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ABSTRACT
Introduction: as there is a growing number of percutaneous interventions, scrupulous attention and profound knowledge of 
the aortic root and neighboring structures is required. The objective of the study is to describe the anatomy of the aortic root 
and the coronary ostia in asymptomatic patients using CT. 
Methods: eighty-five patients without any clinical symptoms suggestive of the aortic root and coronary arteries diseases 
underwent contrast-enhanced MDCT. CT angiography was performed with a 64-row helical CT scanner after administration of 
the non-ionic, iodinated contrast agent. 
Results: CT angiography depicted the entire structure of the aortic root. The aortic root encompasses several distinct elements, 
namely the aortic annulus, the aortic valve leaflets and their (leaflet) attachments, the interleaflet triangles, the sinuses of 
Valsalva, the coronary arteries ostia and the sinotubular junction. CT angiography depicted the distance between the aortic 
annulus and the margins of the left and right coronary ostia. While carrying out the analysis, the precise description of the 
anatomy of the sinotubular junction and the valve leaflet attachments has to be made. Sinuses of Valsalva normally consist of 
the right, left and posterior cusps. Left and right coronary ostia are located below the upper margin of the cusps.
Conclusion: When analyzing the anatomy of the aortic root and the coronary ostia, each entity should be examined separately. 
It is important to take into account the relationship between the structures the aortic root encompasses. Changes in the size 
of one structure cause the improper functioning of the adjacent ones.
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Introduction
The mortality rate from cardiovascular diseases 

(CVDs) ranks first among all the diseases globally. 
According to the World Health Organization, in 2016 
about 17.9 million people died of CVDs (15.2 million of 
whom died of heart attack and stroke).1 This worrying 
trend is urging us to improve the diagnostics and 
treatment of CVDs. Recent decades have been marked 
by the technological advances and introduction of 
innovative techniques in cardiology and cardiac 
surgery.2 The increasing number of such percutaneous 
interventional procedures as coronary angiography, 
coronary angioplasty and stenting, intravascular 
ultrasound (IVUS) and fractional flow reserve (FFR), 
transcatheter aortic valve implantation (TAVI), requires 
detailed knowledge of the anatomy of the aortic root. 
Preoperative planning is an important factor in the 
successful performance of cardiovascular procedures. 
The geometry of the aortic root and adjacent structures 
has to be estimated. Careful attention needs to be paid 
to the height of the takeoff of the coronary artery 
which is measured from the aortic valve annulus. The 
diameter of the coronary ostium has to be considered 
as well. An error in the calculations can lead to the 
coronary ostium occlusion by a valve (in TAVI) or an 

inability to put an introducer into the coronary artery 
ostium. Non-invasive methods are the best option for 
the preoperative assessment of anatomy.3 Contrast-
enhanced multidetector computed tomography 
(MDCT) provides a detailed visualization of the 
anatomy of the studied structures, taking into account 
the spatial image.4

The study aims to describe the anatomy of the 
aortic root in patients without any structural damage 
of the heart and ascending aorta and to assess the 
morphological features of the coronary arteries, 
which arise from the sinuses of Valsalva with the help 
of MDCT.

Material and Methods
Study Design and Patient Selection. Patients of the 

Lviv Regional Clinical Hospital (Lviv, Ukraine) and 
Ukrainian-Polish heart center “Lviv” (Lviv, Ukraine) 
were involved in the given study.

Inclusion criteria were as follows:
1. chest CT with contrast enhancement
2. no clinical symptoms of heart disease and 

ascending aorta disease
3. no CT signs of structural heart disease and 

ascending aorta disease
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4. the signing of the informed consent on the use of 
data in the study by the patient or official representative 
(according to the Declaration of Helsinki and the 
national legal regulations (Ethics Committee Approval: 
Bioethics Commission of Danylo Halytsky Lviv National 
Medical University, protocol No. 4 23 April 2018)).

CT images of 86 patients were obtained with the 
following gender distribution: 48 men and 38 women. 
The average age of patients was 53.8 ± 15.3 years. The 
examinations were conducted between September 
2020 and January 2021.

