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Background — Atherosclerotic lesions of the extracranial cerebral arteries has always been prlmarily detected by 
conventlonal carotid angiography and dúplex sonography. Conventional carotid angiography is the more invasive study 
and carries with it the risk of embolic complications among others. Although both modalities can give accurate 
quantification of stenosis, dúplex ultrasonography provides the added feature of flow dynamics and plaque 
characterization. Its cost-effectiveness has made it the most widely-used solitary modality for diagnosing extracranial 
carotid artery pathology. With the advent of multidetector technology for CT scanners, it has become possible to 
reproduce images anaiogous to or even better than those offered by conventional angiography and dúplex sonography, 
a specific protocol that has come to be known as CT angiography. The primary objective of this prospective study 
therefore is to determine if the degree of iuminal stenosis diagnosed by dúplex sonography could be accurately identified 
by CT angiography.

Results — The results of the dúplex ultrasound and CT angiography were compared in 12 patient seen in the CT- 
MRI section of the Philippine Heart Center with a clinical suspicion of an obstructive lesión in the carotid arteries. A total 
of 148 segments were analyzed from the extracranial carotid artery, including the common, internal and external carotid 
arteries. A total of 121 normal segments (81.8%), 3 mild stenosis (2.0%), 5 modérate stenosis (3.3%), 9 severe 
stenosis (6.1%) and 4 complete occlusions (2.7%) were concordantly identified by dúplex sonography and CT angiography. 
The statistical significance between the percentage valúes of stenoses demonstrated was evaluated by computing for 
the sensitivity, specificity, positive predictive valué (PPV) and negative predictive valúes (NPV) with a 95% confidence 
interval.

Conclusión — This study shows that CT angiography is, although capable, is better as a complementary tool in 
cases in which dúplex sonography is not as reliable and when an overall view of the vascular field is required. [Phil 
Heart Center J. 2006;12(3):65-69]
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C
erebrovascular disease is the third leading cause 
of death in the United States and worldwide, after 
heart diseases and cáncer. Four-fifths of these are 

attributed to ischemic disease and represents the most 
common neurologic disease seen in practice. A vast majority 
of occlusive strokes is due to arteriosclerotic disease.1 
Historically, clinical studies have been divided into two 
groups: symptomatic and asymptomatic. The symptomatic 
group are those who have had a neurologic event (stroke, 
transient ischemic attacks, or amaurosis fugax) secondary 
to cerebral ischemia, likely due to an embolic event from 
arteriosclerotic disease in the carotid bifurcation. The 
asymptomatic groups are those patients who have not had 
a neurologic event.2

Single or múltiple segmental atherosclerotic lesions of 
the extracranial carotid cerebral arteries account for ischemic 
stroke in over half of all cases. The most frequently

involved extracranial vessels are the carotid bifurcation, 
including the origins of the internal and external carotid 
arteries, origin of the vertebral and aortic arch with its 
proximal branches.3 Stenoses of the carotidarteries are 
responsible for transient ischemic attacks and may precede 
a complete stroke in over half of these patients. The risk of 
stroke associated with symptomatic carotid artery disease 
is related to the severity of the carotid artery stenosis.

There is a rapid increase in the use o f dúplex 
ultrasonography in assessing the carotid arteries for 
stenosis. This is mainly due to its easy accessibility, non- 
invasive nature and low complication rate. This is currently 
the modality of choice fortriage, diagnosis, and monitoring 
of cases of atheromatous disease. In the United States, 
carotid ultrasonography may be the only diagnostic imaging 
modality performed before surgical intervention.7

The standard for determining carotid artery stenosis is
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conventional catheter angiography. This entails selective 
cannulation of the left and right common carotid arteries 
through insertion of an intravascular catheter usually 
through the femoral artery. Even though it is an expensive 
and invasive procedure, this remains the gold standard for 
diagnosing carotid artery disease. However, with the prom- 
ising developments in CT technology, it is now possible to 
reproduce angiographic images through 3D and MIP tech- 
niques that demónstrate the carotid arteries in its entirety 
without having to resort to invasive measures. Even though 
ultrasonography is non-invasive as well, it could not pro- 
vide a visual roadmap for guiding surgical interventions as 
CT can.

