzed using SPSS (v20) statistical 

package program. The compatibility of all imaging data 

was analyzed using kappa correlation analysis. 

Sensitivity, specificity, positive predictive value (PPD), 

negative predictive value (NPD) were assessed for each 

segment using conventional 3D DSA as the reference 

method. P <0.05 was used for statistical significance. 

RESULTS 

In the current study, 333 arteries of 21 patients (3 females 

and 18 males, mean age: 71 (range: 48-83)) were 

evaluated. Results of the conventional DSA analysis 

indicated total occlusion in 9 (2.7%), severe stenosis in 

16 (4.8%), moderate stenosis in 90 (27.1%), mild stenosis 

in 105 (31.5%) and no stenosis in 113 (33.9%) arteries. 

In comparison, with coronal MIP reconstruction of 

contrast enhanced 3D MRA images, we found 9 (2.7%) 

total, 25 (7.5%) severe, 78 (23.4%) moderate, 92 (27.6%) 

mild stenoses while 129 (38.7%) arteries were normal 

(Figure 1). MIP reconstruction images had a sensitivity of 

85%, specificity of 75.6%, accuracy of 81%, PPV of 

84%, NPV of 76.7%, false positive ratio of 26.4%, false 

negative ratio of 15%, and the overall prevalence of 

stenosis was found to be 59%. In terms of  coefficients, 

values were as follows: 0.637 for common carotid, 0.735 

for internal carotid, 0.672 for external carotid, 0.729 for 

subclavian, 0.765 for vertebral arteries, and overall  (all 

arteries) was 0.722. When the MIP reconstruction images 

of 3D MRA were compared with the conventional DSA 

method according to the Landis and Koch scale, we 

found a strong relationship between the two methods, 

demonstrated by high overall and individual  

coefficients.13  

  

Figure 1: Total occlusion of the left common carotid 

artery on MIP reconstruction (A) and conventional 

DSA (B). 

With the 3D MRA axial MPR method, 9 arteries were 

considered as occluded (Figure 2), 8 arteries showed 

severe, 39 arteries showed moderate, 117 arteries showed 

mild stenosis; while 160 arteries were considered to be 

normal. MPR images had a sensitivity of 68%, specificity 

of 92.4%, accuracy of 76.6%, PPV of 95%, NPV of 

60.5%, false positive ratio of 6%, false negative ratio of 

33%, and the overall prevalence of stenosis was found to 

be 64.8%. According to Kappa correlation analysis, the  

values for the MPR method were as follows: 0.705 for 

common carotid, 0.578 for internal carotid, 0.786 for 

external carotid, 0.527 for vertebral arteries, with an 

overall = 0.653. Kappa value was not calculated for the 

subclavian artery, because no significant stenoses were 

determined with the MPR method. Comparison of the 

MPR method with the conventional DSA method 

according to the Landis and Koch scale showed that there 

existed a significant correlation between the two methods 

demonstrated by high overall  coefficients.13 

 

Figure 2: Contrast enhanced 3D MRA axial MPR 

images of the origin (A) and distal cervical level (B) of 

the right vertebral artery suggests occlusion. The 

conventional DSA image (C) of the same case shows 

occlusion at the origin of the artery. 

Subtraction images of contrast enhanced 3D MRA 

images detected total occlusion in 13 arteries, severe 

stenosis in 10 arteries, moderate stenosis in 58 arteries, 

mild stenosis in 100 arteries, while 152 arteries were 

considered as normal. Subtraction images demonstrated a 

sensitivity of 72%, specificity of 82.6%, accuracy of 

75.9%, PPV of 87%, NPV of 64.4%, false positive ratio 

of 17%, false negative ratio of 28%, while the overall 

prevalence of stenosis was determined as 61.8% with this 

A B 
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method. The Kappa coefficients of subtraction images 

were determined as: 0.597 for the internal carotid, 0.661 

for the external carotid, 0.588 for the subclavian and 

0.620 for the vertebral artery. Overall  was 0.653. 

