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Objective: This study was undertaken to determine 
whether there is a significant association between 
aortic arch calcification (AAC) on digital chest 
radiography (DCXR) and cerebrovascular disease 
(CVD) by computed tomography of the brain plain 
(BCT). It also aimed to determine if DCXR may 
be used to predict stroke.

Research Design: Retrospective Cross Sectional Chart 
Review Design

Methodology: All the 483 patients who underwent 
DCXR and BCTs at the Doctors Hospital, Inc. from 
January 2010 to December 2012 were included 
in the study. Demographic data and risk factors 
for atherosclerosis and CVD were obtained and 
analyzed.  The DCXR were graded by th ree 
radiologists and its association with CVD on BCT 
using the Chi Square Test of Independence was 
done. Krusskall Wallis Test was employed. Cochrane 
Inter rater validity between the three readers was 
tested. Odds ratio, sensitivity and specificity of DCXR 
to diagnose CVD on BCT were then determined.

Results: Of the 483 patients included in the study, 

52.8% were females with an average age of 
65.86±14.46 years old. Patients of the older age 
group had a higher AAC grade (3) and had 
more infarcts on BCT. Although risk factors for AAC 
on DCXR and CVD on BCT were hypertension, 
dyslipidemia and renal disease, these were not 
statistically significant.
	 Cross sectional analysis of variables showed 
that patients with an AAC grade of 1 was highly 
associated with infarcts and an AAC grade of 2 
was associated with hemorrhagic stroke (p=0.0200). 
A statistically significant inter rater agreement was  
noted among the three radiologists that read the 
DCXR. 

Conclusion:  The AAC grade (1)  on DCXR is 
significantly associated with infarcts on BCT scan 
with a high specificity and strong positive predictive 
value. Larger studies may be necessary to determine 
the association of the other AAC grades (2 and 
3) with the types of stroke.
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Abstract

Introduction
Rationale of the study
	 Aort ic  arch calc i f icat ion (AAC) on chest 
radiography (CXR) is associated with cerebrovascular 
disease (CVD). It is also associated with modifiable 
and non-modifiable risk factors for stroke.

Background of the study
	 Atherosclerosis is a systemic disease that affects 
various regions of the circulation. It occurs in the 
intima of arteries and have clinical manifestations 

depending on the particular circulatory bed affected.3,4 
In the arteries supplying the central nervous system, 
it provokes strokes and transient cerebral ischemia.3   

As early as 1914, extra cranial arterial occlusion 
was noted to be associated with stroke.5 Through 
the years, subsequent studies have shown that the 
thickening and occlusion of internal carotid artery 
was correlated with risk factors for cardiovascular 
disease and stroke.4-15 In the 1990’s, aortic arch 
atherosclerosis (AAA) was identified as another cause 
of cerebrovascular disease (CVD).16,17 The prevalence 
of severe aortic plaques in stroke patients are in 
the same order of magnitude as that of carotid 
artery disease and atrial fibrillation.18 The size of these 
atherosclerotic plaques on the aorta of symptomatic 
patients was associated with a higher risk of stroke 
and peripheral embolization.17,18-26 In the French Aortic 
Plaque in Stroke Study and the Stroke Prevention 
Assessment of Risk in a Community (SPARC) Study, 
the risk for stroke was higher in patients with aortic 
plaques greater than 4mm.23,24  More recent studies 
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showed that plaques occurred and became mobile 
despite the use of warfarin and aspirin.27-30  
	 The relationship of stroke with hypertension, 
hypercholesterolemia, diabetes mellitus and smoking 
have been identified in the Framingham Heart Study.31  
Women had a higher risk for stroke and were noted 
to be significantly older on their first ever stroke.32

	 Vascular calcifications are considered markers 
of vascular atherosclerosis.33,34 At present, modalities 
used to visualize vascular atherosclerosis are chest 
radiography, transthoracic (TTE) and transesophageal 
(TEE) echocardiographic examinations, computed 
tomography, magnetic resonance imaging and 
angiography.16-26,33-36 Most of these studies utilized TEE 
and CT to document the positive correlation of AAC 
with CVD.34,37-39 
	 Although plain chest radiography (CXR) is a 
non-invasive and less expensive way to assess AAC, 
only two studies used radiography in documenting 
AAC and correlated it with CVD. One study revealed 
that there was a significant correlation with a 1.46 
fold risk for ischemic stroke in women only with no 
associations for ischemic and hemorrhagic strokes in 
men.40 In another study, however, AAC on CXR was 
not correlated with stroke.41 Both of these studies 
did not use a grading system to classify AAC.40

	 In a study of cardiovascular events in hemodialysis 
patients, a classification AAC on CXR was noted to 
be a reflection of the magnitude of calcification 
of the whole aorta.42  This grading was validated 
in a study by Hashimoto.43

Figure 1: Conceptual framework of the study

Significance of the Study
	 AAC grading through DCXR may be useful 
in predicting the presence of CVD on computed 
tomography of the brain plain (BCT).
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Research Question
	 Is there an association between AAC on DCXR 
and CVD on BCT? Could AAC on DCXR be used 
as a marker for CVD on BCT?

