Evaluation of carotid calcifica-
tion detected using panoramic
radiography and carotid Doppler
sonography in patients with and
without coronary artery disease
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IN BRIEF

® Panoramic radiographs do not seem to
be a good screening tool for detection
of carotid stenosis and are not cost
effective for this purpose.

® There is poor clinical correlation between
calcifications in panoramic radiographs
and carotid ultrasound unless the patient
has an advanced coronary problem.

Objectives Carotid artery calcification is responsible for an estimated 5% of ischaemic strokes. Carotid doppler sonography
(DS) is a frequently used non-invasive method for assessing carotid artery stenosis and calcification. This study assessed
the utility of panoramic radiography to detect any carotid artery calcification in patients with and without coronary artery
disease, as well as the level of agreement between panoramic radiographs and DS findings. Methods Ninety subjects who
underwent coronary angiography for any reason in Namazi Hospital, Shiraz University of Medical Science during an 11
month period received a DS assessment and panoramic radiograph. The radiopacities adjacent to the cervical vertebrae

at or below the intervertebral space between C3-C4 were diagnosed as carotid artery calcifications. Carotid calcifications
were scored as present or absent and pattern of calcification was noted by a maxillofacial radiologist who was blind to

the angiogram and sonogram results. The final sample population was 84 subjects, providing data on 168 carotid arteries.
Results The panoramic radiograph had a sensitivity of 66.6% and a positive predictive value of 45% for detecting carotid
artery calcifications in patients whose angiograms confimed the coronary artery disease. It had 50% sensitivity in patients
with normal angiogram. The level of agreement between panoramic radiographs and DS results was weak. Conclusion
Because of low sensitivity and positive predictive value, the panoramic radiograph can not be considered an accurate or
reliable method for detecting carotid artery calcification.

INTRODUCTION

Cerebrovascular accident (CVA) is the third
most common cause of death in industr-

ialised countries, following cardiovascular
disease and cancer.! In Iran it is a signifi-
cant public health issue, not only due to its
high incidence, but also because of the high
costs involved in the physical and psycho-
logical rehabilitation of these patients.**
Eighty-five percent of CVAs are ischae-
mic, two-thirds of which are believed to
be caused by thrombus and embolus for-
mation in the region of the carotid artery
bifurcation.! Atherosclerotic plaques are
the main cause of progressive luminal
narrowing of an artery, which results in
impairment of flow once more than 50-70%
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of the lumen diameter is obstructed. This
impairment in flow results in inadequate
blood supply to the target organ in the
event of increased metabolic activity and
oxygen demand. Stable angina pectoris,
intermittent claudication, and mesenteric
angina are examples of the clinical con-
sequences of this mismatch. Rupture of a
plaque or denudation of the endothelium
overlying a fibrous plaque may result in
exposure of the highly thrombogenic sub-
endothelium and lipid core. This exposure
may result into thrombus formation, which
may partially or completely occlude the
flow in the involved artery.”

Early detection of those patients at risk
of cerebral ischaemic attack is the main
tool for reducing the prevalence of the
disease. A strong association between
the extent of carotid atherosclerosis and
coronary atherosclerosis has been dem-
onstrated, and one follow-up study has
reported the relation between coronary
artery disease and carotid plaque progres-
sion. Patients with coexistent narrow-
ing of the carotid and coronary arteries

represent a particularly high-risk group
and to date there has been no consensus
with regard to their management. While
in a general adult population the preva-
lence of carotid stenosis approaches 4%, in
patients with coronary artery disease it can
reach 30-70%.° Previous studies reported
a strong correlation between the extent of
coronary atherosclerosis and extracranial
carotid atherosclerosis using non-invasive
ultrasonography.” Duplex ultrasonogra-
phy (DS) is the most frequently used gold
standard for assessing carotid artery ste-
nosis and as a non-invasive technique
to determine calcifications and stenosis
caused by atherosclerotic.®

In recent years, a number of publica-
tions®'? have described carotid artery
calcifications (CACs) in the region of the
carotid bifurcation on panoramic radio-
graphs. Despite the great prevalence of
carotid stenosis in patients with coronary
artery disease (CAD), there has been no
investigation into assessing carotid artery
atheromas via panoramic imaging in CAD
patients. Hence, we evaluated patients with

BRITISH DENTAL JOURNAL

© 2009 Macmillan Publishers Limited. All rights reserved.

