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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. Part 1 of the review focuses 
on aortic valve anatomy, MDCT imaging protocols, 
reconstruction techniques and a systematic approach to 
interpretation. This article, part 2 covers the key MDCT 
imaging features of the more common diseases to involve 

the aortic valve and its support structures.

Congenital leaflet anomalies

Bicuspid aortic valve (BAV)

BAV affects 1-2% of the population and is the most 
common congenital cardiac defect (1). BAV is hereditary 
(autosomal dominant) with incomplete penetrance and a 
strong male predominance (3:1). It has a strong association 
with other cardiac and vascular malformations, particularly 
aortic coarctation which is present in around 25% of 
patients with BAV (2,3). BAV is also associated with 
progressive dilatation of the aortic root and ascending 
thoracic aorta (termed BAV aortopathy) which has been 
attributed to an abnormal connective tissue matrix in 
conjunction with abnormal helical flow patterns generated 
by the valve morphology. Aortopathy is typically progressive 
with patients requiring serial imaging assessment regards 
timing of aortic valve and root replacement surgery with 
an aortic diameter of 5 cm used as guide for potential 
intervention (1). 
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Most commonly a BAV is composed of two leaflets 
of unequal size. The larger leaflet is usually the result of 
congenital fusion in which case a fusion line (termed a 
“raphe”) is often visible both at gross inspection and at 
MDCT angiography. Rarely no raphe is identified and 
this is termed a “pure” BAV (4). The commonest pattern 
of leaflet fusion is left and right (70% of BAV) followed by 
right and non-coronary leaflets (28%). Fusion of the left 
and non-coronary leaflets is rare (2%) (4). A BAV undergoes 
premature degeneration which is thought to be multifactorial 
with increased sheer stress as a major contributor. Indeed 
BAV is the commonest cause of aortic stenosis (AS) and 
regurgitation in the under 65-year age group.

MDCT has been shown as an accurate means of 
diagnosing BAV with comparable results to MRI and 
TTE however its particular utility is in the setting of BAV 
degeneration when heavy leaflet calcification artefact may 
limit the accuracy of MRI and TTE (5). A BAV is best 
seen in systole when it has a “fishmouth” appearance which 
describes the classical elliptical shaped orifice in contrast to 
the triangular orifice of a normal trileaflet aortic valve (6). 
When a BAV undergoes degeneration calcification tends 
to predominate along the fusion line and the base of the 
conjoined leaflets (Figure 1) (6).

Quadricuspid aortic valve

A quadricuspid (4-leaflet) aortic valve is extremely rare. 

As with BAV there is a strong association with premature 
valvopathy and aortopathy but these complications typically 
present at an earlier age than with BAV. Quadricupsid 
valves are particularly associated with aortic regurgitation 
(AR) (75%) and nearly 20% of affected patients have other  
co-existing congenital cardiac abnormalities (such as single 
coronary artery) which should be sought. There are only 
a handful of reports describing the MDCT features but 
typically the 4th leaflet is small and redundant (5,6).

Aortic stenosis (AS)

AS describes obstruction of left ventricular outflow at the 
level of the valve with a pressure gradient of greater than  
10 mmHg (7). It most commonly occurs secondary to 
calcific degeneration of a trileaflet valve (usually in a 
patient >65 years) or complicating a BAV (usually in a 
patient <65 years). Valve calcification was initially thought 
to be a chronic degenerative process, but has recently 
been shown to have an active inflammatory component 
with many similarities to atherosclerosis. Calcific aortic 
valve degeneration begins at the bases of the valve leaflets 
before spreading to involve the leaflet margins, leading to a 
reduction of the aortic valve area (AVA) and restricted leaflet 
movement (8). Typically the non-coronary leaflet is affected 
first. Reduced AVA leads to increasing pressure gradients 
between the valve and ascending aorta, which is used to 
grade AS severity as mild (<25 mmHg/AVA >1.5 cm2),  

A B

Figure 1 BAV in a 35-year-old man. (A) Cross sectional CT reconstruction through the aortic valve plane in diastole showing an apparent 
single line of valve fusion (arrows) raising the possibility of a BAV. Note the heavy valvular calcification as a marker of degeneration; (B) 
cross sectional CT reconstruction through the aortic valve plane in systole showing an elliptical “fishmouth” opening pattern in keeping 
with a BAV. Calcification can be seen along the line of left and right cusp fusion (curved arrow). BAV, bicuspid aortic valve; LA, left atrium; 
RA, right atrium.
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moderate (25-40 mmHg/AVA 1.5-1 cm2) and severe  
(>40 mmHg/AVA <1 cm2) (7).

