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ABSTRACT  

Background: Coronary artery ectasia (CAE) is a well-recognized but relatively uncommon finding encountered 

during diagnostic coronary angiography. It is commonly defined as in appropriate dilation of the coronary arteries 

exceeding the largest diameter of an adjacent normal vessel more than 1.5-fold. CAE is not an isolated and benign 

disease but a reflection of a generalized vascular media defect. 

Objective: The aim of this study was to compare 2D-TTEand 3D-TTE measurements of the aortic root diameter 

in patients with coronary artery ectasia to assess the presence of aortic root dilatation. 

Patients and methods: This prospective observational study included 50 consecutive patients came to the 

Department of Cardiology, Al-Azhar University Hospital, New Damietta for coronary angiography. The study 

was carried out from November 2017 until December 2018. Injection aortography was used as a gold standard 

and to assess the presence of ascending aorta dilatation in those patients.  

Results: The present study shows that there was a good correlation between 3D-TTE and aortography at the 

levels of aortic annulus, sinuses of Valsalva, sinotubular junction (r =0.98,0.95,0.98) but a rough correlation 

between 2D-TTE and aortography at these levels (r =0.49,0.48,0.46) .The present study shows that there was 

increase prevalence of aortic root dilatation 13 patients (26%) and ascending aorta dilatation 9patients(18%) in 

patients with CAE . 

Conclusions: Accuracy of aortic root measurement by 3DTTE was superior to that by 2DTTE, because the values 

by 2DTTE were underestimated compared to those measured by 3DTTE and aortography.  Increase prevalence 

of aortic root dilatation and ascending aorta dilatation in patients with coronary artery ectasia. Dilated Ascending 

aorta was associated with a higher prevalence of aortic root dilatation. 

Keywords: Two Dimensional, Three Dimensional Echocardiographic, CAE. 

 

INTRODUCTION 
Coronary artery dilations, including 

coronary ectasia and aneurysms, are a subgroup of 

coronary artery anomalies and one of the most 

neglected topics in cardiovascular medicine (1). 

Coronary artery ectasia is a well-

recognized but relatively uncommon finding 

encountered during diagnostic coronary 

angiography (2). Although discovered incidentally, 

they can cause detrimental events such as sudden 

cardiac death (3). 

Coronary artery ectasia represents not 

only an anatomical variant but also a clinical 

constellation of coronary artery disease like 

association with myocardial ischemia and acute 

coronary syndromes. Coronary dilatations are thus 

classified as anomalies of intrinsic coronary arterial 

anatomy and have been reported in up to 5% of 

retrospective studies (4). 

They can occur either as a diffuse dilation 

of the coronary arteries (>1.5 times the normal 

diameter) that involves 50% of the artery length,  

 

which is called ‘‘ectasia’’ or as a localized dilation 

in which the aneurysmal dilation of the largest 

coronary vessel by 1.5 times is seen in<50% of the 

total vessel length. Coronary artery disease is 

considered the underlying factor in most of these  

 

patients (5). 

 Some coronary dilatations have been described in 

association with inflammatory connective tissue 

disorders such as scleroderma or Kawasaki disease 

or with a history of cocaine abuse (6). 

The term “aortic root” refers to the aortic 

valve from its position at the left ventricular outlet 

to its junction with the ascending portion of the aorta 
(7). 

It is the direct continuation of the left 

ventricular outflow tract. Aortoventricular junction 

refers to the junction between the left ventricular 

structures and the aortic valvularsinuses , this 

representing the anatomic junction , or the semilunar 

lines of attachment of the arterial valvular leaflets, 

this locus representing the hemodynamic 

ventriculoarterial junction (8). 

CAE is not an isolated and benign disease 

but a reflection of a generalized vascular media 

defect. Very few studies have reported a higher 

incidence of coronary dilatations in patients with 

aneurysms of the abdominal aorta and its branches 
(9). 

The aim of this study was to compare 2D-

TTEand 3D-TTE measurements of the aortic root 

diameter in patients with coronary artery ectasia to 

assess the presence of aortic root dilatation. 
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PATIENTS AND METHODS 

       This prospective observational study included a 

total of 50 consecutive patients attending at 

Department of Cardiology, Al-Azhar University 

Hospital, New Damietta for coronary angiography. 

