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Abstract

Objectives
Atheromas can be incidentally detected in routine CBCT images. This study aims to

assess prevalence, and risk factors associated with these vascular lesions.

Materials and Methods

Full-volume CBCT images of 458 patients were evaluated and divided into 4 groups:
Subjects with no atheroma, subjects with intracranial atheroma (ICA), subjects with
extracranial atheroma (ECA), and subjects exhibiting combined lesions. Age, sex,

medical conditions, family history, and size were documented.

Results

Of the 458 subject scans, 29.9% presented with incidental atheromas. Atheroma’s
incidence was significantly higher in older patients and in males compared to females.
Patients with atheroma were significantly more likely to have a history of hyperlipidemia,
hypertension, and myocardial infarction. Patients exhibiting combined lesions were more

likely to have cardiovascular risk factors.

Conclusion
Incidentally detected atheromas are common and subjects with combined lesions are at

higher risk for CVD, and this warrants early referral to medical specialists.
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Chapter 1: Introduction

Atherosclerosis was previously thought to be a disease of the elderly given its increased
prevalence with age. * However, data is now suggestive of early development in healthy
young adults. For instance, coronary atherosclerosis was evident in 1 of every 6
asymptomatic teenagers. 2 Moreover, a study showed that all autopsies of 2867 adults
who died of non-cardiac causes had evidence of fatty streaks. 3 Thus, worldwide interest

in early detection and prevention of atherosclerotic disease is on the rise. *

Atheroma is a term given to describe the lesion of atherosclerosis. Atherosclerosis is a
pathological process that results in narrowing and occlusions in different arteries such as
the aorta, coronaries, cerebral and peripheral blood vessels. Atheromatous plaques are
related to the development of myocardial infarctions and strokes which are among the
leading cause of death worldwide. ® The pathogenesis of atherosclerosis is complex and
involves fatty deposition in the walls of arteries ° resulting in a significant degree of
vessel narrowing. > 7 Several complex pathways such as inflammation, foam cell
deposition and smooth muscle proliferation have been attributed to the development of
atheroma. ° Fatty streak formation was found to be among the earliest histological
changes in atheroma formation. & Subsequently this results in the disruption of the smooth
lining of blood vessels and contact between blood cells and the now rough endothelium
which accelerates the formation of atherosclerosis. The contact of erythrocyte membranes
with exposed molecules along the blood vessel damaged lining accelerates the
enlargement of the necrotic core and the deposition of cholesterol and macrophages. °
Macrophages engulf deposited cholesterol and results in the advancement of lipid rich

cores and areas of calcification. ! Calcification increases as the atheroma matures and is



subsequently radiographically visible. ® The formed plaque can then become unstable
with continuous shear forces caused by blood circulation, eventually resulting in
intraplaque hemorrhage with sudden plaque rupture and luminal occlusion, causing

ischemic vascular events.

Head and neck atheroma were incidentally detected by panoramic radiographs beginning
in 1981. Over time, their presence became more important to consider due to their

association with increased risk of cerebral vascular accidents (CVAs). 10
Calcified carotid artery atheroma (CCAA)

Calcified carotid artery atheromas are lesions in the common carotid artery or its
branches and are often detected by head and neck imaging performed for various reasons
by dentists. 1! Carotid atheroma was shown to be an important indicator of generalized
atherosclerosis and thromboembolism as calcifications in the carotid and aortic arteries
had been associated with coronary artery calcifications. ' * Embolization from carotid
atherosclerotic lesions was found to be the most common source of strokes. * Carotid
artery lesions and stenosis have been extensively studied because they are an independent
predictor of cerebrovascular events. *° It was shown that severe asymptomatic carotid
artery stenosis (exceeding 50%-60% luminal stenosis) was responsible for 12-21% of
anterior ischemic strokes. *® The prevalence of asymptomatic carotid artery stenosis is
0.5% in individuals less than 50 years old and increases to 5.0-10% over 65 years of age.
15 A systematic review assessing the relationship between incidental CCAA on
panoramic images with the development of cerebrovascular accidents in 54 articles found
the data to be incomplete and inconclusive. 1* Another study found anterior circulation

(cerebral arteries forming the anterior part of the circle of Willis, a circulatory
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anastomosis supplying blood to the brain) CVAs to be 1.5 times higher in patients with
CCAA and that severe plagues were associated with a ten times increased chance of
lacunar infarctions (infarcts affecting deep brain structures by occlusions of penetrating

arteries). 13

Surgical and medical interventions such as stenting or carotid artery endarterectomy have
been shown to be effective interventions in carotid artery stenosis. 17 In fact, early
intervention with carotid endarterectomy reduces the risk of strokes by approximately

30% over three years.

The incidental prevalence of CCAA on panoramic radiographs was reported between
0.43-5.0% and varied by gender, age and ethnicity. ** It was found to be significantly
higher in populations of increased risk factors such as diabetes mellitus, °
cardiomyopathies, 2° renal disease, 2! obstructive sleep apnea, 22 history of radiation and

osteoradionecrosis ** 2324 and in postmenopausal women.?®

The intracranial carotid artery has been highlighted in several studies. Intracranial
atheroma has been highly detected in patients with ischemic strokes 26 and by itself
contributes to 75% of all strokes. 2’ Moreover, there is a strong association between
intracranial calcifications and chronic kidney disease. 2° Prior studies found intracranial
atheroma to be more prevalent among certain ethnicities such as the white population. %
Therefore, its” detection and differentiation among different races might be of great
importance.

In a recent case report about Monckeberg medial calcinosis, a type of atherosclerosis that
only affects the tunica media of arteries, the authors highlighted the importance of its’

early detection by cone beam computed tomography (CBCT) in patients with underlying
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systemic disease (i.e., chronic kidney disease and diabetes mellitus). 2 These
calcifications may be found incidentally on panoramic radiographs and are commonly
found in CBCT imaging. 28 This type of calcification is found in the lower extremities
and is higher in prevalence in middle-aged men. 2° Although Mdnckeberg calcification
does not occlude the vessel lumen, it does reduce the elasticity of the wall, compromising

perfusion and eventually leading to arterial diseases. *°

Risk factors associated with Mdnckeberg medial calcinosis also include chronic
inflammation, age, systemic lupus erythematosus, and hypervitaminosis D. 3! It was first

described in the facial arteries in association with patients with serious comorbidities.

A recent case report described how extensive advanced calcifications were detected by
dental radiographs in a diabetic patient with end stage renal disease. ** In a another case
study on a patient with chronic kidney failure , it was suggested that the bilateral
calcification of facial arteries was due to metastatic calcification of secondary
hyperparathyroidism. **

In one reported incident , a 64-year-old male diabetic patient with chronic kidney
disease, hypercalcemia and hyperphosphatemia was sent for a scan for a brown tumor
that had developed due to secondary hyperparathyroidism. Upon review of his
radiographs, there were findings of Monckeberg calcifications in the external carotid
artery and its branches, the suprahyoid of the lingual artery, the facial artery, transverse
facial artery, internal maxillary artery, superficial temporal arteries and common plaques

in the internal and common arteries. %

Some findings in the literature suggest that thyroid disease can be related to vascular

calcifications. In an in vivo study conducted on animals, elevation of thyroid hormones
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was thought to play a role in vascular calcifications.® Reports of studies on female
patients with papillary carcinoma, cystic adenomatous nodules, and chronic lymphocytic
thyroiditis showed positive finding of calcinosis of the thyroid gland vessels. These

patients were all further examined because of the high risk of cardiovascular events.?’

Radiographs have been used extensively in the medical field to detect and recognize
several diseases including but not limited to diabetes, chronic kidney disease,

hyperthyroidism and coronary artery diseases. 4!

Despite their wide use in dentistry, panoramic radiographs have limited ability to detect
atheromas as they are dependent on patient positioning and focal trough width. Also they

offer only 2-dimentional spatial resolution limiting their abilities to detect lesions. 42

On the other hand, CBCT offers a higher resolution, and a three-dimensional image with
greater reliability in detecting incidental atheroma 22. The role of CBCT for detecting
atheroma was also highlighted in 2014 and 2017 by Safain et al and Soares et al
respectively. 444 In prior studies, the incidence of atheromas on CBCT was estimated to
be around 18%, ** *° and was significantly higher in men than in women with no
significant difference on laterality. ** However, data regarding CBCT utility for important
lesions other than CCAA such as vertebral, ophthalmic and intracranial arteries is
lacking. Moreover, there is a lack of data on the impact of patient characteristics such as

age, gender, ethnicity, and risk factors on the prevalence of head and neck atheroma.



Hypotheses

The aim of this study was to investigate the prevalence of various types of incidental
head and neck atheroma detected on CBCT radiographs and study their relationship with

patients’ characteristics such as age gender, ethnicities, and systemic diseases.

Null hypotheses

e There is no significant difference between patients with and without head and neck

atheroma regarding the following characteristics:

(A) Age

(B) Sex

(C) Ethnicity

(D) Medical conditions (endocrine related diseases, cardiovascular diseases, chronic

kidney disease, respiratory disease, malignancy, and depression)

(E) Medications

(F) Family history of systemic disease (diabetes and cardiovascular disease)

e There is no significant difference in number of lesions in patients with cardiovascular

diseases and/or history of malignancies.



Research hypotheses

e There is a significant difference between patients with and without head and neck

atheroma for the following groups:
(A) Older patients would have more atheroma than younger patients.
(B) Males would have more atheroma than females.
(C) There is a difference in incidence of atheroma between different ethnicities.

(D) The incidence of atheroma is higher in diabetic patients, patients with thyroid
disease, high cholesterol level, high blood pressure, history of myocardial infarctions or
chronic arterial disease MI/CAD, peripheral arterial disease (PAD), cerebrovascular
accidents (CVA), chronic kidney disease, chronic obstructive pulmonary disease, asthma,

sleep apnea, malignancy and depression.

(E) The incidence of atheroma is higher in patients taking anti-platelet agents,

anticoagulants, antihypertensives, oral hypoglycemic agents, insulin, and statin.

