CT Angiographic Analysis of Carotid Artery
Stenosis: Comparison of Manual Assessment,
Semiautomatic Vessel Analysis, and Digital
Subtraction Angiography

ORIGINAL
RESEARCH

H.M. Silvennoinen BACKGROUND AND PURPOSE: To compare multisection CT angiography (CTA) analyzed with source/

S. lkonen maximum intensity projection (MIP) images as well as semiautomated vessel analysis software with
L. Soinne intra—arlterial digital subtraction angiography (DSA) in detection and grading of carotid artery bifurcation
stenosis.
M. Railo
L. Valanne METHODS: Consecutive patients with sonography evidence of a marked internal carotid artery steno-

sis underwent both carotid CTA and DSA (37 patients, 73 vessels). In CTA, the grade of stenosis was
determined using axial source and MIP images as well as vessel analysis. The scans were blind-
analyzed by 2 neuroradiologists using the NASCET criteria.

RESULTS: Correlation of CTA source/MIP images versus DSA estimates of stenosis (R = 0.95) was
higher than for the vessel analysis method versus DSA (R = 0.89). Compared with DSA, CTA
source/MIP images underestimated high (78.2% versus 86.4%, P < .05) and moderate grades of
stenosis (57.3% versus 63.1%, P < .05) to a lesser extent than the vessel analysis method (68.5%
versus 83.5% and 51.8% versus 63.1%, P < .05). For a high-grade stenosis, sensitivity and specificity
of source/MIP image CTA were 75% and 96%, respectively, whereas for the vessel analysis method,
they were 47% and 96%, respectively. For moderate stenosis, the source/MIP image CTA sensitivity
and specificity were 88% and 82%, respectively, and for vessel analysis method, 62% and 82%,
respectively. CTA detected all 4 occlusions.

CONCLUSION: In evaluation of carotid stenosis, CTA provides an adequate, less invasive alternative
with a high correlation to conventional DSA, though it tends to underestimate clinically relevant grades
of stenosis. Its accuracy is not improved by semiautomated analysis. The data support the use of CTA
in confirming carotid occlusion.

Ischemic stroke is the most common cause of disability in
adults and the third leading cause of mortality in developed
countries.! Roughly half are caused by atherothromboembo-
lism and most of these by extracranial atheromatous lesions,
most often involving narrowing of the internal carotid arteries
(ICAs).>” Symptomatic patients with severe stenosis (70%-—
99%) benefit from carotid endarterectomy.*” It has been sug-
gested that endarterectomy could also reduce the risk of stroke
from moderate (50%—69%) stenosis.’ Therefore, imaging of
the carotid arteries is indicated in patients with symptoms of
cerebral ischemia. The imaging should be done as soon as
possible because the benefit from surgery seems to be greatest
within 2 weeks of the most recent ischemic symptoms, de-
creasing rapidly with delay.” Duplex ultrasonography (US) is
usually the first imaging method for carotid arteries and has
many advantages as a fast, noninvasive, and easily available
screening method. However, a confirmatory imaging method
is necessary if an intervention is considered or if the degree of
stenosis remains undetermined by US.
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Digital subtraction angiography (DSA) has been the “gold
standard” for diagnosis of carotid artery stenosis. Noninvasive
MR angiography (MRA) and CT angiography (CTA) have
partially replaced conventional angiography, which hasup toa
1% risk of stroke, a 4% risk of transient ischemic attack (TTA),
and nearly a 1% mortality rate.*'® Multisection helical CT
scanners enable fast and accurate vessel imaging, and CTA is
increasingly used in assessment of carotid artery stenosis.' !>

The aim of our study was to compare the grade of carotid
artery stenosis in DSA and CTA using a novel commercially
available 3D vessel analysis software in evaluation of the max-
imal stenosis in CTA, along with axial source images and max-
imum intensity projections (MIP). Vessel analysis software is a
semiautomatic system that provides intraluminal diameter
measurements and cross-sectional areas of the carotid artery
at selected anatomic points, calculating the maximum stenosis
percentage in proportion to the chosen reference point. To
our knowledge, no previous study comparing DSA with CTA
in carotid stenosis has evaluated the use of both vessel analysis
software and MIP and source images.

Methods

We enrolled 37 consecutive patients, 19 male and 18 female, with
an average age of 67 years, referred to the radiologic department of
a university hospital for examination of the carotid arteries. The
number of vessels studied was 73, because 1 carotid artery cathe-
terization was unsuccessful. All patients had hemispheric or reti-
nal symptoms. They also had evidence of an ICA stenosis more
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than 50% on US'? or a stenosis that was difficult to grade because
of extensive calcifications or limited visibility of vessel anatomy.

