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Introduction: Atherosclerotic cardiovascular disease is a dispersed pathology
involving the coronary arteries, carotid arteries, aorta and peripheral arteries. It has
been previously suggested that coronary and aortic atherosclerosis may be associated.
Imaging of the aorta and the aortic wall can be performed by various imaging modalities
including state-of-the-art multidetector computer tomography (MDCT). This study
aimed to investigate a possible association between the MDCT-measured thickness of
the thoracic aorta and the presence of coronary artery disease (CAD) as well as its
severity.

Methods: Three hundred and fifty candidates of coronary computer tomography
angiography (CTA) with signs and symptoms suggestive of CAD were recruited in
Tabriz Parsian and Iran CTA Centers. Contrast-enhanced MDCT examinations were
performed using a 64 detector scanner. Maximum aortic wall thickness in the mid-
portion of descending thoracic aorta (region of pulmonary trunk to diaphragm) was
measured perpendicular to the center of the vessel.

Results: CAD was confirmed in 189 cases (54%) and the remaining 161 cases served
as controls. The mean age of the cases, as well as the percentage of male subjects
was significantly higher in the CAD group. The mean aortic wall thickness was also
significantly higher in the patient group (2.21+0.63 mm vs. 1.88+0.58 mm; P<0.001).
In multivariate analysis, however, the two groups turned up comparable as to the aortic
wall thickness (P=0.31). The optimal cut-off point of aortic wall thickness was >2 mm
in discriminating between CAD+ and CAD- groups, with a corresponding sensitivity
and specificity of 65% and 57%, respectively. There was no significant association
between aortic wall thickness and the severity of CAD (the number of significantly
occluded coronary arteries).

Conclusion: Aortic wall thickness is apparently neither an independent predictor of
CAD nor is it associated with the severity of CAD in candidates of CTA.

Introduction

and lower limb atherosclerosis.” In addition, there is a

The importance of coronary artery disease (CAD) is
obvious concerning the epidemiologic figures in general
population. Based on Framingham study, risk of developing
symptomatic CAD after 40 years of age is 49% for men
and 32% for women.' Current data have shown association
of presence of CAD and peripheral atherosclerosis. It
has been reported that CAD is associated with carotid
intima-media thickness, presence of atherosclerotic
plaques in aorta, presence of calcifications in mitral ring,

strong association between presence and burden of aortic
plaques, and presence and extent of CAD.** Usefulness
of measurement of arterial wall thickness has been shown
for prediction of cardiovascular disease risk.™® Takasu et
al demonstrated that aortic plaque detected by enhanced
CT scan is a better predictor of CAD compared to other
non-dependent aortic parameters. They also concluded
that aortic calcification seen in non-enhanced CT scan
images is very specific for CAD.” Sensitivity of 64 slice
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multi-detector CT (64-MDCT) to detect coronary artery
occlusion is estimated to be 83 to 99%, with specificity of
93 to 99% and negative predictive value (NPV) of 95 to
100%.* In a study by Belhassen et al, carotid intima-media
thickness (CIMT) < 0.55 mm and aortic intima-media
thickness (AoIMT) < 3 were good predictors of absence of
CAD. CIMT had sensitivity of 100%, specificity of 50%,
and NPV of 100%. For AoIMT, sensitivity was found to
be 98%, specificity 65%, and NPV 99%.? Jeltsch et al
demonstrated that aortic wall thickness of 3 mm can predict
CAD with specificity of 96.6%, sensitivity of 27.5%, and
positive predictive value of 93.3%. Aortic wall thickness of
2.4 mm was associated with specificity of 81%, sensitivity
of 55%, and positive predictive value of 83.5%.° The
aim of this study is to evaluate descending thoracic aorta
wall thickness as a potential predictor of CAD by 64-
MDCT. If this association is found to be strong, one can
suggest additional coronary artery evaluations in cases of
incidental finding of increased aortic wall thickness, to
prevent and early diagnose coronary artery complications.