)
m
(%)
m
>
=
0
=




RESEARCH

and without diagnosed CAD for carotid
atherosclerosis using panoramic radiog-
raphy and Doppler sonography.

METHODS AND MATERIALS

From April 2007 to March 2008, 90 patients
who underwent coronary angiography in
Fars Heart Foundation (FHF) for any reason

and agreed to be enrolled in the research
were entered into this study. A cardiolo-
gist classified the patients into two groups,
those with and without CAD, according to
angiogram results. All patients underwent
Doppler sonography and panoramic radi-
ography as a routine protocol in FHF.

Imaging studies

Carotid Doppler (B mode ultrasounds)
were carried out by an experienced gen-
eral radiologist as a routine set protocol
in patient management. Angle adjustment
for calculation of blood-flow velocity was
based on the flow direction as depicted by
colour Doppler (Logiq 9, General Electric,
USA) using 7.5 MHz linear array trans-
ducers. The radiologist interpreted all
reports and assessed any calcification
as present or absent in bilateral carotid
artery sonograms and was blind to the
angiogram results.

The patients then underwent panoramic
radiography in the Radiology Department
of Shiraz Dental School using the stand-
ard technique and positioning (ProlineXC,
Planmeca, Finland). The size of the pano-
ramic film was 15-30 cm. Radiographs
that were distorted because of the subjects’
movements during the exposure or that did
not include C3 and C4, especially in patients
with large faces, were eliminated. Films
were processed by an Optimax 2010 proc-
essor (Protec, Germany) and interpreted by
an oral and maxillofacial radiologist. The
study radiographs were viewed consecu-
tively in a room with dimmed light. No time
limit was imposed. ‘Hot-spot’ illumination
was available. Any irregular, heterogene-
ous, verticollinear or circular radiopaque
mass adjacent to the cervical vertebrae at
or below the intervertebral space between
(C3 and C4 was diagnosed as a carotid artery
calcification (Fig. 1)."

Carotid calcifications were scored as
present or absent and the pattern of cal-
cification was noted by the maxillofacial
radiologist, who was blind to the angi-
ogram and sonogram results.

Fig. 1 Radiograph showing carotid artery calcification

Table 1 Utility of panoramic radiography for detecting any CAC in patients without CAD

Calcification

No calcification

23 25)

Total

Sensitivity = 5

pecificity = 71.8%; positive predictive value = 40%; negative predictive value = 79.3%

Table 2 Utility of panoramic radiography for detecting any CAC in patients with CAD

Calcification

No calcification

75 84

Total

Sensitivity = 66.6%); specificity = 77.3%; positive predictive value = 45%; negative predictive value = 89.3%

RESULTS

Of the 90 subjects initially evaluated, six
had radiographs of poor image quality and
were excluded. The final sample popula-

tion was 84 subjects, providing data for
168 carotid arteries. The subjects ranged
in age from 35 to 76 years with a mean
age of 55.56 + 10.91 years, and 44 (52.3%)
were male.

Twenty-two subjects were normal in
their angiograms, while 62 patients had
signs of CAD. Fifty-four (32.1%) arteries in
35 participants were judged to be calcified

based on the radiographs. The number of
arteries judged from the ultrasound to
have any calcification was 39 (23.2%).
Comparing the two groups, the percentage
of calcified plaques was not higher in CAD
patients (21.8 compared with 27.3).

In CAD-free patients, six out of 12 arter-
ies that were reported calcified by DS were
also detected in panoramic radiographs,
and 23 of 32 arteries which were judged
not calcified based on DS were confirmed
by panoramic radiography. In patients
with CAD, 18 out of 27 arteries reported
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calcified and 75 of 97 confirmed to be
non-calcified by DS were confirmed by
panoramic radiography.

Utility of panoramic radiography to
detect carotid artery calcification

The panoramic radiograph had a sensitiv-
ity of 500 in detecting carotid artery calci-
fication in patients with normal angiogram
(Table 1). This figure reflects the unreliabil-
ity of panoramic radiography for detecting
carotid artery calcification; the number of
false positive results was 9.

Considering patients whose angi-
ograms confirmed the CAD (124 arter-
ies), panoramic radiographs could detect
any carotid artery calcification in 66.6%
of these patients. There were 22 false
positives (Table 2).