They underwent both routine carotid DSA and CTA designed
for research within 2 weeks. DSA and CTA were analyzed by 2
experienced neuroradiologists blinded to the results of the other
technique and the clinical data. The degree of ICA stenosis was
graded according to the North American Symptomatic Carotid
Endarterectomy Trial Collaborators (NASCET). The ethics com-
mittee of the hospital approved the study protocol, and all patients
gave their informed consent. US results were not incorporated into
the study protocol because of the high interobserver variability of
the technique.'*

Our initial intention was to measure the absolute diameter of the
stenotic part of the lumen from the surgical specimen, the plaque, and
use these data for comparison with the radiology. After removal at the
operation, the plaque was immediately covered with Tissue-Tek
O.C.T. compound (Sakura Finetek, Torrance, Calif), frozen in liquid
nitrogen, and kept in a freezer at —80°C until sectioning in a cryostat
into sections of approximately 5 wm. However, it appeared early on
that, especially with soft, hemorrhagic plaques, the manipulation and
extraction of the plaque from the carotid bifurcation fractured the
plaque and squashed the lumen. The outer surface of the plaque was
rarely attenuated enough to protect the specimen during the manip-
ulation; furthermore, it remained unclear whether the outer diameter
of the specimen really represented the radiolucent angiographic di-
ameter of the vessel, rendering the comparison potentially inade-
quate. Because of the methodologic uncertainty, the surgical mea-
surement of the lumen was abandoned.

DSA Techniques

Conventional intra-arterial DSA was performed with an Integris
V5000 angiography unit (Philips Medical Systems, Best, the Nether-
lands) as the standard procedure using transfemoral Seldinger tech-
nique. The contrast injections were performed with a power injector
(Angiomat 6000 Digital Injection System; Liebel-Flarsheim Com-
pany, Cincinnati, Ohio) by using Hexabrix (200 mg of iodine/mL;
Guerbet, Roissy, France). The aortic arch was imaged in left anterior-
oblique and anteroposterior projections with 35-40 mL of contrast
medium at an infusion rate of 15 mL/s. The common carotid arteries
were selectively catheterized, and 6—-10 mL contrast medium was in-
jected at the rate 4—6 mL/s. Images from both carotid artery bifurca-
tions were obtained in anteroposterior, lateral, and at least 1 but usu-
ally 2 oblique projections (—45° and +45°). The intracranial
circulation was also included in anteroposterior and lateral projec-
tions. Rotational angiography was not used.
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Fig 1. Measurement of the internal carotid artery ste-
nosis in CTA axial images according to NASCET.

A, Maximal stenosis in left ICA.

B, Normalized vessel diameter. The reference point was
chosen so that diameters are the same over a distance.
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CTA Techniques

CTA was performed with a GE LightSpeed Ultra 8-row multisection
helical scanner (General Electric, Milwaukee, Wis). Patients were
placed in a supine position with the head tilted back as far as possible
to avoid dental filling artifacts. Patients were instructed to breathe
quietly without swallowing during the imaging. Nonionic contrast
medium (100 mL of Omnipaque, 300 mg of iodine/mL; GE Health-
care, Little Chalfont, Buckinghamshire, UK) was injected with a
power injector into an antecubital vein at a rate of 4 mL/s. The helical
acquisition was initiated after the bolus reached the ascending aorta
using a triggering system (Smart Prep; GE Medical Systems). Data
were acquired from the aortic arch to the vertex. The section thickness
was 2.5 mm, pitch was 1.35:1, field of view was large, 120 kV and 250
mA. Contiguous 2.5-mm axial raw data were reformatted into
1.25-mm axial sections.

Image Analysis

Both CTA and DSA were interpreted by 2 neuroradiologists (H.M.S.,
S.I.) unaware of the clinical information and the results of other mo-
dalities. The DSA images were read from films containing no patient
information. The degree of ICA stenosis was analyzed according to
NASCET criteria, and other possible stenoses were recorded.

CTA data were stored on optical disks and transferred to a com-
puter workstation (Advantage Workstation, AW 4.0; GE Medical Sys-
tems) for analysis. The reformatted 1.25-mm axial images (Fig 1),
MIP reformats (Fig 2A), and vessel analysis software (Fig 2B) were
used to determine the grade of ICA stenosis according to the NASCET
criteria. The evaluating neuroradiologists performed the digital image
processing to obtain both the MIP images and the vessel analysis.