Approval of the ethical committee and a written 

informed consent from all the subjects were 

obtained. This study was conducted between 

November 2017 until December 2018.  

 

the study was designed to compare 2D-TTE and 3D-

TTE measurements of the aortic root diameter in 

patients with coronary artery ectasia. Injection 

aortography was used as a gold standard and to 

assess the presence of ascending aortic dilatation in 

those patients. 

 

Inclusion Criteria: Patients who are admitted for 

coronary angiography according to guidelines 

indications and showed presence of coronary ectasia 

with or without coronary artery occlusion. 

 

Exclusion criteria: Moderate to severe valvular 

heart disease affecting aortic root diameter and if 

there was a contraindication of coronary 

angiography. 

The age of the study population ranged from 41 – 83 

years. All patients were subjected to clinical history 

and physical examination with emphasis on age, 

gender, medical history of diabetes mellitus (10), 

hypertension (11), dyslipidemia (12), smoking (13), 

previous medications and associated comorbidity. 

 

Coronary angiography was done according to 

guideline indications and if there was diffuse 

coronary ectasia, injection aortography was 

performed to measure the diameter of aortic root at 

the level of aortic annulus, aortic sinuses of valsalva 

and aortic sinotubular junction and to measure the 

diameter of ascending aorta to assess the presence of 

ectasia of the ascending Aorta. Boles et al defined 

CAE as an arterial segment with a diameter at least 

1.5 times the diameter of the adjacent normal 

coronary artery (14). 

 

Transthoracic Echocardiography 

Patients underwent 2D TTE and 3D TTE 

at echocardiogrhy laboratory of the Cardiology 

Department at Al-Azhar University Hospital New 

Damietta, using Philips IE 33 (Philips Ultrasound, 

22100 Bothell Everett Highway, Bothell, WA, 

98021 USA). The probe used were the X 5-1 and 

X 7-1 phased array sector probe (frequency range 

1.5-4.3 MHz). 

The image data were stored in the hard 

disk and were transferred to a computer for off-line 

analysis obtained by a piece of analysis software (Q-

Lab 10). Images of the long axis of the left ventricle 

in the parasternal view and while the 3D zoomed 

image of the long axis and short axis of the aortic 

root in the parasternal view was recorded in the full 

-volume mode for four consecutive beats. 

 

 Measurement of aortic root diameters by 2D and 

3D echocardiography 

Tow dimensional transthoracic 

echocardiography: 
Standard diameter measurements are at the aortic 

annulus, at the level of the sinuses of Valsalva and 

at the sinotubular junction (Figure 1). 

 
Figure 1: The following diameters are shown: aortic 

annulus diameter (1), sinuses of Valsalva (2), 

sinotubular junction (3), and tubular ascending aorta 

(4) (15). 

The aortic annulus diameter was measured by 

2D TTE from the para sternal long-axis view using the 

zoomed images at the insertion of the leaflets at the end 

of diastole perpendicular to the long axis of the aorta 

from leading edge to leading edge. The spaces between 

the luminal surface of the three bulges on the aortic root 

and their respective valvular leaflets are known as the 

aortic sinuses of Valsalva (16). 

The sinuses of valsalva is the largest diameter 

of aortic root. The sinotubular junction is defined as the 

top of the sinuses of valsalva and is recognized by the 

acute angle at the transition from the curved sinuses to 

the tubular ascending aorta (16). 

 

Three dimensional trans thoracic echocardiography: 

The diameters of the aortic root by 3DTTE were 

measured at para sternal short axis view using full 

volume , multiple cut planes will be obtained by I- slice 

modality at the level of aortic annulus , aortic sinuses of 

valsalva and sinotubular junction , two dimensions will 

be measured( longitudinal width , vertical ) , obtained 

by a piece of analysis software (Q-Lab 10). 
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Figure 2: Measurement of aortic annulus diameters in 

real-time three-dimensional (3D) echocardiography A. 

Para sternal long-axis view in real-time 3D 

echocardiography.B. Horizontal(D2) and vertical (D1) 

diameters measured from the short-axis view using 

zoom mode after multiplanar review C. Multi planar 

review mode of the 3D live acquisition with the three 

orthogonal cutting plans at baseline: in the top left 

window, one plane (blue line) is parallel to the long axis 

of the ascending aorta; a second plane (red line) is 

perpendicular to the previous line and set at the origin 

of the cusp to define the level of the aortic annulus; in 

the left bottom window, the third plane (green plane) is 

perpendicular to the two others; in the top right window, 

a short-axis view of the aortic annulus (17). 