(F) The incidence of atheroma is higher in patients with a family history of diabetes or

family history of atherosclerotic arterial disease.

e There is a significant difference in number of lesions in patients with cardiovascular

diseases and/or history of malignancies.



Chapter 2: Materials and Methods

This is a cross-sectional study that investigated consecutive patients that underwent
CBCT at the University of Maryland School of Dentistry, from January 1st, 2016 to
August 31st, 2019. Inclusion criteria were: Patients older than 18 years of age who
underwent maxillofacial CBCT for dental reasons unrelated to the purpose of this study.
The University of Maryland Baltimore Institutional Review Board (IRB) approved the
study (HP-00084560). Between the years 2016 and 2019, 817 patients were initially
included. A total of 359 files were excluded for the following reasons: Duplicates for
patients who had multiple full-volume CBCTs (156), no radiographic reports or available
radiographs (142), limited view CBCTs (18), incomplete medical charts (34), trial file
(1), and patients under the age of 18 (8).

The following data were collected from the patients’ charts: age, sex, ethnicity, alcohol
use, smoking, endocrine diseases, cardiovascular diseases, chronic kidney diseases,
respiratory diseases, malignancy, depression, and medications. Family history of diabetes
and cardiovascular disease were also recorded. The medication list was closely examined
for indications of any of the above diseases since patients may not have mentioned their
particular disease or the providers might not have indicated this in the medical chart and
clinical notes.

The primary investigator (RA) was responsible for reviewing the scan results and

performing chart reviews.



The following methods of blinding were implemented to prevent potential bias:
1. CBCT images were provided to the primary investigator (RA) by the interpreting
radiologist (JP) by without access to the patients’ medical chart, thus preventing any bias

in interpreting or studying the CBCT images.

2. Interpretations were labelled by serial numbers then the primary investigator was
provided the dental record numbers for the scans and chart review was conducted by the
primary investigator to obtain patient information.

The studied scans included only full head and neck scans. Each subject’s full-volume
CBCT was analyzed, and a report was written by the radiologist for the presence of
intracranial (ICA) and extra-cranial (ECA) atheroma. The primary investigator was
trained and calibrated to read the scans by the radiologist (JP).

Collected images were limited to two Carestream 9300 devices. For ECA, lesions in both
the extracranial carotid artery and lesions in the vertebral artery were recorded. For ICA,
data were recorded for intracranial carotid atheroma, anterior, middle, and posterior

cerebellar arteries.

For each of these sites, the following characteristics were recorded by the primary

investigator (RA):

A. Presence or absence of atheroma
B. Side of atheroma (right and left
C. Number of atheroma lesions in each site

D. Bilateral incidence (Yes, No)



In each view (sagittal, axial, or coronal), the largest measurement was collected for each

separate lesion.

In situations where there are multiple lesions, the total size (mm) was also indicated

separately for the axial, the coronal, and the sagittal views.

Detected atheroma were measured by the primary investigator (RA) using a digital ruler
on In-Vivo version 6 by Anatomage dental computer software. To prevent duplicate
recordings of measurements, each lesion was examined in the three different views. This
prevented the primary investigator from counting the same lesion twice.

Lesions of atheroma were distinguished by the evident radio-opacity when compared to
the surrounding structure in the specified anatomical location they are commonly

detected in and recognized in considerations of important landmarks. For example:

i.  Location of calcified carotid atheroma is commonly found at the level of the C3
and C4 vertebrae

ii.  Using an axial view, precerebral calcified carotid artery atheroma is found lateral
and posterior to the airway.

iii.  Cerebral intracranial atheroma is found in the cavernous sinus superior and lateral
to the sphenoid sinus.

iv.  Vertebral artery atheroma is found at the level of the C2 and C3 vertebrae in the
lateral foramina of cervical vertebra. The vertebral artery continues its’ pathway
to the foramen magnum and merges to form the basilar artery (Circle of Willis).

v.  Structures near the area of interest; for example, near the external carotid artery
that might be confused with calcified atheroma (such as the calcified greater horn

of the thyroid cartilage) were not recorded as calcified atheroma.
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Data was then combined in a separate Excel file and divided into 4 groups based on
atheroma characteristics: Subjects with no atheroma (controls), subjects with ICA,
subjects with ECA, and subjects with both ICA and ECA in the same scan. Following
this, data from both sets were combined and housed for statistical analysis by the primary

investigator.
Statistical analysis

The independent variables (1V) in this study were divided into measured and categorical
variables. Age was a measured variable. Categorical data were sex, ethnicity, medical
conditions, medications, family history of diabetes and family history of atherosclerotic
arterial disease. The dependent variables (DV) in this study were the presence and
absence of intracranial atheroma, extracranial atheroma and both extracranial and

intracranial atheroma combined.

Between-group comparisons for measured data were conducted using Analysis of
Variance (ANOVA) and Tukey’s highly significance difference test. A Shapiro-Wilk test
was used to assess normality. Age was reported as mean and standard deviation. A p

value of <0.05 was considered statistically significant.

Categorical variables (e.g presence or absence of atheroma, presence or absence of
hypertension, presence or absence of high cholesterol level, presence or absence of
diabetes, smoker and non-smoker, male and female, ethnicity, location of atheroma) were
reported as frequencies and percentages. Categorical variables were compared using chi-
square. When a significant difference was found, partitioning ¢ was used to determine

the specific differences. This post hoc test, partitioning, is used to divide the Chi-square
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table into multiple 2x2 orthogonal sub-tables that are statistically independent of each
other. These sub-tables were analyzed by the likelihood ratio test (LX?). Analyzed

subgroups are represented in boxes with thick lines.

Four rules have been established for the partitioning.*” The degrees of freedom determine

the number of sub-tables that can be analyzed.
1. The number of sub-tables must equal the degrees of freedom.

2. Each cell count taken from the full chi-square contingency table must appear in only

one sub-table.

3. Marginal totals in the sub-tables must reflect only one total of the full Chi-square

table.

4. The sum of the likelihood ration tests of the sub-tables must equal the likelihood ratio
of the full Chi-square table or the tables are not independent. (The chi-square values of

the sub-tables do not necessarily add up to the chi-square of the full chi-square table).

A p value of <0.05 was considered statistically significant.
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Chapter 3: Results

A. Statistical analysis

Collected data are summarized in tables 1-15 (A-D). Of the four hundred and fifty-eight
subjects, 137 (29.9%) had an incidentally detected atheroma on CBCT. Forty-seven had

ICAs, 59 had ECASs and 31 had both.

Incidence of IA, EA, both IA+EA an no atheroma is compared to all patient
characteristics using analysis of variance and Tukey honestly significant difference test.

Data are presented as means (X) and standard deviation (SD).
B. Patient characteristics

Of the 458 subjects included 230(50.2%) were males and 228 (49.8%) were females. The
age of patients ranged between 21 and 90 years. Of the ethnicities collected, 240 (52.4%)
were unrecorded, 112 (24.5%) were Caucasians, 11 (2.4%) were Hispanics, 72 (15.7%)
were African Americans, 21 (4.6%) were Asians, 1 (0.2%) was Native Americans , and 1
(0.2%) was a Pacific Islander (Table 1A). There were an insufficient number of
recordings in some of the listed ethnicities in the patients’ files to conduct a statistical
analysis on the differences between all the various ethnicities.

Table 2 shows that patients with atheroma were significantly older as compared to those
without atheroma (Both IC and EC x=69.2 (SD 7.6), IC X=65.3(SD 9.3), EC x=64.7(SD

10.1), vs no atheroma x= 55.8(SD 13.4), p=0.004).
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Atheroma and Ethnicity

There was an insufficient number of subjects for statistical analysis in the groups labeled

Hispanic, Asian, Native American, and Pacific Islander (Table 1.A) .

Table 1.A: Incidence of intracranial, extracranial, both intracranial and
extracranial and no atheroma for all ethnicities

Ethnicity Intracranial | Extracranial Intracranial and No Total n (%)
Atheroma Atheroma Extracranial Atheroma
(n) (n) atheroma (n) (n)
Unknown 24 31 17 168 240(52.4%)
Caucasian 15 16 10 71 112(24.5%)
Hispanic 1 1 0 9 11(2.4%)
African American | 5 9 3 55 72(15.7%)
Asian 2 2 1 16 21(4.6%)
Native American | 0 0 0 1 1(0.2%)
Pacific Islander 0 0 0 1 1(0.2%)
Total n (%) 47 (10.3%) | 59 12.9%) 31 (6.8%) 321 (70%) | 458 (100%)

Caucasians comprised a total of 112 subjects (24.5%) and African Americans a total of

72(15.7%) subjects. (Table 1.B).

Table 1.B: Incidence of intracranial, extracranial, both intracranial and
extracranial and no atheroma for Caucasians and African Americans.

Ethnicity Intracranial | Extracranial | Intracranial and No Total n(%)
Atheroma Atheroma Extracranial atheroma Atheroma
(n) (n) (n) (n)
Caucasian 15 16 10 71 112(24.5%)
African American | 5 9 3 55 72(15.7%)

See Table 1C-F for statistical analysis between Caucasians and African Americans.

Results shows that there was no significant difference between Caucasians and African

Americans in the incidence of any type of atheroma (Tablel.C), p = 0.22.
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Table 1.C: Incidence of intracranial, extracranial, both intracranial and
extracranial and no atheroma for Caucasians as compared to African Americans.

Type of atheroma Ethnicity

Caucasians African American | Total

n (%) n (%)
Intracranial and Extracranial 10(76.9%)? 3(23.1%) 13(%)
atheroma
Intracranial Atheroma 15(75%)? 5(25%) 20(%)
Extracranial Atheroma 16(75%)? 9(36%} 25(%)
No Atheroma 71(56.3%)? 55(43.7%) 126(%)
Total 112(61%) 72(39%) 184(100%)
X?=4.3,p=0.23 LX?=4.5,p=0.22

*groups with the same letter are not significantly different.

There was no significant difference between Caucasians and African Americans as
compared to patients with intracranial and extracranial atheroma and patients with

extracranial atheroma alone (Table 1.D), p=0.41.

Table 1.D: Incidence, between Caucasians and African Americans as compared to
patients with the combination of intracranial and extracranial atheroma as
compared to extracranial atheroma alone.