Measurements of agreement between
panoramic radiographs and DS results
considering all patients in the two groups
were assessed by Kappa statistics (k =
0.27, p = 0.000). The agreement rate with
respect to p <0.05 was ranked as follows:
k <0.4 = weak; k 0.4-0.75 = average to
good; k >0.75 = very good to excellent.
The agreement rate for our results was
therefore weak.

DISCUSSION

The present study focused on the level of
agreement between DS diagnostics and
panoramic radiographic signs of carotid
calcification in individuals who had a

confirmed diagnosis of coronary disease
or not. To the best of our knowledge, this
is the first study designed to assess the
panoramic radiograph as a viable tool to
detect atherosclerosis by using DS results
as the gold standard in patients with coro-
nary artery disease. In this clinical study,
the positive predictive values of radio-
graphic findings for calcified carotid artery
atheromas were low. It was also found that
radiographic findings had a high negative
predictive value for having negative DS
interpretations in both groups.

Although the significance of the detecta-
bility of calcified carotid atheromas by
panoramic radiography is uncertain, sev-
eral studies examining the prevalence and
characteristics of these lesions have been
performed. These studies have seldom
described the accuracy of panoramic radi-
ography for such lesions because few have
been controlled with an adequate gold

standard. Ravon et al. were the first who
confirmed calcifications radiographically
by the means of DS gold standard. Their
results suggested that unilateral observed
calcifications in panoramic radiography
with a size of 10 mm or above were con-
sistent with positive DS readings, suggest-
ing that these patients should be referred
to a physician for evaluation of cardio-
vascular disease." It was also found that
similarly to our study, radiographic find-
ings had a high negative predictive value
for having negative DS interpretations on
both sides of the neck. This means that
most patients who do not have panorami-
cally detectable carotid calcification also
do not have carotid stenosis. Unlike the
study by Ravon et al., we did not measure
the dimensions of carotid calcification to
avoid erroneous measurements owing to
uneven panoramic magnification. Ravon
et al. also reported measurements of agree-
ment between panoramic and DS results
assessed by Kappa statistics (k = 0.61, p
= 0.001) which were considerably higher
than our agreement levels.

In a study conducted by Friedlander
et al., of the sample population of 65
patients who had visible opacities consist-
ent with carotid artery calcification on their
panoramic radiographs, all were confirmed
to have atherosclerotic lesions by DS scans.
They assessed radiographically the observed
calcifications based on the degree of carotid
stenosis according to DS evaluation, and
suggested that clinicians should refer all
patients with atheroma like lesions on their
radiographs to a physician to decrease the
likelihood of fatal and nonfatal strokes.”
These results are in contrast to ours with
regard to the usefulness of panoramic radi-
ography in detecting carotid calcification,
which may be due to our patient selection
and the fact that we performed DS for all
cases, not just those with positive findings
in panoramic radiography. However, any
improvement is welcome.

Madden et al. determined the utility
of panoramic radiographs for detecting
extracranial calcified carotid atheroma
and carotid luminal stenosis. Their results
reflect the unreliability of the panoramic
radiograph in detecting moderate to
severe carotid artery calcification and a
high number of false positives. They con-
cluded that because of low sensitivity and
positive predictive values, the panoramic

radiograph can not be considered an accu-
rate or reliable detector of calcification or
stenosis.'® Although there are some differ-
ences between our results and this study,
probably because of our selection criteria,
we are in agreement with the authors of
this research on the unreliability of pano-
ramic radiography to detect the carotid
artery calcifications.

Deahl compared the Madden study with
an earlier ultrasound-controlled study by
Ravon et al. and suggested a larger pop-
ulation-based study to settle the appar-
ent conflict between these two studies.
He also commented on an overestimation
in positive and negative predictive values
in they Madden study due to the use of
a sample of subjects who were likely to
be at higher-than-usual risk of carotid
artery disease.!”

Our study showed a lower occurrence
of carotid calcification in CAD patients.
Although the degree of stenosis was higher
in CAD patients, detected calcification by
DS had an inverse relationship with steno-
sis. This may suggest that CACs can not be
a predictive of CAD in old age. Currently,
the global trend of coronary disease is
to affect increasingly younger popula-
tions. Calcification, on the other hand, is
mostly related to the aging process. So the
weak association of coronary disease and
carotid calcification in our results may be
explained on that basis.

