International Journal of Biomedicine 10(1) (2020) 36-40

INTERNATIONAL

http://dx.doi.org/10.21103/Articlel0(1) _OA4 JOURNAL
ORIGINAL ARTICLE OF BIOMEDICINE
Radiology

Potential of Routine X-ray Examinations in Detecting Signs of
Asymptomatic Carotid Disease

Maria S. Starodubtseva, PGS'; Dmitry A. Lezhnev, MD, PhD, ScD*;
Aleksandr Yu. Vasilyev, MD, PhD, ScD'?*; Igor D. Stulin, MD, PhD, ScD'; Sergey A.
Trukhanov, MD, PhD'; Elena A. Egorova, MD, PhD, ScD'; Victor P. Truten, MD, PhD, ScD*;
Margarita V. Smyslenova, MD, PhD, ScD!; Victoriya V. Petrovskaya, MD, PhD'

'"Moscow State University of Medicine and Dentistry, Moscow, Russia
?Central Research Institute of Radiation Diagnostics, Moscow, Russia

Abstract

Background: The aim of our study was to determine potential opportunities for routine radiological examinations (dental
panoramic radiography (DPR), cervical spine radiography (CSR), cone beam computed tomography (CBCT) and multislice
computed tomography (MSCT)) in the identification of carotid artery calcifications (CAC) as radiological signs of asymptomatic
carotid artery disease (ACAD).

Methods and Results: The retrospectively evaluated results of the digital DPR were used for 4367 patients, CSR - 857
patients, CBCT - 582 patients, and MSCT - 377 patients. Mean age of patients was more than 55 years. The overall detectability
of CAC during DPR, CSR, CBCT, and MSCT was 8.3%, 15.9%, 13.1%, and 40.6%, respectively. The gender difference in favor
of women was observed during DPR, CBCT and MSCT and in favor of men - only during CSR. CAC should be sought at the
level of C3-C4 intravertebral discs in the cervical soft tissues, more often on the one side, in the form of solitary/multiple, friable,
homogenous/heterogencous radiopaque shadows smaller than 0.5 cm.

Conclusion: CAC indicates the presence of a high risk of developing ischemic stroke, which means that the above modalities
have to be used as a tool to identify the predictor of this pathological condition of the cardiovascular system. (International
Journal of Biomedicine. 2020;10(1):36-40.)
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Introduction

Asymptomatic carotid artery disease (ACAD) is a
disorder identified in people who did not have either a previous
history of ischemic stroke or transient ischemic attack in the
ipsilateral carotid artery area with neurological signs, such
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as transient blindness, fatigue, numbness in the extremities
or contralateral side of the face, dysarthria or aphasia over
the past six months.("> The underlying cause of ACAD is
an atherosclerotic lesion of the vascular wall. At certain
stages of atherosclerotic plaque formation, the lesion can be
accompanied by vascular calcinosis due to the deposition of
calcium salts; the plaque becomes radiopaque and it results in
the appearance of carotid artery calcifications (CAC).®
Routine examinations, including radiological ones, are
widely available, inexpensive, standardized and diagnostic;
they are also frequently applied and performed due to numerous
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indications.® According to the WHO, more than 60% of
radiological examinations are dental.® The data obtained
in 2017 showed that tens of thousands of cervical spine
radiographs and dental panoramic radiographs are performed
annually in Russia.© Moreover, computed tomography (both
CBCT and MSCT) is no longer an exotic radiological method
available only in extreme cases and for specific indications.
Nowadays, this is a routine radiological procedure in our
country, which is normally applied for diagnosing different
types of problems.”

All the above-mentioned statistical data and regulations
allow us to consider dental panoramic radiography (DPR),
cervical spine radiography (CSR), cone beam computed
tomography (CBCT), and multislice computed tomography
(MSCT) as routine radiological examinations.

The first mention of using of X-ray methods of
examinations for the detection of CCA dates back to 1912,
when Schuller, in his published monograph, indicated the
possibility of detecting calcifications of “vascular” origin
during X-ray of the skull.®

Laterin 1951, Fisher M., in an article about the occlusion
of carotid arteries, mentioned the possibility of detecting
linear shadows of calcifications in the projection of the bulb of
the internal carotid artery during radiography of the cervical
spine.®

In 1963, Ring and Eddy published an article in which
they evaluated 1000 chest radiographs and identified 216
cases of CAC. The detection rate was noted to be higher in
elderly people, and in a group of patients over 80 years of age,
CAC was revealed in more than 70% of cases.'” In addition,
in 1963, Hayler and Fischer were the first to use CSR for
detecting CAC.!"V

In Russia, the pioneer and certainly the best expert
on the problem in those years, was L.K. Bragina (1962),
who carefully compared various invasive and non-invasive
methods of X-ray diagnosis.

