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BACKGROUND AND PURPOSE: Calcification in the coronary arteries has been correlated
with significant vessel stenosis. The predictive value of calcification within the carotid siphon
has not been characterized; however, stenosis in the carotid siphon is potentially important in
determining management of patients with ipsilateral carotid bifurcation stenosis. The purpose
of this study was to determine optimal parameters for assessing carotid siphon calcification on
head CT scans and to compare the CT findings with angiographic results.
METHODS: We performed a retrospective review of patients referred for diagnostic carotid
arteriography. Those patients who also had undergone a head CT study at our institution were
selected. The CT scans and angiograms of 64 patients (128 vessels) were reviewed. Carotid
siphon calcification on CT scans was characterized on brain and bone windows as mild, moderate, or severe. Comparison was then made with angiographic findings.
RESULTS: The sensitivity and specificity of CT for depicting greater than 50% angiographic
stenosis in the carotid siphon were 86% and 98%, respectively, for bone windows and 100%
and 0%, respectively, for brain windows. The positive predictive value (PPV) for a stenosis of
greater than 50% as evidenced by severe calcification was 86% on bone windows and 11% on
brain windows. The PPV for mild and moderate calcification on bone windows was 2.5% and
0%, respectively.
CONCLUSION: Severe CT calcification in the carotid siphon as characterized on bone windows correlates with a carotid siphon stenosis of greater than 50% as determined angiographically. Therefore, the identification of severe calcification offers a potential noninvasive method
for identifying stenosis of the carotid siphon. This information may be essential in determining
management and prognosis for patients with carotid bifurcation stenosis.
CT documentation of vascular calcification has
gained widespread popularity as a screening technique for coronary artery disease. Most series report sensitivities of greater than 90% in detection
of hemodynamically significant coronary arterial
stenosis (1, 2). Calcification within the distal internal carotid artery (ICA) is a common finding on
noncontrast cranial CT scans, yet the predictive
value of such calcification for significant stenosis
has not been characterized.
The preoperative imaging algorithm for patients
being considered for carotid endarterectomy is in

evolution, with many practitioners relying on carotid Doppler imaging alone in place of conventional angiography (3, 4). Extensive vascular calcification in the distal ICA on CT scans might
suggest significant intracranial atherosclerotic disease. As this area is inaccessible to carotid Doppler
imaging, siphon calcification might prompt the addition of conventional angiography, MR angiography, or CT angiography to the preoperative
workup.
In this study, we compared the pattern and extent
of carotid siphon calcification present on CT scans
with the degree of ICA stenosis seen on conventional angiograms, with the expectation that this information will allow informed decisions regarding
the significance of such calcifications as they relate
to the need for further evaluation in the developing
era of noninvasive carotid imaging.
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Methods
The records of patients referred for diagnostic cerebral angiography between December 1995 and January 1997 at a ter-
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FIG 1. Schematic representation of CT calcification patterns.
Calcification was classified as mild (thin, discontinuous); moderate (thin, continuous and thick, discontinuous); or severe (thick,
continuous).

tiary care academic center were reviewed retrospectively. Selected for further review were those patients who had
undergone a routine, noncontrast head CT study at our institution within 6 months of angiography. Patients with bilateral
extracranial internal carotid occlusion as determined by con-

FIG 2. A–D, CT patterns of calcification.
5-mm-thick axial CT scans at the level of
the carotid siphon. Brain (top) and bone
(bottom) windows are shown in each image.
A, Thin, discontinuous calcification, bilaterally.
B, Thin, continuous calcification, right
side.
C, Thick, discontinuous calcification,
right side.
D, Thick, continuous calcification, bilaterally.
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ventional angiography were excluded. The CT scans and conventional angiograms of 64 patients (128 vessels) were reviewed independently by two investigators who were blinded
to the results of the angiogram when reviewing the CT scans
and to the results of the CT scans when reviewing the angiogram. The two investigators’ readings correlated in 117 (91%)
of 128 vessels on CT studies and in 123 (96%) of 128 vessels
on angiographic evaluation. Differences in readings were resolved by consensus of the two readers on joint review. Two
occluded vessels (1.5%) were excluded because they could not
be assessed.
The presence of calcification in the carotid siphon, defined
as that portion of the ICA between the petrous apex and anterior clinoid (5), was assessed on axial 5-mm-thick sections.
Routine brain windows (level, 40 HU; window, 80 HU) and
bone windows (level, 250 HU; window, 1500 HU) were
viewed separately on a workstation. Calcification was characterized as absent; mild (thin, discontinuous); moderate (thin,
continuous or thick, discontinuous); or severe (thick, continuous) (Figs 1 and 2).
Conventional angiography was performed using selective
common carotid artery injections of Omnipaque 300. Digital
subtraction angiography was performed with at least two projections of the extracranial carotid circulation and at least two
projections of the intracranial circulation. The filming rate was
typically 2 frames per second. The degree of stenosis was assessed in the projection that best depicted the siphon and was
measured in the projection in which the narrowing was greatest. The degree of stenosis was measured with precision calipers by dividing the minimum siphon diameter by the diameter
of the normal vessel distal to the stenosis, excluding poststenotic dilatation. Angiographic findings in the carotid siphon
were characterized as normal, as showing minimal irregularity
of the vessel wall, as showing less than 50% diameter stenosis,
or as showing greater than 50% diameter stenosis (Fig 3). Correlation between CT and angiography was then performed. The
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FIG 3. A–C, Angiographic stenoses. Digital subtraction angiograms of the intracranial circulation, lateral projections. Areas of interest
are identified by the black arrows.
A, Mild irregularity of the carotid siphon.
B, Less than 50% diameter stenosis.
C, Greater than 50% diameter stenosis.