 

Normal values of aortic segments   

The normal values of the various aortic segments are 

shown in (Figure 3). 

 
Figure 3: Normal size of thoracic aortic segments. 

The thoracic aorta can be divided into three 

segments: the ascending aorta that extends from the 

aortic annulus to the innominate artery and is 

typically measured at the level of the aortic annulus, 

the sinuses of Valsalva, the sinotubular junction, and 

the proximal (tubular) ascending aorta; the aortic 

arch that extends from the innominate artery to the 

ligamentum arteriosum; and the descending aorta 

that extends from the ligamentum arteriosum to the 

level of the diaphragm. PA, right pulmonary artery 
(18).  
 

Statistical analysis 

All demographic, clinical, and technical 

data were collected and tabulated using the ‘‘Data 

Collection Form” and entered into a computerized 

database. Statistical Package for Social Sciences 

(SPSS) version 15 for Windows® (SPSS Inc, 

Chicago, IL, USA) was used for analyses. The data 

were summarized using descriptive statistics: 

mean, standard deviation, minimal and maximum 

values for quantitative variables and number and 

percentage for qualitative values. Correlations 

were done to test for linear relations between 

variables . P value was considered significant 

if<0.05 . 

 

 

RESULTS 

Demographic and clinical data: 

This study included 50 patients, 34 of them 

(68%) were males, while 16 (32%) were females; 

their ages ranged between 41 years and 83 years with 

(mean ±SD = 59.02 ± 8.56 years). 26 (52%) were 

hypertensive, 21(42%) were diabetics, 19 (38%) 

were smokers and 15 (30 %) were dyslipidemia 

(table 1). 

 

Table 1: Showing the characteristics of the patient 

 

Variable Number Percentage 

Male 34 68% 

Female 16 32% 

DM 21 42% 

No DM 29 58% 

HTN 26 52% 

No HTN 24 48% 

Smoker 19 38% 

Nonsmoker 31 62% 

Dyslipdemic 15 30% 

Not dyslipidemic 35 70% 

 

 

 

 

Tables (2) and (3) show comparisons and correlation 

between diameter of aortic annulus in 2D, vertical 

diameter in 3D and diameter of aortic annulus in 

aortography.  
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Table 2: Comparisons and correlation between diameter 

of aortic annulus in 2D and vertical diameter in 3D 

Variable  Mean SD P R 

2D 2.3  0.34  

0.002 

 

0.49 3D 2.8   0.48 

 

Table 3: Comparisons and correlation between diameter 

of aortic annulus in 2D and diameter of aortic annulus 

in aortography 

 

Variable  Mean SD P R 

2D 2.3 0.34  

0.002 

 

0.49 Aortography  2.8 0.51 

 

Table 4: Comparisons and correlation 

between vertical diameter of aortic annulus 

in 3D and diameter of aortic annulus in 

aortography  

Variable  Mean SD P R 

3D 2.8   0.48  

0.001 

 

0.98 Aortography 2.8 0.51 

 

The tables (2-4) showing that there were statistically 

significant difference between diameter of aortic 

annulus in 2D, 3D and aortography but a good 

correlation (r = 0.98) was observed between the values 

obtained by 3DTTE and aortography ; however, the 

correlation between the values by 2DTTE and 

aortography was rough (r = 0.49)ز 

 

Comparisons and correlation between diameter of 

sinuses of valsalva in 2D, vertical diameter in 3D 

and diameter of aortic sinuses in aortography.  

 

Table 5: Comparisons and correlation between 

diameter of aortic sinuses of valsalva in 2D and 

vertical diameter in 3D 

Variable  Mean SD P R 

2D 3.2 0. 30  

0.01 

 

0.43 3D 3.80 0.68 

 

Table 6: Comparisons and correlation 

between diameter of sinuses of valsalva in 

2D and between diameter of aortic sinuses of 

valsalva in aortography 

Variable  Mean SD P R 

2D 3.2 0.30  

0.002 

 

0.48 Aortography  3.8 0.69 

 

Table 7 : Comparisons and correlation between 

vertical diameter of sinuses of valsalva in 3D 

anddiameter of aortic sinuses in aortography . 