With the advent of multi-slice CT scanners, it has now 
become possible to visualize and to diagnose peripheral 
vascular disease without having to resort to invasive 
procedures. Multi-slice or multi-detector CT scanners have 
the technology to acquire images at improved temporal and 
spatial resolution. Sections with slice thickness as thin as 
0.5mm, slice increment (reconstruction) of 0.4mm and 
temporal resolution as low as 100 msec are now possible. 
An increase in the number of detectors means a significant 
decrease in the time of image acquisition while maintaining 
the same sean area. A special región of interest (ROI) is 
positioned based on which particular vascular structure is 
to be examined. This will serve as the trigger point for the 
IV bolus tracking program. Four (IV) contrast bolus tracking 
programs are now available which will automatically trigger 
the sean once a predetermined level of density (measured 
in Hounsfield units [HU]) is achieved in that particular ROL 
In CT scanning of the carotid arteries, the ROI is placed on 
the anterior aspect of the aortic arch. The resulting images 
acquired will then be subjected to sophisticated post- 
processing algorithm s such as máximum intensity 
projections (MIP), multiplanar reconstruction (MPR) and 
volume-rendering techniques (VR), before the final 
evaluation.

These advancements in CT technology has made it a 
formidable instrument for assessing vascular structures and 
we hope to fully utilize this technology for finding a cheaper 
and less invasive way to accurately diagnose diseases in 
the carotid arteries.

This study therefore aims to compare the accuracy of 
CT angiography in assessing the degree of stenosis in the 
extracranial carotid arteries as compared to dúplex 
ultrasonography.

Research Objective
This study aims to determine if CT angiography of the 
extracranial carotid arteries will be able to accurately identify 
patients with significant stenosis diagnosed via dúplex 
ultrasound. Specifically, this study aims to compare the 
ability of CT angiography in quantifying significant luminal 
stenosis, as well as to be able to differentiate between 
calcitled and non-calcifíed plaque burden.

This study intends to prove that CT angiography of the 
extracranial carotid arteries will be able to diagnose

signifícant luminal stenosis comparable to dúplex carotid 
ultrasonography.

Methods
This is a validation study, wherein the CT angiography 
results will be tested against the dúplex ultrasound findings 
by a single observer blinded to the result of the sonogram. 
Exclusión criteria ineludes patients with allergies to iodine 
or contrast material, elevated serum creatinine levels, renal 
failure patients, diabetic patients who are on metformin, 
uncooperative patients, patient’s with language barrier, 
patients with the inability to hold breath for at least 20 
seconds and múltiple myeloma patients. All patients who 
were able to undergo CT angiography of the carotid arteries 
during a specified study period were included. Dúplex 
sonogram was performed before or after the CT sean 
procedure with a mean interval time of 4 daysA total of 
twelve patients who were referred to the Philippine Heart 
Center CT-MRI section for clinical suspicion of carotid 
artery stenosis were prospectively evaluated using a 
multidetector CT scanner and dúplex ultrasound.

All patients were evaluated by a single observer using 
dúplex ultrasound machine following a standardized 
technique. A Philips HDI 5000 machine (Philips Medical 
System) was used with a 7.5- to 10- MHz transducers. 
Transverse and longitudinal scanning of the common 
carotid (CCA), extemal carotid (ECA) and intemal carotid 
(ICA) arteries was performed. Grayscale inspection for 
abnormal vessel wall thickness, visible plaques and other 
evaluable causes of stenosis was done as well as spectral 
waveform analysis. The spectrum of the Doppler signal 
pulse frequencies was evaluated centering on the sample 
volume in the central zone of the residual carotid lumen. 
The CCA was scanned at three different locations: as cióse 
to the arch as possible, mid and before the carotid bulb. 
The ICA was scanned at the carotid bulb, just distal to the 
bulb widening and at the most distal part visible.8 Scanning 
of the ECA was done in a single location, approximately 
lem after the carotid bifurcation. Visual inspection using 
grayscale mode in transverse plañe was done first before 
color and spectral Doppler waveform analysis. A single 
measurement was recorded at each location. Color-coded 
blood flow was superim posed and the velocity 
measurements of the Doppler signáis were recorded at peak 
systole. Doppler ultrasound determination of the degree 
of stenosis was based on previously published criteria (i.e. 
peak systolic velocity [PSV] criteria). For example. the PS V 
in the ICA was determined and used to predict 60% or 
greater ICA stenosis if it is greater than 130 cm/sec(8). 
Diagnosis of complete occlusion of the carotid artery was 
based on the absence of spectral flow and the color Doppler 
signal.