Type of atheroma Ethnicity

Caucasians African American Total

n (%) n (%)
Intracranial and Extracranial 13(34%)
atheroma 10(76.9%) 3(23.1%)
Extracranial Atheroma 16(64%) 9(36%) 25(66%)
Total 26(68%) 12(32%) 38(100%)
X?=0.7, p=0.42 LX?=0.7, p=0.41

15




There was no significant difference between Caucasians and African Americans in the
incidence of intracranial and extracranial atheroma, extracranial atheroma alone and

intracranial atheroma alone (Table 1.E), p=0.60.

Table 1.E: Incidence between Caucasians and African Americans in the occurrence
of the combination of intracranial and extracranial atheroma and extracranial
atheroma alone as compared to the incidence of intracranial atheroma alone.

Type of atheroma Ethnicity

Caucasians African American | Total

n (%) n (%)
Intracranial and Extracranial atheroma 26(28.9%) 12(13.3%) 90 (66%)
Extracranial Atheroma
Intracranial Atheroma 15(75%) 5(25%%}) 47(34%)
Total 41(71%) 17(29%) 137(100%)
X?=0.274, p = 0.601 LX?=0.278, p = 0.598

Table 1.F shows that the result of the chi-square approaches significance. This indicates
that Caucasians were possibly more likely to have one of the types of atheroma when

compared to African Americans (Table 1.F), p=0.061.

Table 1.F: Incidence between Caucasians and African Americans in the occurrence
of either intracranial, extracranial, or both intracranial and extracranial atheroma
as compared to no atheroma.

Type of atheroma Ethnicity

Caucasians African Total

n (%) American

n (%)

Intracranial and Extracranial
atheroma

41(70.7%) 17(29.3%) 58(32%)
Extracranial Atheroma
Intracranial Atheroma
No Atheroma 71(56.3%) 55(43.7%) 126(68%)
Total 112(61%) 72(39%) 184(100%)
X?=3.4,p =0.064 LX?=3.5,p=0.061
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Atheroma and Age

Patients with the three different types of atheroma were significantly older when

compared to patients with no atheroma (Table 2) , p<0.004.

Table 2: Incidence of intracranial, extracranial, both intracranial and extracranial
and no atheroma by age.

Parameter Intracranial | Extracranial | Intracranial and No ANOVAF | p-value
Atheroma | Atheroma Extracranial Atheroma
(n=47) (n=59) atheroma (n=31) | (n=321)
mean (SD) | mean (SD) | mean (SD) mean (SD)
Age (years), | 65.3(9.3)* | 64.7(10.1)2 | 69.2(7.6)? 55.8(13.4)" | 1.59 0.004
mean (SD)*

*Groups with the same letter are not significantly different.
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Atheroma: Males vs Females

Males were more likely to have the combination of intracranial and extracranial
atheroma while females were more likely to have intracranial atheroma alone (Table 3).
According to the partitioning rules, (described on page 12), no further subgroup analysis
was allowed as the fourth rule was not met. The combination of likelihood ratios does not

allow the tables to be compared independently.

Table 3: Incidence of intracranial, extracranial, both intracranial and extracranial
and no atheroma for males and females.

Type of atheroma Gender

Males Females Total

n (%) n (%)
Intracranial and Extracranial 21(67.7%) 10(32.3%) 31 (7%)
atheroma
Extracranial Atheroma 36(61%) 23(39%) 59 (13%)
No Atheroma 152(47.4%) ® 169(52.6%) 321 (70%)
Intracranial Atheroma 21(44.7%)° 26(55.3%) 47 (10%)
Total 230 (50%) 228 (50%) 458(100%)
X?=8.19, p < 0.042 LX?=8.303, p <0.040

*Groups with the same letter are not significantly different.
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Atheroma vs Hyperlipidemia

Patients with the combination of intracranial and extracranial atheroma were more likely

to have hyperlipidemia as compared to patients with no atheroma (Table 4.A), p<0.001.

Table 4.A: Incidence of intracranial, extracranial, both intracranial and
extracranial and no atheroma for patients with and with no recorded history of
hyperlipidemia.

Type of atheroma Disease State

Hyperlipidemia No Total

n (%) hyperlipidemia,

n (%)

Intracranial and Extracranial 18(58.1%) & 13(41.9%) 31(7%)
atheroma
Extracranial Atheroma 29(49.2)® 30(50.8%) 59(13%)
Intracranial Atheroma 17(36.2%) 30(63.8%) 47(10%)
No Atheroma 79(24.6%)° 242(75.4%)® 321(70%)
Total 143(31%) 315(69%) 458(100%)
X?=26.3, p <0.001 LX?=25.0, p <0.001

*Groups with different letters are significantly different.
There was no significant difference in the hyperlipidemia disease state between patients
with intracranial and extracranial atheroma as compared to patients with extracranial

atheroma alone,(Table 4.B), p = 0.42.

Table 4.B: Incidence of patients with and without hyperlipidemia as compared to
patients with the combination of intracranial and extracranial atheroma versus
extracranial atheroma alone.

Type of atheroma Disease State

Hyperlipidemia No Total

n (%) hyperlipidemia, n

(%0)

Intracranial and Extracranial atheroma | 18(58.1%) 13(41.9%) 31(44%)
Extracranial Atheroma 29(49.2) 30(50.8%) 59(66%)
Total 47(52%) 43(48%) 90(100%)
X?=0.647, p= 0.421 LX?=0.649, p = 0.42
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Table 4.C show that the result of the chi-square approached significance (p=.07). This
indicates that patients with Intracranial and extracranial atheroma and extracranial
atheroma were probably more likely to have a history of hyperlipidemia while patients

with intracranial atheroma alone are more likely to have no history of hyperlipidemia.

Table 4.C: Incidence between the two disease states of hyperlipidemia versus the
combination of intracranial and extracranial atheroma and extracranial atheroma
alone.

Type of atheroma Disease State
Hyperlipidemia No Total
n (%) hyperlipidemia,
n (%)

Intracranial and Extracranial

atheroma 47(52.2%) 43(47.8%)

90 (66%)
Extracranial Atheroma
Intracranial Atheroma 17(36.2%) 30(63.8%) 47(34%)
Total 64(47%) 73(53%) 137(100%)

X?=3.196, p=0.074 LX?=3.229, p =0.072

Patients with all types of atheroma were significantly more likely to have hyperlipidemia

when compared to patients with no atheroma,(Table 4.D), p <0.001.

Table 4.D: Incidence between patients with and without a history of hyperlipidemia
as compared to patients with either intracranial, extracranial, or both intracranial

and extracranial atheroma and those patients without atheroma.

Type of atheroma

Disease State

Hyperlipidemia

No hyperlipidemia

Total

n (%) n (%)
Intracranial and Extracranial
atheroma

64(46.7%) 73(53.2%) 137 (30%)
Extracranial Atheroma
Intracranial Atheroma
No Atheroma 79(24.6%) 242(75.4%) 321(70%)
Total 143(31%) 315(69%) 458(100%)

X?=21.8, p <0.001

LX?=21.1, p <0.001
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Atheroma vs Hypertension

Patients with the combination of intracranial and extracranial atheroma were more likely

to have hypertension as compared to patients with no atheroma (Table 5.A), p <0.001.

Table 5.A: Incidence of intracranial, extracranial, both intracranial and

extracranial and no atheroma for patients with and with no recorded history of

hypertension.

Type of atheroma

Disease State

Hypertension No hypertension Total

n (%) n (%)
Intracranial and Extracranial 23(74.2%) > 8(25.8%) 31(7%)
atheroma
Extracranial Atheroma 29(49.2%)3® 30(50.8%) 59(13%)
Intracranial Atheroma 22(46.8%) 25(53.2%) 47(10%)

No Atheroma

103(32.1%)

218(67.9%)°

321 (70%)

Total

177(39%)

281 (61%)

458(100%)

X?=26.3, p <0.001

LX?=25.0, p <0.001

*Groups with different letters are significantly different.

Patients with the combination of intracranial and extracranial atheroma were more likely

to have hypertension as compared to patients with extracranial atheroma alone (Table

5.B), p=0.02.

Table 5.B: Incidence between patients with hypertension and without hypertension,
as compared to patients with the combination of intracranial and extracranial
atheroma vs extracranial atheroma alone.

Type of atheroma

Disease State

Hypertension No hypertension Total

n (%) n (%)
Intracranial and Extracranial 31(44%)
atheroma 23(74.2%) 8(25.8%)
Extracranial Atheroma 29(49.2%) 30(50.8%) 59(66%)
Total 52(58%) 38(42%) 90(100%)

X?=5.22, p= 0.022

LX?=5.402, p = 0.020
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There was no significant difference in the occurrence of hypertension between patients
with the combination of intracranial and extracranial atheroma and extracranial atheroma

when compared to intracranial atheroma alone (Table 5.C), p<0.222.

Table 5.C: Incidence between patients with hypertension and without hypertension
as compared to the combination of intracranial and extracranial atheroma vs
(delete as to compared) extracranial atheroma alone.

Type of atheroma Disease State

Hypertension, No Hypertension, Total

n (%) n (%)
Intracranial and Extracranial atheroma

52(57.8%) 38 (42.2%) 90 (66%)
Extracranial Atheroma
Intracranial Atheroma 22(46.8%) 25(53.2%) 47(34%)
Total 74(54%) 63(46%) 137(100%)
X?=1.496, p=0.221 LX?=1.494, p=0.222

Patients with all types of atheroma were significantly more likely to have hypertension

when compared to patients with no atheroma (Table 5.D), p <0.001.

Table 5.D: Incidence between patients with and without a history of hypertension
and patients with either intracranial, extracranial, or both intracranial and
extracranial atheroma as compared to patients without atheroma.

Type of atheroma Disease State
Hypertension No Hypertension Total
n (%) n (%)
Intracranial and Extracranial atheroma
Extracranial Atheroma 74(54%) 63(46%)
. 137 (30%)
Intracranial Atheroma
No Atheroma 103(32.1%) 218(67.9%) 321(70%)
Total 177(39%) 281(61%) 458(100%)
X?=19.5, p <0.001 LX?=19.2, p <0.001
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Atheroma vs MI/CAD

Patients with the combination of intracranial and extracranial atheroma were more likely

to have a history of MI/CAD as compared to patients with no atheroma (Table 6.A),

p<0.001.