The patients were scanned on MDCT scanner 
LightSpeed VCT XT, GE (General Electric, USA) 
with 64-row chest CT after administration of non-
ionic, iodinated contrast agent. Scan type – Helical. 
Intravenous contrast material – 80-110 mL of Ultravist 
470 (Bayer Healthcare, Germany) and 30-40 mL of saline 
(Arterium, Ukraine) at 4mL/s. A standard technique 
protocol was used according to the manufacture 
guidelines. kV and mAs/rotation were variables based 
on the patient's size. Additional parameters: rotation 
time 0.33 s; dual-source 64x0.6 collimation; automated 
patient instruction on inspiration; heart rate 60-70 
beats/min.

Data analysis. CT images were analyzed on a 
dedicated CT workstation (General Electric, USA) with 
all the necessary software. The study is based on CT 
images of the aortic annulus, sinuses of Valsalva and 
sinotubular junction; the distance between aortic 
annulus to the separate inferior and superior margins 
of both left coronary artery (LCA) and right coronary 
artery (RCA); the distance between aortic annulus and 
sinotubular junction. Values are presented in mean ± 
standard deviation. 

Results
The aortic root is a complex anatomical structure 

that consists of multiple entities. It encompasses the 
aortic valve annulus, the aortic valve leaflets, the leaflet 
attachments and the interleaflet triangles, the sinuses 
of Valsalva, the coronary ostia and the sinotubular 
junction. Any changes in the geometry of the aortic 
root structures can lead to the structural aortic valve 
deformations, dilatation of the sinotubular junction 
and the sinuses of Valsalva. Therefore, a comprehensive 
assessment of all the entities is important.

Clear visualization of the studied structures can be 
obtained with the help of CT. The CT image consists 
of a matrix of pixels, each of which is recognized by 
a computer system ranging from -1000 to +1000 
Hounsfield units (HU). HUs depend on the density of 
the tissue that has been scanned. It is known that air 
has -1000 HU, water 0 HU, soft tissues 20-100 HU, 
skeletal system 400-600 HU. Thus, by measuring the 
density we can differentiate the structure of tissues. 
Dense substances absorb more X-rays which results in 
higher HU. The images appear to be lighter and have 
increased attenuation.

According to the examination protocol, each patient 
was scanned without contrast enhancement and with 
it. CT examination without contrast enhancement 
made it possible to visualize structures with high 
density. Increased attenuation in the aortic valve 
indicates calcification of the aortic valve; in the area 
of the ascending aorta – calcification of the aortic 
intima. Patients who suffered from heart disease and 
ascending aorta disease were not included in the study.

Contrast-enhanced CT provided better visualization 
of all the components of the aortic root and the 
coronary ostia. Injection of contrast material into the 
blood vessels allows us to distinguish between the 
structures that are vascularized. The course of the 
vessels, the morphology of their lumen and walls can be 
studied as well. After the survey, the post-processing 
of digital images took place. It enabled us to carry out 
an additional detailed analysis.

CT images were analyzed in the horizontal (axial), 
sagittal or frontal (coronal) planes. Volumetric data 
were reconstructed into a 3D image. The image itself, 
because of its authenticity, is an excellent method of 
studying the anatomy of the heart and aorta.

Analysis of the contrast-enhanced CT chest images 
shows that the sinotubular junction (STJ) is the upper 
margin of the aortic root (Figure 1). This is the junction 
of the dilated part of the aorta, which contains the 
sinuses of Valsalva, with the narrowing of the ascending 
aorta. However, it is not a clearly defined circular ridge. 
The three commissions at the STJ level are viewed as 
an outpost of the leaflet attachments. The morphology 
of both STJ and commissures is considered while 
analyzing data. In the group of patients under 

Figure 1. Coronal CT image shows the ascending aorta (Ao), aortic valve (red 
arrow), sinuses of Valsalva (white arrow), sinotubular junction (black arrow), left 
ventricle (LV), pulmonary artery (P), superior vena cava (S), the origin of the great 
vessels (*), left atrial appendage (orange arrow). Contrast-enhanced CT
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examination, the structural proportions corresponded 
to the norm. Dilatation of the sinotubular junction can 
cause a weakening of the valve leaflet strain. Dilatation 
of STJ and intercommissural distance provokes 
inappropriate coaptation of the aortic valve. That is, it 
can conduct toward the aortic valve insufficiency.

