
ANMCO position paper: 2022 focused update of
appropriate use criteria for multimodality imaging:
aortic valve disease

Federico Nardi1,*, Paolo Giuseppe Pino2, Leonardo De Luca3, Carmine Riccio4,
Manlio Cipriani5, Marco Corda6, Giuseppina Maura Francese7,
Domenico Gabrielli3, Fabrizio Oliva8, Michele Massimo Gulizia7,9, and
Furio Colivicchi10

1Cardiology Department, Ospedale Santo Spirito, Via Giolitti 2, Casale Monferrato 15033, AL, Italy
2Consultant Cardiologist of the Echo-Lab, Ospedale Santo Spirito, Casale Monferrato, AL, Italy;
3Department of Cardio-Thoraco-Vascular, Azienda Ospedaliera San Camillo Forlanini, Roma, Italy
4Cardio-Vascular Department, AORN Sant’Anna and San Sebastiano, Caserta, Italy
5Cardiology 2-Heart Failure and Transplants, Dipartimento Cardiotoracovascolare “A. De Gasperis”, ASST Grande
Ospedale Metropolitano Niguarda, Milano, Italy
6Cardiology Department, Azienda Ospedaliera G. Brotzu, Cagliari, Italy
7Cardiology Department, Ospedale Garibaldi-Nesima—Azienda Rilievo Nazionale e Alta Specializzazione “Garibaldi”,
Catania, Italy
8Unit of Intensive Cardiological Care, Cardiology 1-Hemodynamics, Cardiothoracovascular Department “A. De
Gasperis”, ASST Grande Ospedale Metropolitano Niguarda, Milano, Italy
9Fondazione per il Tuo cuore—Heart Care Foundation, Firenze, Italy
10Cardiology Department, Ospedale San Filippo Neri, Roma, Italy

KEYWORDS
Multimodality imaging;

Appropriateness use criteria;

Aortic valve disease

This document addresses the evaluation of the Appropriate Use Criteria (AUC) of
multimodality imaging in the diagnosis and management of aortic valve disease. The
goal of this AUC document is to provide a comprehensive resource for multimodality
imaging in the context of aortic valve disease, encompassing multiple imaging mo-
dalities. Clinical scenarios are developed in a simple way to illustrate patient presen-
tations encountered in everyday practice.

These updated Appropriate Use Criteria (AUC) are focused
on valvular heart disease (VHD) and reflect a thorough re-
view of recent American and European Guidelines for the
management of VHD. The method applied in our previous
work1 is briefly reported.
The concept of appropriateness as applied to health care

includes consideration of benefits and risks. Appropriate
Use balances the risks and benefits of a treatment,

diagnostic test, or procedure within the resources available
for a given patient with specific characteristics.

The basic definition states: ‘An appropriate diagnostic or
therapeutic procedure is one in which the expected clinical
benefit exceeds the risks of the procedure by a sufficiently
wide margin such that the procedure is generally consid-
ered acceptable or reasonable care’.2

When applied to diagnostic imaging procedures, benefits
consist of incremental information at each stage of the pro-
cess model proposed by Douglas to optimize patient treat-
ment and improve health outcomes.3
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The benefits of incremental information of imaging are
weighed against the expected negative consequences
(risks include the possibility of missed diagnoses, the use of
radiation, contrast agents, and/or unnecessary down-
stream procedures).

In more recent documents, the term ‘appropriateness cri-
teria’ has been replaced by the term AUC. This change
reflects themore active function of the AUC in promoting ev-
idence based, effective use of cardiovascular technologies.

The publication of AUC reflects the growing effort of the
Scientific Societies to ‘create review, and systematize in a
creative and organic manner all those clinical situations in
which diagnostic tests and procedures are used by clini-
cians also for patients with cardiovascular disease’.4

The process is based on the current knowledge of techni-
ques and their application in several imaging methods.
AUCs of the various cardioimaging methods should be for-
mulated for all diseases.

The updated terms and definitions of AUCs reflect their
application in practice, including an expected distribution
between each AUC category for every population, methods
for documenting exceptions, and proper application to in-
dividual patients.

The AUCs are classified into three groups:

(1) Appropriate (A): score 7–9;
(2) May be appropriate (M): score 4-6; and
(3) Rarely appropriate (R): score 1–3.