Since the 1970s, numerous studies of Stulin et al.,
dedicated to screening clinical and instrumental examinations,
showed the possibility and perspective of identifying extra-
and intracerebral atherosclerosis, often combined with
coronary atherosclerosis.!>!?

In 1981, Friedlander and Lande identified CAC for
the first time in dental panoramic radiograms, which were
performed in general dental practice. The authors paid attention
to the fact that DPR should be performed for detecting dental
abnormalities, pathologies of the temporomandibular joint
and adjacent structures. Special focus should be given to the
peripheral areas in the projection of the common carotid
artery, which may provide the vital information.¥

Since that time, there has been an increasing interest in
the issue, and groups of scientists all over the world have been
actively involved in its research.

The aim of our study was to determine potential
opportunities for routine radiological examinations (DPR,
CSR, CBCT and MSCT) in the identification of CAC as
radiological signs of ACAD.

In order to achieve this aim, the following tasks were
defined:

1.To analyze the current status of diagnosing ACAD.

2.To carry out a retrospective analysis of the results of routine
radiological examinations (DPR, CSR, CBCT, and MSCT).

3.To evaluate the opportunities for routine radiological
techniques (DPR, CSR, CBCT, MSCT) in the visualization of
CAC.

4.To study and to specify radiological changes in CAC as
radiological signs of ACAD.

5.To specify radiological signs of anatomic and pathological
structures that are necessary for differentiation of CAC.

6.To improve and to complete the algorithm for analysis of
the results of routine radiological examinations in diagnosis of
carotid artery atherosclerosis as ACAD manifestation.

Materials and Methods

During the first stage of the study, we performed a
retrospective evaluation of the results of digital DPR (Group
1) in 4637 patients (mean age of 66.1+8.6 years), digital CSR
(Group 2) in 857 patients (mean age of 61.7+6.4 years), CBCT
(Group 3) in 582 patients (mean age of 63.2+6.9 years), and
MSCT (Group 4) of lower facial zone and neck in 377 patients
(mean age 65.1£7.5 years).

A total of 6453 results were retrospectively evaluated.
All patients in each group were divided into the following
age subgroups: 55-59 years, 60-64 years, 65-69 years, 70-74
years, 75-79 years, and over 80 years.

Inclusion criteria were patient’s age over 55 years, the
absence of neurological signs of ACAD for the past 6 months
minimum, according to the patient’s previous history, and the
possibility of visualizing cervical soft tissues.

Exclusion criteria were patient’s age under 55 years,
the presence of neurological signs of ACAD, according to
the patient’s previous history, the absence of visualization of
cervical soft tissues due to the insufficient area of investigation
and/or wrong physical and technical parameters of the
examination.

During the second stage of the study, we evaluated
the previous histories of all patients in the first and second
groups in order to identify those patients who underwent a
US examination of BCA within a year after the radiological
examination. The US of BCA is considered to be a gold standard
in radiological diagnosis of atherosclerotic lesions of the carotid
arteries in patients without neurological symptoms. If the
patients underwent the US of BCA within a year, its protocol
and conclusion were assessed to determine the presence or
absence of evidence of calcified atherosclerotic plaques located
in the carotid arteries. The obtained data were compared with
the findings received after the first stage of the study in order to
evaluate diagnostic effectiveness of radiological examinations.

Among 4637 patients included in Group 1, 1523(32.8%)
patients had US of BCA in their histories. Patients who
underwent US of BCA later than DPR were selected first
from this group; their number was 289 people, including
183 patients who underwent US of BCA within a year after
DPR. The protocols of US of BCA of these 183 patients were
chosen for the final analysis, which allowed us to evaluate the
diagnostic effectiveness of DPR in revealing CAC.
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Among 857 patients composing Group 2, 271(31.6%)
people had US of BCA in their histories. All these patients
had US of BCA within a year after CSR, and due to this fact,
they were all included in the final analysis for evaluation of
indicators of CSR diagnostic effectiveness in detecting CAC.

Results

Normality of distribution by age was determined for
each group. As the number of investigations exceeded 50
in each case, a one-sample Kolmogorov-Smirnov test was
applied for this purpose, and additionally, skewness and
kurtosis parameters were evaluated.

Forall fourtechniques the obtained findings of significance
level were <0.05, skewness and kurtosis parameters were
not equal to 0, which allowed us to consider the distribution
for each of the groups as different from normal and to apply
nonparametric statistical methods in statistical processing (odds
ratio (OR), Fischer’s exact test).

