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Abstract: The aortic valve and adjacent structures should be routinely evaluated on all thoracic cross-

sectional imaging studies. Echocardiography and magnetic resonance imaging (MRI) are the main imaging

techniques used for assessment of the aortic valve and related pathology but multi-detector computed

tomography (MDCT) can offer valuable complimentary information in some clinical scenarios. Radiologists

should be familiar with the indications, advantages and limitations of MDCT for assessment of the aortic

valve. This article reviews aortic valve anatomy and relevant terminology, technical aspects of MDCT image

optimisation and describes a suggested approach to interpretation.
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Introduction

The aortic valve can be affected by a wide range of both
congenital and acquired diseases. Echocardiography and
magnetic resonance imaging (MRI) are the main imaging
techniques used for assessment of the aortic valve and
related pathology but multi-detector computed tomography
(MDCT) can offer valuable complimentary information in
certain clinical scenarios. Radiologists should be familiar
with the role of MDCT in this setting in order to advise and
direct an appropriate imaging strategy depending upon the
clinical question. The aortic valve and adjacent structures
should also be routinely evaluated on all thoracic MDCT
cross sectional studies, regardless of clinical indication, as
aneurysms and other undiagnosed pathology may be first
identified on such examinations. We present a 2-part review
concerning the use of MDCT in aortic valve assessment.
This article, Part 1 of the review focuses on aortic valve
anatomy, MDCT imaging protocols, reconstruction
techniques and a systematic approach to interpretation.
Part 2 covers the key MDCT imaging features of the more
common diseases to involve the aortic valve and its support
structures.
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Normal anatomy

The aortic root forms a bridge between the left ventricular
outflow tract (LVOT) and ascending aorta (Ao), extending
from the aortic valve annulus to the sinotubular junction
which is a circumferential indentation composed primarily
of elastic tissue (1). The walls of the aortic root are formed
by three focal expansions called the sinuses of Valsalva
which are hollow spaces bounded medially by the aortic
valve leaflets (Figure I1). The normal aortic valve consists
of three leaflets, each approximately 1 mm thick with
ventricular and arterial surfaces lined by endothelial cells.
The sinuses provide space behind the valve leaflets when
open so that they do not occlude the coronary ostia and help
reduce damage to the valve leaflets as a result of striking
the aortic root wall (2). During normal valve opening, the
leaflets retract to form a triangular-shaped orifice and with
normal valve closure the leaflets should completely meet
(coapt) centrally.

The coronary ostia arise from the aortic root wall, just
above the sinuses with the left main stem artery arising
just above the left sinus and the right coronary artery
just above the right sinus (1). The non-coronary (NC)
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Figure 1 Normal aortic root anatomy in a 35-year-old man with chest pain referred for CT coronary angiography. (A) Volume rendered

3-dimension reconstruction showing the 3 Valsalva sinuses and their relationship with the left and right coronary arteries; (B) sagittal oblique

CT reconstruction showing a normal appearance of the aortic root and aortic valve; (C) cross sectional CT reconstruction through the aortic

valve plane in diastole showing a normal trileaflet valve with all cusps fully coapting centrally; (D) cross sectional CT reconstruction through

the aortic valve plane in systole showing a normal trileaflet valve with all cusps fully opening and a normal triangular shaped aortic valve area.

sinus is sited posteriorly. The sinuses are intracardiac and
intimately related to the cardiac chambers and pulmonary
outflow tract. The right coronary sinus lies adjacent to the
pulmonary outflow tract, interventricular septum and right
atrium (2). The NC sinus is adherent to the interatrial
septum and adjacent to the atrioventricular node and His
bundle. The left coronary sinus is adherent to the anterior
wall of the left atrium (LA) (2).

Non-invasive imaging techniques

Transthoracic echocardiography (TTE) is the current
imaging standard for assessment of the aortic valve. In
many patients TTE can provide sufficient information to
complete the diagnostic evaluation but when assessment
is incomplete or inconclusive other diagnostic techniques
must then be considered depending upon the clinical
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question. The relative strengths and weakness of the
respective non-invasive imaging modalities in providing
assessment of various aspects of an aortic valve study are
summarised in Tzble 1.