The terms inappropriate and uncertain are no more
used.

The AUC Development is based on the four-step process
revision: Step 1: topic selection, nomination process, and
writing group composition; Step 2: indication development
and literature review; Step 3: external review of clinical
indications; and Step 4: panel rating.

The attribution of a diagnostic test to one of the three
groups is a very articulated process divided into different
stages. Usually, a panel of experts evaluates the test by
assigning a score based on scientific evidence (guidelines,
recommendations, etc.). In addition to imaging technicians
and experts, the panel includes clinicians to assess the pos-
sibility that one method might be preferred over another
or to avoid that strategies that do not involve the use of di-
agnostic tests are not taken into due consideration.

The drafting and the verification of AUCs are created
through a flow of activities that can feature diversemecha-
nisms depending on the methods and Societies.5 AUCs can
be applied through two different methods. The first
method starting from each imaging test considers its appro-
priateness in different clinical scenarios. The second
method starting from each clinical scenario considers the
appropriateness of the different imaging tests. This latter
method seems the most suitable to highlight the perfor-
mance ofmultimodal imaging.

The previous consensus document1 was developed taking
into account the international guidelines and published sci-
entific papers, as well as the clinical and legislative setting
in Italy and the many professional profiles involved in the
management of patients. The availability of imaging Lab

throughout thewhole national territory was also considered.
In drafting and elaborating the document, we decided to im-
plement the following methodology that involved 48 writ-
ers, 12 reviewers, and 24 professionals for rating:

(1) Writing panel. The writing panel consisted of 48
writers. For each chapter at least one clinician and
one imaging expert were considered. They referred
to the most recent and appropriate guidelines, rec-
ommendations, and of course, if already present in
the literature, to publications on AUCs. The authors
then drew up a grid as the first proposal of appro-
priateness grading.

(2) Review panel. Individual chapters were reviewed by
the 5 coordinators of the document.

(3) Rating panel round 1. All chapters were presented
by the writing panel, discussed jointly with the
authors of the document and with a panel of imag-
ing and clinical experts, composed of 24 professio-
nals belonging to the Scientific Societies involved in
the document, and voted concomitantly. The level
of appropriateness is directly proportional to the
score given.

(4) Rating panel round 2. Each chapter was subse-
quently re-evaluated by the individual authors with
the Review Panel, by integrating comments and
changes that had been approved during the first
round of panel rating, and then underwent final
revision.

(5) Writing panel. All chapters were finalized in the
same format.

The most critical and discussed/shared issue was the
choice of the clinical scenarios that are the field of use of
the diagnostic tests. In general, for each of the main pa-
thologies we considered ‘the majority of clinical scenarios,
avoiding excessive lists’, using a practical approach com-
mon to the most important scientific works on criteria of
appropriateness of imaging tests 3, as proposed, for exam-
ple, by Garbi et al.6

The present document does not aim to explain how
methods work nor to illustrate the disease aspects detect-
able in a given pathology. If it is necessary to indicate the
choice of an imaging test over another in the case of the
same appropriateness rating, this information is given in
the text.

We focused our interest to native chronic valve disease
and starting from our previous experience, AUCs were re-
evaluated and updated considering recent specific
Guidelines.7–11

Chronic valvular heart disease

Multimodality Imaging plays a pivotal role in the different di-
agnostic steps of VHD assessment, confirming diagnosis,
assessing aetiology, physiopathology, severity and prognosis
of VHD. The haemodynamic consequences of valve obstruc-
tion or valve regurgitation on the cardiac chambers, on the
left and right ventricle function, and on pulmonary
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vasculature are exhaustively characterized by Multimodality
Imaging.

Aortopathy (abnormalities of the aortic root and ascend-
ing aortic geometry and dimension), myocardial involve-
ment (scar, fibrosis, viability), coronary artery disease, and
pericardial disease are well assessed by multimodality
imaging.

Multimodality imaging helps to decide the medical, in-
terventional, or surgical treatments. Transcatheter ther-
apy for VHD was initially limited to balloon valvuloplasty
but afterwards many different devices were introduced for
catheter-based approaches of regurgitant as well as ste-
notic valvular disease. Multimodality imaging plays an es-
sential role in identifying patients suitable for
transcatheter procedures and transesophageal echocardi-
ography is now routinely used for intra-procedural and
intra-operativemonitoring.