Helical CT scanning was performed with a Philips 40 
slice multidetector CT scanner (Philips Medical System) 
with volúnteme acquisition by continuous radiographic tube 
rotation and simultaneous table movement. The raw data 
was acquired in less than 20 seconds. Intravascular
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injection of 1 OOml of non-ionic contrast médium (Ultravist 
370, Schering) was administered via large bore (gauge 20 or 
bigger intravenous catheter) in the antecubital vein by a 
power injector at a rate o f3—4 ml/s at 300 psi. An automated 
contrast bolus tracking program was used. which did 
stationary scanning at the level of the top of the aortic 
arch. The región of interest (ROI) was likewise placed at 
the anterior portion of the aortic arch. Once the stationary 
scanning detects the contrast médium and reaches a 
threshold valué of 150 Hounsñeld units (HU), image 
acquisition proceeded. We used a pitch of 1, with a slice 
thickness of 5mm and a reconstruction Índex of 0.9mm. 
Other sean parameters were as follows: 120kv, 330mA, 0.5 
second sean time rotation, and 512x512 matrix. After image 
acquisition, 2-dimensiona!, máximum intensity projection 
(MIP), multiplanar reformatting (MPR), and 3-dimensional 
volume reconstructions (VR) of the significant vascular 
anatomy were performed on an independent workstation 
by the radiologist. The entire process required ~1 hour: 
data acquisition on the CT scanner took <1 minute; slice 
reconstruction took 15 minutes; and the time needed for 
segmentation, reconstruction, and display of the vessel 
lumen at the workstation was -4 5  minutes. Three- 
dimensional volume reconstruction (VR) was performed 
when requested by the vascular surgeon or attending 
physician. Other cases that do not require 3D volume 
reconstruction (VR) were assessed by máximum intensity 
projections (MIP) and multiplanar reformatting (MPR) only.

Percentage of stenosis with spiral CT were determined 
in each case according to the technique used by the North 
American Symptomatic Carotid Endarterectomy Trial 
(NASCET) group. The intraluminal diameters of the 
stenosis and the normal artery distal to the carotid bulb 
were determined by visual inspection in grayseale mode, 
and the percentage stenosis was calculated by applying 
the formula (1 -[normal diameter / stenotic diameter]) x 100. 
For quantification of the degree of stenosis, the ratio of the 
narrowest intraluminal diameter in the stenotic segment and 
the next (lem distal) normal arterial segment was used to 
define the degree of stenosis in terms of 1 of the 3 categories 
also based on NASCET criteria (mild=<30% stenosis, 
modérate =30% to 69% stenosis, and severe=70% to 99% 
stenosis).9 For multidetector computed tomography 
(MDCT), the degree of stenosis was assessed in most cases 
by use of the MIP technique.

The relationship between percentage valúes of stenoses 
for dúplex US and MDCT angiography was evaluated by 
grouping them into three different categories based on the 
degree of stenosis severity. The first group compares the 
normal with the stenotic group regardless of degree of 
severity, as seen in both modal ities. The second group 
measures association between the groups with normal and 
nrild stenotic findings with those having modérate stenosis 
to total occlusion. The third group matches the normal to 
moderately stenotic groups with the severely stenotic to 
totally occluded groups. The statistical significance 
between the percentage valúes of stenoses demonstrated

was evaluated by computing for the sensitivity, specificity, 
positive predictive valué (PPV) and negative predictive 
valúes (NPV) with a 95% confidence interval.

Results
A total of 168 segments of the extracranial carotid artery 
was examined in 12 patients, which included the common 
carotid, intemal and external carotid arteries. Examination 
was done using a Philips 40 slice multidetector CT scanner 
and a Philips HDI 5000 Ulltrasound machine. The arterial 
segments were identified in all patients except in three where 
ultrasound examination proved difficult due to poor 
acoustic window. Multidetector computed tomography 
(MDCT) was able to examine the three patients but was 
unable to give accurate assessment of the internal carotid 
in the third patient due to a mass in the carotid space 
compressing it. The identification and localization of the 
lesions in both studies were concordant.

The severity of stenosis detected using both dúplex US 
and MDCT angiography was analyzed statistically by 
grouping them into 3 categories. The first group compares 
the normal with the stenotic group regardless of degree of 
severity. The second group measures association between 
the groups with normal and mild stenotic findings with 
those having modérate stenosis to total occlusion. The 
third group matches the normal to moderately stenotic 
groups with the severely stenotic to totally occluded 
groups.