Objectives
Primary Objective:

	 To determine the association between AAC by 
DCXR and CVD by BCT

Specific Objective:
	 1.	 To determine the associat ion between 
hypertension, diabetes, coronary artery disease, renal 
disease, smoking, alcohol drinking and age with CVD 
by BCT.
	 2.	 To determine the associat ion between 
hypertension, diabetes, coronary artery disease, renal 
failure, smoking, alcohol drinking and age with AAC 
on DCXR.
	 3.	 To determine the sensitivity and specificity of 
DCXR as a diagnostic tool in CVD

Definition of Terms
1.	 Aortic Arch Calcification  (AAC) - refers to 

the presence of calcium deposition in the 
intima and media of the arch of the aorta 

2.	 Aortic Arch Calcification on Digital Chest 
Radiography (AAC on DCXR) - refers to 
the  presence of calcium deposition in 
the arch or the aorta that is measured by 
digital chest radiography.  This is read by 
three different radiologists and graded as (0) 
no visible calcification, (1) with small spots 
of calcification or a single thin area of 
calcification, (2) one or more areas of thick 
calcification and (3) as circular calcifications 
of the aorta.

3.	 Cerebrovascular Disease (CVD) - refers to 
the presence of a stroke and is classified 
as infarct, haemorrhage , both infarct and 
haemorrhage or none.

4.	 Cerebrovascu lar  D i sease on Computed 
Tomographyof the brain plain (CVD on BCT) - 
refers to presence of an infarct or haemorrhage 
or both on computed tomography as read 
by a single reader and is classified as (0) no 
visible infarct, haemorrhage, atherosclerosis of 
cerebral arteries, (I) presence of atherosclerosis 
of one or more cerebral arteries, and  (II) 
infarct , haemorrhage or both infarct and 
haemorrhage on computed tomography of 
the brain plain.

Scope and Limitation of the Study
	 This study was conducted in a tertiary hospital in 
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Bacolod City from January 2010 to December 2012 
and focused on determining the presence of an 
association between AAC on DCXR and CVD on BCT. 
A retrospective cross sectional chart review design 
was utilized.
	 All patients who had a DCXR and BCT taken 
from January 1, 2010 to December 31 2012 were 
included in the study. For patients who had more 
than one DCXR and BCTs, only the first DCXR and 
BCT was utilized in the study. Demographic data and 
information regarding these patients’ comorbidities were 
obtained through chart review.
	 Patients from January 2010 to December 2012 who 
did not undergo both procedures or whose DCXR 
and BCTs could not be obtained were excluded 
from the study.  Subjects whose charts could not be 
retrieved from the medical records were still included 
in the study,  however, these were not included in 
the analysis for the association of comorbidities with 
AAC on DCXR and CVD on BCT.

Methodology
Design
	 This study utilized a Retrospective Cross-Sectional 
Chart review Design 

Setting
	 This study was conducted in a Tertiary Hospital 
in Bacolod City.

Subjects
	 This study involved 483 cases from The Doctors’ 
Hospital from January 2010 to December 2012 with 
the following inclusion criteria

Inclusion Criteria
1.	 All patients who underwent DCXR from January 

1, 2010 to December 31, 2012.
2.	 All patients who underwent BCT from January 

1, 2010 to December 31, 2012.
Exclusion Criteria

1.	  Patients who were not admitted at the 
Doctors’ Hospital from January 1, 2010 
to December 31, 2012.

2.	  Subsequent BCT scans of pat ients 
previously included in the study

3.	 Subsequent DCXR of patient previously 
included in the study.

Sample Size Determination
	 A minimum sample size of 301 would achieve a 
95% power to detect an effect size of 1.000 using 
a six degrees of Chi Square Test with a significance 
level (alpha) of 0.01000.

Data Collection Procedure
	 All radiographs of patients who had DCXR at a 
tertiary hospital in Bacolod were retrieved. These were 
then coded and sent to three different radiologists. 
Each were blinded to the clinical profile of the 
patients and the reading of the other radiologists.  
Radiographs were then classified according to AAC 
grades (Appendix 3).   BCTs of patients from January 
1, 2010 to December 31, 2012 was reviewed and 
were classified according to three grades and to 
the type of stroke (Appendix 4). Medical records of 
all these patients were then retrieved and analyzed.

Statistical treatment
	 This study utilized frequency and percentage 
distribution in expressing categorical data while 
mean, standard deviations, and ranges were used 
as indictors of continuous data.  In comparing rates 
and associations among categorical variables, Chi 
Square Test for independence was used. Meanwhile, 
in comparing mean differences among continuous 
variables, Kruskall Wallis Test was employed due to 
the non-parametrical distribution of data. 
	 Any associated p-values lesser than 0.05 alpha 
were considered significant. IBM SPSS version 20 was 
used as statistical software to assure accuracy of 
the computation. 

Results

Table I: Distribution of retrieved cases from 2010-2012

Year Total Percent (%)

2010 137 28

2011 98 20

2012 248 51

Total 483 100

	 In total, the investigators were able to retrieve 
483 DCXR and BCTs from 2010 to 2013. Two hundred 
forty eight (248) subjects or 51% were from 2012, 137 
subjects or 28% were from 2010 and 98 subjects or 
20% were from 2011 (Table I). 
	 The demographic features and patients profiles 
are presented in Table II. The mean age was 65.86 
± 14.46 years old (range 13 to 96) and there were 
more women (52.8 %) than men (47.2%). Most of these 
patients had other medical problems with the top 
comorbidities as being hypertension (33%), dyslipidemia 
(16%), renal disease (14%), and diabetes mellitus (13%). 
Some data regarding subjects comorbidities were not 
included or were designated as missing since these 
were either not extracted during the actual history 
taking nor were they documented in the patient’s 
records.