Stenosis and regurgitation can be found on the same
valve and disease of multiple valves may be present in the
same patient not only in rheumatic and congenital heart
disease but also in degenerative and actinic valve disease.
There is a lack of data on combined or multiple-valve dis-
eases and evidence-based recommendations are not as
many as for the management of single valve disease.

In this complex picture, each patient should be meticu-
lously evaluated in the different stages of his VHD.
Decisions about treatment are based on the symptoms that
patients may not recognize because they have gradually
limited physical activities to avoid symptoms. In these
patients, dynamic components of valve heart disease influ-
enced by loading conditions and ventriculo-arterial cou-
pling and subclinical myocardial dysfunction, could be
missed at rest. Modifying loading conditions, flow states
and ventricular performance with exercise testing or with
pharmacological stress12,13 the dynamic changes in valvular
and ventricular function can unmask the symptoms of
patients and the severity of valve heart disease.14

Decisions concerning treatment and intervention should
not be made by Cardiac Imagers alone but by all physicians
experienced on management of different aspects of VHD.
Clinical cardiologists, cardiovascular multimodality imaging
cardiologists, interventional cardiologists, cardiac surgeons,
cardiovascular anaesthesiologists, and other specialists if
necessary (psychologists, geriatrics, electrophysiologists)
are comprised in the Heart Team that is one of the require-
ments to define the Heart Valve Centre, centre of excel-
lence in the treatment of the heart valve disease.

Scenario 1: patient with suspected valvular heart
disease
Patients with suspected VHDmay present with auscultatory
finding of a heart murmur, atypical symptoms, incidental
findings of ECG abnormalities or valvular abnormalities on
non-invasive testing. Some patients with familiarity with
valvular disease (bicuspid aortic valve, Barlow’s disease)
are at risk for VHD. Irrespective of the presentation, all
patients with known or suspected VHD should undergo an
initial meticulous history and physical examination. A care-
ful history is of great importance in the evaluation of
patients with VHD because decisions about treatment are

based on the presence or absence of symptoms. A detailed
physical examination should be performed to diagnose and
assess the severity of valve lesions based on a compilation
of all findings made by inspection, palpation, and ausculta-
tion. The use of an electrocardiogram (ECG) to confirm
heart rhythm and use of a chest X-ray to assess the pres-
ence or absence of pulmonary congestion and other lung
pathology may be helpful in the initial assessment of
patients with known or suspected VHD. Following clinical
evaluation, a comprehensive transthoracic echocardio-
gramwith two-dimensional imaging and Doppler interroga-
tion should be performed for diagnosis and complete
evaluation of VHD. TTE-2D and Doppler are mostly suffi-
cient to rule out VHD diagnosis or to confirm and define the
diagnosis of VHD by assessing its anatomy and possibly its
aetiology, mechanisms and valve haemodynamics, grading
its severity and assessing the compensatory adaptation of
cardiac chambers and vasculature (Table 1).
Patients with VHD, who underwent appropriately or-

dered TTE,15 were significantly more likely to have a better
management undergoing appropriately subsequent cardiac
testing within 90days and valve intervention within 1 year
than patients who rarely underwent TTE, suggesting that
appropriate TTE is more likely to influence clinical deci-
sion-making.
Bidimensional transoesophageal echocardiography with

Doppler interrogation is considered if TTE is suboptimal or
inconclusive and clinical suspicion of VHD is high or in case
of discrepancy on some data.
Other non-invasive investigations are not appropriate in

this scenario.
If a VHD is diagnosed, the subsequent decisional steps

are considered in specific scenarios.

Scenario 2: aortic stenosis
Once aortic stenosis (AS) has been diagnosed, imaging is
used to assess anatomy and possibly aetiology (bicuspid
aortic valve) evaluating the morphology and the number of
the cusps, the presence and extent of calcifications, to as-
sess the severity of obstruction, left ventricle (LV) function,
and wall thickness, to detect other valve diseases or aorta
pathology. Chronic pressure overload results in concentric
LV hypertrophy and in left atrial enlargement. Left atrial
function plays an important role to prevent rising of the
pulmonary venous and capillary pressures (Table 2).
All these information can be mostly obtained with TTE.