The sensitivity, specificity, positive predictive valué 
(PPV) and negative predictive valúes (NPV) for each 
category was computed with a 95% confidence interval. 
The first group showed a sensitivity of 80.8% (60.0,92.7), 
specificity of 100% (96.2,100.0), PPV of 100% (80.8,100.0), 
and NPV of 96.0% (90.5,98.5). The second group showed 
a sensitivity of 94.7% (71.9,99.7), specificity of 99.2% (95.1.
100.0) , PPV of 94.7% (71.9,99.7), and NPV of 99.2% (95.1,
100.0) . The third group show'ed a sensitivity of 92.9% (64.2, 
99.6), specificity of 100% (96.5,100.0). PPV of 100% (71.7,
100.0) , and NPV of 99.3% (95.3,100).

Dúplex US exam ination for three patients were 
inadequate due to poor acoustic wúndow. Whereas MDCT 
image quality was good in all patients, it also made possible 
the evaluation of patients in whom dúplex US image was 
inadequate. The first patient had a large cavernous 
hemangioma in the right supraclavicular area extending 
posteriorly to the neck. Múltiple calcifications are further 
seen in the soft tissues, which further hampered ultrasound 
examination. The second patient had an arteriovenous 
malformation in the left hemimandible extending to the neck 
and superiorly to the temporal area. The third patient had 
a carotid space mass in the right, which presented as a 
pulsatile mass. Ultrasound evaluation show ed a carotid 
space mass compressing and distorting the anatomy of the 
intemal carotid and jugular vein. Multidetector computed 
tomography (MDCT) further showed extensión into the 
right jugular foramen. The first two patients were still 
evaluable by MDCT. The last patient was labeled not
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assessed by either method, except for the external carotid 
arteries. These segments were no longer included in the 
study. The normal contralateral side were, however, still 
included.

There is a total of 6 discordant segments seen. Four of 
them were from a patient which had segmental calcifications 
and tortuous vessels. All four segments (bilateral distal 
CCA, proximal and mid right ICA) were labeled mild stenosis 
on dúplex ultrasound but was tagged normal in MDCT. 
Spectral waveform analysis showed absent to minimal 
spectral broadening with PSV less than 130cm/s. (88cm/s). 
One patient was labeled modérate stenosis (32%) in the 
right extemal carotid artery due to a non calcified thrombus 
detected in MDCT. Dúplex US examination reveáis an 
echogenic plaque on grayscale imaging and minimal 
spectral broadening. It was designated as mild stenosis on 
dúplex US. The last case completely cut-off left mid ICA in 
dúplex US but showed normal caliber on MDCT. This was 
likely due to incorrect identification of the vessel and 
marked kinking and tortuosity of the vessel. Other than 
these six segments, the rest of the segments measured were 
concordant, including assessment of plaque morphology. 
The calcified and non-calcified plaques were accurately 
identified in both studies.

In MDCT, the vessels were examined using MIP, MPR 
and VR techniques. Volume reconstructions technique was 
first examined to provide an “over-all picture” before the 
actual measurement for stenosis. The actual measurement 
was done on thick MIP images with a wide window setting 
to effectively identify calcific plaques. Multiplanar 
reformatting technique was also utilized and proved very 
useful in severely tortuous vessels. In all cases, evaluation 
of the degree of stenosis was carried out without removing 
the calcification from the image. The carotid lumen was 
clearly identified in all cases by spiral CT, and there were 
no instances o f motion artifact that precluded the 
examination.

Multidetector computed tomography (MDCT) provided 
a plástic overview of the vascular field in all patients, 
including the CCA up to the distal portions o f the 
extracranial ICA and ECA. Adjustments in MDCT 
protocols also could allow visualization of the intracranial 
part of the ICA, but was no longer within the scope of this 
study.

Discussion
This study dem onstrates the com plem entarity and 
usefulness of multidetector CT as an adjunctive method 
for the detection and assessment of the severity of stenosis 
affecting the extracranial cerebral arteries.

The advantages o f MDCT angiography for 
investigating the extracranial carotid arteries are the rapidity 
of examination, mínimum patient discomfort, much less 
invasiveness and lower costs compared with conventional 
catheter angiography. It also provides in-depth information 
on vessel lumen, vessel wall, and surrounding structures 
and. in contrast to angiography, may detect carotid

dissection and hematoma. It also is a reproducible and less 
operator-dependent diagnostic tool than dúplex US.