Materials and Methods

380 patients with age over 40, referred to coronary CTA
were included in this analytical prospective study. The
study was done in Tabriz Parsian and Iran CT angiography
centers over a 17 month period. Exclusion criteria were
history of coronary stent (17 patients), sever calcification
of coronary arteries that interferes with CTA diagnosis
(12 patients), and presence of thoracic aortic aneurysm (1
patient). Based on this criteria 350 patients finally entered
the study. MDCT evaluations were done using Siemens
Somatom Sensation 64 (Siemens Healthcare, Malvern PA).
Axial 0.6 mm images synchronized with patient ECG were
acquired and reconstructed as sagital and coronal images
using MIP and MPR techniques and Curved Multiplanar
Reformat. Additional 3D reconstructions were done using
VRT, Inspace and vessel view. Reconstructed imaged were
reviewed for presence of CAD. Coronary artery occlusion
was considered as greater than 50% narrowing in the artery
(significant involvement). Maximum wall thickness in mid-
portion of descending thoracic aorta (between pulmonary
trunk and diaphragm) was measured perpendicular to the
center of the aorta. Window of 1000 with center of 250 was
used for this measurement. Concerning that differentiating
aortic wall layers is not possible in images acquired by
MDCT, maximal wall thickness (and not intima-media
thickness) was used.

Data acquired from the study were reviewed using
descriptive statistical methods (prevalence, percentage,
mean + SD), and analyzed by #-test for quantitative data,
or chi-square for qualitative data. Correlation between
parameters was evaluated using Pearson’s r Correlation.
Multivariate logistic regression model was used to predict
continuous variables. Receiver operating characteristic
(ROC) curve was used to determine the cutting point for
best specificity and sensitivity. Statistical analysis was

done using SPSS 16. P less than 0.05 was considered
significant.

Results

Based on coronary CTA findings, CAD was diagnosed
in 189 patients (54%) and 161 patients (46%) were
considered negative for CAD. 69 patients (36.5%) had no
coronary artery with significant involvement (0VD). In 59
patients (31.2%) one coronary artery (1VD), in 35 patients
(18.5%) 2 arteries (2VD), and in 26 patients (13.8%) 3
arteries (3VD) were significantly involved. In age group
0f 40-49, 70 cases (43.5%) had CAD and 28 cases (14.8%)
were disease free. In age group of 50-59, 51 cases (31.7%)
had CAD and 57 cases (30.2%) were diagnosed with no
CAD. In age group of 60-69, 29 cases (18%) had CAD
and 61 cases (32.3%) were disease free. In age group of
>70, 11 cases (6.8%) were diagnosed with CAD and 43
cases (22.8%) were disease free. Mean age of group with
CAD was 60.9 + 10.58 (min 40, max 85) years, and mean
age of non-diseased group was 52.61+£9.74 (min 40, max
79) years. Using ¢-test for independent groups, mean age
of CAD group was significantly greater than non-diseased
group (P<0.001). 99 males (52.4%) and 90 females (47.6%)
were studied in the CAD group, and there were 59 males
(36.6%) and 102 females (63.4%) in non-diseased group.
Based on the results of chi-square test, percentage of males
was significantly higher in the CAD group compared to
non-diseased group (P=0.003). Mean aortic wall thickness
in CAD group was 2.21+0.63 mm (min 1, max 4.6 mm),
and mean aortic wall thickness in non-diseased group
was 1.88 £ 0.58 mm (min 1, max 4 mm). Using #-test for
independent groups, mean aortic wall thickness in CAD
group was significantly higher than mean aortic wall
thickness in non-diseased group (P<0.001; Figure 1). ROC
curve for age and aortic wall thickness to discriminate CAD
and non-diseased group is shown in Figure 2. Area under
age curve was 0.72 (P<0.001), and area under aortic wall
thickness curve was 0.65 (P<0.001). The best age cutting
point to discriminate CAD and non-diseased group was
56.5 years with sensitivity of 66% and specificity of 68%.
The best aortic wall thickness cutting point to discriminate
CAD and non-diseased group was 2 mm with sensitivity of
65% and specificity of 57%. In logistic regression model
percentage of males (Exp (B)=0.32, P<0.001), and mean
of age (Exp (B)=1.09, P<0.001) were higher in CAD
group compared to non-diseased group. In this model
mean aortic wall thickness was not significantly different
in two groups (Exp (B)=1.26, P=0.31). There was a
positive and significant correlation between age and aortic
wall thickness in CAD group (Pearson’s 1=0.42, P<0.001)
(Figure 3A). Also a positive and significant correlation
between age and aortic wall thickness was found in non-
diseased group (Pearson’s r=0.56, P<0.001; Figure 3B).
Mean age of OVD group was 58.7449.92 years (min 40,
max 82), for VD group 60.69+11.35 years (min 40, max
82), in 2VD group 61.91£10.19 years (min 46, max 85),
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and mean age for 3VD group was 65.77+£9.76 years (min
49, max 85). In one-way analysis of variance, mean age
of the patients in these groups was significantly different
(P=0.03). In Tukey’s HSD post-hoc test, this difference
remained significant only between 0VD and 3VD groups
(P=0.02). In OVD group we had 28 males (40.6%) and 41
females (59.4%), in 1VD group 33 males (55.9%) and 26
females (44.1%), in 2VD group 22 males (62.9%) and 13
females (37.1%), and in 3VD group 16 males (61.5%) and
10 females (38.5%). Based on chi-square test there was
no significant difference between these groups (P=0.09).
Mean aortic wall thickness was 2.15+£0.58 mm (min 1
max 3.7 mm) in OVD group, it was 2.20£0.61 mm (min
I max 3.9 mm) for 1VD group, 2.18+0.79 mm (min 1.1,
max 4.6 mm) for 2VD group, and 2.40+0.57 mm (min 1.4,
max 3.8) for 3VD group. In on-way analysis of variance
mean aortic wall thickness was not significantly different
in these groups (P=0.38; Figure 4). Mean aortic wall
thickness for CAD and non-diseased cases in age groups is
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Figure 1. Mean aortic wall thickness (mm) in CAD and non-
diseased group