Vessel analysis software (Advanced Vessel Analysis B7700SS; GE
Medical Systems) is an optional software extension of the Volume
Analysis application for AW systems. The operator has a variety of
different 3D and reformatted images to choose from to perform anal-
ysis measurements. The user identifies the vessel to be analyzed by
marking points inside the vessel. The starting point is placed at the
distal common carotid artery and the ending point at the ICA to the
level where the caliber of the vessel has normalized. One or more
intermediate points can be added if required. The software automat-
ically detects the vessel centerline and computes cross-sectional area
and minimum, maximum, and mean diameters at each point. The
user defines the key anatomic points of interest, which are the maxi-
mal stenosis and the reference point according to NASCET. The soft-
ware calculates the percentage of stenosis.

In MIP images, instead of using constant windowing, the readers
attempted to select windowing producing the best available edge de-
tection for each vessel. Concentration of contrast medium in the ar-



Fig 2. A, Stenosis measurement levels marked to CTA MIP images according to NASCET. Dental filling artifacts are shown.

B, Vessel analysis method in determination of the grade of stenosis. Dental filling artifacts are shown.

C, DSA image.
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Fig 3. Scatterplot of degrees of stenosis in CTA (A) versus DSA (B) with regression line and 95% confidence intervals.

teries as well as the patient anatomy can have an effect on the selection
of the best windowing. Vessel analysis results, MIP, and axial source
images were then compared separately with DSA (Fig 2C).

Data Analysis

The average of the estimated stenosis by the 2 observers in DSA was
considered the “gold standard” reference. Sensitivity and specific-
ity were calculated for CTA methods in high-grade and moderate
categories of stenosis. Linear regression analysis was applied with
the DSA reference as the dependent variable to estimate the inter-
method agreement by a regression coefficient, and scatterplots
with regression lines were created. Interobserver and intermethod
agreement was evaluated with Cohen weighted k coefficients and
Spearman rank correlation coefficient. Overall comparison of ste-
nosis degrees within categories of stenosis was done with Wil-
coxon matched pairs test. P values less than .05 were considered
statistically significant.

Results

For DSA, 4 (5%) carotid arteries were occluded, 20 (27%) had
a high-grade stenosis (70%-99%), and 16 (22%) had a mod-
erate-grade (50%—69%) stenosis. There were 16 (22%) mild
stenoses (<50%), and no stenosis was detected in 17 (23%).
Three patients with carotid occlusion had experienced ipsilat-
eral symptoms. Of the high-grade stenoses, 15 were symptom-
atic and 3 were defined as near occlusions. Of moderate ste-
noses, 9 were considered symptomatic. Degree of stenosis on
CTA source/MIP images closely correlated with that for DSA
(R = 0.95, regression analysis) (Fig 3A). With the vessel anal-
ysis method, the correlation was slightly lower (R = 0.89; P =
.02 for paired comparison with DSA) (Fig 3B). In general, CTA
underestimated high-grade and moderate stenosis compared
with DSA (78.2% versus 86.4%, 57.3% versus 63.1%, P < .05;
Wilcoxon matched pairs test). Underestimation was some-
what greater with the vessel analysis method (68.5% versus
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Fig 4. Histogram of average degrees within different categories of stenosis by method of
assessment.

83.5%, 51.8% versus 63.1%, P < .01) (Fig 4). Still, overall
intermethod agreement of grading was high (Cohen weighted
k = 0.93, 95% confidence interval [CI], 0.90—0.96), and
slightly lower for the vessel analysis method (weighted k =
0.88, 95% CI 0.85-0.92). Interobserver correlation was
equally high for manual and vessel analysis methods in CTA
(R =0.95, P <.0001, Spearman rank correlation). The mean
magnitude of difference between observers was 3.9% (2.5—
5.3%) in DSA, 5.9% in CTA (3.8-7.9%), and 5.8% with vessel
analysis (3.8-7.8%).