Total detection rate of the patients with suspected CAC
using DPR was 8.3% (mean age of 66.7+8.7 years, ratio of
men to women was 2.8:1), using CSR it was 15.9% (mean age
of 64.9+7.3, ratio of men to women was 0.8:1), using CBCT it
was 13.1% (mean age of 66.4+7.7, ratio of men to women was
1.8:1), and for MSCT it was 40.6% (mean age of 67.9+7.3,
ratio of men to women was 1.3:1).

Moreover, the odds ratio parameters and Fischer’s
exact test were estimated for each radiological technique:
The parameters for DPR, CSR, CBCT and MSCT were 1.848
(95% CI: 1.462-2.335; P<0.001), 0.358 (95% CI: 0.247-0.520;
P<0.001), 0.768 (95% CI1:0.462-1.277;, P=0.346), and 0.518
(95% CI: 0.336-0.800; P=0.04), respectively.

During the second stage of the study, the data of routine
radiological examinations and US of BCA were compared and
the following groups of findings were identified:

1. True-positive findings. The data of retrospective
analysis of DPR or CSR on CAC presence were consistent
with the protocol of US of BCA, proving the evidence of
calcified atherosclerotic plaques in the carotid arteries.

The indicator of true-positive results was 12 for DPR,
and 37 for CSR.

2. False-positive findings. The data of retrospective
analysis of DPR or CSR showed the presence of CAC, but
according to the protocols of the US of BCA, there were not
any atherosclerotic plaques in the carotid arteries.

The indicator of false-positive results was 8 for DPR,
and 6 for CSR.

3. False-negative findings. The retrospective analysis
of DPR or CSR did not reveal any pathological changes
suggesting the presence of CAC; however, -calcified
atherosclerotic plaques in the carotid arteries were detected
using the US of BCA, according to the protocols.

The indicator of false-negative results was 6 for DPR,
and 13 for CSR.

4. True-negative findings. The data of retrospective
analysis of DPR or CSR on the absence of CAC were consistent
with the protocol of US of BCA, proving the absence of
calcified atherosclerotic plaques in the carotid arteries.

The indicator of true-negative results was 157 for DPR,
and 213 for CSR.

Based on the above-mentioned findings, we estimated
sensitivity, specificity and accuracy parameters for DPR and
CSR, which were 66.7%, 95.1%, and 92.3% and 71.2%,
97.3%, and 92.2%, respectively.

The next stage of our research was the evaluation of
radiological characteristics of CAC signs on the basis of DPR,
CSR, CBCT and MSCT findings, in order to reveal the most
common characteristics of the following parameters (Table 1,
Figure 1):

* Level of CAC location toward the cervical vertebrae

* Side of location (left-sided, right-sided, located on each
side from the cervical spine)

* Intensity (hardly visible, moderately dense, pronounced
calcifications)

* Number (solitary, multiple)

* Shape (linear, annual, friable)

* Structure (homogeneous, heterogenous)

* Size (<0.5 cm, from 0.5 to 1 cm, >1 cm)

Table 1
Radiological characteristics of CAC
DPR CSR CBCT MSCT
C3-C4 (37.5%)|C3-C4 (39.5%)|C3-C4(32.7%)
pevelof C%‘fé%j‘?’) C4 (25.8%) | C4(31.6%) | C4 (24.8%)
) 1C4-C5 (25.0%)| C3 (19.7%) | C3 (24.2%)
Side of | Unilateral Unilateral Unilateral Unilateral
location (76.1%) (76.5%) (81.6%) (50.3%)
Moderately Moderately | Moderately
Intensity dense dxgg‘z%% ) dense dense
(89.1%) 70 (78.9%) (85.6%)
Solitary Solitary Solitary Multiple
Number |57 g07) (66.2%) (57.9%) (64.1%)
Shane Friable Friable Friable Friable
P (87.2%) (83.1%) (73.7%) (78.5%)
Homo- Hetero- Homo- Hetero-
Structure| geneous geneous geneous geneous
(51.4%) (50.1%) (61.8%) (62.1%)
Si Smaller than | Smaller than | Smaller than | Smaller than
1ze 0.5 cm (74%)|0.5 cm (66.9%)[0.5 cm (84.2%)|0.5 cm (70.6%

Fig. 1. DPR. Heterogeneous moderately dense radiopaque
shadows, semicircular on the right and linear on the left, with
the diameter of 15.0 mm and length of 16.0 mm, respectively
(arrows). They can be visualized on both sides closer to the
cervical spine in the cervical soft tissues.
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It is worth noting that while performing two-dimensional
investigations (DPR and CSR) it is necessary to differentiate
CAC from various calcified anatomical and pathological
structures. In our research, we used a dental panoramic
radiogram for this purpose.