Table 6.A: Incidence of myocardial infarction/coronary artery disease (MI/CAD)
for patients with intracranial, extracranial, both intracranial and extracranial and

no atheroma.

Type of atheroma

Disease State

MI/CAD No MI/CAD Total

n (%) n (%)
Intracranial and Extracranial atheroma 6(19.4%) 25(80.6%) 31(7%)
Extracranial Atheroma 5(8.5%) ® 54(91.5%) 59(13%)
Intracranial Atheroma 5(10.6%) ® 42(89.4%) 47(10%)
No Atheroma 5(1.6%)" 316(98.4%) 321(70%)
Total 21(5%) 437(95%) 458(100%)

X?=28.2, p <0.001

LX2=22.4, p <0.001

*Groups with different letters are significantly different.

There was no significant difference in MI/CAD disease between patients with

intracranial and extracranial atheroma as compared to patients with extracranial atheroma

alone, (Table 6.B), p<0.14.

Table 6.B: Incidence between patients with and without a history of myocardial
infarction/coronary artery disease (MI/CAD) with respect to having a combination
of intracranial and extracranial atheroma as compared to extracranial atheroma

alone.

Type of atheroma Disease State

MI/CAD MI/CAD Total

n (%) n (%)

31(34%)

Intracranial and Extracranial atheroma 6(19.4%) 25(80.6%)
Extracranial Atheroma 5(8.5%) 54(91.5%) 59(66%)
Total 11(12%) 79(88%) 90(100%)

X?=2.242, p< 0.134

LX?=2.13, p< 0.14
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There was no significant difference in MI/CAD disease between patients with the
combination of intracranial and extracranial atheroma and extracranial atheroma alone vs

patients with intracranial atheroma alone, (Table 6.C), p<0.79.

Table 6.C: Incidence between having and not having MI/CAD vs intracranial and
extracranial atheroma and extracranial atheroma alone as compared to intracranial
atheroma alone.

Type of atheroma Disease State

MI/CAD No MI/CAD Total

n (%) n (%)
Intracranial and Extracranial atheroma

11(12%) 79(87%) 90 (66%)
Extracranial Atheroma
Intracranial Atheroma 5(10.6%) 42(89.4%) 47(34%)
Total 16(12%) 121(88%) 137(100%)
X?=0.075, p<0.784 LX?=0.076, p<0.783

Patients with all types of atheroma were significantly more likely to have a history of

MI/CAD when compared to patients with no atheroma (Table 6.D), p<0.001.

Table 6.D: Incidence between patients with and without MI/CAD) vs patients with
intracranial, extracranial, or both intracranial and extracranial atheroma as
compared to patients without atheroma.

Type of atheroma Disease State

MI/CAD No MI/CAD Total

n (%) n (%)
Intracranial and Extracranial atheroma
Extracranial Atheroma 16(12%) 121(88%) 137 (30%)
Intracranial Atheroma
No Atheroma 5(1.6%) 316(98.4%) 321(70%)
Total 21(5%) 437(95%) 458(100%)
X?=22.5, p <0.001 LX?=20.2, p <0.001
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Atheroma vs Anti-platelet agents

Patients with the combination of intracranial and extracranial atheroma were more likely

to have a history of anti-platelet agents use as compared to patients with no

atheroma,(Table 7.A), p<0.001.

Table 7.A: Incidence of patients with the use of as opposed to no use of anti-platelet
agent’s Vs intracranial, extracranial, both intracranial and extracranial and no

atheroma.

Type of atheroma

Disease State

Use of anti-platelet agents | No Use of anti-platelet | Total
n (%) agents
n (%)

Intracranial and Extracranial 17(54.8%) & 14(45.2%) 31(7%)
atheroma
Extracranial Atheroma 15(25.4%) 2 44(74.6%) 59(13%)
Intracranial Atheroma 6(12.8%) 41(87.2%) 47(10%)
No Atheroma 39(12.2%) " 282(87.8%) 321(70%)
Total 77(17%) 381(83%) 458(100%)

X?=40.7, p<0.001

LX?=31.9, p<0.001

*Groups with different letters are significantly different.

There was no significant difference between patients who use and don’t use anti-platelet

agents whether they have the combination of intracranial and extracranial atheroma or

extracranial atheroma alone, (Table 4.B), p= 0.14.
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Table 7.B: Incidence between patients with and without anti-platelet use vs patients
with the combination of intracranial and extracranial atheroma as compared to
extracranial atheroma alone.

Type of atheroma Disease State
Use of anti-platelet No Use of anti-platelet Total
agents agents
n (%) n (%)
Intracranial and Extracranial atheroma | 17(54.8%) 14(45.2%) 31(34%)
Extracranial Atheroma 15(25.4%) 44(74.6%) 59(66%)
Total 32(36%) 58 (64%) 90(100%)
X?=7.7, p= 0.006 LX?=7.6, p=0.14

Patients who use anti-platelet agents were more likely to have Intracranial and
extracranial atheroma or extracranial atheroma alone while patients without use of anti-

platelet agents are more likely to have intracranial atheroma alone, (Table 7.C), p=0.003.

Table 7.C: Incidence between use and no use of anti-platelet agent’s vs the
combination of intracranial and extracranial atheroma and extracranial atheroma
alone as compared to the incidence of intracranial atheroma alone.

Type of atheroma Disease State
Use of anti-platelet No use of anti-platelet Total
agents agents
n (%) n (%)
Intracranial and Extracranial
atheroma
32(36%) 58(64%) 90 (66%0)
Extracranial Atheroma
Intracranial Atheroma 6(12.8%) 41(87.2%) 47(34%)
Total 38(28%) 99(72%) 137(100%)
X?=8.00, p=0.005 LX?=8.737, p =0.003

Patients with all types of atheroma were significantly more likely to use anti-platelet

agents when compared to patients with no atheroma, (Table 7.D), p=0.001.
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Table 7.D: Incidence of patients with and without use of anti-platelet agents VS patients
with either intracranial, extracranial, or both intracranial and extracranial

atheroma as compared to patients without atheroma.

Type of atheroma

Disease State

Intracranial Atheroma

Use of anti-platelet Use of anti-platelet Total
agents agents
n (%) n (%)

Intracranial and Extracranial

atheroma

Extracranial Atheroma 38(28%) 99(72%) 137 (30%)

No Atheroma

39(12.2%)

282(87.8%)

321(70%)

Total

77(17%)

381(83%)

458(100%)

X?=16.7, p <0.001

LX?=15.6, p <0.001
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Atheroma Vs Antihypertensives

Patients with the combination of intracranial and extracranial atheroma were more likely
to have history of antihypertensive agent use as compared to patients with no atheroma,

(Table 8.A), p<0.001.

Table 8.A: Incidence of intracranial, extracranial, both intracranial and
extracranial and no atheroma for patients with and with no recorded history of
antihypertensive agent use.

Type of atheroma Disease State

Antihypertensives No Use Antihypertensives | Total

n (%) n (%)
Intracranial and Extracranial atheroma | 22(71%) 9(29%) 31(7%)
Extracranial Atheroma 29(49.2%) 30(50.8%) 59(13%)
Intracranial Atheroma 22(46.8%) 25(53.2%) 47(10%)
No Atheroma 98(30.5%) " 223(69.5%)° 321(70%)
Total 171(37%) 287(63%) 458(100%)
X?=26.7, p <0.001 LX?=26.1, p <0.001

*Groups with different letters are significantly different.

Patients with the combination of intracranial and extracranial atheroma were more likely
to have history of antihypertensive agent use as compared to patients with extracranial

atheroma alone, (Table 8.B), p=0.047.

Table 8.B: Incidence, between patients with and without history of antihypertensive
agent use, compared to patients with the combination of intracranial and
extracranial atheroma as compared to extracranial atheroma alone.

Type of atheroma Disease State
Use of No Use of Total
antihypertensives antihypertensives
n (%) n (%)
Intracranial and Extracranial 31(34%)
atheroma 22(71%) 9(29%)
Extracranial Atheroma 29(49.2%) 30(50.8%) 59(66%)
Total 51(57%) 39(43%) 90(100%)
X?=3.94, p= 0.047 LX?=4.04, p = 0.045
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There was no significant difference in the use or lack of use of antihypertensive agents

between patients with intracranial and extracranial atheroma and extracranial atheroma

alone as compared to patients with only intracranial atheroma alone, (Table 8.C), p<0.28.

Table 8.C: Incidence between use or no use of antihypertensive agents vs the
combination of intracranial and extracranial atheroma and extracranial atheroma
alone as compared to the incidence of intracranial atheroma alone.

Type of atheroma

Disease State

Use of Use of Total
antihypertensives antihypertensives
n (%) n (%)
Intracranial and Extracranial
atheroma 55(61%) 39(39%) 90 (66%)
Extracranial Atheroma
Intracranial Atheroma 22(46.8%) 25(53.2%) 47(34%)
Total 73(53%) 64(47%) 137(100%)

X2=1.205, p =0.272

LX?=1.205, p =0.272

Patients with all types of atheroma were significantly more likely to use antihypertensive

agents when compared to patients with no atheroma, (Table 8.D), p=0.001.

Table 8.D: Incidence of use and lack of use of antihypertensive agent’s vs patients
with intracranial, extracranial, or both intracranial and extracranial atheroma as
compared to patients without atheroma.

Type of atheroma

Disease State

Use of
antihypertensives
n (%)

Use of
antihypertensives
n (%)

Total

Intracranial and Extracranial
atheroma

73(53.3%) 64(46.7%) 137 (30%)
Extracranial Atheroma
Intracranial Atheroma
No Atheroma 98(30.5%) 223(69.5%) 321(70%)
Total 171(37%) 287(63%) 458(100%)

X?=21.3, p <0.001

LX?=21.9, p <0.001
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Atheroma vs Oral hypoglycemic agents

Patients with use of hypoglycemic agents were more likely to have intracranial and

extracranial atheroma as compared to patients with intracranial atheroma alone, (Table

9.A), p<0.05.