Volume 53 Number 2 April-June, 2015     3

Association of Aortic Arch Calcification and Cerebrovascular Disease Matriano-Akut, V., et al.



Table II: Patients’ demographic characteristics and profile

Patients' Characteristics Descriptive 
N=483(%)

Age  

Mean+/-sd 65.86 ±14.46

Median 67  

Range (min-max) 13 96

Sex  

females 255 52.8

males 228 47.2

Co-morbidities  

HPN  

(+) 158 33

(-) 44 9

missing 281 58

Diabetes mellitus  

(+) 61 13

(-) 134 28

missing 288 60

History of alcohol intake  

(+) 25 5

(-) 82 17

missing 376 78

Smoking history  

(+) 29 6

(-) 78 16

missing 376 78

Increased calcium states  

(+) 12 2

(-) 144 30

missing 327 68

Arrythmia on ECG  

(+) 28 6

(-) 177 37

missing 278 58

CAD  

(+) 33 7

(-) 164 34

missing 286 59

Dyslipidemia  

(+) 79 16

(-) 90 19

missing 314 65

Renal disease  

(+) 70 14

(-) 116 24

missing 297 61

Table III: Patients’ BCT scan, DCXR Grades and types of strokes as 
agreed by three readers

Diagnostic Test Results Frequency Percent (%)

CXR Grade 

0 106 21.9

1 213 44.1

2 151 31.3

3 13 2.7

CT SCN GRADE  

0 103 21.3

I 24 5.0

II 356 73.7

Type of Stroke  

infarct 287 59.4

hemorrhage 58 12.0

Both 11 2.3

No stroke 127 26.29

	 All DCXR retrieved were graded with 106 or 
21.9% of the subjects were graded as 0, 213 or 44. 
1.0% of the subjects were graded as 1, 151 subjects 
were graded as 2 and 13 subjects were graded as 
3. Most of the subjects were graded as having an 
AAC grade 1.
	 Of the 483 BCT scans retrieved, 103 or 21.3% 
were graded as 0, 24 or 5.0% were graded as 1 and 
356 or 73.7% were graded as II. Of those graded as 
having a stroke (grade II), 287 or 59.4% were noted 
to have infarct alone, 58 or 12% had hemorrhages 
alone and 11 had both infarct and hemorrhages.  
Seventy three percent (73.7%) of the subjects had a 
stroke on CT scan with the most common type of 
stroke being infarct (59.4%).  
	 On a cross-sectional analysis of AAC grade on 
DCXR with patients’ profiles (Table IV), those with 
AAC grade 3 on DCXR were observed to be older 
than those with AAC grades 0,1, and 2 (p=0.002).  
Gender differences were not statistically significant 
for any of the three grades (p =0.572)
	 Hypertension was noted to be the most common 
comorbidity across all AAC grades (0, 1, 2, and 
3). This was followed by dyslipidemia, renal disease 
and diabetes mellitus. In this study, the investigators 
noted that only renal disease was noted to be 
associated with AAC on DCXR with a p value of 
0.048.
	 There were 103 patients classified as having 
no stroke on BCT scan (grade 0), 24 as having 
atherosclerotic plaques (grade I) and 356 as having 
overt stroke (grade II). The cross sectional analysis 
of the BCT scan grade with the patients’ profiles 
(Table V) showed that those with BCT scan grade of 
I were older than those with grade 0 and grade II 
(p=0.00001). This was followed by a CT scan grade of 
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Table IV: Cross-section of AAC Grade on DCXR and patients’ profiles

Patients' Characteristics
CXR Grade

0
n=106(%)

1
n=213(%)

2
n=151(%)

3
n=13(%)

p-value

Age          

mean 64.29  64.38  68.11  76.62  0.002*

std. deviations 14.94  15.11  12.57  13.83   

Sex          

females 53 50 120 56 75 50 7 54  

males 53 50 93 44 76 50 6 46 0.572

Co-morbidities          

Hypertension          

(+) 32 82 78 79 45 75 3 75  

(-) 7 18 21 21 15 25 1 25 0.863

missing 67 63 114 54 91 60 9 69  

Diabetes          

(+) 14 38 28 29 19 33 0 0  

(-) 23 62 68 71 39 67 4 100 0.42

missing 69 65 117 55 93 62 9 69  

History of alcohol intake          

(+) 6 29 10 21 9 24 0 0  

(-) 15 71 37 79 28 76 2 100 0.786

missing 85 80 166 78 114 75 11 85  

Smoking history          

(+) 6 29 10 21 13 35 0 0  

(-) 15 71 37 79 24 65 2 100 0.426

missing 85 80 166 78 114 75 11 85  

Increased calcium states          

(+) 3 10 3 4 6 12 0 0  

(-) 27 90 70 96 43 88 4 100 0.346

missing 76 72 140 66 102 68 9 69  

Arrythmia on ECG          

(+) 4 10 16 16 8 13 0 0  

(-) 35 90 84 84 54 87 4 100 0.68

missing 67 63 113 53 89 59 9 69  

cad          

(+) 5 13 15 15 11 19 2 50  

(-) 33 87 82 85 47 81 2 50 0.279

missing 68 64 116 54 93 62 9 69  

Dyslipidemia          

(+) 17 59 39 47 21 40 2 50  

(-) 12 41 44 53 32 60 2 50 0.433

missing 77 73 130 61 98 65 9 69  

Renal disease          

(+) 14 40 26 28 28 51 2 50  

(-) 21 60 66 72 27 49 2 50 0.048*

missing 71 67 121 57 96 64 9 69  
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Table V: Cross-section of BCT SCAN grade and patients’ profiles

