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Abstract

quences of combined valve disease.

Aortic regurgitation is the third most common valve lesion with increasing prevalence secondary to an ageing
population. Transthoracic echocardiography plays a vital role in the identification and assessment of aortic regurgita-
tion and proves essential in monitoring severity and determining the timing of intervention. Building on the founda-
tions of previous British Society of Echocardiography (BSE) recommendations, this BSE guideline presents an update
on how to approach an echocardiographic assessment of aortic regurgitation. It provides a practical, step-by-step
guide to facilitate a comprehensive, high-quality echocardiographic assessment of aortic regurgitation. It discusses
commonly encountered echocardiography-based challenges with suggestions regarding how this information

is relevant in the interpretation and grading of regurgitation severity. Additionally, the value of other cardiac imag-
ing modalities is discussed. The guideline concludes with an overview of aortic regurgitation in the clinical context,
addressing chronic versus acute aortic regurgitation, which features prompt referral for intervention, and the conse-

Keywords Aortic regurgitation, Guideline, Echocardiography, Aortic insufficiency

Introduction

Aortic regurgitation (AR) is the third most common
valve lesion accounting for approximately 5% of adults
undergoing intervention for severe valvular heart dis-
ease [1-4]. As with other heart valve diseases, AR is more
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frequently encountered in older individuals and there-
fore presents an increasing health burden with an ageing
population. Echocardiography is central to the diagno-
sis, monitoring, and clinical decision-making of patients
with AR. The current document is intended to ensure the
delivery of high-quality echocardiography in the assess-
ment of patients with AR and is an update to the previous
British Society of Echocardiography (BSE) guidance pub-
lished in 2012 [5]. The content within the guideline has
been drawn from the available literature and evidence
base [6-8]. This guide should be seen as supplementary
to the BSE minimum dataset [9]. The intended benefit of
this supplementary document is to:
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+ Support echocardiographers to perform a compre-
hensive standardised protocol for the assessment of
AR in adult patients.

+ Promote quality by defining an optimal methodology
for the assessment of AR that is based on current evi-
dence.

« Facilitate the accurate comparison of serial echocar-
diograms performed in patients at the same or differ-
ent sites.

« Ensure echocardiography enables optimal manage-
ment of patients with AR.

Table 1 outlines the sections in this guideline
document.

Anatomy

Key points

- The aortic valve typically has three cusps but may also develop
with one, two or four cusps

« Identifying variant anatomy such as a bicuspid aortic valve is useful as it
provides information to the clinician regarding disease progression
- Patients with variant anatomy should have particular attention paid

to aortic dimensions, should be enrolled in echocardiographic surveil-
lance, and family screening should be offered

Table 1 Subsections of the British Society of Echocardiography
practical guide to aortic regurgitation

1. Anatomy

- Standard anatomy

- Variant anatomy of the aortic valve

2. Mechanism of aortic regurgitation

3. Echocardiographic assessment of chronic aortic regurgitation
- Quialitative parameters

- Semi-quantitative parameters

- Quantitative parameters

4. Additional key parameters in the assessment of chronic aortic regurgi-
tation

- Left ventricular size and function

- Global longitudinal strain

- Aortic dimensions

5. Echocardiographic features that may prompt referral for intervention
6. Approach to the patient with chronic aortic regurgitation
7. Additional cardiac imaging