Table 9.A: Incidence of use or non-use of oral hypoglycemic agent’s vs patients with
intracranial, extracranial, both intracranial and extracranial and no atheroma.

Type of atheroma

Disease State

Oral hypoglycemic No use of oral hypoglycemic | Total

agents agents

n (%) n (%)
Intracranial and Extracranial 31(7%)
atheroma 8(25.8%) & 23(74.2%)
Extracranial Atheroma 7(11.9%) 52(88.1%) 59(13%)
No Atheroma 28(8.7%) * 293(91.3%) 321(70%)
Intracranial Atheroma 3(6.4%)° 44(93.6%) 47(10%)
Total 46(10%) 412(90%) 458(100%)

X?=10.1, p = 0.018

LX?=7.9, p = 0.049

*Groups with different letters are significantly different.

There was no significant difference in the use of oral hypoglycemic agents between

patients with intracranial and extracranial atheroma as compared to patients with

extracranial atheroma alone, (Table 9.B), p=0.10.

Table 9.B: Incidence of patients with and without use of oral hypoglycemic agents vs
patients with the combination of intracranial and extracranial atheroma as
compared to extracranial atheroma alone.

Type of atheroma

Disease State

Use of Oral No use of Oral Total
hypoglycemic agents hypoglycemic agents
n (%) n (%)
Intracranial and Extracranial 8(25.8%) 23(74.2%) 31(34%)
atheroma
Extracranial Atheroma 7(11.9%) 52(88.1%) 59(66%)
Total 15(17%) 75(83%) 90(100%)
X?=2.8, p=0.09 LX?=2.7, p = 0.099
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There was no significant difference in the use and non-use of oral hypoglycemic agents
between patients with intracranial and extracranial atheroma and extracranial atheroma
alone as compared to patients with intracranial atheroma alone. This result is
approaching significance and therefore might be significant with a larger pool of subjects,

(Table 9.C), p<0.08.

Table 9.C: Incidence between use and lack of use of oral hypoglycemic agent’s vs
the combination of intracranial and extracranial atheroma and extracranial
atheroma alone as compared to the incidence of intracranial atheroma alone.

Type of atheroma Disease State
Use of oral hypoglycemic | No use of oral Total
agents hypoglycemic agents
n (%) n (%)
Intracranial and Extracranial
atheroma
15(17%) 75(83%) 90 (66%)
Extracranial Atheroma
Intracranial Atheroma 3(6.4%) 44(93.6%) 47(34%)
Total 18(13%) 119(87%) 137(100%)
X?=2.861, p = 0.091 LX?=3.175, p =0.075

There was no significant difference in use or non-use of oral hypoglycemic agents vs
patients who have all types of atheroma as compared to patients with no atheroma, (Table

9.D), p=0.16.

Table 9.D: Incidence of patients with and without use of oral hypoglycemic agent’s
vs patients with either intracranial, extracranial, or both intracranial and
extracranial atheroma as compared to patients without atheroma.

Type of atheroma Disease State
Use of oral No use of oral Total
hypoglycemic agents hypoglycemic agents
n (%) n (%)
Intracranial and Extracranial atheroma
Extracranial Atheroma 18(13%) 119(87%)
Intracranial Atheroma 137 (30%)
No Atheroma 28(8.7%) 293(91.3%) 321(70%)
Total 46(10%) 412(90%) 458(100%)
X?=2.1,p=0.15 LX?=2, p <0.16
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Atheroma vs Statins

Patients with the combination of intracranial and extracranial atheroma were more likely

to use statins as compared to patients with no atheroma, (Table 10.A), p<0.001.

Table 10.A: Incidence of intracranial, extracranial, both intracranial and
extracranial and no atheroma for patients with and without the use of statins.

Type of atheroma Disease State

Statins No use of statins Total

n (%) n (%)
Intracranial and Extracranial 15(48.4%)%" 16(51.6%) 31(7%)
atheroma
Extracranial Atheroma 22(37.3%) 37(62.7%) 59(13%)
Intracranial Atheroma 13(27.7%) 2 34(72.3%) 47(10%)
No Atheroma 61(19%)° 260(81%) 321(70%)
Total 111(24%) 347(76%) 458(100%)
X2=20.4, p<0.001 LX?18.8, p<0.001

*Groups with different letters are significantly different.
There was no significant difference in the use of statins between patients with
intracranial and extracranial atheroma as compared to patients with extracranial

atheroma alone, (Table 10.B), p=0.31.

Table 10.B: Incidence of patients with and without the use of statins vs combination
of intracranial and extracranial atheroma as compared to extracranial atheroma
alone.

Type of atheroma Disease State

Use of statins No use of statins Total

n (%) n (%)

31(34%)

Intracranial and Extracranial atheroma 15(48.4%) 16(51.6%)
Extracranial Atheroma 22(37.3%) 37(62.7%) 59(66%)
Total 37(41%) 53(59%) 90(100%)
X?=1.034, p=0.31 LX?=1.0,p=0.311
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There was no significant difference in the use or non-use of statins between patients with

intracranial and extracranial atheroma and extracranial atheroma alone as compared to

patients with intracranial atheroma alone, (Table 10.C), p=0.12.

Table 10.C: Incidence of the use and non-use of statins vs the combination of
intracranial and extracranial atheroma and extracranial atheroma alone as
compared to intracranial atheroma alone.

Type of atheroma

Disease State

Use of statins No use of statins Total
n (%) n (%)
Intracranial and Extracranial atheroma
Extracranial Atheroma 37(41.1%) 53(58.9)
90 (66%)
Intracranial Atheroma 13(27.7%) 34(72.3%) 47(34%)
Total 50(36%) 87(64%) 137(100%)

X2=2.411,p = 0.121

LX?=2.465, p =0.116

Patients with all types of atheroma were significantly more likely to use statins when

compared to patients with no atheroma, (Table 10.D), p<0.001.

Table 10.D: Incidence between patients with and without the use of statins vs
patients with either intracranial, extracranial, or both intracranial and extracranial
atheroma as compared to patients without atheroma.

Type of atheroma

Disease State

Use of statins

No use of statin

Total

n (%) n (%)
Intracranial and Extracranial atheroma
Extracranial Atheroma 137 (30%)
50(36.5%) 87(63.5%)
Intracranial Atheroma
No Atheroma 61(19%) 260(81%) 321(70%)
Total 111(24%) 347(76%) 458(100%)

X2=16.0, p =<0.001

LX2=15.3, p <0.001
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Atheroma vs Family History of Diabetes

Patients with intracranial atheroma were more likely to have a family history of diabetes

as compared to patients with extracranial atheroma, (Table 11.A), p<0.02.

Table 11.A: Incidence of intracranial, extracranial, both intracranial and

extracranial and no atheroma vs patients with and without a family history of

diabetes.

Type of atheroma Disease State

Family history of diabetes No family history | Total

n (%) of diabetes

n (%)

Intracranial atheroma 12(25.5% " 35(74.5%) 47(10%))
Intracranial and Extracranial 7(22.6%)® 25(77.4%) 31(7%)
Atheroma
No Atheroma 33(10.3%) * 288(89.7%) 47(55.5%)
Extracranial Atheroma 6(10.2%)"° 53(89.8%) 321(55.1%)
Total 58(13%) 400(87%) 458(100%)
X?=11.8, p =0.008 LX?=10.1, p=0.018

*Groups with different letters are significantly different.

There was no significant difference in patients with and without a family history of

diabetes in the occurrence of intracranial and extracranial atheroma as compared to

patients with extracranial atheroma alone, (Table 11.B), p=0.12.

Table 11.B: Incidence between patients with and without a family history of
diabetes vs patients with the combination of intracranial and extracranial atheroma
as compared to extracranial atheroma alone.

Type of atheroma

Disease State

Family history of diabetes | No family history of Total
n (%) diabetes
n (%)

Intracranial and Extracranial 7(22.6%) 24(77.4%) 31(34%)
atheroma
Extracranial Atheroma 6(10.2%) 53(89.8%) 59(66%)
Total 13(14%) 77(86%) 90(100%)
X?=2.5,p=0.11 LX?=2.4,p=0.12
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There was no significant difference in family history of diabetes between patients with

intracranial and extracranial atheroma and extracranial atheroma alone as compared to

patients with intracranial atheroma alone, (Table 11.C), p<0.12.

Table 11.C: Incidence of family history diabetes or lack of family history diabetes vs
the combination of intracranial and extracranial atheroma and extracranial
atheroma alone as compared to intracranial atheroma alone.

Type of atheroma

Disease State

Family history of No family history of Total
diabetes diabetes
n (%) n (%)
Intracranial and Extracranial
atheroma
13(14.4%) 77(85.6%) 90 (66%)
Extracranial Atheroma
Intracranial Atheroma 12(25.5%) 35(74.5%) 47(34%)
Total 25(18%) 112(82%) 137(100%)

X?=2.544,p =0.111

LX?=2.454, p =0.117

Patients with all types of atheroma were significantly more likely to have a family

history of diabetes when compared to patients with no atheroma, (Table 11.D), p=0.03.

Table 11.D: Incidence between patients with and without a family history of
diabetes vs patients with either intracranial, extracranial, or both intracranial and
extracranial atheroma as compared to patients without atheroma.

Type of atheroma Disease State
Family history of No family history of Total
diabetes diabetes
n (%) n (%)
Intracranial and Extracranial
atheroma
25(18.3%) 112(81.7%) 137 (30%)
Extracranial Atheroma
Intracranial Atheroma
No Atheroma 33(10.3%) 288(89.7%) 321(70%)
Total 58(13%) 400(87%) 458(100%)
X2=5.5, p=0.019 LX2=5.21, p =0.022
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Atheroma vs Family History of Atherosclerotic Arterial Disease

Patients with intracranial atheroma were more likely to have a family history of

atherosclerotic arterial disease as compared to patients with no atheroma, (Table 12.A),

p=<0.03.

Table 12.A: Incidence of intracranial, extracranial, both intracranial and

extracranial and no atheroma for patients with and without a family history of
atherosclerotic arterial disease.