m==ee Age
1.0=] === Thickness
Reference Line

Sensitivity

0.2

1 T
00 02 04 06 08 10
1 - Specificity

Figure 2. ROC curve for age and aortic wall thickness to
discriminate CAD and non-diseased group

shown in Table 1. Based on #-test for independent groups,
mean aortic wall thickness was not significantly different
in any of these age groups.

Discussion

In this research correlation of maximal wall thickness
of descending thoracic aorta with presence and severity
of CAD was studied. Previously it has been shown that
atherosclerotic cardiovascular disease is a disseminated
condition in which aorta, coronary, carotid, and peripheral
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Figure 3. Correlation between age and aortic wall thickness
(mm) in CAD group (A), and non-diseased group (B)
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Figure 4. Mean aortic wall thickness (mm) based on number of
diseased coronary vessels
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Table 1. Mean aortic wall thickness (mm) in CAD and non-diseased groups based on age groups

CAD Grou Non-diseased Grou
Age group (n=189) ° (n=161) ° P
40-49 years 1.71+0.55 1.56+0.43 0.14
50-59 years 2.14+0.58 1.97+0.51 0.10
60-69 years 2.29+0.55 2.33+0.47 0.72
270 years 2.49+0.67 2.37+0.73 0.60
Data are in Mean%SD format