Variable  Mean SD P R 

3D 3.8 0.68  

0.001 

 

0.95 Aortography 3.8 0.69 

 

The tables (5-7)showing that there were statistically 

significant difference between diameter of aortic 

sinuses in 2D, 3D and aortographybut A good 

correlation (r = 0.95) was observed between the 

values obtained by 3DTTE and aortography ; 

however, the correlation between the values by 

2DTTE and aortography was weak (r = 0.48) 

 

Comparisons and correlation between diameter 

of sinotubular junction in 2D, vertical diameter 

in 3D and diameter of sinotubular junction in 

aortography.  

Table 8: Comparisons and correlation between 

diameter of sinotubular junction in 2D and vertical 

diameter in 3D . 

Variable  Mean SD P R 

2D 2.8 0.26  

0.002 

 

0.47 3D 3.2 0.61 

 

Table 9: Comparisons and correlation between 

diameter of sinotubular junction in 2D and between 

diameter of sinotubular junction in aortography . 

Variable  Mean SD P R 

2D 2.8 0.26  

0.001 

 

0.46 Aortography  3.2 0.63 

 

Table 10: Comparisons and correlation 

between vertical diameter of sinotubular 

junction in 3D and diameter of sinotubular 

junction in aortography . 

Variable  Mean  SD P R 

3D 3.2 0.61  

0.001 

 

0.98 Aortography  3.2 0.63 

The tables (8-10)showing that there were statistically 

significant difference between diameter of sinotubular 

junction in 2D, 3D and aortography but A good 

correlation (r = 0.98) was observed between the values 

obtained by 3DTTE and aortography ; however, the 

correlation between the values by 2DTTE and 

aortography was weak (r = 0.46). 

 

Prevalence of dilated aortic root diameter in 

patients with coronary artery ectasia.  

 
Fig .4. Diagram showing number of patients with dilated 

aortic root diameter and with normal  aortic root  diameter 

in the study population . 
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Prevalence of dilated Ascending aorta 

diameter in patients with coronary artery 

ectasia 

 
Fig 5. Diagram showing number of 

patients with dilated ascending aorta 

diameter and with normal ascending 

aorta diameter in the study population. 

Comparisons and correlation between 

vertical and longitudinal diameter of 3 D 

Aortic annulus 

       In the present study the diameter of aortic 

annulus in 3D vertical mean was (2.8 ± 0.48) 

cm, and in 3D longitudinal mean was (2.8 ± 

0.46) cm. There was a good correlation 1 

between them. 

 
Fig 6. Diagram showing Comparisons and 

correlation between vertical and 

longitudinal diameter of 3 D Aortic 

annulus 

 

Comparisons and correlation between 

vertical and longitudinal diameter of 3 D 

Aortic sinuses of valsalva 

The diameter of sinuses of valsalvain 3D vertical 

mean was (3.8 ± 0.68) cm and in 3D longitudinal 

mean was (3.7 ± 0.66) cm. There was a good 

correlation between them . 

 
Fig 7. Diagram showing Comparisons and 

correlation between vertical and longitudinal 

diameter of 3 D Aortic sinuses of Valsalva. 
 

Comparisons and correlation between 

vertical and longitudinal diameter of 3 D 

Aortic sinotubular junction  

     The diameter of sinuses of Valsalva in 3D 

vertical mean was (3.2 ± 0.61) cm and in 3D 

longitudinal mean was (3.1 ± 0.60) cm. There was a 

good correlation between them. 

 

 
Fig. 8. Diagram showing Comparisons and 

correlation between vertical and longitudinal 

diameter of 3 D Aortic sinotubular junction 

 

DISCUSSION 

Coronary artery ectasia has been associated 

with aneurysms or dilatations in other vascular beds, 

so that patients with CAE may have a generalized 

dilatation diathesis related or not with 

atherosclerosis (19). 

The present study was designed to 

compare 2D-TTEand 3D-TTE measurements of 

the aortic root diameter in patients with coronary 

artery ectasia to assess the presence of aortic root 

dilatation. Injection aortography was used as a gold 

standard and to assess the presence of ascending 

aortic dilatation in those patients. 