CTA detected all 4 occlusions. For a high-grade stenosis,
sensitivity of CTA was 0.75 (95% CI, 0.51-0.91) and specific-
ity 0.96 (0.87—1.00). For moderate stenosis, the sensitivity was
0.88 (0.61-0.98) and specificity was 0.82 (0.69—0.92). For the
vessel analysis method, sensitivity and specificity were lower,
0.47 (0.21-0.73) and 0.96 (0.87-1.00), respectively, for high-
grade stenosis and 0.62 (0.35-0.85) and 0.82 (0.69—-0.92) for
moderate stenosis, respectively. All in all, in terms of surgical
indication (50%-99%), only 1 case of moderate or high-grade
stenosis on DSA was not detected by CTA, whereas 4 vessels
within the surgical range on CTA were not within the surgical
range on DSA, giving a positive predictive value (PPV) of
87.9% (95% CI, 75,8%-97.3%), a negative predictive value
(NPV) of 97.1% (84.7%-99.9%), sensitivity of 0.97 (0.85 —
1.00), and specificity of 0.89 (0.75-0.97). Using the vessel
analysis method, 6 vessels in the surgical range on DSA were
not correctly classified, whereas 3 within the surgical range on
vessel analysis were not within the surgical range on DSA. The
corresponding values for a diagnostic test were PPV 89.3%
(71.8%—-97.7%), NPV 84.6% (69.5%—94.1%), sensitivity 0.81
(0.62-0.92), and specificity 0.92 (0.78—-0.98).

Discussion
In the recent literature, the overall sensitivity and specificity
for CTA in carotid artery stenosis is generally good.">" In
many studies, however,*® apparently depending on the selec-
tion of patients and the imaging technique, the sensitivity and
specificity vary widely, ranging from 65% to 100% and 63% to
100%, respectively.

Randoux et al'” found a significant correlation between
CTA, gadolinium-enhanced MRA, and DSA in a study that
consisted of 22 patients and 44 vessels. They had 13 high-grade
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and 5 moderate stenoses in DSA. In severe grades, the sensi-
tivity and specificity were both up to 100% with CTA and 93%
and 100% with MRA, respectively. No case of overestimation
with CTA was found.

Anderson et al'® compared CTA and DSA in detection and
quantification of carotid stenosis in 40 patients (80 carotid
arteries). They found that CTA was unable to reliably distin-
guish between moderate and severe stenosis, the correspond-
ing sensitivity levels being as low as 0.65 and 0.73. In mild
stenosis and carotid occlusion, CTA performed well, with the
values for sensitivity, specificity, and accuracy approaching
100%.

Josephson et al~ found CTA sensitivity to be as high as
100% and specificity 63% compared with DSA in <70% ste-
nosis. The total number of vessels was 81, but only 5 vessels
had =70% stenosis. There were originally 66 patients (132
vessels), but owing to 24 poor-quality CTA images and 1 DSA
scan, they were left with a remainder of 81 vessels in the anal-
ysis. Of these, 70 stenoses were less than 50%, only 6 had a
stenosis of 50%—69%, and 5 of a higher grade, and the sensi-
tivity and specificity of CTA were 86% and 43%, respectively,
in the groups.

In our study, no patients were excluded as a result of sub-
optimal image quality on CTA. Furthermore, the distribution
of the patients in different categories of stenosis was uniform.
The stenoses of 4 vessels were graded moderate in CTA and
severe in DSA. Retrospective examination of these vessels
showed that 2 of these had a subtle poststenotic collapse in the
distal ICA overlooked in the initial evaluation, rendering the
NASCET method of stenosis measurement inaccurate. In our
study, the total number of subtle collapses was 4 and the num-
ber of near occlusions with string sign was 3. It is known that
the diameter of the vessel can be markedly reduced distal to a
severe stenosis. Reduced poststenotic pulse pressure is
thought to be the main cause of the collapse of the vessel
wall.?! In case of a poststenotic collapse, the stenosis is severe,
and its measurement may not be feasible. The issue of postste-
notic collapse and subtle near occlusion was recently discussed
in the literature by Fox et al,*> who pointed out the importance
of poststenotic ICA collapse in evaluating the grade of stenosis.
The imaging criteria in DSA (ie, slow filling of the poststenotic
vessel and evidence of collaterals) are not equally applicable in
CTA; however, in CTA, both ICAs and external carotid arter-
ies are seen in the same axial image and can easily be compared
with each other. This can be considered one of the strengths of
CTA.

Intermethod agreement appeared somewhat more variable
than inter-rater variability. The stenosis of a vessel estimated
as moderate in DSA was found mild (<50%) by one reader
and moderate by the other reader in CTA. Considering the
intermethod agreement, it appears that the stenoses of 3 ves-
sels were consistently graded moderate in CTA and mild in
DSA. In 1 patient, both vessels were graded as severely stenotic
in CTA and moderate in DSA. It is noteworthy that US also
suggested a bilateral high-grade stenosis, and in surgery, the
left carotid artery turned out to be severely stenosed. This sup-
ports the view that the overestimation of stenosis in CTA com-
pared with DSA is not in all cases real, because the limited and
suboptimal projections of the conventional angiography may
in fact lead to underestimation of the stenosis degree.*>** Hi-
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Fig 5. Poststenotic collapse. A, Maximal stenosis in left ICA (big arrow). Calcification
behind the open lumen. The right ICA is normal (small arrow).