Type of atheroma

Disease State

Family history of No Family history | Total

atherosclerotic arterial disease | of atherosclerotic

n (%) arterial disease

n (%)

Intracranial atheroma 16(34% %" 31(66%) 47(10%)
Extracranial Atheroma 15(25.4%) % 44(74.6%) 59(13%)
Intracranial and Extracranial 7(22.6%)® 24(77.4%) 31(7%)
Atheroma
No Atheroma 52(16.2%)° 269(83.8%) 321(70%)
Total 90(20%) 368(80%) 458(100%)

X?=10.0, p=0.019

LX?=9.2, p<0.027

*Groups with different letters are significantly different.

There was no significant difference in the occurrence of family history of atherosclerotic

arterial disease between patients with intracranial and extracranial atheroma as compared

to patients with extracranial atheroma alone, (Table 12.B), p=0.80.
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Table 12.B: Incidence between patients with and without a family history of
atherosclerotic arterial disease as compared to patients with the combination of
intracranial and extracranial atheroma as compared to extracranial atheroma

alone.

Type of atheroma

Disease State

Family history of No family history of Total

atherosclerotic arterial atherosclerotic arterial

disease disease

n (%) n (%)
Intracranial and Extracranial 7(22.6%) 24(77.4%) 31(34%)
atheroma 15(25.4%) 44(74.6%) 59(66%)
Extracranial Atheroma
Total 22(24%) 68(76%) 90(100%)
X?=0.09, p=0.8 LX?=0.09, p =0.8

There was no significant difference in the occurrence of family history of atherosclerotic

arterial disease between patients with intracranial and extracranial atheroma and

extracranial atheroma alone as compared to patients with intracranial atheroma alone,

(Table 12.C), p=0.24.

Table 12.C: Incidence between patients with and without a family history of
atherosclerotic arterial disease as compared to patients with the combination of
intracranial and extracranial atheroma and extracranial atheroma alone as
compared to the incidence of intracranial atheroma alone.

Type of atheroma

Disease State

Family history of No family history of Total
atherosclerotic arterial | atherosclerotic arterial
disease disease
n (%) n (%)
Intracranial and Extracranial
atheroma 22(24.4%) 68(75.6%) 90 (66%)
Extracranial Atheroma
Intracranial Atheroma 16(34%) 31(66%) 47(34%)
Total 38(28%) 99(72%) 137(100%)

X?=1.419,p =0.234

LX?=1.394, p = 0.238
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Patients with all types of atheroma were significantly more likely to have a family history

of atherosclerotic arterial disease when compared to patients with no atheroma, (Table

12.D), p=0.005.

Table 12.D: Incidence between patients with and without a family history of
atherosclerotic arterial disease and patients with either intracranial, extracranial, or
both intracranial and extracranial atheroma as compared to patients with no

atheroma.

Type of atheroma

Disease State

Family history of
atherosclerotic arterial

No family history of
atherosclerotic

Total

Extracranial Atheroma

Intracranial Atheroma

disease arterial disease
n (%) n (%)
Intracranial and Extracranial
atheroma
38(27.8%) 99(72.2%) 137 (30%)

No Atheroma

52(16.2%)

269(83.8%) b

321(70%)

Total

90(20%)

368(80%)

458(100%)

X2=8.1, p = 0.004

LX2=7.7, p = 0.005
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Incidence of Atheroma and CVD with Malignancy

Patients with malignancy and cardiovascular disease (CVD) and patients with CVD and

no malignancy had a higher number of lesions in comparison to patients with malignancy

and no CVD and no malignancy, (Table 14), p<0.001.

Table 14: Comparison in the mean number of lesions between the four different
disease situations, No CVD and no malignancy, malignancy and no CVD, CVD and
no malignancy, and malignancy and CVD

Parameter No CVD and no | Malignancy CVD and no Malignancy F P
Malignancy and no CVD malignancy and CVD value

Number of | 0.56(1.99) %" 1.11(2.21)? 2.49(4.52)° 2.87(4.16)"° 12.10 | <0.001

lesions

x (SD)

*Groups with the same letter are not significantly different.

39




Table 15: Characteristics that showed no significant difference in the incidence of
different types of atheroma.

Parameter Intracranial | Extracranial | Intracranial | No Total p-

Atheroma | Atheroma and Atheroma | (n=458) value

(n=47) (n=59) Extracranial | (n=321)

atheroma
(n=31)
Alcohol abuse 2 (4%) 2 (3%) 0 (0%) 9 (3%) 13 (3%) 0.726
No alcohol abuse 45 (96%) 57 (97%) 31 (100%) | 312 (97%) | 445 (97%)
Smoking 11 (23%) 12 (20%) 9 (29%) 58 (18%) | 90 (20%) 0.445
No smoking 36 (77%) 47 (80%) 22 (71%) 263(82%) | 368(80%)
Endocrine Diseases
Diabetes 3 (6%) 8 (14%) 8 (26%) 39 (12%) | 58 (13%) 0.084
No diabetes 44 (94%) 51 (86%) 23 (74%) 282 (88%) | 400 (87%)
Hypothyroidism 4 (9%) 4 (7%) 5 (16%) 31 (10%) | 4 (1%) 0.779
No hypothyroidism 43 (91%) 55 (93%) 26 (84%) 290 (90%) | 454 (99%)
Hyperthyroidism 0 (0%) 1 (2%) 0 (0%) 3 (1%) 44 (10%)
No hyperthyroidism 47 (100%) | 58 (98%) 31 (100%) | 318 (99%) | 414 (90%)
Cardiovascular
Diseases
PAD 1 (2%) 1 (2%) 0 (0%) 0 (0%) 2(0.4) 0.079
No PAD 46 (98%) 58 (98%) 31 (100%) | 321 456
(100%) (99.6%)

CVA 4 (9%) 4 (7%) 0 (0%) 8 (3%) 16 (4%) 0.058
No CVA 43 (91%) 55 (93%) 31 (100%) | 313 (97%) | 442 (96%)
Chronic kidney disease 1 (2%) 2 (3%) 1 (3%) 3 (1%) 7 (2%) 0.421
No chronic kidney 46 (98%) 57 (97%) 30 (97%) 318 (99%) | 451 (98%)
disease
Respiratory Diseases
Chronic Obstructive 2 (4%) 2 (3%) 2 (7%) 9 (3%) 15 (3%) 0.716
Pulmonary Disease 45 (96%) 57 (97%) 29 (93%) 312 (97%) | 443 (97%)
(COPD)
No COPD
Asthma 5 (11%) 6 (10%) 4 (13%) 33 (10%) | 48 (11%) 0.975
No asthma 42 (89%) 53 (90%) 27 (87%) 288 (90%) | 410 (89%)
Sleep apnea 2 (4%) 4 (7%) 0 (0%) 23 (7%) 29 (6%) 0.418
No sleep apnea 45 (96%) 55 (93%) 31 (100%) | 298 (97%) | 429 (94%)
Malignancy 6 (13%) 10 (17%) 5 (16%) 28 (9%) 49 (11%) 0.18
No Malignancy 41 (87%) 49 (83%) 26 (84%) 293 (91%) | 409 (89%)
Depression 8 (17%) 9 (15%) 5 (16%) 45 (14%) | 67 (15%) 0.943
No depression 39 (83%) 50 (85%) 26 (84%) 276 (86%) | 391 (85%)
Medications
Anticoagulants 4 (9%) 2 (3%) 3 (10%) 8 (3%) 17 (4%) 0.058
No anticoagulants 43 (91%) 57 (97%) 28 (90%) 313 (97%) | 441 (96%)
Insulin use 1 (2%) 2 (3%) 0 (0%) 8 (3%) 11 (2%) 0.793
No insulin use 46 (98%) 57 (97%) 31 (100%) | 313 (97%) | 447 (98%)
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Chapter 4: Discussion

I.  Overall findings

This study investigated 458 patients who underwent full-volume CBCT radiographs for
various dental reasons. The findings of this study were novel in investigating four
different categories (intracranial and extracranial lesions, extracranial lesions, intracranial

lesions and no atheroma) and their association with various medical conditions.

There was a total of 137 (29.9%) patients with an incidentally detected head/neck
atheroma. This was higher than other studies which found the incidence of atheroma on
CBCT’s to be 17.89% ** and incidence on panoramic radiographs at 0.43-5.00% !
Moreover, the current study found that of the 137 patients with atheroma, 34% had
ICAS, 43% had ECAs and 23% had both. This was a new finding as the different types of
atheroma were rarely recorded therefore not present in previous studies. Indeed, to the
authors’ knowledge, there were no previous studies that compared the incidence of IC,
EC, and both IC and EC atheroma to medical history or medications in a similar way.
Most studies have conducted a separate association of only one type of atheroma to

medical conditions (e.g., intracranial or extracranial separately).*® 4°

A study conducted by Safain et al highlighted the importance that radiographic inspection
has in patient treatment and associated systemic cardiovascular diseases. In their
research, they examined the effectiveness of cone-beam CT angiography (CBCT-A) in
studying the size and morphological shape of intracranial lesions. Eighteen consecutive

patients who either presented with transient ischemic attack or stroke were examined.
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Seventy-eight percent of these patients had hypertension, 22% had coronary artery

disease, 89% had diabetes mellitus and 67 % had hyperlipidemia.** 4

Il.  Findings of the Current Study

In the following discussion, we will discuss all the findings in our current study.

Atheroma and Ethnicity

Previous studies have shown that the incidence of atheroma varies with ethnicity 1 %7, in
the current study, there was insufficient data to evaluate the difference in ethnicity aside
from comparing Caucasians and African Americans, which showed that Caucasians are
possibly more likely to have one of the types of atheroma when compared to African
Americans. This aspect was a limitation of this Amarin study since ethnicity had only
been collected in the Dental School since January 2018, causing a high percentage of
unknown ethnicities (51.1%). The Baltimore population is primarily Caucasians and
African Americans; therefore, the Dental School was not likely a good location to study

the other ethnicities.