TTE is the clinical imaging modality of choice allowing di-
rect visualization of aortic valve anatomy, function, and
haemodynamics, also making possible measurement of the
left ventricular wall thickness, internal chamber dimen-
sions, and both systolic and diastolic function.
The measures of AS severity that are appropriate for all

patients with AS are based on 2D-TTE and Doppler. The pri-
mary haemodynamic parameters recommended for the
clinical evaluation of AS severity are: AS peak jet velocity,
mean transvalvular pressure gradient, and effective aortic
valve area by continuity equation (functional area). If TTE
is unable to assess AS severity,16 in patients with poor acous-
tic windows, flow alignment difficulties or inaccurate aortic
annulus diameter measurement, or mostly discordant or
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inconclusive findings in the grading of AS severity, other
options can be considered. These alternative measures of
stenosis severity include aortic valve planimetry (anatomic
area) using 3D-TEE that overcomes the limit of 2D-TTE and
2D-TEE for properly detecting non-planar structures.17

Cardiac magnetic resonance imaging (MRI) is a good and re-
liable alternative to echocardiography18 for a better defini-
tion of the anatomy and the area of aortic orifice.19

Other alternative or experimental measures can be used
by expert and trained cardiac imagers in Heart Valve Centre.

Valvular calcification is strong predictor of aortic valve
replacement and mortality20 and significant valve calcifi-
cation is also associated with faster disease progression
predicting clinical events.21 The extent and distribution of
valve calcification can be accurately quantified on ECG

gated non-contrast computed tomography (CT). The cal-
cium score can be measured using the Agatston score that
correlates with primary echocardiographic measures of se-
verity of AS.

Increased wall thickness develops as response to chronic
pressure overload and assessment of LV mass, geometry
and function is critical for the management of patient with
AS. Development of hypertrophy may be heterogeneous
and the degree of increased wall thickness may be not pro-
portionate to the severity of AS.

LV fibrosis in AS is part of the hypertrophic response and
Cardiac MRI is the only non-invasive technique that allows
direct global assessment of focal and diffuse fibrosis.

Degenerative AS and age-related transthyretin cardiac
amyloidosis22 share common demographic and clinical

Table 1 Patient with suspected valvular heart disease

TTE TEE Stress echo CT CT COR MRI

Scenario 1
Suspected VHD (rule out)
Heart murmur, atypical symptoms, familiarity for valvulopathy
Diagnosis (anatomy, aetiology) A (9) M (4) R (1) R (1) R (1) R (1)

CT, computed tomography; CT COR, computed tomography coronary; MRI, Magnetic Resonance Imaging; TEE, transesophageal echocardiography;
TTE, transthoracic echocardiography echocardiogram; VHD, valvular heart disease.

Table 2 Aortic stenosis

TTE TEE Stress echo CT CT COR MRI

Scenario 2. Aortic stenosis. Stages
Asymptomatic (follow-up)
Diagnosis (anatomy, aetiology) A (9) M (4) R (1) A (7) R (1) M (4)
Number of cusps A (7) A (9) R (1) A (7) R (1) A (9)
Calcification M (6) A (8) R (1) A (9) R (1) A (7)

Severity (grading)
Primary measures A (9) M (4) A (9) R (1) R (1) M (4)
Alternative measures A (7) A (9) A (9) A (7) R (1) A (9)

Symptomatic
Diagnosis (anatomy, aetiology)
Number of cusps A (7) A (9) R (1) A (7) R (1) A (9)
Calcification M (6) A (8) R (1) A (9) R (1) A (7)

Severity (grading) A (9) M (4) A (9) A (7) R (1) M (4)
Primary measures A (9) M (4) A (9) R (1) R (1) M (4)
Alternative measures A (7) A (9) A (9) A (7) R (1) A (9)

Associated heart disease
Valvular A (9) A (7) R (1) A (7) R (1) A (7)
Aorta A (9) A (7) R (1) A (9) R (1) A (7)
Pulmonary pressure A (9) R (1) R (1) R (1) R (1) R (1)
LV dimension and function A (9) M (4) R (1) R (1) R (1) A (9)
Pericardial A (9) R (1) R (1) M (6) R (1) M (4)
Coronary artery disease R (3) R (1) A (7) R (1) A (7) M(4)
Indication to SAVR A (9) A (7) A (7) M (6) M (6) M (6)
Indication to TAVI A (9) A (7) A (7) A (9) A (7) M (6)