results were subjected to statistical analysis using a standard
x2-test.

Results
Patients ranged in age from 18 to 82 years (mean
age, 53 years). Sixty-four (51%) of 126 vessels had
calcification in the carotid siphon on CT bone windows. The patients with calcification ranged in age
from 48 to 82 years, whereas those without calcification ranged from 18 to 66 years. The average
age of patients with no calcification was 41 years;
with mild calcification, 64 years; with moderate
calcification, 71 years; and with severe calcification, 70 years.
CT Findings.—Among the 64 vessels with calcification, bone windows characterized seven
(11%) with severe (thick, continuous) calcification;
17 (27%) with moderate (thin, continuous, or thick,
discontinuous) calcification; and 40 (63%) with
mild (thin, discontinuous) calcification. Brain windows characterized all 64 vessels (100%) with severe calcification.
Angiographic Findings.—Among all evaluated
vessels, angiography characterized stenosis as a
mild irregularity in 29 (23%) of the 126 vessels, as
stenosis of less than 50% diameter in 23 (18%),
and as stenosis of greater than 50% diameter in
seven (6%).
Correlation of CT Calcification with Angiographic Findings.—Sensitivity of CT for a greater
than 50% angiographic stenosis using severe calcification as an inclusion criteria was 86% (6/7) for
bone windows and 100% (7/7) for brain windows
( P , .10). Specificity of CT for a greater than 50%
stenosis using severe calcification was 98% (56/57)
for bone windows and 0% (0/0) for brain windows
( P , .01). The positive predictive value (PPV) of
calcification on CT scans for a greater than 50%
angiographic stenosis was 86% (6/7) for severe calcification seen on bone windows and 11% (7/64)
for severe calcification seen on brain windows ( P

, .01). The PPV for a greater than 50% angiographic stenosis with mild and moderate calcification on bone windows was 2.5% (1/40) and 0% (0/
17), respectively ( P , .05). Sixty-two (49%) of the
126 vessels had no calcification on CT scans and
none of these vessels had a greater than 50% angiographic stenosis.