Patients' Characteristics
CT Scan Grade

p-value0
n=103(%)

I
n=24(%)

II
n=356(%)

Age        

mean 58.91  70.21  67.57  0.00001

std.deviation 14.53  14.64  13.83   

Sex        

females 59 57 17 71 179 50  

males 44 43 7 29 177 50 0.088

Co-morbidities        

hypertension        

(+) 34 71 10 77 114 81  

(-) 14 29 3 23 27 19 0.346

missing 55 53 11 46 215 60  

Diabetes mellitus        

(+) 14 29 3 23 44 31  

(-) 34 71 10 77 90 64 0.72

missing 55 53 11 46 222 62  

History of alcohol drink-ing        

(+) 8 25 0 0 17 24  

(-) 24 75 4 100 54 76 0.527

missing 71 69 20 83 285 80  

Smoking history        

(+) 9 28 1 25 19 27  

(-) 23 72 3 75 52 73 0.985

missing 71 69 20 83 285 80  

Iincreased calcium states        

(+) 3 11 1 9 8 7  

(-) 25 89 10 91 109 93 0.775

missing 75 73 13 54 239 67  

Arrythmia on ECG        

(+) 6 12 2 15 20 14  

(-) 43 88 11 85 123 86 0.938

missing 54 52 11 46 213 60  

Coronary artery disease        

(+) 6 12 5 38 22 16  

(-) 43 88 8 62 113 84 0.077

missing 54 52 11 46 221 62  

Dyslipidemia        

(+) 22 54 2 20 55 47  

(-) 19 46 8 80 63 53 0.16

missing 62 60 14 58 238 67  

Renal disease        

(+) 14 31 5 38 51 40  

(-) 31 69 8 62 77 60 0.581

missing 58 56 11 46 228 64  

CT scan grade 0- no stroke nor atherosclerosis, grade I atherosclerosis of one or more arteries, grade II infarct or hemorrhage or both
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Table VI: Cross-section of types of stroke and patients’ profiles

Patients’ Characteristics
Type of Stroke

p-valueinfarct
n=287 (%)

Infarct and hemorrhage
n=11(%)

hemorrhage
n=58(%)

No stroke
n=127(%)

Age          

mean 68.38  67.36  63.53  61.03  0.00001

std.deviations 12.8  14.75  17.51  15.24   

Sex          

female 150 52 7 64 23 40 75 60  

male 138 48 4 36 35 60 51 40 0.076

Co-morbidities          

HPN          

(+) 92 79 6 100 16 84 44 72  

(-) 24 21 0 0 3 16 17 28 0.323

missing 171 60 5 45 39 67 66 52  

DM          

(+) 40 36 1 25 3 17 17 28  

(-) 72 64 3 75 15 83 44 72 0.359

missing 175 61 7 64 40 69 66 52  

History of alcohol intake          

(+) 13 23 0 0 4 31 8 22  

(-) 43 77 2 100 9 69 28 78 0.793

missing 231 80 9 82 45 78 91 72  

Smoking history          

(+) 13 23 1 100 5 38 10 28  

(-) 43 77 1 100 8 62 26 72 0.611

missing 231 80 9 82 45 78 91 72  

Inc calcium states          

(+) 7 7 0 0 1 6 4 10  

(-) 90 93 2 100 17 94 35 90 0.879

missing 190 66 9 82 40 69 88 69  

Arrhythmia on ECG          

(+) 18 15 1 17 1 5 8 13  

(-) 99 85 5 83 19 95 54 87 0.65

missing 170 59 5 45 38 66 65 51  

Coronary artery disease          

(+) 18 16 2 33 2 11 11 18  

(-) 93 84 4 67 16 89 51 82 0.646

missing 176 61 5 45 40 69 65 51  

dyslipidemia          

(+) 44 46 2 33 9 56 24 47  

(-) 52 54 4 67 7 44 27 53 0.79

missing 191 67 5 45 42 72 76 60  

Renal disease          

(+) 40 38 3 50 8 44 19 33  

(-) 64 62 3 50 10 56 39 67 0.714

missing 183 64 5 45 40 69 69 54  
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II. Gender differences were not statistically significant 
for all of the three BCT grades (p=0.088).
	 Hypertension, renal disease and coronary disease 
were co-morbidities noted in patients with BCT scans 
graded as having atherosclerosis (grade I) while 
hypertension, dyslipidemia, and renal disease were 
noted to be associated with BCT scans graded as 
no stroke (grade 0) and those with a stroke (grade 
II). The presence of these comorbidities among all 
the BCT scan grades was not noted to be statistically 
significant.
	 In the cross-sectional analysis of patients with 
stroke and their profiles (Table VI), subjects with 
infarcts were older (68.38±12.8 years old) than 
those with multiple hemorrhage, both infarcts and 
hemorrhage and those with no stroke (p=0.00001). 
Although subjects with infarcts were mostly females 
and those with hemorrhages were mostly males, this 
was not noted to be statistically significant.
	 Subjects with no stroke (NS), infarcts alone (A) 
and multiple hemorrhage alone (B) were observed 
to have hypertension, dyslipidemia,  renal disease as 
comorbidities.  Subjects with both infarcts and multiple 
hemorrhage (AB) were noted to have a history of 
smoking on top of hypertension and renal disease. 
Profiles of patients who developed stroke and did 
not develop stroke did not differ significantly. 