Assessment of the anatomy of the sinotubular 
junction and valve leaflets (Figure 2) was performed 
on the short axis and oblique coronal view. Below the 
sinotubular junction, there are the sinuses of Valsalva 
(Figure 3). Normally, they consist of three cusps – left, 
right and posterior. The cusps have two surfaces: 
convex (lower) and concave (upper), resembling bags 
in shape. The convex surface faces the left ventricle 
(where the aorta originates), while concave directly 
faces the lumen of the aorta, forming the aortic sinus. 
During diastole, the aortic valve should close tightly 
to prevent backflow into the left ventricular cavity. 
This mechanism, involving many other factors, is also 
maintained by the anatomical peculiarities of the 
valve leaflets, namely nodules and lunula. Nodule of 
the semilunar leaflet (nodulus valvulae semilunaris) 
– “body of Arantius” – is a thickening of the valve in 
the middle of the free edge. Delicate folds spread 
from the nodule to the sides – they are called lunula 
(lunulae valvulae semilunaris). The semilunar cusps 
are attached to the aortic wall forming a relation to 
each other which is called commissure of semilunar 
valve cusps (commissurae valvulae semilunaris) and 
fibrous triangles between the sinuses. The triangle 
which is formed between the right and posterior cusps 
is clinically important, as it points out the location of 
the atrioventricular conduction bundle.

When assessing the aortic root, it is important to 
analyze the adjacent structures. The right and left 
coronary arteries originate from the sinuses of Valsalva 
(Figure 4). Normally, the coronary arteries originate 
above the corresponding sinuses of Valsalva. As the 
coronary arteries tend not to arise from the posterior 
sinus, it is also called the noncoronary sinus. 

Figure 2. Oblique axial reformat through the aortic valve shows the normal 
anatomy of the aortic valve with complete coaptation of smooth-edged valve 
cusps. Right semilunar aortic valve (right coronary cusp, R), left semilunar aortic 
valve (left coronary cusp, L), posterior semilunar aortic valve (posterior coronary 
cusp, P), left atrium (LA), right ventricle (RV), right atrium (RA), descending aorta 
(DA), thoracic vertebra (Th). Contrast-enhanced CT

Figure 4. Oblique axial reformat through the aortic valve shows the normal 
anatomy of the sinuses of Valsalva. Right semilunar aortic valve (right coronary 
cusp, R), left semilunar aortic valve (left coronary cusp, L), posterior semilunar 
aortic valve (posterior coronary cusp, P), left atrium (LA), descending aorta (DA). 
Contrast-enhanced CT

Figure 4. Coronal CT image shows the ascending aorta (Ao), aortic valve (red 
arrow), left ventricle (LV), pulmonary artery (P), superior vena cava (S), the origin 
of the left coronary artery (*), sinuses of Valsalva (white arrow), sinotubular 
junction (black arrow). Contrast-enhanced CT
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In most cases, the coronary ostia are located under 
the upper edge of the aortic valve cusps. The height 
of the corresponding sinuses of Valsalva is larger than 
the height of the valves. Such a position allows the 
maximum blood supply to the coronary vessels in the 
left ventricular diastole. The coronary artery takeoff 
which is up to 5 mm above the sinotubular junction is 
also believed to be within the anatomical norm.

CT without contrast-enhancement makes it possible 
to determine the calcium index in the coronary 
vessels. The presence of calcium is an indicator of the 
damage to the intima caused by atherosclerosis. The 
patients with the given condition were not included in 
the study. Contrast-enhanced CT scans were used to 
visualize the location of the vessel and its course. No 
abnormalities in the origin or course of the coronary 
arteries were found in the examined patients. To assess 
the origin of the coronary arteries, it is mandatory to 
analyze images not only along the long and short axes 
but also oblique coronal.

The diameter of the coronary ostia (Figure 6, Figure 
7) is determined on the horizontal (axial) sections. 
The height of the discharge of the coronary arteries 
is calculated as the distance from the aortic annulus 
(Figure 8) to the lower edge of the coronary artery 
ostium. Additionally, the measurements of the upper 
edge of the coronary ostium are taken. It was found out 
that the diameter of the left coronary artery is larger 
than the diameter of the right. Distally, the diameter of 
the vessels is gradually getting smaller.

If the coronary artery originates more than 1 cm 
above the sinotubular junction, it is referred to as 
“high takeoff”. It might be associated with decreased 
coronary perfusion and myocardial ischemia. “Low 
coronary artery takeoff” is the location of the ostium 
less than 1 cm above the functional aortic valve 
annulus. If it is asymptomatic, it is not considered to 

be a critical abnormality. It is important to take it into 
account in cases of cardiac surgery, especially when 
the aortic valve is manipulated.