In addition, the smaller sample size of
our study may have limited its ability to
show differences between CACs and the
associated coronary disease. Perhaps a
larger, population-based study could be
done in the future to calculate a more
realistic result.

A significant limitation of using pan-
oramic radiographs to detect calcified
carotid atheromas is the number of false
positive findings. Many nearby or overly-
ing anatomical structures and some unre-
lated pathological conditions can make
it difficult to diagnose calcified carotid
atheroma via these radiographs. Triticeous
cartilage is frequently confused with a cal-
cified atheroma plaque.' In addition, the
wide range of radiographic appearances of
CACs that have been found in some stud-
ies, including irregular, heterogeneous ver-
ticollinear or circular radiopaque masses
at the level of the C3-C4 intervertebral
junction, make the differentiation more
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complicated. CACs are mostly circular and
often superimposed over the prevertebral
soft tissue when small, and mostly linear
or thin rectangular when enlarged and
appear more laterally on the panoramic
view than calcified triticeous cartilage.
They may also be unilateral or bilateral
with a location that is not restricted by
the imaginary line between the hyoid bone
and the thyroid cartilage."'®!* Even if a
narrow spectrum of calcification patterns
can not be defined, it seems worthwhile to
train and make dental practitioners aware
of calcifications in this area.

When deciding whether to refer a patient
to a physician, our results were in agreement
with studies that reported a weak ability
of panoramic radiography to detect CACs.
Some research demonstrated a certain cor-
relation between carotid calcifications and
clinical events. Moreover, the presence of
calcification was more commonly associ-
ated with severe stenosis than any other
morphologic features of atheroma.” If the
correlation between carotid calcification
and development of cerebrovascular clini-
cal events was effectively demonstrated,
it would be possible, through panoramic
radiographs, not only to contribute to the
early detection of patients at risk of CVA,
but also to that of those at risk of heart fail-
ure. However, recent vascular studies have
shown that symptomatic plaques are more
echolucent and less calcified than asymp-
tomatic plaques and are associated with a
greater degree of histopathologic plaque
necrosis.’??> They appear to overestimate
the accuracy of panoramic radiography
to predict carotid bifurcation disease, and
this may predispose patients with asymp-
tomatic carotid disease to untoward costly
diagnostic imaging and intervention.

Although duplex ultrasonography is the
most accurate screening method short of
angiography, and is non-invasive, its cost-
benefit ratio is unfavourable, even when
limited to the population over the age of
65. Nevertheless, in high-risk groups, there
are authors who consider that its use might
be profitable.”” Since panoramic radiog-
raphy is commonly used in dental clinics
to evaluate the maxillofacial region, and
modern ultrasonic screening is non-inva-
sive, accurate and inexpensive, the clini-
cal importance and severe side-effects of
stroke may yet justify the identification of

at-risk subgroups of patients using these
more cost-effective evaluations of carotid
artery stenosis.

Yoon et al. used CT scanning as a gold
standard to show the moderate diagnos-
tic accuracy of panoramic radiography in
detection of carotid artery calcification
with low sensitivity.>* The potential choices
for measuring CAC depends upon consid-
erations such as differences in radiation
exposure, cost, and availability. While
carotid CT scanning is considered the best
tool for detecting calcifications, because
the pathological significance of calcifi-
cation can not be assessed by CT alone
and ultrasound has excellent value for
detecting both calcium and stenosis in the
carotid arteries, it is considered as the best
clinical tool for evaluation of the carotid
arteries in study populations.

Recently, the new computed tomogra-
phy technique electron beam tomography
(EBT) has been used to establish the extent
of coronary atherosclerosis. It offers short
acquisition time and high spatial resolution
which permit the visualization of coronary
arteries without motion artefacts and there-
fore the detection and quantification of
coronary calcification.”® In future, EBT may
permit the non-invasive detection of carotid
atherosclerosis with high reliability.

CONCLUSION

To our knowledge, this study is the first to
determine whether panoramic radiographs

are useful for detecting calcified carotid
atheromas and stenoses, using carotid
artery ultrasound as the gold standard
diagnosis in patients with signs of coronary
artery disease. We conclude that because
of low sensitivity and positive predictive
value, the panoramic radiograph cannot be
considered an accurate or reliable detector
for calcification or stenosis.
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