    This prospective observational study included 50 

patients with coronary ectasia. Patients with 

moderate to severe valvular heart disease affecting 

aortic root diameter and those with contra 

indications of coronary angiography were excluded. 
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         All patients were subjected to routine clinical 

history and physical examination then Patients 

underwent 2DTTE and 3DTTE at echocardiography 

laboratory and the data collected from the echo were 

compared with the data collected from of 

Aortography. 

         In the present work the age of studied cases 

was ranged between 41 years and 83 years with 

mean 59.02 ± 8.56 years. In contrary to these results, 

Kahraman et al. (20) reported that mean age was 57 

± 11 year. This discrepancy may be attributed to 

different inclusion criteria and variation in 

population and the number of included cases in each 

study as their work was done on 80 patients with 

CAE and 25 control patients. 

       In the present study there were 50 patients 34 of 

them (68%) were males, while 16 (32%) were 

females, 26 (52%) were hypertensive, 21 (42%) 

were DM, 19 (38%) were smokers , 15 (30%) were 

dyslipidemia. In contradiction to the results of the 

present study Kahraman et al. (20) reported that 

males were 40 (50%) in the CAE group, 48 (60%) 

were HTN, 12 (15 %) were DM, 26 (32%) were 

smokers and 33 (41 %) were dyslipidemia. This 

discrepancy in results may be attributed to different 

inclusion and exclusion criteria as they excluded 

patients with wall motion abnormality, 

cardiomyopathy prior myocardial infarction, also 

they excluded patients with connective tissue or 

inflammatory diseases.  

       In the present study there is increase number of 

patients with dilated Ascending aorta diameter as 

there are 9 patients (18 %) with dilated ascending 

aorta. This prevalence of dilated ascending aorta is 

nearly seven times as the prevalence in the study of 

Benedetti and Hope (21), where 671 patients (2.7%) 

Of the 24,992 patients included in the study 

undergoing routine chest CT examinations had 

reported dilatation of the ascending aorta. 

        The results of this study also are somewhat 

similar to the study of Hatemi et al. (22) where the 

ascending aortic diameter (AAD) was larger in both 

the coronary artery aneurysm (CAA) and coronary 

dilatation (CD) groups than in patients lacking 

CAAs and CDs. 

         On the contrary, in the study of Triantafyllidi 

et al. (23) both ascending aortic diameter and 

ascending Aortic index were significantly increased 

in patients with CAE compared with patients with 

normal coronary arteries. Moreover, these results 

are also confirmed by another study Palomares et 

al. (24) in which it was reported that patients operated 

for ascending aorta aneurysm have a fivefold 

increase in the frequency of angiographically 

detected CAE compared with a concomitantly 

studied cohort of patients with suspected CAD. 

       Those findings additional to results from 

previous studies, concluded that coronary ectasia is 

not an isolated and benign disease but a reflection of 

a generalized vascular media defect (25). 

       In the present study there is increase number of 

patients with dilated aortic root as there are 13 

patients (26 %) with dilated aortic root at the sinuses 

of valsalva level while the prevalence of dilated 

aortic root is 4 % in the general population as 

mentioned in the Alegret et al. (26) where they 

reported that dilated aortic root is a relatively 

common finding, with a prevalence of about 4% 

measured at the level of the sinuses of Valsalva . 

This means that in patients with coronary artery 

ectasia the prevalence of dilated aortic root is more 

than six times as the general population. 

      In the current study, it was observed that a 

dilated Ascending aorta was associated with a 

higher prevalence of dilatation of annulus, sinuses 

of valsalva and sinotubularjunction. The prevalence 

was 77.7 % (7/9) for both annulus and sinotubular 

junction, and 88.8% (8/9) for sinuses of valsalva. In 

contradiction with the results of the present study 

Ocak et al. (27) reported that in patients with dilated 

Ascending aorta 38% had annulus dilation, 52% had 

a dilated sinuses of valsalva , and 21% had 

sinotubular junction dilatation , compared to 28%, 

28%, and 4% for annulus, sinuses of valsalva and 

sinotubular junction dilatation respectively in 

patients with a normal ascending aorta . This 

discrepancy in results may be attributed to different 

inclusion and exclusion criteria because they 

included patients with high suspicion of aortic 

aneurysm and/or dissection and exclude all patients 

with coexistent proximal aortic pathology or 

surgery, Patients with Marfan syndrome and 

bicuspid aortic valve .  