CT, computed tomography; CT COR, computed tomography coronary; MRI, Magnetic Resonance Imaging; LV, left ventricle; SAVR, surgical aortic
valve replacement; TAVI, transcatheter aortic valve implantation; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography
echocardiogram.
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characteristics. Many patients undergoing transcatheter
aortic valve replacement have occult cardiac amyloidosis.
Even though TTE (2D, Doppler, Strain) may be helpful to di-
agnosis confirmation by Cardiac MRI is required to confirm
diagnosis.23

The assessment of left ventricular function based on
Echocardiographic LV ejection fraction (LVEF) is used in
clinical guidelines to reflect LV systolic function. LVEF is an
insensitive measure of LV systolic dysfunction in hypertro-
phied ventricle. LVEF remains preserved for long time in
patients with AS and LV structural and functional abnormal-
ities as demonstrated using cardiac magnetic resonance.

Other LV quantification measurements better than LVEF
to more accurately assess the consequences of AS are now
available. Speckle-tracking echocardiographic (STE) imag-
ing is a novel imaging technique that enables the quantifi-
cation of LV myocardial deformation. STE imaging is the
more widely used technique and can be applied for study-
ing myocardial deformation24 so that subclinical myocar-
dial dysfunction can be easily identified (Global
Longitudinal strain).25,26

In patients with severe AS without symptoms tests elicit-
ing symptoms are needed to identify the patients eligible
for aortic valve replacement (surgical or transcatheter re-
placement). Exercise test performed by trained cardiolo-
gist is safe and exercise stress echo provide incremental
prognostic value.27

In non-severe valve disease with symptoms many
stress tests can be used to evaluate the actual severity
of AS analysing stress-induced changes of different se-
verity parameters.

In AS with low flow, the aim of the test is to determine
severity of the valve disease analysing flow dependent
changes in severity parameters with stress.28

The European Guidelines11 define four categories of AS
based on mean transvalvular pressure gradient, effective
aortic valve area by continuity equation and indexed stroke
volume.

In high-gradient AS, severe AS, can be assumed irrespec-
tive of LV function and flow conditions.

In low-flow, low-gradient AS with reduced ejection frac-
tion (EF), low-dose dobutamine stress echocardiography is
recommended to distinguish between true severe and
pseudo-severe AS29 and identify patients with no flow (or
contractile) reserve.30

In low-flow, low-gradient AS with preserved EF, diagnosis
of severe AS is challenging31 and requires CTassessment of
the degree of valve calcification that provides important
additional information.32

Various combinations of cardiac diseases may be encoun-
tered. Combined VHD, aortopathy, myocardial involve-
ment, coronary artery disease, pericardial disease, and
pulmonary hypertensionmay be associated with AS.

In these cases, the most appropriate method based on
specific AUC will be chosen for each of them. For example,
in patients with AS and associated coronary artery disease,
echo-stress, Single Photon Emission Computed Tomography
(SPECT), coronary CT, coronary angiography are usually
appropriate.

Indications for interventions [surgical aortic valve re-
placement (SAVR) or transcatheter aortic valve

implantation (TAVI)]32 are different in symptomatic and
asymptomatic patients and are considered in specific
guidelines.10–32 Multimodality Imaging is an important part
of decisional pathway.
In Symptomatic patients with severe AS documented by

Multimodality Imaging, intervention is recommended re-
gardless of LVEF.
Management of patients with low-gradient AS is more

challenging and intervention is recommended if severe AS
is unmasked by stress echocardiography (true severe AS vs.
pseudo-severe AS).
In asymptomatic patients with severe AS and impaired LV

function of no other cause as documented by Multimodality
Imaging, intervention is recommended.
In other asymptomatic patients with severe AS exercise

testing is helpful in unmasking symptom status. When
symptoms are provoked by exercise testing, the patient is
considered symptomatic. ‘Symptoms are symptoms,
whether reported spontaneously by the patient or pro-
voked on exercise testing’.10

In TAVI diagnostic workup, CT is the preferred imaging
tool to assess aortic valve anatomy, annular size and shape,
extent and distribution of valve calcifications, and aortic
root dimensions.
CT-guided assessment of aortic valve anatomy is an inte-

gral part of procedural planning and is important because
of its ability to recognize the different morphological pat-
terns particularly in case of bicuspid aortic valve that has
significant potential to influence outcome.33