B, The distal left ICA (big arrow) remains collapsed. Normal right ICA (small arrow).
C, MIP image of the left ICA.
D, DSA image of the left ICA.

rai et al*> demonstrated that the luminal morphology of the

carotid artery stenosis may affect the assessment of maximum
stenosis of ICA at conventional DSA, and 3D CTA can in some
cases demonstrate severe stenosis better than DSA. It may even
be hypothesized that this more versatile visualization of steno-
sis could explain some of the few “false-positive” readings in
the surgical range, contrary to the general trend of CTA to
underestimate stenosis compared with DSA.

We found axial source images the most reliable in grad-
ing the degree of carotid artery stenosis, but MIP recon-
structions can be of help in certain situations. A horizontal
or tortuous course of the vessel or a very short stenosis can
render the assessment of the stenosis difficult on axial im-
ages. On the other hand, ring-like calcifications in the arte-
rial wall can mask the open lumen in MIP reconstructions
in every direction, and determination of the stenosis with
MIP images may not be possible at all. Here we would like
to point out the importance of learning and experience in
evaluating the CTA images. In our study, 2 experienced
neuroradiologists performed the image reformatting and
analysis themselves on the workstation, and even then some
mistakes could not be avoided in the initial evaluation, as
pointed out earlier.

The accuracy of the images is influenced by imaging pa-
rameters, such as the section thickness and overlap. We used
2.5-mm section thickness in this study, but since then we have
reduced the section thickness to 1.25 mm to improve the qual-
ity. The thinner the stenotic residual lumen, the higher the
relative error of measurement that results from voxel size. In
addition, the window settings and the vascular contrast me-

dium attenuation influence the measurement accuracy in
CTA.*® Further improvements on the technology, such as add-
ing more detector rows to the equipment, may affect the ac-
curacy of CTA.”’

In our study, the semiautomatic vessel analysis did not im-
prove the accuracy of assessment of stenosis in CTA. Zhang et
al*® used a CTA vessel analysis program in carotid stenosis
recognition and quantification and compared it with rota-
tional DSA (rDSA). The intertechnique correlation between
CTA and rDSA was 0.69 using automatic measurements and
0.81 with the manually corrected measurement. We did not
use manual correction in our semiautomatic vessel analysis,
and our results are consistent with those mentioned above.

In our study, there were 4 total carotid occlusions in DSA,
and CTA detected them all. The number is too small to allow
conclusions of the reliability of CTA in this aspect. However,
the finding is in accordance with previous reports.”>' The
ascending pharyngeal branch of the external carotid artery can
be mistaken as a hairline open ICA. This pitfall can be avoided
by following the proximal internal carotid artery into the pe-
trous canal at the skull base.

It is not usually possible on US to distinguish total occlu-
sion from near occlusion. Differentiation of total from near
occlusion can affect patient management because patients
with near occlusion can in some cases benefit from surgery,
but total occlusion is treated medically. However, more evi-
dence is needed before we know which patients really benefit
from various lines of treatment. At this point, we cannot be
sure whether the ability to differentiate between total and near
occlusion is relevant for patient management. At the same
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time, more evidence would be necessary to find out whether
the small differences in the performance of the diagnostic
methods for carotid stenosis are important for patient out-
come and in which cases DSA or a combination of noninvasive
methods would produce the best result.'> The potential risks
of DSA should be taken into consideration in weighing the
diagnostic method of choice. After all, the present situation is
notably different from the time of the major studies on carotid
endarterectomy, with advances in the best medical treatment
as well as the gradual advent of endovascular treatment
options.

Conclusions

We found CTA to be a useful method for assessment of carotid
stenosis. In most cases, it seems justifiable to replace the inva-
sive DSA with CTA. Although underestimation of the stenosis
seems more common than overestimation, misclassification is
rare in careful assessment of images. At present, this is not
improved by semiautomatic vessel analysis methodology.
More study is needed to estimate in which cases recourse to
DSA or a combination of methods is expected to have an im-
pact on clinical decision-making or patient outcome.
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