Figure 5. CT image shows the ascending aorta (Ao), the origin of the right 
coronary artery (*), aortic valve (red arrow), sinuses of Valsalva (white arrow), 
sinotubular junction (black arrow). Contrast-enhanced CT

Figure 6. Oblique axial reformat through the aortic valve shows the origin of the 
left coronary artery (*). Aorta (Ao), left atrium (LA), right atrium (RA), pulmonary 
trunk (PT), descending aorta (DA). Contrast-enhanced CT

Figure 7. Oblique axial reformat through the aortic valve shows the normal 
anatomy of the aortic valve and the origin of the right coronary artery (*). Right 
semilunar aortic valve (right coronary cusp, R), left semilunar aortic valve (left 
coronary cusp, L), posterior semilunar aortic valve (posterior coronary cusp, P), 
left atrium (LA), right atrium (RA), right ventricle outflow tract (RVOT), Contrast-
enhanced CT
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Discussion
The results of the given work are a fragment of 

the scientific research project “Morpho-functional 
features of organs in the pre- and postnatal periods 
of ontogenesis, under the influence of opioids, dietary 
supplements, reconstructive surgery and obesity” 
(State Registration Number 0120U002129.), which 
is being conducted at the Department of Normal 
Anatomy of Danylo Halytsky Lviv National Medical 
University.

The proper selection of patients was fundamental 
to the study since the aim was to analyze CT images 
of the patients without any aortic root and coronary 
vessels disease.

A variety of methods is available to diagnose the 
cardiovascular system. Ultrasound examination of the 
heart and ascending aorta, CT and Magnetic resonance 
imaging (MRI)5,6 are most often used to visualize 
the aortic root. Each method has its advantages and 
disadvantages, which have been described in detail 
by numerous authors,7-10 based on several number of 
studies and observations. We would like to focus on the 
rationale for the use of CT in the given study. Reliable 
measurements of the structures under study can be 
performed during transthoracic or transesophageal 
echocardiography. However, the distance from the 
aortic valve annulus to the left coronary artery ostium 
cannot be assessed. It is caused by the fact that the left 
coronary artery is not located in the standard plane in 
which the examination is performed.11 MRI examination 
is time-consuming and is not always available.12 CT 
angiography is the gold standard for evaluation of 
acute aortic pathology. According to data presented 
in numerous publications and recommendations,9,13-15 
adequate assessment of the aortic anatomy can be 
performed using CT. CT scans provide a comprehensive 

assessment of the position of the coronary arteries in 
concerning the aortic annulus and the valve leaflets.

The aortic root is a complex structure, which 
consists of many elements. Adequate functioning of 
the cardiovascular system is made possible due to 
the coordinated work of the components of the aortic 
valve, maintenance of the size of the sinuses of Valsalva 
and sinotubular junction.16-17 It should be noted that it 
is still a controversial issue whether to consider the 
aortic root a part of the ascending aorta18 or a separate 
part.7

When assessing the aortic root, the coronary ostia 
should be primarily focused on. It is crucial before 
planning cardiac procedures or cardiac surgery.2,11,19-21 

Normally, the coronary arteries originate from the 
sinuses of Valsalva, below the STJ. “Low takeoff”, which 
might be asymptomatic, is the location of the ostia less 
than 1 cm above the functional aortic valve annulus.22 

“High takeoff” can be a potentially threatening 
condition, as the coronary artery originates more than 
1 cm above the sinotubular junction.23 The results of the 
assessment of the diameter of the coronary arteries are 
consistent with the published data. Interestingly, with 
age, particularly in people over 75, the diameter of the 
right coronary artery is slightly bigger than the left.24 
Distally, the diameter of the vessel is gradually getting 
smaller, branching to the arterioles and capillaries.25

Conclusion
When analyzing the anatomy of the aortic root and 

the coronary ostia, each entity should be examined 
separately. It is important to take into account the 
relationship between the structures the aortic root 
encompasses. Changes in the size of one structure 
cause the improper functioning of the adjacent ones.

Figure 8. Axial (transverse) CT image of the thorax at the level of the aortic annulus (red dots). LA, left atrium. Contrast-enhanced CT
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