Careful quantification of annular dimensions and de-
scription of annular and sub-annular calcification (landing
zone) can be obtained with CT.
CT provides greater predictive value for vascular compli-

cations than invasive angiography analysing iliofemoral
vessel size, calcification, and tortuosity. This information is
required to determine if transfemoral access can be
achieved or whether an alternative access route is required
(subclavian, axillary, carotid, transcaval, or transapical).34

CAC detected with Coronary CT can rule out significant
coronary stenosis with high negative predictive value.
Assessment of coronary stenosis severity is difficult due to
a high prevalence of coronary calcification in elderly
patients. Coronary CT disease can be considered in appro-
priately selected patients, if the image quality is of diag-
nostic quality, to avoid coronary angiography.
Coronary occlusion is a relatively rare complication of

TAVI but is associated with a poor clinical outcome and with
high mortality. CT is well established as the pre-procedural
imaging gold standard for the determination of the risk of
coronary occlusion allowing the precise measurement of
coronary ostial height.35

Scenario 3: aortic regurgitation
Once aortic regurgitation has been diagnosed, imaging is
used to assess anatomy and when possible aetiology and
mechanism of regurgitation, to assess the severity of regur-
gitation, LV dimension and function, to detect other valve
diseases (Table 3).9–11

TTE is the clinical imaging modality of choice to obtain
the first general and comprehensive assessment of valvular
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disease. Aortic valve and aorta anatomy, mechanism and
severity of regurgitation, and haemodynamic adaptation of
the LV are well assessed with TTE and in some cases it is
possible to determine the feasibility of valve-sparing aortic
surgery or valve repair.

Acute severe aortic regurgitation is mostly caused by in-
fective endocarditis and less frequently by aortic dissec-
tion or by other rare congenital or acquired conditions.
Chronic aortic regurgitation can be caused by primary dis-
ease of the aortic valve cusps and/or disease of the aortic
root and ascending aorta. The most common causes of
chronic severe AR in the high-income countries are degen-
erative tricuspid and bicuspid aortic valve disease and pri-
mary diseases of the aortic root or ascending aorta.
Rheumatic AR is the leading cause of AR in many low- to
middle-income countries. In patients with calcific aortic
valve stenosis, regurgitation is often detectable, but the
degree of regurgitation usually is mild tomoderate.

TTE is the first line method to assess anatomy of the valve
and of aortic root/ascending aorta. In most cases, morpho-
logical aspects of the cusps (number, thickness, and calcifi-
cation, echo texture) and quality of kinetic (insufficient
coaptation, prolapse, distortion, or retraction) can suggest
aetiology and explain themechanism of regurgitation.

TEE is not performed routinely in patient with AR. In
case of sub-optimal acoustic window and need of precise
diagnosis for the management of the patient (severe aortic
regurgitation without major lesions of the cusps or of the
aorta at TTE), TEE is considered appropriate. Cardiac MRI is
sometimes performed to assess aortic valve and aortic root
anatomy in congenital patients.

TTE is the standard tool for the quantification of AR.
Many 2D-TTE and Doppler echocardiographic parameters
are used to have a qualitative, semi-quantitative, and
quantitative quantification of regurgitation severity.36 It
should be emphasized the need to integrate all of this in-
formation to obtain themost accurate grading of regurgita-
tion severity. TTE usually provides all parameters used to
quantify aortic regurgitation. Additional echocardio-
graphic methods as 3D or TEE, CT, and Cardiac MRI can be
performed at the discretion of physicians in patients with
suboptimal image quality or in case of equivocal or discor-
dant results. If TTE provides an exhaustive set of data on
the regurgitation, little or no additional information may
be needed to manage the patient. When the reliability of
TTE data is questioned, other advanced cardiac imaging
methods have an important role.