        In the present study the diameter of aortic 

annulus in 2D echo mean was (2.30±0.34) cm. 

Those results are somewhat similar to several recent 

studies such as Callaghan et al. (28) where mean was 

(2.13±0.23) cm. In the present study the diameter of 

aortic annulus in 3D echo mean was (2.80±0.48) cm. 

In contradiction with the results of the present study 
(28). The mean was (2.07 ±0.26) cm . This 

discrepancy in results may be attributed to that the 

previous study doesn't exclude patient with 

structural heart disease as it contain 9% of the 

patient was with valvular heart disease and 5% was 

diagnosed as cardiomyopathy. 

        The present study shows that there were 

statistically significant difference between diameter 

of aortic annulus in 2D, 3D and aortography , but a 

good correlation (r = 0.98) was observed between 

the values obtained by 3DTTE and aortography ; 

however, the correlation between the values by 

2DTTE and aortography was rough (r = 0.49) 
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       Regarding the diameters of aortic sinuses of 

valsalva in this study, the diameter in 2D echo mean 

was (3.2 ± 0.30) cm while the diameter in 3D echo 

mean was (3.8 ± 0.68) cm and the diameter in 

aortography mean was (3.8 ± 0.69) cm. Thus, there 

was statistically significant difference between 

diameter of aortic sinuses of valsalva in 2D, 3D and 

aortography , but A good correlation (r = 0.95) was 

observed between the values obtained by 3DTTE 

and aortography ; however, the correlation between 

the values by 2DTTE and aortography was weak (r 

= 0.48) . 

        As regard the diameter of aortic sinotubular 

junction in 2D echo mean in the present study, it was 

(2.8 ± 0.26) cm while the diameter in 3D echo mean 

was (3.2 ± 0.61) cm and the diameter in aortography 

mean was (3.2 ± 0.63 ) cm , so there was statistically 

significant difference between diameter  of 

sinotubular junction in 2D, 3D and aortography , but 

A good correlation (r = 0.98) was observed between 

the values obtained by 3DTTE and aortography ; 

however, the correlation between the values by 

2DTTE and aortography was weak (r = 0.46) . 

       By comparing the 3D vertical and longitudinal 

diameter of aortic root at the levels of annulus , 

sinuses of valsalva and sinotubular junction 

respectively , it was found that the diameter of aortic 

annulus in 3D longitudinal mean was (2.8 ± 0.46 ) 

cm and in 3D vertical mean was (2.8 ± 0.48 ) cm 

,while the diameter of sinuses of valsalva  in 3D 

longitudinal mean was  (3.7 ± 0.66) cm and in 3D 

vertical mean was (3.8 ± 0.68 ) cm , while the 

diameter of sinotubular junction in 3D longitudinal 

mean was (3.1 ± 0.60)  cm  and in 3D vertical mean  

was(3.2 ± 0.61)  cm , thus there was a good 

correlation between 3D longitudinal and vertical 

diameters of aortic annulus , sinuses of valsalva and 

sinotubular junction  ( r =     0 .98 , 0.97 , 0.95 ) 

respectively . 

 

CONCLUSION 

It could be concluded that accuracy of aortic root 

measurement by 3DTTE was superior to that by 

2DTTE, because the values by 2DTTE were 

underestimated compared to those measured by 

3DTTE and aortography. Increase prevalence of 

aortic root dilatation and ascending aorta dilatation 

in patients with coronary artery ectasia. Finally, 

dilated Ascending aorta was associated with a 

higher prevalence of aortic root dilatation. 

 

RECOMMENDATION 

1. The images obtained by 3DTTE provided accurate 

values of the aortic root, which were equal to the 

values measured by aortography. 3DTTE 

complements the conventional echocardiographic 

assessment of AV and aortic root with more accurate 

and reproducible quantitative analysis of aortic root 

morphology and can be performed repeatedly and 

noninvasively unlike the main current methods for 

evaluating aortic root such as MDCT and 3DTEE. 

2. In patients with coronary artery ectasia, there is 

higher possibility of dilated aortic root and dilated 

ascending aorta, so we should do injection 

aortography, 2D and 3D echocardiographic 

assessment of aortic root at the three levels and 

ascending aorta for detection of aortic root and/or 

ascending aorta dilatation .. 
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