Among 4637 patients, 282(6.1%) had solitary/multiple
calcifications in the soft tissues of the head and neck; they
were revealed by dental panoramic radiograms. Table 2 shows
the distribution of these calcifications.

Table 2.

Revealed calcifications in the soft tissues of the head and neck
using DPR

% of total | % of total
Anatomical/pathological Absolute | number of | number of
strucl‘zure g number of| patients with | patients in
patients |calcifications| the study
(DPR)
Calcified triticeal cartilage 84 29.8 1.8
Calcified stylohyoid ligament
unilateral/bilateral ? 3.2 0.2
Calcified stylomandibular
ligament unilateral/bilateral ? 32 0.2
Parotid gland calculi
unilateral/bilateral 66 23.4 14
Submandibular gland calculi
unilateral/bilateral 44 15.6 0.9
Calcified lymph node 7 2.5 0.1
Vascular stent 5 1.8 0.1
Calculi in the parotid and
submandibular salivary glands ! 0.4 0.02
Idiopathic calculi
(solitary/multiple) 57 20.1 12
Discussion

CAC can be revealed during routine radiological
investigations (DPR, CSR, CBCT and MSCT) that allow us to
use them as examinations for the primary detection of ACAD.
According to different authors, the total detection rate of CAC
using DPR ranges from 0.43%" to 38.8%,(% and using CSR
it is 13.0%.97 In our research, the total detection rate of CAC
for DPR, CSR, CBCT and MSCT was 8.3%, 15.9%, 13.1%
and 40.6%, respectively.

Many researchers emphasize that most of the patients with
CAC are women."®2" In our study, CAC was more frequently
detected in women than in men while using three out of four
radiological techniques (DPR — 73.8%, CBCT — 64.5%, MSCT
—57.5%). However, this association turned out to be statistically
significant only for DPR (OR=1.848, 95% CI: 1.462-2.235,
P<0.001). For CBCT this association was not statistically
significant (OR=0.768, 95% CI: 0.462-1.277, P=0.346). CSR,
as the primary diagnostic technique in ACAD, was used only
in one scientific work, but there was not any indication of the
gender ratio among the patients with CAC."”In our study, using
CSR investigation, we revealed more male patients with CAC,
and this association was statistically significant (OR=0.358,
95% CI: 0.247-0.520; P<0.001).

Diagnostic effectiveness indicators of two-dimensional
routine radiological techniques were evaluated by many
researchers. Yoon et al.?? estimated the sensitivity, specificity
and accuracy of DPR as 22.2%, 62.3% and 90.0%, respectively;
Alman et al.®® assessed sensitivity and specificity as 77.8%
and 84.0%; Khambete et al.®® — as 76.0% and 98.66%;
Constantine et al.?® — as 76.9% and 46.9%. In our research,
sensitivity, specificity and accuracy of DPR were determined
as 66.7%, 95.1% and 92.3%, respectively; CSR — 71.2%,
97.3% and 92.2%, respectively.

Based on the obtained data of DPR, CSR, CBCT and
MSCT, we determined that the most frequent significant
radiological signs of CAC were presented by unilateral,
moderately dense, solitary/multiple, friable, homogenous/
heterogeneous radiopaque shadows smaller than 0.5 cm in the
cervical soft tissues at the level of the C3-C4 intravertebral
discs (Figure 1).

It is necessary to differentiate CAC from other
anatomical and pathological structures; the most frequent
anatomical one is calcified triticeal cartilage (n=84, 29.8%),
and the most common pathological structure is parotid gland
calculus (n=66, 23.4%) (Figure 2). The obtained findings are
consistent with the data of foreign researchers.*3?

Fig. 2. DPR. Solitary radiopaque oval-shaped shadow with well-
defined smooth edges can be visualized in the cervical soft tissues on
the left under the great horn of hyoid bone (1) and epiglottis (2). The
shadow may refer to calcified triticeal cartilage (arrow).

Thus, carotid artery calcifications suggest the presence of
atherosclerosis of the particular localization and consequently
the presence of high risk for developing ischemic stroke; hence,
the above-mentioned techniques (DPR, CSR, CBCT, MSCT)
have to be used as an instrument for detecting a predictor
of this socially and economically significant pathological
condition of the cardiovascular system.
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