MDCT features of AS are leaflet thickening and 
calcifications, decreased valvular excursion (requires a 
retrospective scan protocol), post stenotic aortic dilatation and 
concentric left ventricular hypertrophy. MDCT relies on AVA 
planimetry in end systole (20% R-R interval or 50-100 ms  
from the R wave peak) to infer stenosis severity (7). This 
method, although seldom used in day to day clinical practice 
has been shown to correlate well with TTE derived stenosis 
severity (Figure 2). MDCT derived severity assessment of 
leaflet calcification, has been shown to have good correlation 
with stenosis severity as assessed by TTE and serves as 
a useful guide when valve calcification is seen on routine 

thoracic cross-sectional MDCT (8):
•	 Grade 1, no calcification;
•	 Grade 2, mildly calcified (small isolated spots);
•	 Grade 3, moderately calcified (multiple larger spots);
•	 Grade 4, heavily calcified (extensive calcification on 

all cusps).
One of the main roles of MDCT in the setting of AS is 

as a key imaging technique in the work-up of patients with 
severe AS being considered for transcatheter aortic valve 
implantation (TAVI).

Aortic valve replacement

Valve replacement is the treatment of choice for patients 

Figure 2 A 68-year-old man with AS undergoing MDCT assessment. (A) Sagittal oblique LVOT reconstruction in diastole showing slightly 
thickened valve leaflets with some free edge calcification (curved arrow); (B) sagittal oblique LVOT reconstruction in systole showing a 
restricted opening pattern in keeping with valvular AS (curved arrow); (C) cross sectional CT reconstruction through the aortic valve plane 
in diastole showing a tri-leaflet valve with slightly thickened free edges (arrows) and some calcification of the non-coronary leaflet margins; (D) 
cross sectional CT reconstruction through the aortic valve plane in systole showing a slightly reduced opening orifice. The AVA planimetry 
gave an area of 1.4 cm2 in keeping with moderate severity AS. MDCT, multi-detector computed tomography; AS, aortic stenosis; AVA, 
aortic valve area; LV, left ventricle; LA, left atrium; RA, right atrium.
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with severe symptomatic AS (9). Preoperative assessment 
requires measurement of the aortic valve annulus and 
thoracic aortic dimensions as well as evaluation of left 
ventricular ejection fraction and coronary artery anatomy. 
MDCT can provide a “one-stop”, comprehensive 
assessment of these variables and has an increasing role in 
this setting (7).

Up to 40% of patients with severe AS may not be 
suitable for valve replacement surgery due to co-morbidities 
and high anaesthetic risk and there is an increasing interest 
in the role of TAVI in this patient group. Since its first 
description in 2002 (TAVI) has become established as a 
viable alternative to surgical aortic valve replacement in AS 
patients ineligible for surgery. TAVI involves valvulolasty 
of the native diseased valve to displace the leaflets followed 
by catheter delivery of a valve prosthesis mounted on a 
metallic stent (10). Intra-procedural prosthesis positioning 
is confirmed with fluoroscopy and transesophageal 
echocardiography (TEE). A transfemoral approach is 
preferred but subclavian, axillary and transapical techniques 
have also been described (10). 

Pre-procedural TAVI work-up requires accurate 
measurement of aortic valve annulus dimensions to 
avoid anulo-prosthesis mismatch (which can lead to 
stent migration and/or paravalvular leakage). MDCT is 
considered the “gold-standard” for annulus measurements 
which are often underestimated by TEE due to its elliptical 
shape (10). MDCT is also used to measure the distance 
between the annulus and coronary artery ostia (to avoid 
coverage during valvuloplasty) and to map the abdominal 
aorta and iliofemoral arteries for tortuosity, stenoses and 
heavy calcific plaque burden which can be a contraindication 
to a transfemoral route (Figure 3A,B). For transfemoral 
TAVI a minimal arterial lumen diameter of 7 mm  
is required. Acute angulation and protruding atheroma 
(which might embolise with catheter manipulation) are also 
considered relative contraindications and may necessitate 
an alternative approach (10). A summary of key MDCT 
components of a TAVI study are presented in Table 1. There 
is also an increasing use of MDCT for post-operative TAVI 
follow-up (Figure 3C,D).

Aortic regurgitation (AR)

AR describes insufficient leaflet coaptation in diastole which 
causes diastolic backflow of blood from the ascending aorta 
into the left ventricle (LV). AR can occur secondary to 
congenital or acquired leaflet dysfunction, aortic annulus 

dilatation or a combination of the two (11). Globally valve 
damage from rheumatic fever is the commonest cause of 
AR, but in Western populations BAV disease and aortic 
root dilatation are the commonest causes (12). AR causes 
a progressive increase in left ventricular volumes and 
pressure. If the AR is acute (e.g., associated with acute aortic 
dissection), acute pulmonary edema may develop as the LV 
fails to adapt to a sudden increase in filling pressure. With 
chronic AR the volume loading is more gradual which allows 
for remodelling with eccentric LV hypertrophy and chamber 
dilatation. The need for surgical valve replacement depends 
upon symptom severity, regurgitant fraction (>30%), LV 
function (ejection fraction <50%) and LV cavity size (diastolic 
diameter >7 cm) (11-13). Accurate sizing of the aortic root 
and thoracic aortic dimensions are important to guide the 
surgical repair technique (11). Echocardiography remains 
the first line tool for assessment of AR severity and LV size 
and function however it may struggle to accurately size the 
ascending aorta for which MDCT is well suited. 