Echocardiography

Provided acoustic windows are adequate the aortic valve and
related structures can be well visualised with TTE (Figure 2).
TTE is cost effective, portable and widely accessible, and in
many cases will provide sufficient information to establish a
diagnosis and guide treatment decisions. TTE is a real-time
examination with excellent temporal resolution (20-30 msec)
and can also provide reliable estimations of transvalvular
pressure gradients. The main disadvantages of TTE are
operator dependence, and a rather limited field of view,
especially in patients with emphysema in whom acoustic
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Table 1 Comparison of the non-invasive cardiac imaging modalities

Echocardiography MRI ECG-gated MDCT SPECT scintigraphy

Portability +4+++ - = -
Relative cost 9.1 22.5 14.4 13.6
Radiation burden - - 45 db b 444
Field of view ++ + 4+ 444 +
Spatial resolution <1 mm 1-2 mm <1 mm 5-10 mm
Temporal resolution 20 ms 30 ms 70-160 ms 60-120 ms
Aortic valve morphology ++++ ++ + +++ + -
Aortic valve flow ++ + +++ + — -
LV function assessment + 4+ + +t +++ +++
Coronary imaging:

Proximal course ++ +4+ 4+ dbdb b dE

Stenosis severity - b 44+ -
Ischemia testing +++ ++++ - B

++, poor; +++, good; ++++, excellent; MRI, magnetic resonance imaging; MDCT, multidetector computed tomography; LV, left
ventricle. Relative costings are based on Medicare services document (www.cms.hhs.gov/PFS).

40%
AVVTI 8!’:_1.‘
Vmax 241 crv.c.‘ 225He
Vmean 168 crv's

Max PG 23 mmHg

Mean PG 13 mmHg
VAL 455cm

Figure 2 TTE study in a 75-year-old man with moderate severity valvular aortic stenosis. (A) Parasternal long axis systolic phase image

showing calcified valve leaflets with restricted opening (arrows); (B) doppler flow study showing peak velocity of 2.4 m/s, indicative of

moderate severity aortic stenosis. LV, left ventricle; Ao, aorta; LA, left atrium.

windows may be severely restricted. Transoesophageal
echocardiography (TOE) enables a transducer to be
placed in close approximation to the heart which gives
improved spatial resolution over TTE including much
better identification of endocarditis vegetations (3). TOE is
however an invasive procedure (requiring sedation/general
anaesthesia) that is not always tolerated or without risk and
as with TTE, cannot interrogate the entire thoracic Ao. If
echocardiography assessment is incomplete or inconclusive
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MRI and/or MDCT may be considered depending upon
the clinical scenario (4).

MRI

MRI can provide a comprehensive evaluation of anatomy,
transvalvular flow and left ventricular function. It is not
dependent on acoustic windows and is less reliant than
TTE on operator experience. MRI has good temporal
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Figure 3 MRI assessment of a 55-year-old man with a left coronary sinus of Valsalva aneurysm extending into interventricular septum

complicated by AR. (A) Coronal oblique SSFP image in early diastole shows the Valsalva aneurysm (arrow) extending into interventricular

septum. There is a prominent central jet regurgitant jet (arrowhead), and a dilated left ventricle (LV); (B) the PC-MRI aortic flow curve

shows a forward flow volume in systole of 134 mL and reverse flow in diastole of 70 mL which yields a regurgitant fraction of 52%

(70/134 mL) indicating severe AR. Reproduced with permission from Hoey ET et al. Sinus of Valsalva Aneurysms: assessment with cardiovascular MRI.

AFR; 2010;194:W495-504.

resolution (20-40 msec) which is sufficient to assess both
myocardial and valve motion. Phase-contrast sequences
provide consistent, reproducible measurement of blood flow
and can accurately quantify severity of aortic valve stenosis
and/or regurgitation (Figure 3) (5). Current MRI limitations
are its relatively low spatial resolution (1-2 mm), prolonged
examination time (45 minutes for a typical combined aortic
and structural cardiac assessment) and its contraindications
e.g., those with an implanted pacemaker device or cerebral
aneurysm clips. Prosthetic valves can be safely imaged but
there is often significant image artefact which may preclude
detailed assessment of component function. Finally MRI
may not be tolerated in patients with claustrophobia.