The primary advantage of dúplex US of course is its 
cost-effectivenenss, costing only about 1/10th the price 
compared to conventional angiography and l/5th the price 
of MDCT. The importance of dúplex US in the preliminary 
diagnosis of patients with cerebrovascular disease is 
indisputable. It provides precise information on flow 
characteristics within the stenosis and in its proximal and 
distal portions. Furthermore. dúplex US is valued for its 
ability to identify plaque complications (ulcers and 
hemorrhage) with greater accuracy than other techniques. 
Dúplex US is likewise non-invasive. but carries an added 
disadvantage o f being a very operator-dependent 
diagnostic tool. In certain circumstances, like in cases of 
extensive calcification, for particular anatomic reasons, 
(severe kinking), or because of high carotid bifurcation -  it 
does not provide sufficient and complete information. 
Furthermore, in selected cases, it may not be able to 
distinguish high-degree (subtotal) stenosis from complete 
occlusion.

The disadvantages of CT angiography lies mainly in the 
fact that it requires administration of a contrast médium, 
which is impossible in patients with known sensitivity to 
the dye, in patients with deteriorating renal function or 
renal failure. Nephrotoxicity after intravenous injection of 
the contrast media is a well-known complication described 
for almost all different agents (ionic, nonionic, and high- or 
low-osmolality contrast médium). Non-ionic low-osmolarity 
contrast media, as was used in our study, is known to show 
less chance of nephrotoxicity. In this study, there were no 
patients with recent impairment of the renal function, which 
seems the most important risk factor. A standard blood 
creatinine level determination is always required prior to 
any CT study requiring the IV injection of contrast material. 
In our patient population, no acute deterioration of renal 
function requiring a specific therapy was acknowledged.

The MPR technique was often used in this study for 
corred calculation of the degree of stenosis. Multiplanar 
reformatting (MPR) has default views in coronal, axial and 
sagittal projections but more importantly, can allow manual 
“re-projection” in oblique planes, providing “hybrid” 
projections which the observer can adjust to suit his need. 
By means of the curvilinear reconstructions, it is possible 
to follow the entire extracranial route of vessels, even in 
cases of particuiarly tortuous routes passing between 
calcifications, and to obtain different sections of the vessel 
and exact visualization of the lumen and vessel wall even 
within the most stenotic segments. Máximum intensity 
projections (MIP) techniques are mainly used for measuring 
the stenosis, even in highly calcified vessels. The window 
level was adjusted to wúde so as to be able to differentiate 
dense structures as bone and calcifications from 
intraluminal contrast. Multiplanar reformattings of MIP 
images were of great importance in getting accurate 
measurements and were also capable of creating images 
synonymous to conventional angiography. The 3D volume
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reconstruction technique was never used to measure the 
degree of stenosis because it did not provide a correct 
representation of the stensosis owing to difñculties in 
selecting the threshold valúes, which may lead to 
overestimation of the stenosis. The 3D VR technique was 
used only to give a complete spatial representation of the 
extracranial carotid artery, especially in contplex anatomical 
situations such as severe kinking or when required by the 
requesting physician or surgeon.

In our experience (even before this study), the MIP and 
MPR techniques are performed much more rapidly and are 
always capable of quantifying stenosis according to the 
NASCET criteria.

Differentiations between ICAs and ECAs could always 
be carried out with CT angiography. Even in cases of 
occlusion of the former and differentiation of subocclusion 
fforn complete occlusion, MDCT seems to be better because 
it allows observation and representation of the lesión from 
various directions. It is likely that our results obtained 
with MDCT are related to progress in image manipulation 
made possible by the latest workstations.

Conclusión
This study confirms that in most cases, dúplex US provides 
screening and preoperative evaluation of patients with 
clinical suspicion of an obstructive lesión of the carotid 
arteries. Multidetector computed tomography angiography 
seems to be better as a screening tool but is limited by its 
cost and more invasive nature. It, however, is promising as 
a complementary diagnostic tool in cases in which dúplex 
US examination is not reliable, as in patients with severe 
kinking of a carotid artery; for the differentiation of the

critical stenosis from occlusion; in cases o f severe 
calcifícation, short neck, and high bifurcation; and in cases 
of discrepancy between dúplex ñndings and clinical results. 
The primary complementary role o f this relatively 
noninvasive technique probably relates to its ability to give 
an overall view of the vascular field, w hich the vascular 
surgeon often still wants to plan the surgical intervention.

It is recommended that further studies be undertaken 
using a larger sample population with demographic profile. 
A profile of the population (age, sex, pre-existing medical 
condition, etc.) correlated with dúplex US and MDCT 
findings would probably help come up with a better sample 
population.
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