arteries are involved.'™'" In two studies by Rohani et al
and Couturier ef al it has been demonstrated that thoracic
aortic wall thickness, measured through trans-esophageal
echocardiography, is positively correlated to severity of
angiographic involvement of coronary vessels in CAD
patients.'>"> Meenakshisundaram et a/, in a study on 40
patients with CAD and 30 normal cases, showed that
thoracic aortic intima-media thickness measured by trans-
esophageal echocardiography is correlated to CAD."
Also in other similar studies it has been concluded that
atherosclerosis of thoracic aortaand CAD is associated with
each other."”*" Tarzamni et a/ showed that histopathologic
severity of atherosclerosis in ascending aorta/aortic arch
is correlated o severity of CAD.?' In our study maximal
wall thickness of mid-portion descending thoracic aorta
was significantly greater in CAD group compared to non-
diseased group (2.21+0.63 mm vs. 1.88+0.58, P<0.001).
In this study aortic wall thickness measurement was
done using MDCT, and presence or absence of CAD was
diagnosed by CT angiography. Jeltsch ef a/ in a similar
study determined thoracic aortic wall thickness in 160
cases with probable CAD using MDCT. In their study
mean aortic wall thickness was significantly higher in the
CAD group (2.72 mm compared to 1.88 mm).’ Jang et al
measured maximal thoracic aortic wall thickness using
MDCT in 120 cases with suspected CAD. Mean of aortic
wall thickness was significantly higher in the diseased
group (4.13 mm compared to 3.40 mm).*> Our results were
in par with results of these two studies. Using ROC curve it
was shown that the best cutting point to discriminate CAD
from non-diseased cases is the aortic wall thickness of >2
mm (sensitivity of 65% and specificity of 57%). In the
study of Jeltsch et a/ this cutting point was considered to
be >3 mm (sensitivity of 27.5% and specificity of 96.6%).’
Although the cutting points in studies are different, it must
be remembered that in our study we balanced sensitivity
and specificity to find the cutting point, but in the other
study sensitivity was sacrificed for better specificity.
In univariate analysis mean aortic wall thickness was
significantly higher in CAD group, but after controlling
the effect of age and sex (which were both significantly
different between two groups), this difference proved to be
non-significant in multivariate analysis.

On the other hand, positive and significant correlation
was found between aortic wall thickness and age of cases.
Besides, there was no significant difference for mean
aortic wall thickness among age groups. Thus it seems that

increased aortic wall thickness in CAD patients is mainly
due to higher ages of the patients. Jeltsch ef al demonstrated
that there is a direct and significant correlation between
age and aortic wall thickness.” A similar association of
aortic wall thickness and age or sex of patients with CAD
has been shown in other studies.”?*” Using MDCT, Mao
et al demonstrated that ascending aortic wall thickness is
significantly related to age and male sex of patients with
CAD. They suggested that for the study of atherosclerotic
changes in CAD patients, the effect of age and sex must
be controlled.”® Results of current study confirm these
conclusions. In This study there was no significant
correlation between aortic wall thickness and severity of
CAD (based on number of involved vessels). Also in the
study of Jeltsch ef al mean aortic wall thickness was not
significantly different between patients with obstructive
or non-obstructive CAD.” It must be mentioned that
atherosclerosis process is very complex and is related
to many factors in different vessels. Various arteries in
different points are under different hydrostatic pressures,
and vessel wall thickening patterns are different among
them. It has also been shown that other factors (besides
ages, sex, and race) can have effect on aortic wall
thickness including hypertension, lipid profile, diabetes
mellitus, anthropometric parameters such as height, BMI,
and history of smoking.?*!

This study has had some limitations. Cases were
included from patients that were referred to coronary CT
angiography with some symptoms, so the non-diseased
group was not completely normal. Also, as mentioned
above, other factors besides age and sex can have effect on
aortic wall thickness. Controlling possible effects of these
factors can solidify results of the study. Measurement of
other parts of aorta, including ascending part, aortic arch
and abdominal aorta were not included in this study and
could have had better results compared to this study.”' It
has also been shown that atherosclerotic aortic plaques
are more correlated to CAD.” In addition using CT
angiography as a gold standard to detect CAD status has
its own limitations.

In conclusion, although aortic wall thickness after
controlling age and sex parameters was not significantly
correlated with the presence of CAD, its mean was
higher in CAD patients for most age groups. Concerning
that evaluating aortic pathologies, coronary arteries, and
pulmonary emoli (Triple Rule-out protocol) in chest
CT scans is easy with little extra expenses, it can be
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recommended based on the findings of the current study.

Ethical issues: This study was reviewed and confirmed by the ethics
committee of Tabriz University of Medical Sciences.

Conflict of interests: The authors declare no conflicts of interest.