The aetiology of AR can be suggested with MDCT by 
evaluating aortic dimensions in conjunction with leaflet 
thickness and calcification. With intrinsic valve disease, 
the leaflets are often retracted, thickened and calcified. 
When AR is secondary to aortic root distortion the 
leaflets may have a normal appearance but fail to coapt 
centrally leaving a diastolic phase regurgitant orifice  
(11-13). Leaflet malcoaptation is best visualized with MDCT 
in the end diastolic phase of the cardiac cycle with images 
reconstructed at approximately 70% of the R-R interval 
(approximately 600 msec from the R-wave peak) (11).  
AVA planimetry can be used to quantitatively assess AR 
severity with several studies showing a good correlation 
with TTE for moderate and severe AR although this 
technique is rarely used in clinical practice (12,13).

Infective endocarditis (IE)

IE is a potentially life-threatening condition that frequently 
involves the aortic valve with streptococci and staphylococci 
account for around 80% of cases (14). Major risk factors 
for IE are congenital structural anomalies such as BAV, 
prosthetic valves and intravenous drug use. Bacterial 
endocarditis causes rapid leaflet destruction, perforation and 
severe AR. Infection commonly spreads into the periannular 
soft tissues and can cause abscesses, pseudoaneurysms 
and fistulas with the incidence of these complications 
reported to be 30-50% for aortic valve IE (15). There 
is also an increased risk of stroke, mycotic intracerebral 
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abscess and splenic abscess formation secondary to systemic 
embolization. 

Treatment of IE is usually with prolonged courses 
of intravenous antibiotics but surgical resection and 
valve replacement may be considered in the setting of 
severe AR, large valvular vegetations and perivalvular 
pseudoaneurysm/abscess or fistula (16). Hence the 
preoperative recognition of an infected pseudoaneurysm 
has important therapeutic implications requiring much 
more extensive surgical intervention with the need for 
debridement and often annulus reconstruction. Diagnosis 
of IE is established using the revised Duke criteria which 
are a collection of major (positive blood culture with typical 

IE microorganism, evidence of endocardial involvement 
at echocardiography) and minor [predisposing factor 
for IE, evidence of systemic or pulmonary emboli (e.g., 
splenic infarct) and immunological conditions such as 
glomerulonephritis] criteria. The hallmark imaging sign 
of endocarditis are vegetations which are often small  
(<5 mm) and can be difficult to detect with TTE which has 
a sensitivity of only 25% for small vegetations (14). TEE 
has a reported sensitivity of 48-100% for small vegetations 
and is considered the reference imaging technique (14). 
Perivalular pseudoaneurysms can however be very difficult 
to define with TTE and TEE due to limited soft tissue 
resolution and MDCT has an emerging role in this setting. 

Figure 3 Pre-procedure and post TAVI assessment in an 80-year-old man with severe AS. (A) Coronal oblique LVOT reconstruction 
showing measurement of the leaflet length and measurement of the annulus-left coronary orifice as part of the routine CT work-up for 
potential TAVI; (B) coronal maximum intensity CT reconstruction showing heavy circumferential calcification of the aortic-iliac arteries as 
a relative contraindication to a trans-femoral TAVI; (C) coronal oblique LVOT reconstruction post TAVI showing a good position of the 
stent (arrows) with no sign of migration or stent fracture; (D) cross sectional CT reconstruction through the aortic valve plane showing the 
circular geometry of the TAVI stent. Note the native valve calcification which has been displaced laterally during TAVI deployment (arrow). 
TAVI, transcatheter aortic valve implantation; AS, aortic stenosis; Ao, aorta; LA, left atrium; RA, right atrium; LV, left ventricle.
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Feuchtner et al. showed a high sensitivity (96%) and 
specificity (97%) for MDCT detection of leaflet vegetations 
>4 mm and significantly improved accuracy of MDCT 
over TEE for detection and localization of perivalvular 
abscesses and pseudoaneyrms (15). One other potential 
advantage of MDCT is non-invasive assessment of coronary 
artery disease, as catheter directed coronary angiography 
carries a high risk of vegetation embolisation with catheter 
manipulation (15). On MDCT a vegetation appears as a low 
attenuation lesion adherent to the valve surface. An abscess 
appears as a peripherally enhancing mass which is typically 
located within the periannular soft tissues but can also 
involve the myocardium or even extend into the pericardial 
space. An infected pseudoaneurysm appears as a contrast 
medium filling lesion in direct communication with the 
aortic root or LVOT (Figure 4) (15,16).