Atheroma and Age

In regards to age and the incidence of atheroma, a previous study had shown that the
prevalence of asymptomatic carotid artery stenosis increases with patients over 65 years
of age. *® This result was consistent with the current study which showed that patients
with the three different types of atheroma were significantly older when compared to
patients with no atheroma. These findings might be explained by the fact that older adults
are more likely to present with the systemic diseases, comorbidities, and lifestyle habits
which tend to increase their risk of atherosclerotic lesions. Previous studies have
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explained that with age the vessel walls lose the elastic elements and medial muscular
elements *°. Especially closer to the fifth and sixth decade in life, more vascular damage

was noted, mostly contributing to an increase in intracranial atherosclerosis. %

Atheroma in Males and Females

A novel finding of the current study found that males are significantly more likely to
have the combination of intracranial and extracranial atheroma while females are more
likely to have intracranial atheroma alone. Partitioning rules allowed no further subgroup

analysis of this question.*’

A number of previous studies were compared to the current study. A study by Soares et al
examining the detection of atheroma in the carotid space by CBCT was published in
2017. * The study used 285 CBCT images where the C3 and C4 vertebrae were visible.
This study was conducted in a private dental clinic and included men and women
between the ages of 50 and 75. The Soares et al study showed that the incidence of

atheroma was significantly higher in men than in women. 44

A previous study by Lépez-Cancio et al, which attempted to isolate intracranial and
extracranial atherosclerotic lesions and compare the associated risk factors, found that
males are significantly more likely to have isolated extracranial atheroma in comparison
to females. 52 Previous studies have also indicated that the difference in risk of
atherosclerosis in men and women might be attributed to hormones and differences in
maintenance of vascular endothelial functions between men and women. 5 This could be
an indication why males are more likely to have a combination of both intracranial and

extracranial atheroma as indicated in the current study.
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Atheroma and Cardiovascular Disease

The current study was consistent with previous studies that have shown that atheroma
was found to be significantly higher in populations with cardiomyopathies. 2°°2 This
study showed that patients with any type of atheroma were significantly more likely to
have a history of hyperlipidemia, hypertension, and myocardial infarction/coronary artery

disease as compared to those with no atheroma.

Subgroup analyses of the different locations of atheroma showed in this study that
patients with the combination of intracranial and extracranial atheroma are more likely to
have hyperlipidemia, hypertension, or MI/CAD as compared to patients with no

atheroma.

Moreover, patients with the combination of intracranial and extracranial and extracranial
atheroma alone were probably more likely to have hyperlipidemia when compared to
patients with intracranial atheroma alone. In addition, patients with the combination of
intracranial and extracranial atheroma are more likely to have hypertension as compared
to patients with extracranial atheroma alone. These findings highlight the significance of
identifying patients with both extracranial and intracranial lesions to enable further

medical consultation and evaluation.

Previous study have shown that hypertension was a risk factor for only isolated
extracranial atheroma whereas diabetes and other metabolic syndromes are more
predictive risk factors of intracranial atheroma.®? Moreover, a previous study by Caplan
et al have indicated that patients with hypertension, smoking and vascular disease in the

periphery are more likely to have extracranial vascular problems while intracranial
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vascular problems are more common in patients with hyperlipidemia and diabetes. >
However, these findings were not consistent with other studies that showed that patients
with diabetes are more likely to have extracranial atherosclerosis. > In the current study,
these differences were not noted, and diabetes did not show any significant findings.
Overall, our findings show that patients with extracranial and intracranial lesions have a

significantly higher risk for cardiovascular comorbidities than patients who no atheroma.

In the literature, both malignancy and atherosclerosis have been linked to an increase in
inflammation and are a common pathway in disease development. *® Therefore, the
current study examined if there is an association of atheroma in relation between the
combination of malignancy and cardiovascular disease. Cardiovascular disease was found
to be a stronger contributing factor in increased number of lesions of atheroma where
patients with malignancy and cardiovascular disease and patients with cardiovascular
disease and no malignancy have a higher number of lesions in comparison to patients

with malignancy and no cardiovascular disease and no malignancy.

Atheroma and Medications

This study showed that patients with the combination of intracranial and extracranial
atheroma are more likely to have a history of anti-platelet agents use, antihypertensive
agent use, or statin use as compared to patients with no atheroma. Also, patients with
both intracranial and extracranial lesions are more likely to have a history of
antihypertensive use as compared with patients with only extracranial atheroma.
Moreover, patients with only incidental intracranial atheroma are less likely to be using

anti-platelet agents as compared to patients with both intracranial and extracranial lesions
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and extracranial lesions. This could indicate that patients’ with only intracranial atheroma

were undetected and untreated.

Atheroma and Family History of Comorbidities

An interesting association between family history and associated atheroma was explored
in this study. It was shown that patients with no atheroma are less likely to have a family
history of diabetes, or family history of atherosclerotic arterial disease. Also, patients
with intracranial atheroma are more likely to have a family history of diabetes as
compared to patients with extracranial atheroma alone and patients with intracranial
atheroma are more likely to have family history of atherosclerotic arterial disease when
compared to patients with no atheroma. These findings indicate that patients with family
history of diabetes or atherosclerotic disease are more likely to have atheroma especially

intracranial atheroma.
I11.  Comparison of Non-significant Findings to Previous Studies

Previous studies have shown that atheroma is significantly higher in populations with
diabetes mellitus®®. The current study showed no association between the incidence of
atheroma and reported diabetes. However, the incidence of atheroma was higher in
patients on oral hypoglycemic drugs and patients with a family history of diabetes. This
might indicate that some patients could be using oral hypoglycemic drugs for other
reasons (e.g., weight loss). Also, these findings could indicate that patients were not
screened for diabetes or were left undetected or unrecorded in the files by medical

personnel.
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In previous studies, the incidence of atheroma was found to be higher with patients who
report obstructive sleep apnea (OSA), 22 This was not found to have a significant effect in
the present study. This might be attributed to either low medical screening for obstructive
sleep apnea in the current population or that simply the Dental school population did not
present with any incidence of OSA. Furthermore, previous studies have shown that the
incidence of atheroma is higher in patients with renal disease %! and that the incidence of
intracranial calcifications are linked to a higher risk of chronic kidney disease.?®
However, chronic kidney disease, chronic lung disease and thyroid disease were
considered a limitation in this study, since they were only occasionally documented,
rarely reported in charts or were undiagnosed. In a prospective situation, the sample

might be screened for undiagnosed kidney and thyroid diseases.
IV. Limitations and Suggestions for Future Studies

The current study was retrospective; It looked at the association between patients’
characteristics and the incidence of atheroma. A more comprehensive evaluation might
be obtained if this study was prospective and planned so that patients might be followed

for a number of years.

Also, through a prospective study, data could be collected using rank order or measured
data for lesion size. In the current study, categorical data was utilized: with and without
lesions and with or without cardiovascular diseases or malignancy. This type of data
limited the analysis to the use of the weakest statistical analysis, the use of chi-

square. More statistical power for the study Numerous patient charts had missing data.

This led to many patient exclusions from specific items in the study, yielding a smaller
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sample size for these items. For future studies, a larger item sample size might result

through the collection of data for a longer period of time.

In terms of data documentation, it was found that a number of patients’ files did not
record patients’ ethnicity, which led to excluding these files in the ethnic comparisons of
the incidence of atheroma. A longer time period might result in a greater variety or

number of ethnic groups, yielding additional results.

Additionally, since smoking status and use of alcohol were rarely recorded, the numbers
of subjects in the study of smoking and alcohol use as related to atheroma were low. This
may be the reason that the current study found no significant relationship between

smoking and alcohol use whereas previous studies have shown this association.*> 44
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Chapter 5: Conclusion and Clinical Implications

Incidental findings of atheroma are common during routine prosthodontic procedures is
common (29.9%). This study found that subjects exhibiting both ICA and ECA in the
same scan are at higher risk for cardiovascular disease. The incidental detection of
atheroma in dental care warrants referral to medical specialists to prevent grave sequelae

for the patient.

49



References

[1] Stary HC, Chandler AB, Dinsmore RE, et al.: A definition of advanced types of
atherosclerotic lesions and a histological classification of atherosclerosis. A report from
the Committee on Vascular Lesions of the Council on Arteriosclerosis, American Heart

Association. Circulation. 1995; 92: 1355-1374.

[2] Tuzcu EM, Kapadia SR, Tutar E, et al.: High prevalence of coronary
atherosclerosis in asymptomatic teenagers and young adults: evidence from intravascular

ultrasound. Circulation. 2001; 103: 2705-2710.

[3] Strong JP, Malcom GT, McMahan CA, et al.: Prevalence and extent of
atherosclerosis in adolescents and young adults: implications for prevention from the
Pathobiological Determinants of Atherosclerosis in Youth Study. Jama. 1999; 281: 727-

735.

[4] Piepoli MF, Hoes AW, Agewall S, et al.: 2016 European Guidelines on
cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice (constituted by representatives of 10 societies and by
invited experts)Developed with the special contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). European heart journal. 2016;

37:2315-2381.

[5] Libby P, Ridker PM, Hansson GK: Progress and challenges in translating the

biology of atherosclerosis. Nature. 2011; 473: 317-325.

50



[6] MacDonald D, Chan A, Harris A, et al.: Diagnosis and management of calcified
carotid artery atheroma: dental perspectives. Oral surgery, oral medicine, oral pathology

and oral radiology. 2012; 114: 533-547.

[7] Faxon DP, Fuster V, Libby P, et al.: Atherosclerotic Vascular Disease

Conference: Writing Group I11: pathophysiology. Circulation. 2004; 109: 2617-2625.

[8] Davies MJ, Woolf N, Rowles PM, et al.: Morphology of the endothelium over
atherosclerotic plaques in human coronary arteries. British heart journal. 1988; 60: 459-

464.

[9] Kolodgie FD, Gold HK, Burke AP, et al.: Intraplaque hemorrhage and
progression of coronary atheroma. The New England journal of medicine. 2003; 349:

2316-2325.

[10] Friedlander AH, Lande A: Panoramic radiographic identification of carotid

arterial plaques. Oral surgery, oral medicine, and oral pathology. 1981; 52: 102-104.