References

1. Morrow DA, Gersh BJ. Chronic Coronary Artery Disease. 3rd ed.
Saunders: Philadelphia; 2008. p.1353.

2. Belhassen L, Carville C, Pelle G, Monin JL, Teiger E, Duval-
Moulin AM, et al. Evaluation of carotid artery and aortic intima-
media thickness measurements for exclusion of significant coronary
atherosclerosis in patients scheduled for heart valve surgery. J Am
Coll Cardiol 2002; 39:1139-44.

3. Fazio GP, Redberg RF, Winslow T, Schiller NB. Transesophageal
echocardiographically detected atherosclerotic aortic plaque is a marker
for coronary artery disease. J Am Coll Cardiol 1993; 21:144-50.

4. Khoury Z, Gottlieb S, Stern S, Keren A. Frequency and distribution
of atherosclerotic plaques in the thoracic aorta as determined by
transesophageal echocardiography in patients with coronary artery
disease. Am J Cardiol 1997; 79:23-7.

5. Hodis HN, Mack WJ, LaBree L, Selzer RH, Liu CR, et al. The role of
carotid arterial intima-media thickness in predicting clinical coronary
events. Ann Intern Med 1998; 128:262-9.

6. O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, et
al. Carotid-artery intima and media thickness as a risk factor for
myocardial infarction and stroke in older adults. Cardiovascular
Health Study Collaborative Research Group. N Engl J Med 1999;
340:14-22.

7. Takasu J, Mao S, Budoff MJ. Aortic atherosclerosis detected
with electron-beam CT as a predictor of obstructive coronary artery
disease. Acad Radiol 2003; 10:631-7.

8. Haaga JR. CT and MRI of the whole body. 2nd ed. Mosby;
Philadelphia; 2000. p. 1191.

9. Jeltsch M, Klass O, Klein S, Feuerlein S, Aschoff AJ, Brambs
HJ, et al. Aortic wall thickness assessed by multidetector computed
tomography as a predictor of coronary atherosclerosis. Int J
Cardiovasc Imaging 2009; 25:209-17.

10. Budoff MJ. Atherosclerosis imaging and calcified plaque: coronary
artery disease risk assessment. Prog Cardiovasc Dis 2003; 46:135-48.
11. Fuster V, Fayad ZA, Moreno PR, Poon M, Corti R, Badimon
JJ. Atherothrombosis and high-risk plaque: Part II: approaches by
noninvasive computed tomographic/magnetic resonance imaging. J
Am Coll Cardiol 2005; 46:1209-18.

12. Rohani M, Jogestrand T, Ekberg M, van der Linden J, Kéllner G,
Jussila R, et al. Interrelation between the extent of atherosclerosis in
the thoracic aorta, carotid intima-media thickness and the extent of
coronary artery disease. Atherosclerosis 2005; 179:311-6.

13. Couturier G, Voustaniouk A, Weinberger J, Fuster V. Correlation
between coronary artery disease and aortic arch plaque thickness
measured by non-invasive B-mode ultrasonography. Atherosclerosis
2006; 185:159-64.

14. Meenakshisundaram R, Devidutta S, Michaels AD,
Senthilkumaran S, Rajendiran C, Thirumalaikolundusubramanian
P. Significance of the intima-media thickness of carotid and thoracic
aorta in coronary artery disease in the South Indian population. Heart
Views 2011; 12:150-6.

15. Takasu J, Takanashi K, Naito S, Onishi M, Miyazaki A, Aoyagi
Y, et al. Evaluation of morphological changes of the atherosclerotic
aorta by enhanced computed tomography. Atherosclerosis 1992;
97:107-21.

16. Agmon Y, Khandheria BK, Meissner |, Schwartz GL, Petterson

TM, O'Fallon WM, et al. Relation of coronary artery disease and
cerebrovascular disease with atherosclerosis of the thoracic aorta in
the general population. Am J Cardiol 2002; 89:262-7.