Tumours

Papillary fibroelastoma is the commonest heart valve 
tumour and most frequently involves the aortic valve (17).  
They are histologically benign being composed of a 

meshwork of collagen and elastic fibres covered by a thin 
endothelial lining (17,18). Up to 50% are discovered 
incidentally at TTE performed for another indication 
although there is a potential risk for systemic embolisation 
of tumour fragments or accumulated thrombus (19). 
Fibroelastomas do not usually interfere with valve function. 
MDCT features are of a small (usually <1 cm) well 
circumscribed low attenuation nodule which often has a 
pedicle (Figure 5) (20). The most common location on the 
aortic valve is its upstream side (17). A vegetation of IE is 
the main imaging differential diagnosis but distinction is 
usually straightforward on clinical grounds and vegetations 
are invariably associated with severe AR (20).

Prosthetic valve complications

MDCT does not currently form part of the routine 
assessment of patients with suspected mechanical valve 
dysfunction and is usually reserved for selected cases for 
which information on valve size and function cannot be 
obtained by cine fluoroscopy or TTE/TEE. Mechanical 
heart valves typically cause less image artifact with MDCT 

Table 1 Key components of an MDCT TAVI study which should be specifically addressed in the report

Location Report items Comment

Aortic root Valve morphology Leaflet number, relative sizes

Valve calcification burden Particularly on left coronary leaflet

Annulus size Record mean value or values from 2 planes. Must be 
between 18-29 mm with current prostheses sizes

Aortic sinus width and height For Medtronic CoreValve prosthesis

Sinotubular junction width <43 mm for Medtronic CoreValve prosthesis

Degree of angulation between heart and aorta High angulations make valve positioning difficult

Heart Signs of left ventricular failure and ventricular thrombus Increased procedural risk

Coronary arteries Height of origin of coronary arteries above valve annulus Ideally >10 mm to prevent inadvertent covering

Significant coronary artery disease May require revascularisation, used as part of overall 
risk assessment

Aortoiliac and 
femoral arteries

Significant mural calcification or thrombus, any 
circumferential calcification

Risk of dislodging plaques with retrograde approach 
may favour subclavian or transapical approach

Severe vessel angulation or 
tortuosity

Technical feasibility to pass catheters. Illustrated 
easily with coronal maximum intensity projection 
(MIP) of arteries 

Any arterial diameters <7 mm Catheter delivery device is 18 Fr (~6 mm)

 Lungs/abdomen Significant incidental findings which may influence 
treatment decisions

Advanced lung malignancy or pulmonary fibrosis is 
considered relative contraindications

MDCT, multi-detector computed tomography; TAVI, transcatheter aortic valve implantation.
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Figure 4 A 46-year-old man with aortic valve endocarditis complicated by pseudoaneurysm formation from the LVOT. (A) Coronal oblique 
CT reconstruction showing a contrast filled outpouching which directly communicates with the LVOT below the aortic valve annulus line 
(curved arrow); (B) axial CT image showing pockets of contrast medium and extensive surrounding soft tissue thickening which is expanding 
the aorto-mitral curtain in keeping with an infected complex pseudoaneurysm (arrows). LV, left ventricle.

Figure 5 A 50-year-old man undergoing coronary CT angiography for investigation of chest pain with incidental finding of an aortic valve 
papillary fibroelastoma. (A) Coronal oblique CT reconstruction showing a rounded low attenuation nodule on the upstream side of the non-
coronary leaflet (arrows); (B) sagittal oblique CT reconstruction showing a rounded low attenuation nodule intimately related to the aortic 
valve leaflets (arrows). LV, left ventricle.
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compared with MRI and echocardiography and several 
recent studies have shown it to be an accurate means of 
measuring prosthetic valve opening angle, annulus diameter, 
and geometric orifice area which are essential in the 
assessment of prosthetic valve dysfunction (Figure 6A,B) (21). 
Soft tissue ingrowth or thrombus can cause a “stuck” leaflet 
with resultant valvular stenosis (Figure 6C). A paravalvular 
leak can occur if the prosthesis ring separates away from the 
native annulus (Figure 6D).

Conclusions

This section completes Part 2 of this 2-part review on 
MDCT evaluation of the aortic valve. The most common 
disease processes to involve the aortic valve have been 
discussed and illustrated with a particular emphasis on 
MDCT features. Radiologists should be familiar with 
these disease processes and their key imaging features to 
enable both accurate diagnoses and relevant additional 
information.
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