The Kappa correlation analysis showed that the coronal 

MIP reconstruction method yielded better results 

compared to the other two methods. While the  values of 

all methods were high which demonstrated strong 

relationships with the DSA method; the  coefficient, 

sensitivity and accuracy of the coronal MIP 

reconstruction method was higher than that of other 

methods. When segments were analyzed individually, the 

coronal MIP reconstruction had the highest kappa values 

for internal carotid, subclavian and vertebral arteries 

(0.735, 0.729 and 0.765; respectively); while the axial 

MPR method had the highest kappa values for common 

carotid (0.705) and external carotid (0.786) arteries. It 

was found that the subtraction method did not yield better 

results in any of the individual comparisons. Overall and 

individual values of sensitivity, specificity, accuracy, 

PPV, NPV and the  coefficients of all methods are 

depicted in Table 1. 

 

Table 1: Overall and individual values of sensitivity, specificity, accuracy, PPV, NPV and the  coefficients of each 

method. 

 Sens (%) Spec (%) PPV (%) NPV (%) Accuracy (%)  

Supra-aortic arteries (overall) 

MIP reconstruction 85.0 75.6 84.0 76.7 81.0 0.722 

Axial MPR 68.0 92.4 95.0 60.5 76.6 0.653 

Subtraction images 72.0 82.6 87.0 64.4 75.9 0.653 

Common carotid artery 

MIP reconstruction 74.0 85.0 85.0 74.0 79.0 0.637 

Axial MPR 78.0 91.6 93.0 75.0 83.7 0.705 

Subtraction images 75.0 91.8 92.5 73.9 82.5 – 

Internal carotid artery 

MIP reconstruction 82.5 75.0 89.0 62.0 80.0 0.735 

Axial MPR 62.0 90.5 95.0 43.1 68.9 0.578 

Subtraction images 65.0 86.4 93.0 45.2 88.4 0.597 

External carotid artery 

MIP reconstruction 100 57.0 70.0 100 78.0 0.672 

Axial MPR 80.7 93.7 95.4 75.0 52.3 0.786 

Subtraction images 83.3 66.6 76.9 75.0 76.1 0.661 

Subclavian artery 

MIP reconstruction 84.3 80 93.0 61.5 83.3 0.729 

Axial MPR 75.0 100 100 55.0 80.9 – 

Subtraction images 76.6 75.0 88.4 56.0 76.1 0.588 

Vertebral artery 

MIP reconstruction 94.4 75.0 77.0 93.7 84.0 0.765 

Axial MPR 50.0 94.1 91.0 60.4 69.7 0.527 

Subtraction images 84.3 81.6 78.8 72.0 75.0 0.620 

 

DISCUSSION 

In recent years, 3D MRA and multi-section CT 

angiography have become important methods in the 

diagnosis of supra-aortic artery stenoses.14,15 Primary 

advantages of the 3D MRA method may be listed as: 

good spatial resolution, visualization of a large area from 

the arcus aorta to the willis polygon, the absence of signal 

loss due to slow or turbulent flow and also the absence of 

imaging artifacts caused by patient movements. These 

advantages ensure accurate determination of the degree of 

stenosis which is crucial for clinical approach.16 

Coronal MIP reconstruction is the most frequently used 

method of evaluating 3D MRA imaging. In the current 

study, images obtained from artery segments were 

utilized via a method known as subvolume MIP 

reconstruction. The inner surface of arteries are revealed 

to a better degree and vascular superpositioning which 

prevents accurate analysis of stenotic lesions is prevented 

by reconstruction with smaller segments from source 

images.9 Although contrast enhanced 3D MRA imaging 

was performed without breath-hold in the current study, 

the accuracy of results regarding the subclavian and 

vertebral arteries in which respiratory movements are 
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expected to cause artifacts were higher than the results of 

other arteries. Additionally, the Kappa values of these 

arteries were higher than that of other arteries. 