17. Belhassen L, Carville C, Pelle G, Monin JL, Teiger E, Duval-
Moulin AM, et al. Evaluation of carotid artery and aortic intima-
media thickness measurements for exclusion of significant coronary
atherosclerosis in patients scheduled for heart valve surgery. J Am
Coll Cardiol 2002; 39:1139-44.

18. Tribouilloy C, Shen WF, Peltier M, Lesbre JP. Noninvasive
prediction of coronary artery disease by transesophageal
echocardiographic detection of thoracic aortic plaque in valvular heart
disease. Am J Cardiol 1994; 74:258-60.

19. Zegers ES, Gehlmann HR, Verheugt FW. Acute myocardial
infarction due to an acute type A aortic dissection involving the left
main coronary artery. Neth Heart J 2007; 15:263-4.

20. de Leeuw JG, Wardeh A, Sramek A, van der Wall EE. Pseudo-
aortic dissection after primary PCI. Neth Heart J 2007; 15:265-6.
21. Tarzamni MK, Eshraghi N, Fouladi RF, Afrasiabi A, Halimi M,
Azarvan A. Atherosclerotic changes in common carotid artery,
common femoral artery, and ascending aorta/aortic arch in candidates
for coronary artery bypass graft surgery. Angiology 2012; 63:622-9.
22. Jang S, Yong HS, Doo KW, Kang EY, Woo OH, Choi EJ. Relation
of aortic calcification, wall thickness, and distensibility with severity of
coronary artery disease: evaluation with coronary CT angiography.
Acta Radiol 2012; 53:839-44.

23. Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE.
Common carotid intima-media thickness and risk of stroke and
myocardial infarction: the Rotterdam Study. Circulation 1997,
96:1432-7.

24. Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull
W Jr, 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. Arterioscler Thromb Vasc Biol 1995;
15:1512-31.

25. Jaffer FA, O’Donnell CJ, Larson MG, Chan SK, Kissinger
KV, Kupka MJ, et al. Age and sex distribution of subclinical aortic
atherosclerosis: a magnetic resonance imaging examination of the
Framingham Heart Study. Arterioscler Thromb Vasc Biol 2002;
22:849-54.

26. Anonymous. The French Study of Aortic Plaques in Stroke Group.
Atherosclerotic disease of the aortic arch as a risk factor for recurrent
ischemic stroke. N Engl J Med 1996; 334:1216-21.

27. Haberl R, Becker A, Leber A, Knez A, Becker C, Lang C, et al.
Correlation of coronary calcification and angiographically documented
stenoses in patients with suspected coronary artery disease: results
of 1,764 patients. J Am Coll Cardiol 2001; 37:451-7.

28. Mao SS, Ahmadi N, Shah B, Beckmann D, Chen A, Ngo L, et al.
Normal thoracic aorta diameter on cardiac computed tomography in
healthy asymptomatic adults: impact of age and gender. Acad Radiol
2008; 15:827-34.

29. Dawson JD, Sonka M, Blecha MB, Lin W, Davis PH. Risk
factors associated with aortic and carotid intima-media thickness in
adolescents and young adults: the Muscatine Offspring Study. J Am
Coll Cardiol 2009; 53:2273-9.

30. Bural GG, Torigian DA, Chamroonrat W, Alkhawaldeh K, Houseni
M, El-Haddad G, et al. Quantitative assessment of the atherosclerotic
burden of the aorta by combined FDG-PET and CT image analysis: a
new concept. Nucl Med Biol 2006; 33:1037-43.

31. Malayeri AA, Natori S, Bahrami H, Bertoni AG, Kronmal R,
Lima JA, et al. Relation of aortic wall thickness and distensibility
to cardiovascular risk factors (from the Multi-Ethnic Study of
Atherosclerosis [MESA]). Am J Cardiol 2008; 102:491-6.

Copyright © 2013 by Tabriz University of Medical Sciences

Journal of Cardiovascular and Thoracic Research, 2013, 5(3), 91-95 \ 95



	Correlation between Aortic Wall Thickness and Coronary Artery Disease by 64 Slice Multidetector Comp
	Introduction
	Materials and Methods 
	Results
	Discussion
	References