[11] Mupparapu M, Kim IH: Calcified carotid artery atheroma and stroke: a systematic

review. Journal of the American Dental Association (1939). 2007; 138: 483-492.

[12] Oei HH, Vliegenthart R, Hak AE, et al.: The association between coronary
calcification assessed by electron beam computed tomography and measures of
extracoronary atherosclerosis: the Rotterdam Coronary Calcification Study. Journal of

the American College of Cardiology. 2002; 39: 1745-1751.

51



[13] Hollander M, Bots ML, Del Sol Al, et al.: Carotid plaques increase the risk of
stroke and subtypes of cerebral infarction in asymptomatic elderly: the Rotterdam study.

Circulation. 2002; 105: 2872-2877.

[14] Roger VL, Go AS, Lloyd-Jones DM, et al.: Heart disease and stroke statistics--
2012 update: a report from the American Heart Association. Circulation. 2012; 125: e2-

e220.

[15] Goessens BM, Visseren FL, Kappelle LJ, et al.: Asymptomatic carotid artery
stenosis and the risk of new vascular events in patients with manifest arterial disease: the

SMART study. Stroke. 2007; 38: 1470-1475.

[16] Abbott AL: Medical (nonsurgical) intervention alone is now best for prevention
of stroke associated with asymptomatic severe carotid stenosis: results of a systematic

review and analysis. Stroke. 2009; 40: e573-583.

[17] Abbott AL, Paraskevas Kl, Kakkos SK, et al.: Systematic Review of Guidelines
for the Management of Asymptomatic and Symptomatic Carotid Stenosis. Stroke. 2015;

46: 3288-3301.

[18] Chambers BR, Donnan G: Carotid endarterectomy for asymptomatic carotid

stenosis. Cochrane Database of Systematic Reviews. 2005.

[19] Freymiller EG, Sung EC, Friedlander AH: Detection of radiation-induced cervical

atheromas by panoramic radiography. Oral oncology. 2000; 36: 175-179.

[20] Sung EC, Friedlander AH, Kobashigawa JA: The prevalence of calcified carotid

atheromas on the panoramic radiographs of patients with dilated cardiomyopathy. Oral

52



surgery, oral medicine, oral pathology, oral radiology, and endodontics. 2004; 97: 404-

407.

[21] Kansu O, Ozbek M, Avcu N, et al.: The prevalence of carotid artery calcification
on the panoramic radiographs of patients with renal disease. Dento maxillo facial

radiology. 2005; 34: 16-19.

[22]  Friedlander AH, Friedlander IK, Yueh R, et al.: The prevalence of carotid
atheromas seen on panoramic radiographs of patients with obstructive sleep apnea and
their relation to risk factors for atherosclerosis. Journal of oral and maxillofacial surgery
> official journal of the American Association of Oral and Maxillofacial Surgeons. 1999;

57: 516-521; discussion 521-512.

[23] Friedlander AH, Eichstaedt RM, Friedlander IK, et al.: Detection of radiation-
induced, accelerated atherosclerosis in patients with osteoradionecrosis by panoramic
radiography. Journal of oral and maxillofacial surgery : official journal of the American

Association of Oral and Maxillofacial Surgeons. 1998; 56: 455-459.

[24] Friedlander AH, August M: The role of panoramic radiography in determining an
increased risk of cervical atheromas in patients treated with therapeutic irradiation. Oral
surgery, oral medicine, oral pathology, oral radiology, and endodontics. 1998; 85: 339-

344,

[25] MaH, LinH, HuY, etal.: Serum ferritin levels are associated with carotid
atherosclerosis in Chinese postmenopausal women: the Shanghai Changfeng Study. The

British journal of nutrition. 2015; 114: 1064-1071.

53



[26] Bugnicourt JM, Chillon JM, Massy ZA, et al.: High prevalence of intracranial
artery calcification in stroke patients with CKD: a retrospective study. Clinical journal of

the American Society of Nephrology : CJASN. 2009; 4: 284-290.

[27] Bos D, Portegies ML, van der Lugt A, et al.: Intracranial carotid artery
atherosclerosis and the risk of stroke in whites: the Rotterdam Study. JAMA neurology.

2014, 71: 405-411.

[28] Frazier JJ, Casian R, Benson BW: Monckeberg medial calcinosis of the
infraorbital arteries: a first case report. Oral surgery, oral medicine, oral pathology and

oral radiology. 2018; 125: e31-e35.

[29] Lachman AS, Spray TL, Kerwin DM, et al.: Medial calcinosis of Monckeberg. A
review of the problem and a description of a patient with involvement of peripheral,

visceral and coronary arteries. The American journal of medicine. 1977; 63: 615-622.

[30] Ando G, Tripodi R, Vizzari G, et al.: Calcific Monckeberg's arteriosclerosis: an
uncommon cause of radial access failure. International journal of cardiology. 2015; 182:

211-212.

[31] Prasad R, Devasia T, Kareem H, et al.: Non-healing ulcer of right foot due to

Monckeberg's arteriosclerosis. BMJ case reports. 2015; 2015.

[32] Hays JB, Gibilisco JA, Juergens JL: Calcification of vessels in cheek of patient
with medial arteriosclerosis. Oral surgery, oral medicine, and oral pathology. 1966; 21:

299-302.

54



[33] Tahmashi-Arashlow M, Barghan S, Kashtwari D, et al.: Radiographic
manifestations of Monckeberg arteriosclerosis in the head and neck region. Imaging

science in dentistry. 2016; 46: 53-56.

[34] Springer P: Bilateral calcified facial blood vessels. Oral surgery, oral medicine,

and oral pathology. 1981; 51: 333.

[35] Macdonald DS, Zhang L, Gu Y: Calcification of the external carotid arteries and

their branches. Dento maxillo facial radiology. 2012; 41: 615-618.

[36] Sato Y, Nakamura R, Satoh M, et al.: Thyroid hormone targets matrix Gla protein
gene associated with vascular smooth muscle calcification. Circulation research. 2005;

97: 550-557.

[37] Dastamani C, Kairi E, Arapoglou V, et al.: Unusual presentation of Monckeberg's
sclerosis in the thyroid vessels of three female patients. The International journal of
angiology : official publication of the International College of Angiology, Inc. 2010; 19:

e45-47.

[38] Ferrier TM: RADIOLOGICALLY DEMONSTRABLE ARTERIAL
CALCIFICATION IN DIABETES MELLITUS. Australasian annals of medicine. 1964;

13: 222-228.

[39] Peterson R: Small vessel calcification and its relationship to secondary

hyperparathyroidism in the renal homotransplant patient. Radiology. 1978; 126: 627-633.

55



[40] Meema HE, Oreopoulos DG, deVeber GA: Arterial calcifications in severe
chronic renal disease and their relationship to dialysis treatment, renal transplant, and

parathyroidectomy. Radiology. 1976; 121: 315-321.

[41] Rifkin RD, Parisi AF, Folland E: Coronary calcification in the diagnosis of

coronary artery disease. The American journal of cardiology. 1979; 44: 141-147.

[42] Liang H, Frederiksen NL: Focal trough and patient positioning. Dento maxillo

facial radiology. 2004; 33: 128-129.

[43] Safain MG, Rahal JP, Patel S, et al.: Superior performance of cone-beam CT
angiography in characterization of intracranial atherosclerosis. Journal of neurosurgery.

2014; 121: 441-449.

[44] Soares AD, Wanzeler AM, Oliveria Renda MD, et al.: Cone-Beam Computed
Tomography Findings in the Early Diagnosis of Calcified Atheromas. Journal of oral
and maxillofacial surgery : official journal of the American Association of Oral and

Maxillofacial Surgeons. 2017; 75: 143-148.

[45] Kachlan MO, Yang J, Balshi TJ, et al.: Incidental Findings in Cone Beam
Computed Tomography for Dental Implants in 1,002 Patients. Journal of prosthodontics

: official journal of the American College of Prosthodontists. 2021.

[46] Donald S: Your Chi-Square Test Is Statistically Significant: Now What? Practical

Assessment, Research & Evaluation. 2015; 20: 1-10.

[47] Thévenin M: Categorical Data Analysis (3 d ed.), Wiley Series in Probability and

Statistics Alan Agresti. Institut national d'études démographiques, 2013.

56



[48] Jin H, Peng Q, Nan D, et al.: Prevalence and risk factors of intracranial and
extracranial artery stenosis in asymptomatic rural residents of 13 villages in China. BMC

neurology. 2017; 17: 136.

[49] de Weerd M, Greving JP, Hedblad B, et al.: Prevalence of asymptomatic carotid
artery stenosis in the general population: an individual participant data meta-analysis.

Stroke. 2010; 41: 1294-1297.

[50] Labadzhyan A, Csiba L, Narula N, et al.: Histopathologic evaluation of basilar

artery atherosclerosis. Journal of the neurological sciences. 2011; 307: 97-99.

[51] Qureshi Al, Caplan LR: Intracranial atherosclerosis. Lancet (London, England).

2014, 383: 984-998.

[52] Lopez-Cancio E, Galan A, Dorado L, et al.: Biological signatures of
asymptomatic extra- and intracranial atherosclerosis: the Barcelona-AslA (Asymptomatic

Intracranial Atherosclerosis) study. Stroke. 2012; 43: 2712-2719.

[53] Mathur P, Ostadal B, Romeo F, et al.: Gender-Related Differences in

Atherosclerosis. Cardiovascular drugs and therapy. 2015; 29: 319-327.

[54] Caplan L, Wityk R, Pazdera L, et al.: New England Medical Center Posterior
Circulation Stroke Registry I1. Vascular Lesions. Journal of clinical neurology (Seoul,

Korea). 2005; 1: 31-49.

[55] Wei LM, Zhu YQ, Bao YQ, et al.: Atherosclerosis in intracranial or extracranial
vessels in diabetic patients and the association with stroke subtype. Quantitative imaging

in medicine and surgery. 2019; 9: 960-967.

57



[56] Ross JS, Stagliano NE, Donovan MJ, et al.: Atherosclerosis and cancer: common
molecular pathways of disease development and progression. Annals of the New York

Academy of Sciences. 2001; 947: 271-292; discussion 292-273.

58