MDCT

ECG-gated MDCT provides isotropic high spatial
resolution images (0.4-0.6 mm) with an unrestricted field of
view that can be acquired in a single breath-hold enabling
non-invasive coronary artery assessment. Volume coverage
is unlimited allowing evaluation of the aortic arch to iliac
vessels in a single study and the ability to obtain multi-planar
reformations in any desired plane from the source dataset
effectively eliminates operator dependence (Figure 4).
MDCT is the most sensitive technique for detecting
calcification of the aortic valve and aortic wall, important
for surgical planning. Calcium scoring of aortic valve, even
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when asymptomatic, has been shown useful to predict short-
term clinical outcome and the need for further surveillance
or early valve replacement (4).

MDCT is also the most accurate and reproducible
method for measuring the aortic annulus dimensions which
is a critical part of trans-catheter aortic valve implantation
(TAVI) planning (6). Aortic valve motion and left ventricular
wall motion can be assessed with MDCT but requires the
use of retrospective ECG-gating (continuous data acquisition
through the cardiac cycle) which has a high radiation
exposure, especially for coverage of the entire thoracic Ao
(10-20 mSv). Other current limitations of MDCT are its
relatively low temporal resolution (75-180 msec) and inability
to directly measure the transvalvular flow velocity.

MDCT technique

The aortic valve is included on a standard coronary
artery imaging protocol (covering from carina to cardiac
apex), but the aortic arch and great vessels are not. Some
pathology affecting the aortic valve may originate in (e.g.,
aortic dissection) or secondarily involve the thoracic Ao
(e.g., bicuspid valve associated aortopathy or coarctation).
Aortic root pathology can also affect the left ventricle (LV)
(e.g., LV hypertrophy with aortic stenosis). Hence the
exact MDCT protocol used should be tailored to answer
the clinical question (7able 2). Intravenous contrast agent is
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Figure 4 MDCT assessment of bicuspid aortic valve in a 39-year-old woman. (A) Cross sectional CT reconstruction through the aortic valve

plane in systole showing a bicuspid aortic valve with characteristic “fishmouth” opening. The larger cusp is the fused left and right leaflets

with the site of fusion seen as a thin raphe (curved arrow). The valve opens well and shows no sign of degeneration (no calcifications or free

edge thickening); (B) coronal oblique CT reconstruction showing a dilated aortic root with partially effaced sinotubular junction in keeping

with bicuspid valve aortopathy. NC, non-coronary; LA, left atrium; MDCT, multi-detector computed tomography.

Table 2 Imaging protocols for ECG-gated CT angiography based on a 320-detector MDCT system (Aquilion ONE, Toshiba Medical Systems)

Coronary CT + functional Aortic CT

Acute aortic syndrome

Coronary CT
Range Carina—cardiac apex Carina—cardiac apex
ECG-gating Prospective Prospective
Acquisition Volume Volume
Initial unenhanced scan No No

Contrast volume + flow rate 70 mL @ 5 mL/sec

70 mL @ 5 mL/sec

Thoracic inlet—cardiac Thoracic inlet—symphysis

apex pubis

Retrospective Retrospective

Helical Helical

No Yes (non-gated helical)

100 mL @ 5 mL/sec 100 mL @ 5m L/sec

MDCT, multidetector computed tomography.

administered via a right arm peripheral 18 gauge cannula via
a pump at 5 mL/s. The scan is initiated by bolus tracking
on the descending Ao triggered at 180 HU. The imaged
section thickness is 0.6-1.0 mm.

ECG-gating reduces cardiac motion artefacts, which
enables non-invasive coronary artery evaluation and
cardiac morphological assessment. ECG-gating can be
achieved using a retrospective or prospective technique.
Retrospective imaging acquires continuous data through the
cardiac cycle allowing the dataset to be run in cine mode
for myocardial and valvular motion assessment. Prospective
imaging acquires data at a preselected diastolic phase of
the cardiac cycle, and thus no functional evaluation can
be performed. The prospective approach carries a much
lower radiation burden but requires a regular and slow
heart rhythm (<70 beats per minute and <10% beat to beat
variability) to avoid significant image artefacts.
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Systematic approach to MDCT interpretation