Table VII: Cross-section of BCT scan grade and types of stroke

  CT SCN GRADE   

Type of Stroke 0 I II Total

infarct 0 0 287 287

Infarct and hemor-rhage 0 0 11 11

hemorrhage 0 0 58 58

Total 0 0 356 356
Chi-Square test of goodness fit=180, df=2, p-value =0.00001
	
	 Cross sectional analysis of BCT scan grade with 
type of stroke shows (Table VII) that a BCT Scan 
grade 0 was associated with no stroke while type 
of strokes such as infarcts, infarcts and hemorrhages, 
and hemorrhages alone were associated with BCT 
scan grade II (p=0.00001).

Table VIII: Cross-section of DCXR and BCT scan grades

CT SCN 
GRADE

CXR Grade 
(based on 3 read-ers) Total

0 1 2 3

0 25 54 24 0 103

I 1 12 11 0 24

II 80 147 116 13 356

Total 106 213 151 13 483
Chi-Square=14.756, df=6, p-value=0.022

	

	 AAC on DCXR was associated with a stroke 
on BCT scan grading (p=0.022). Sub group analysis 
showed that out of the 106 subjects without AAC 
on DCXR (AAC grade 0) only 80 patients developed 
stroke. Twenty five (25) subjects with an AAC grade 
0 did not have stroke (CT grade 0) while only one 
subject developed atherosclerosis (CT grade I). Of 
the 213 subjects with AAC grade 1, 147 developed 
stroke and of the 151 patients with AAC grade of 
2, 116 developed stroke. Of the patients with AAC 
grade 1, only 54 subjects and 12 subjects had a 
BCT scan grade of 0 and I, respectively. While for 
those with AAC grade 2, 24 had a BCT grade of 
0 and 11 had a grade of I. All patients with AAC 
grade of 3 had a stroke.(p value =0.022)

Table IX: Cross-section of DCXR grade and types of stroke

Type of Stroke

CXR Grade 
(based on 3 readers)

Total

0 1 2 3

Infarct alone 59 121 95 12 287

Both (Infarct and hemor-rhage) 3 6 2 0 11

Hemorrhage alone 18 18 21 1 58

Total 80 145 118 13 356
Chi-Square=6.59, df=6, p-value=0.0360

	 Cross sectional analysis of variables (Table IX) 
revealed that subjects with an AAC grading of 
1 was highly associated with infarcts alone, both 
infarcts and hemorrhages. This was noted to be 
statistically significant with a p value of 0.0360. An 
AAC grading of 2 was associated with hemorrhagic 
stroke (p value =0.0360).

Table X: Inter-rater agreement of three readers on DCXR grades

Agreement Among Readers Kappa p-value

Reader 1 and Reader 2 0.184 0.00001

Reader 1 and Reader 3 0.186 0.00001

Reader 2 and Reader 3 0.069 0.0130

	 In Table X, readers 1, 2, and 3 have significant 
agreement on their CXR grading. Analysis of inter-
reader validity showed that the agreement between 
all readers of AAC on DCXR was significant (p= 
0.00001) between reader 1 and reader 2, (p= 
0.00001) between reader 1 and reader 3(p=0.013) 
as well as reader 2 and reader 3 (p 0.0130.).

	 As noted on Table XI, patients with a BCT scan 
grade of I would have a 1.60 risk of having an 
infarct (CI at 95%), 0.21 risk of having both an 
infarct and a hemorrhage (CI 0.0040 to 10.7608), 
and 0.04 risk of having a hemorrhage alone (CI 
0.0019 to 0.8965). On the other hand, patients with 
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Table XI: Association of ratio of BCT scan DCXR findings in predicting types of stroke

Test Done

Type of Stroke

infarct Both ( infarct and hemorrhage) hemorrhage

OR Lower - Upper Limits p-value OR Lower - Upper Limits p-value OR Lower - Upper Limits p-value

CT SCN GRADE  

I 1.60 0.06 to 40.74 0.7744 0.21 0.0040 to 10.7608 0.4352 0.04 0.0019 to 0.8965 0.0424

II 14780.50 1326.14 to 164735.6 P < 
0.0001

0.00 0.0000 to 0.0232 P < 0.0001 0.00 0.0000 to 0.0045 P < 0.0001

CXR Grade  

1 1.25 0.7195 to 2.1584 0.4322 1.29 0.2998 to 5.5372 0.7333 2.58 1.1638 to 5.7061 0.0196

2 0.79 0.4291 to 1.4479 0.4431 1.90 0.2959 to 12.2492 0.4978 1.09 0.4826 to 2.4522 0.839

3 0.09 0.0051 to 1.5739 0.099 0.50 0.0022 to 7.7759 0.3303 0.23 0.0090 to 6.0333 0.38

Table XII: Sensitivity and specificity of BCT scan and DCXR in predicting type of stroke