There are several direct and indirect Cardiac MRI meth-
ods for quantifying AR,37,38 but their use depends on coex-
isting arrhythmias, high heart rate, or other heart valve
diseses.39

Severe AR has significant haemodynamic effects on the
LV remodelling suitable as useful marker of severity.40 In
chronic AR the volume overload progressively dilates LV
and deterioration of cardiac function may occur, usually in
late stage of disease.41 LV dimensions and function are
studied with ETT using all modalities: mono-dimensional,
bi-dimensional, 3D, and speckle tracking.42 ETT should be
performed in advanced Echo-Lab to overcome the limits of
current valvular heart guidelines. Linear measures of LV
currently recommended to evaluate LV dimensions are in-
adequate if compared to 2D or 3D evaluation of volumes. In
addition, EF may be normal in patients with ventricular

Table 3 Aortic regurgitation

TTE TEE Stress echo CT CT COR MRI

Scenario 3. Aortic regurgitation
Asymptomatic
Diagnosis and follow-up
Anatomy, aetiology A (9) M (6) R (1) M (4) R (1) M (4)
Severity (grading) A (9) M (4) R (1) M (4) R (1) M (4)
Severity (LV Dimensions/Function) A (9) R (1) M (6) R (1) R (1) A (7)

Symptomatic
Anatomy, aetiology A (9) A (7) R (1) M (6) R (1) M (6)
Severity (grading) A (9) M (4) R (1) M (6) R (1) A (7)
Severity (LV dimensions/function) A (9) R (1) M (6) R (1) R (1) A (7)

Associated heart disease
Valvular A (9) A (7) R (1) A (7) R (1) A (7)
Aorta A (9) A (7) R (1) A (9) R (1) A (7)
Pulmonary pressure A (9) R (1) R (1) R (1) R (1) R (1)
LV dimension and function A (9) M (4) R (1) R (1) R (1) A (9)
Pericardial A (9) R (1) R (1) M (6) R (1) M (4)
Coronary artery disease R (3) R (1) A (7) R (1) A (7) M (4)

Indication to SAVR A (9) A (7) M (6) A (7) M (6) M (6)
Indication to repair A (9) A (9) R (1) A (9) M (6) A (9)
indication to TAVI A (9) A (7) M (6) A (9) A (8) M (6)

CT, computed tomography; LV, left ventricle; SAVR, surgical aortic valve replacement; TAVI, transcatheter aortic valve implantation; TEE, transeso-
phageal echocardiography; TTE, transthoracic echocardiography echocardiogram.
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dysfunction. Subclinical irreversible myocardial damage
can occur in clinically well-compensated patients and its
early detection is possible using speckle tracking, i.e. 2D or
3D strain43 more sensitive than traditional echocardio-
graphic criteria to detect abnormalities before the devel-
opment of irreversible damage.44

Cardiac MRI provides the most accurate measurements
of LV volumes and EF. Measurement of LV remodelling with
Cardiac MRI is less variable than with echocardiography
and is a preferredmethod for longitudinal follow-up in indi-
vidual patients.45

Delayed contrast-enhanced cardiac magnetic resonance
is used to assess myocardial fibrosis by the documentation
of late gadolinium enhancement.46 Myocardial fibrosis is
associated with adverse clinical outcome.

Indications for intervention are based on the integration
of clinical and imaging data. In severe AR, the onset of
symptoms results in a dramatic change in prognosis.
Exercise testing can reveal symptoms in asymptomatic
patients. Exercise echocardiography provides LV contrac-
tile reserve assessment. Even though the lack of contrac-
tile reserve was found to predict LV systolic dysfunction
development post-operatively, there is limited evidence to
support the extensive application of exercise echocardiog-
raphy in these patients. Neither exercise nor dobutamine
stress echo can be used to re-evaluate AR severity in the
patient with symptoms, because the increased heart rate
shortens diastole, limiting quantification of AR severity.14

The choice of the surgical procedure depends on several
factors. SAVR is the standard procedure in most cases. If
aortic valve repair and valve-sparing surgery of the aortic
root are realistic options, anatomy of the aortic complex is
studied with TEE.47 Ascending aortic measurements are of-
ten discrepant between the imaging modalities and, cur-
rently, Cardiac MRI and CT are recommended to carefully
assess the diameter of aorta at different levels.

Identifying the mechanism responsible for AR is manda-
tory in determining the reparability of the aortic valve.48

Different functional classifications are used by experienced
surgery centres to plan aortic repair.49

TAVI may be considered in experienced surgery centres
for selected patients with aortic regurgitation ineligible for
SAVR.50,51
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