Aortic root dimensions are conventionally measured at three
levels: (I) aortic valve annulus (the hinge points of the valve
cusps); (II) midpoint of the sinuses of Valsalva; and (III)
sinotubular junction. Measurements are conventionally made
from an “optimised” sagittal oblique LVOT reconstruction
in the mid-diastolic (prospective ECG-gating) or end-
diastolic (retrospective ECG-gating) phase (7). In order to
achieve this reconstruction plane from an MDCT dataset
a line transecting the mid-point of the aortic valve and
LVOT is first selected (Figure 5). The resultant image is a
coronal LVOT plane through which a plane transecting the
LVOT and LV apex is selected to create an “off-set” sagittal
oblique image. This plane is then carefully adjusted so that
the mid-aortic valve, mid-mitral valve and LV apex are all
aligned to produce an “optimised” sagittal oblique LVOT
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Figure 5 Reconstruction of standardised aortic root and valve planes from a CT dataset in a 34-year-old man under investigation for chest

pain. (A) Axial image at the level of the aortic valve. A plane transecting the aortic valve and LVOT is selected (dashed line); (B) coronal

oblique LVOT view. A plane is selected which transects the aortic valve and LV apex (dashed line). This is then carefully angulated to transect

the mitral and aortic valves to produce (C); a plane through the Valsalva sinuses (solid line) is taken to produce (D); (C) sagittal oblique

“optimised” LVOT view from which aortic root dimensions are taken; (D) cross-sectional view in the plane of the aortic valve showing

a normal trileaflet valve. Arrow indicates the cusp-commissure sinus of Valsalva dimension. LVOT, left ventricular outflow tract; LV, left

ventricle.

Table 3 Partition values for upper limits of normal for aortic
root dimensions (9)

Men Women
Annulus (cm) 3.1 2.6
Sinuses of Valsalva (cm) 4.0 3.6
Sinotubular junction (cm) 3.6 3.2

image. This MDCT plane is analogous to the parasternal
long axis view on echocardiography from which much of the
normative aortic root data is derived. A line perpendicular
to the Valsalva sinuses taken from the “optimised” LVOT
view will provide a true cross-sectional plane through the
aortic valve leaflets and this plane has been shown as the most
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reproducible for measurement of aortic root dimensions (8).
The ability to measure aortic root dimensions using MDCT
which provides an unrestricted imaging plane is a particular
advantage over TTE which may be limited by acoustic
windows and therefore prone to measurement error. Indeed a
recent study showed TTE measurements to be substantially
lower or even normal in patients found to have a dilated
aortic root by MDCT assessment (8). Aortic dimensions vary
according to gender and body habitus but upper limits of
normal have been defined and form a useful reference guide
(Table 3) (9).

Once aortic root dimensions have been assessed valve
morphology is examined. The number of leaflets is
documented (tricuspid, bicuspid etc.) and the presence of
valvular calcification and free edge thickening is noted (10).
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Figure 6 A 76-year-old man with aortic stenosis. (A) Sagittal oblique LVOT image in diastolic showing heavy aortic valve calcification (curved

arrow); (B) cross-sectional image in end-systole through the aortic valve (20% R-R interval) showing heavily calcified leaflets with free edge

thickening. AVA is 0.7 cm’ in keeping with severe aortic stenosis. LV, left ventricle.

On retrospective ECG-gated studies leaflet excursion is
studied on a cine loop reconstruction in the cross sectional
valve plane. Absence of normal central coaptation (suggestive
of aortic regurgitation) or the presence of leaflet prolapse
is specifically looked for. If there is felt to be a restricted
opening pattern the AVA is planimetered using the end-
systolic frame (Figure 6) (11).

Next the coronary artery origins are assessed by
documenting the sinus of origin, proximal course of each
vessel and the presence of any anomalous vessels. The
LV should also be routinely evaluated for wall thickness
and cavity dimension (measuring in the diastolic phase).
Upper limits of normal for diastolic left ventricular wall
thickness are 12 mm within the septum and 8 mm for the
lateral wall. Diastolic cavity dimension should be <6 cm
as a general guide (12). Ejection fraction should be
calculated on retrospective datasets—this can usually be
achieved with vendor specific contouring algorithms to
map the endocardial borders and measure end-diastolic
and end-systolic volumes. Finally the thoracic Ao is
evaluated, documenting the ascending, arch and descending
dimensions. Aneurysms and aortic coarctation are

specifically looked for.

Conclusions

This section completes Part 1 of this 2-part review on
MDCT evaluation of the aortic valve. Relevant anatomy has
been reviewed and MDCT protocols have been discussed.
In addition reconstruction techniques and an approach to
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interpretation have been described. Part 2 of this review
deals with the MDCT features of the more common
disease processes to involve the aortic valve and its support
structures.
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