Predictive Value Likelihood ratio

Type of Stroke Sensitivity (%) Sensitivity (%) (+) % (-)% (+) (-) Overall accuracy (%)

Infarct  

CT Scan 99.70 98.40 99.30 99.20 62.78 0.00 99.3

CXR 37.20 73.80 76.40 33.90 1.42 0.85 48.3

Both ( infarct and hemorrhage)  

CT Scan 100.00 98.40 84.60 100.0 63.00 0.00 98.5

CXR 18.20 73.80 5.70 91.20 0.69 1.11 69.3

Hemorrhage  

CT Scan 96.60 98.40 96.60 98.40 60.83 0.04 97.8

CXR 37.90 73.80 40.00 72.10 1.45 0.84 62.5

a BCT scan grade of 2 would have a 14780.50 of 
developing an infarct (CI 1326.14 to 164735.6), a 
0.00 risk of developing both an infarct an a stroke 
(CI 0.0000 to 0.0232), and a 0.00 risk of developing 
a hemorrhage alone (CI=0.0000 to 0.0045). 
	 Patients with an AAC of 1 on DCXR would 
have a 1.25 risk of having an infarct (CI 0.7195 
to 2.1584), a 1.29 risk of having both an infarct 
and a stroke (CI 0.2998 to 5.5372), and a 2.58 
risk of having a hemorrhage alone (CI 1.1638 to 
5.7061). Patients with AAC 2 on DCXR would have 
a 0.79  risk of having an infarct (CI 0.4291 to 
1.4479), 1.90  risk of having both an infarct and 
hemorrhage (CI0.2959 to 12.2492), and  1.09  risk 
of having a hemorrhage alone.(CI 0.4826 to 2.4522). 
An AAC grade of 3, would have a 0.09 risk of 
having an infarct (CI 0.0051 to 1.5739), 0.50 risk of 
having both an infarct and hemorrhage (CI 0.0022 
to 7.7759), and a 0.23 risk of having a hemorrhage 
alone (CI 0.0090 to 6.0333).
	 It has been demonstrated that BCT scan is 
highly sensitive and specific for all kinds of stroke. 
For infarcts it is 99.70% sensitive and 98.40% 
specific with an overall accuracy of 99.3%. For 
both infarct and hemorrhages it is 100% specific 
and 98.4% sensitive with an overall accuracy of 98.5.

	
	 For hemorrhages alone, BCT scan is 96.6% 
sensitive and 98.4% specific with an overall accuracy 
rate of 97.8%.
	 AAC on DCXR, on the other hand, has been 
noted to be specific but not sensitive to all kinds 
of stroke. For infarcts it has 37.2% sensitivity and 
a 73.8% specific with an overall accuracy rate of 
48.3%, for both infarcts and hemorrhages it has 
18.20% sensitivity and 73.8% specificity with an overall 
accuracy rate of 69.3%, while for hemorrhages alone 
it has 37.90% sensitivity and 73.80% specificity with 
an overall accuracy rate of 62.5%.
	 BCT scan has been noted to have a strong 
positive and negative predictive value for all types 
of strokes. For infarcts it has a predictive value 
of 99.30% and a negative predictive value of 
99.20%, for both hemorrhages and infarcts it has 
an 84.60% positive predictive value and 100 % 
negative predictive value. For multiple hemorrhage 
alone, it has a 96.60 % positive and a 98.40% 
negative predictive value.
	 AAC on DCXR has been noted to have a 
positive predictive value for infarcts (76.40%), a 
strong negative predictive value for both infarcts 
and hemorrhages (91.2%) and a negative predictive 
value for hemorrhages alone (72.10%).
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Discussion

	 Although atherosclerosis of the aortic arch was 
noted to be associated with cerebrovascular disease 
in several studies.18,21,22,35,37-38 The use of DCXR on 
determining AAC in various research works have 
been used sparingly.40,41 The primary purpose of this 
study is to determine if there is an association 
between AAC on DCXR with the occurrence of 
CVD on BCT. 
	 In a study of 483 subjects, AAC on DCXR is 
associated with CVD on BCT (p=0.022). Subgroup 
analysis shows that of the 356 subjects who 
developed stroke, AAC grade of 1 was associated 
with infarcts alone as well as both infarcts and 
hemorrhages while an AAC grade of 2 was 
associated with hemorrhages alone (p=0.036). Inter-
reader agreement among AAC DCXR grades were 
assessed and were noted to be significant (reader 
1 and 2 p=0.00001, reader 1 and 3 p= 0.00001 
and reader 2 and 3 p=0.013).
	 The findings of the study were consistent 
with other studies that utilized transesophageal 
echocardiography and computed tomography.16-26,33,35-36 
During the initial stages, early artherosclerotic lesions 
are marked by foam cell infiltration. As maturation 
ensues, plaques are formed. Plaques contain a large 
lipid core, smooth muscle and connective tissue.3    

Due to a high cholesterol and lipid content, 
these plaques soften, through time, producing an 
atheroma that has a high tendency to rupture.33   
The atheromatous core is devoid of supporting 
collagen, is avascular and hypocellular. As the 
fibrous cap separates from the atheromatous core, 
it may disintegrate, tear or break exposing the 
thrombogenic gruel into the flowing blood.47 We 
surmise that the plaques noted on DCXR were 
ulcerated and complex thus causing CVD on BCT.  
Another recent study by Shimuda et al showed 
similar results. Using a similar grading system to 
classify AAC, brain embolizations were noted to 
be associated with both mobile, ulcerated aortic 
plaques on transesophageal echocardiography and 
AAC on chest radiography.48