Discussion
Our data indicate that the ability to predict angiographic stenosis using calcification seen on standard cranial CT scans is dependent both on the pattern of calcification and on the window/level
settings used to view the CT scans. For instance,
severe calcifications in the distal ICA evident on
bone window settings had high (86%) PPV for
greater than 50% stenosis. We conclude that the
pattern of severe calcification on bone window settings may be predictive of severe stenosis.
Conversely, vessels with severe calcification on
brain window settings had poor PPV for the presence of greater than 50% stenosis, regardless of the
pattern of calcification. Vessels with severe calcification on brain window settings were noted to
have stenosis in only 11% of cases. We conclude
that siphon calcification seen on routine brain windows is nonspecific, regardless of pattern.
Our finding that bone windows are more predictive of stenosis than brain windows is in concert
with the physical properties of CT. It is known that
window and level settings are critical for the evaluation of the size of an object. The greater the difference in CT attenuation values between an object
and the adjacent tissue, the more variation in size
there will be on the display. Optimally, the CT level is set halfway between the object density and the
adjacent tissue. Further, widening window settings
deemphasizes partial volume effects when large
variations in attenuation values exist between an
object and adjacent structures. Optimal parameters
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are achieved for siphon calcification with bone
window settings (6).
The findings in our study are in concordance
with those reported for other anatomic sites. In the
coronary circulation, findings of calcification by
CT result in sensitivities of 91% to 94% for detection of significant stenosis (1, 2, 7). We similarly
achieved a high sensitivity for detection of a greater
than 50% stenosis. We emphasize, however, that it
is the pattern of severe calcification that appears to
be predictive of severe stenosis and that potentially
offers a means of screening for stenosis. Such patterns of calcification have not been evaluated as to
their predictive value in identifying stenosis in the
carotid siphon. Our analysis marks the first imaging
study to correlate the radiologic calcification pattern in the siphon with the degree of stenosis at
that site.
The finding that certain patterns of calcification
correlate with stenosis is in accord with the literature. Histologically, calcification is a common finding in the carotid siphon, as we have seen in our
population (8–10). In addition, autopsy studies
have shown that certain patterns of calcification are
associated with stenosis. In particular, asymmetric
calcification is associated with atherosclerosis (9).
Our finding of a poor predictive value for mild and
moderate calcification is also supported pathologically. Specifically, Gautier et al have noted that ‘‘by
no means are siphon calcifications always associated with stenosis’’ (10).
Clinically the role of a tandem siphon lesion (ie,
occurring with an ipsilateral carotid bifurcation stenosis) as a source of increased stroke risk at carotid
endarterectomy is in contention (11–14). Little definitive data exist on the stroke risk for siphon stenosis as a tandem lesion or for isolated carotid siphon stenosis of varying degrees. In one study,
22% of carotid thrombotic occlusions occurred in
the siphon. However, in that study, four of six occlusions were seen with only moderate degrees of
stenosis (15). Recently reported series have accepted 50% siphon stenosis as an intracranial tandem stenosis (12–14, 16, 17). In several of these
studies the authors have stated that no significant
differences in mortality or morbidity exist between
those patients with isolated carotid bifurcation disease and those with tandem lesions. However, one
of these studies had no perioperative morbidity and
2% mortality for isolated bifurcation disease, and
11% morbidity and 9% mortality for tandem lesions (13). Two other studies showed a trend toward increased recurrent symptoms or mortality
without statistical significance (18, 19).
Other authors have reported that patients with
tandem lesions are at higher risk for perioperative
stroke and also for cardiac complications (12, 20).
Nonetheless, no controlled, longitudinal study of
outcomes with varying degrees of siphon stenosis
has been performed. Debate continues regarding
the preoperative significance of finding a tandem
lesion (18, 19). Currently, however, as Masaryk et
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al have observed, ‘‘Evaluation of the distal carotid
circulation is not only prudent but, in light of the
NASCET patient selection guidelines, is the standard of care’’ (21). At present, such a recommendation requires conventional angiography as the
standard of reference, since neither carotid Doppler
imaging nor MR angiography has proved efficacious for evaluation of the intracranial carotid artery. However, some institutions now use noninvasive imaging in selecting patients for carotid
endarterectomy (3, 4). Many of these patients undergo CT at some point in their diagnostic workup
(22). CT criteria that accurately select patients who
require additional evaluation of the carotid siphon
would fulfill the goal both of assessing this area
and of minimizing invasive testing. Our finding
that severe calcification seen on bone window CT
scans correlates with siphon stenosis provides evidence that patients with this finding should undergo
evaluation of the intracranial circulation.
Several limitations of the CT study were noted
during the review of this series. We found no established classification systems for CT calcification
in the carotid siphon in the literature. Because
pathologic studies suggest a possible association
with asymmetric calcification and stenosis, we have
incorporated this into our classification. We believe
this represents a new radiologic approach that
might be verified by future studies. In addition, averaging from surrounding structures presented a
problem in several cases and potentially represents
a source of error. We used a 5-mm section thickness
for all patients in this study. The vessel diameter
in the carotid siphon is typically on the order of 4
to 5 mm, and therefore partial volume averaging
may also represent a source of error, particularly if
a greater section thickness is used.
Several limitations were encountered at angiographic evaluation as well. We noted technical difficulties in measuring vessel diameters of small size
(potentially increasing error) and in evaluating a
siphon ipsilateral to a carotid bulb stenosis where
underfilling occurred (potential overestimation of
stenosis). Our measurements were made by comparing residual vessel lumen to expected vessel lumen distal to the site of stenosis. Studies at other
anatomic sites have compared the stenosis to the
distal vessel (23, 24). While no consensus exists
for measurement at this site, we chose our method
because it is accepted in the literature.
We selected a 50% diameter narrowing as indicative of severe stenosis because it is the figure used
in the surgical and radiologic literature for the carotid siphon as described above. While 70% stenosis is considered significant at some sites, particularly the carotid bifurcation, no consensus exists
for a significant stenosis of the carotid siphon (24).
As this study represents a preliminary effort to determine whether any relationship is present, we attempted to achieve a high sensitivity while recognizing that specificity would necessarily be
reduced. This was done by using a cutoff for severe
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stenosis (50%) that is at the low end of the range
accepted as severe in the literature. Establishment
of criteria for a significant degree of stenosis at this
site is necessary to accurately assess the validity of
the high PPV of severe calcification found in this
study.
Conclusion
The intent of this study was to determine whether particular patterns of carotid siphon calcification
correlated with angiographic stenosis. Severe CT
calcification offers a potential method for identifying those patients with greater than 50% stenosis
of the carotid siphon. Our findings show that the
presence of extensive vascular calcification in the
distal ICA on CT scans with bone windows suggests an intracranial stenosis. In an era when noninvasive imaging alone is used for preoperative assessment, this finding identifies a population of
patients who might undergo further evaluation of
the carotid siphon. As the natural history of varying degrees of both isolated and tandem siphon stenosis remains to be determined, future studies are
necessary to address the outcome in these patients.
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