Among supraaortic arteries, the carotid bifurcation and 

the internal carotid artery are of significant importance 

due to their association with cerebrovascular events. 

Contrast enhanced 3D MRA has been shown to have high 

sensitivity and specificity for the determination of 

stenoses and occlusions of the internal carotid artery.17,18 

Accurate determination of the degree of stenosis at the 

carotid bifurcation and/or the internal carotid artery is 

crucial for treatment approach. Our study has shown that, 

the coronal subvolume MIP reconstruction method is 

more successful compared to the axial MPR and 

subtraction methods. 

The higher correlation between coronal MIP 

reconstruction and DSA results in the current study may 

be explained by the utilization of subvolume MIP 

reconstruction for evaluation. In the current study, source 

images were divided into 6 subsegments and 

reconstructed, the resulting subvolume MIP 

reconstruction images were used for evaluation. It is 

known that this method increases the sensitivity and 

accuracy of the method by preventing vascular 

superpositioning which causes difficulties in the 

evaluation of coronal MIP images. However, with this 

method, source images have to be evaluated individually 

which takes time and may be cumbersome for practical 

use.19 

With the MIP reconstruction of 3D MRA images, we 

found 8 moderate and 3 severe stenoses among the 113 

segments determined to be normal by conventional DSA. 

This may be due to the loss of data in MIP reconstruction 

(compared to source images), which causes over-

estimation of stenosis degree.1,9 This over-estimation was 

shown in another study; however, the authors also 

reported that the accuracy of MIP reconstruction could 

compete with CT angiography and DSA.20 Another 

important point is the fact that only pixels with the 

highest signal intensities are utilized in MIP 

reconstruction, this may cause the method to be 

inadequate in terms of evaluating very fine calibrated 

vascular structures which show relatively low signal 

intensity, due to partial volume effects.19,21 According to 

our results, over-estimation of the degree of stenosis is a 

rare occurrence in axial MPR and subtraction images, 

compared to coronal MIP reconstruction. 

The results of our study suggest that, in patients with an 

initial diagnosis of supraaortic artery stenosis, the coronal 

MIP reconstruction method (due to its higher :0.722 

value) may be used as the initial diagnostic test, 

especially when the inherent characteristics of the 

conventional DSA method are considered. The coronal 

MIP reconstruction method outperforms the other two 

methods in the detection of moderate and severe stenoses. 

If the degree of stenosis is taken out of the equation, axial 

MPR images are superior to the other two methods in the 

evaluation of common carotid and external carotid 

arteries, which is demonstrated by higher correlation with 

the conventional DSA method. When the degree of 

stenosis is included in the evaluation, it may be beneficial 

to combine coronal MIP reconstruction images with axial 

MPR images for optimal diagnosis in these arteries. 

Additionally, in 3D MRA imaging, jugular vein 

superpositioning due to venous contrast material and 

tortuosity of supraaortic arteries may complicate 

evaluation. In the event of such problems, inclusion of 

axial MPR images may be beneficial for diagnosis. 

However, a better approach would be to determine 

imaging requirements on a case-by-case basis.  

According to our study, the results obtained from the 

subtraction images of 3D MRA were significantly 

correlated with the results of conventional DSA results; 

however,  coefficients were lower than the other two 

methods. Although combining subtraction images with 

MIP reconstruction may increase diagnostic accuracy, 

our results suggest that MIP reconstruction images alone 

may be sufficient for accurate diagnosis.  

CONCLUSION 

According to our results, reconstruction and post-

processing methods such as coronal MIP reconstruction, 

axial MPR and MRA subtraction demonstrate high 

correlations with the conventional DSA method in terms 

of identifying supra-aortic artery stenoses. However, 

results of the coronal MIP reconstruction method showed 

higher correlation with conventional DSA results 

compared to the other two methods and may be used as 

an accurate first-line diagnostic method for supra-aortic 

artery stenoses. 
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