	 The size of the atherosclerotic plaques have 
been associated cerebrovascular disease in studies 
that used transesophageal echocardiography.23,24  Unlike 
these studies, however, it was observed that as 
the size of the atherosclerotic plaques increased 
(AAC grade 2 and 3) on DCXR, less embolizations 
were noted. Transesophageal echocardiography can 
visualize not only size but also ulcerations and 
mobility of plaques.27-30 Only calcifications, on the 
other hand, are noted on DCXR. These calcifications 
do not increase fibrous cap stress, are less lipid 
laden, have lower risk of plaque rupture, thrombus 

formation and embolization.35 Calcifications may, 
therefore, increase plaque stability and bring about 
less embolizations.
	 A second mechanism of atherosclerosis had 
been proposed. The expansion of the internal elastic 
lamina which brings about plaque hemorrhages or 
the presence of a vulnerable plaque and that 
of shrinkage of the internal elastic lamina which 
brings about erosions and narrowing of lumen size.51 

Expansion of the elastic lamina and subsequent 
hemorrhages occur in those arteries with large 
lipid cores, infiltrates of macrophages and calcific 
deposits.51 In a study that did a cardiovascular 
magnetic resonance imaging of carotid, thoracic 
and abdominal aorta, all of the three vessels 
produced an increase in rate of atherosclerosis as 
measured by mean total vessel area and mean total 
wall area. The abdominal aorta, however, showed 
an increase in the lumen size as atherosclerosis 
progressed, unlike that in the carotid arteries and 
the thoracic aorta.52 This indicates that different 
vascular beds exhibit varying progression or regression 
of atherosclerosis or remodelling.52 The AAC on 
this type of DCXR grading has been validated to 
be reflective of the calcification of the aorta as 
a whole not only of the thoracic nor abdominal 
aorta.43  Remodelling and calcification in the aorta 
may differ from other vascular beds. This may 
explain why an increase in AAC on DCXR (grade 
2 and 3) are not associated with ischemic strokes. 
	 Although AAC score of 2 is noted to be 
associated with both infarcts and hemorrhages and 
AAC score of 3 is associated with hemorrhages, to 
make an overall conclusion, however, the sample 
size for these subgroups are insufficient since there 
were only 11 subjects that had both infarcts 
and hemorrhages and only 58 subjects that had 
hemorrhages alone. Furthermore, variation in the 
results was not adequate thus, a strong conclusion 
with regards to the occurrence of hemorrhages 
and both infarcts and hemorrhages could not be 
made.
	 In this study, the odds of having an infarct on 
computed tomography is 1.25 times higher if an 
AAC grade of 1 is noted.  On the other hand, 
the odds of having a haemorrhage in subjects 
with arch calcification of 1 is 2.58 and that of 
having both haemorrhage and infarct is 1.9x higher 
in subjects with AAC grade of 2. Sample sizes of 
the subgroups with hemorrhages alone and both 
infarcts and hemorrhages were insufficient.
	 Computed Tomography scan is currently being 
used as a screening for cerebrovascular disease thus 
explaining its 99.7% sensitivity and 98.4% specificity 
for infarcts, 96.6% sensitivity and 98.4% specificity 
for hemorrhages and 98.4% sensitivity and 100% 
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specificity for both types of strokes. AAC grading 
on digital chest radiography, however, is not as 
specific and sensitive as computed tomography in 
detecting cerebrovascular disease. In this study it 
has been noted to be 73% specific but not highly 
sensitive to cerebrovascular disease. AAC on DCXR 
also has a high positive predictive value of 76.4% 
for infarcts on computed tomography and a strong 
negative predictive value for hemorrhages alone 
and both infarcts and hemorrhages. This indicates 
that although AAC grading cannot be used as a 
method to diagnose stroke since its specificity is 
less than 95%, it may indicate, however, that the 
occurrence of an infarct is likely and that work up 
to determine and medications to treat asymptomatic 
systemic atherosclerosis may be started.  
	 AAC on DCXR, on the other hand, had a strong 
negative predictive value for multiple hemorrhage 
alone and both infarcts and hemorrhage. The 
number of subjects for both of these subgroups is 
again, small, hence an adequate conclusion could 
not be adequately made.
	 Several non-modifiable and modifiable factors 
have been identified as risk factors of atherosclerosis 
and stroke.53,54 Age, gender, race and ethnicity are 
non-modifiable risk factors with age being the most 
important risk factor of stroke. As age increases 
above 55, the stroke rate also doubles.55,56 In our 
study a mean age of 67.57± 13.83 is associated 
with stroke with p=000001.  Although not statistically 
significant, subjects in the older age group 70±14.64 
did not develop stroke.  Most of them, however, 
had atherosclerosis on their BCT. 
	 Although women were noted to have more 
incidence of CVD on BCT, gender differences were 
not noted to be statistically significant for all three 
CT grades in this study.  Studies have shown 
that the overall risk of infarction was seen on 
women.  Similar results were noted in this study. 
A larger sample size, therefore, may produce a 
more statistically significant result.
	 Hypertension, cardiac disease and renal disease 
were noted to be present in pat ients with 
cerebrovascular disease. A similar profile was also 
noted in patients without cerebrovascular disease. 
Cross sectional analysis of the subjects’ profiles with 
BCT grades showed that these were not statistically 
significant unlike the results of several studies which 
showed that modifiable factors like hypertension, 
cardiac disease, diabetes mellitus, dyslipidemia, 
cigarette smoking, alcohol intake, and illicit drug use 
are associated with stroke.51 This may be because 
the researchers were unable to retrieve all the data 
on the subjects’ comorbidities. Most of the charts 
were either difficult to retrieve or some data was 
missing from the charts.  Adequate retrieval of the 

patients’ records may, however, change the results 
and mimic data from previous studies.
	 The cross sectional analysis of the subjects’ 
profiles with ACC on DCXR grading revealed that 
hypertension was the most common comorbidity 
in all grades from 0 to 3. This was followed by 
dyslipidemia, renal disease and diabetes mellitus.  
In this study, it is surprising to note that despite 
the limited amount of data retrieved, renal disease 
was noted to be associated with AAC on DCXR  
p=0.04. Calcification of the aortic arch on DCXR 
reflects the magnitude of calcification in the whole 
aorta.43 Embolization and plaque rupture of these 
calcifications were considered possible explanations.57,58 
Recent studies by Mi et al. and Okuno et al., 
however, have shown that mortality is higher in 
patients with AAC progression in patients with 
renal disease.55,59 Embolization and plaque rupture 
may, therefore, not be the only reasons for this 
association and is beyond the scope of this study.

Conclusion

	 An AAC grade of 1 on DCXR is associated 
with infarct on computed tomography. AAC grading 
on DCXR could not be used to diagnose stroke.  
It has, however, a strong specificity and strong 
posit ive predictive value for infarcts that may 
enable a clinician to start medical management on 
asymptomatic atherosclerosis so as to prevent CVD.

Recommendations

	 The principal limitation of this study is that the 
assessment of using AAC grades by DCXR is crude 
and is not a quantitative approach.  Measuring the 
calcification using chest CT with DCXR grades may 
provide a more significant result. 
	 Furthermore, an increase in the sample size or a 
prospective study wherein the number of subjects may 
be increased may be necessary in order to analyse 
the different sub groups and make an adequate 
conclusion.
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Copy of Letter to conduct the study

APPENDIX  2

SAMPLE SIZE POWER ANALYSIS

REFERENCE:
During a routine chest radiography in a single check 
up of 139,849 subscribers of a health care program 
in North Carolina , AAC was correlated to occurrence 
of Coronary Heart Disease (CHD) and stroke.  In this 
study, there was a 1.7 fold increase risk for CHD in 
men and 1.27 fold increased risk for CHD in women, 
there is a 1.46 fold increased risk of ischemic stroke 
in women, only,  with no associations noted for 
ischemic and hemorrhagic stroke in men from 1964 to 
1973.   It was independently associated with older age, 
no college education, current smoking, and hypertension 
in both sexes. It was inversely related to body mass 
index and family cholesterol level.  Among women it 
was independently associated with a 1.4 fold increase 
in ischemic stroke.(39) 
Classif ication of aortic arch calcif ication on chest 
radiography had been validated and noted to be 
a reflection of the magnitude of calcification of the 
whole aorta.  This grading was even associated with 
cardiovascular events in hemodialysis patients.(41)

ASSUMPTION:
There is an association between aortic arch calcification 
by digital chest radiography and cerebrovascular disease 
by computed tomography of the brain plain.

Chi-Square Test Power Analysis

Numeric Results for Chi-Square Test

Power	 N	 W	 Chi-Square	DF	 Alpha	 Beta

0.95044	 301	 0.3000	 27.0900	 6	 0.01000	 0.04956

Report Definitions
Power is the probability of rejecting a false null hypothesis. 
It should be close to one.
N is the size of the sample drawn from the population. 
To conserve resources, it should be small.
W is the effect size--a measure of the magnitude of 
the Chi-Square that is to be detected.
DF is the degrees of freedom of the Chi-Square 
distribution.
Alpha is the probability of rejecting a true null hypothesis.
Beta is the probability of accepting a false null hypothesis.

Summary Statements
A minimum sample size of 301 achieves 95% power to 
detect an effect size (W) of 0.1000 using a 6
degrees of freedom Chi-Square Test with a significance 
level (alpha) of 0.01000. This would imply that a minimum 
of 301 samples are sufficient in detecting moderate level 
of association between between aortic arch calcification 
by digital chest radiography and cerebrovascular disease 
by computed tomography of the brain plain with 95% 
power and tested at 0.05alpha and 0.01alpha.

APPENDIX 3

Representative Chest X rays of Each Grade

Grade 0 – No Visible Calcification

Grade 1-Small Spots of Calcification or 
a single Thin area of calcification of the aortic knob

Grade 2- One or more areas of thick calcification

Grade 3- Circular calcification of the aortic knob

APPENDIX 4

Classification of Computed Tomography Scans

GRADE CLASSIFICATION

0 Absence of infact, haemorrhage and absence of atherosclerosis
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I Presence of atherosclerotic artery/arteries

II Presence of stroke ( infarct, hemorrhages or both)

Type of Stroke

Type of Stroke Classification

A Infarct

B Haemorrhage

AB Both Infarct and Haemorrhage

No stroke Grade 0 and 1
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