8. Acute aortic regurgitation

9. Combined valve disease

10. Suggested reporting template

11. Conclusion

12. References
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Standard anatomy
The aortic valve (AV) is composed of the left ventricular
outflow tract, aortic valve cusps, and aortic root (AoR) to
the sinotubular junction (STJ) [10]. The AV typically has
three semi-lunar cusps attached to the aortic wall, associ-
ated with outpouching or sinuses of Valsalva (SoV). When
the curved path of the aortic cusp insertion points are
tracked, the three-dimensional spatial configuration of
the AV resembles a crown [11]. The most distal point of
attachment of the cusps is the ST]. The free edges of the
cusps overlap resulting in coaptation to ensure compe-
tence however fenestrations may occur as part of the age-
ing process. Because of the curved configuration of the
cusps, fibrous intercusp triangles or trigones fill the space
between leaflet attachment to the aorta (Ao); the mem-
branous septum underlies the right intercusp triangle
(between the right and non-coronary cusps). The fibrous
interleaflet trigones function to allow dynamic changes in
the size and shape of the AoR during the cardiac cycle [12].
Although strictly speaking there is no ‘anatomic’ annu-
lus, the most distal nadir of the three cusps defines a plane
which is commonly referred to as the aortic annulus (Fig. 1)
[8, 13, 14]. Two thirds of the circumference of the AoR is
attached to the interventricular septum with the remain-
ing third forming a fibrous continuity with the aorto-mitral
curtain. The Ao itself is made up of three layers including
the tunica intima, tunica media and tunica adventitia, and
divided into anatomical segments: the sinus, incorporating
the SoV, the STJ, and the tubular aorta. In normal anatomy,
the left and right sinus give rise to the respective coronary
artery ostia, with the posterior sinus a non-coronary sinus,
and aptly named as such [15]. The three sinuses are posi-
tioned between the ‘aortic annulus’ and the STJ or ridge.
The billowing shape of the sinuses facilitates AV opening in
systole without obstruction to the coronary artery ostia [15].
The STJ is a tubular structure at the juncture between the
commissures and the ascending aorta (AscAo), just distal
to the SoV. It separates the AoR from the AscAo [16]. The
AscAo is known as the tubular AscAo, beginning at the STJ
and extending to the insertion point of the innominate artery
within the aortic arch [17]. Normal anatomy of the AV and
AoR using echocardiography is depicted in Table 2 [13].

Variant anatomy of the aortic valve

The AV may also develop with one, two, or four cusps
(Fig. 2). Bicuspid aortic valves (BAV) are the most com-
mon anatomical variant, with a prevalence of approxi-
mately 1%, and a familial preponderance [13, 19-21].
BAV are commonly associated with AoR and AscAo dil-
atation, premature valve dysfunction, and increased risk
of aortic dissection [22]. Classifications for the assess-
ment of BAV morphology are inconsistent, with simi-
lar terminology often being used to describe different
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Fig. 1 Graphical representation of the aortic annulus. Formed by the distal nadir the valve cusps, the virtual basal ring (green) is commonly referred

to as the ‘aortic annulus. Image adapted from Bleakley and Monaghan [18]

anatomical variations. This guideline recommends that
BAV should not be described by ’type’ Instead, BAV
should be reported descriptively by valve orientation
(anterior—posterior vs left-right), noting fusion of the
cusps, presence or absence of a raphe, and the number
and symmetry of the sinuses [23]. Unicuspid (UAV)
and quadricuspid aortic valves (QAV) are rare, with an
approximate prevalence of 0.02% and<0.01% respec-
tively. QAV is more often associated with aortic dilata-
tion and AR whereas UAV usually presents with aortic
stenosis [24, 25]. Dysfunctional AVs frequently develop
marked calcification which may impede the ability to
clarify anatomy. In such circumstances, alternative
imaging should be considered to establish the morphol-
ogy of the valves. Irrespective of the presence or absence
of valve dysfunction, all patients with variant anatomy
should undergo echocardiographic surveillance owing
to the high risk of disease progression. Close attention
should be paid to aortic dimensions, and family screen-
ing should be offered to first degree relatives.

Mechanism of aortic regurgitation

Key points

- Aortic regurgitation is the result of aortic cusp abnormality, aortic root
dilatation, or a combination of the two

- In all cases, the mechanism of AR should be characterised descriptively

Aortic regurgitation (AR) is the result of aortic cusp
abnormality, aortic root (AoR) dilatation, or a combina-
tion of the two [6]. It is useful to classify the mechanism
of valve insufficiency into one of three subtypes: Type I AR
is characterised by normal cusp motion within the context
of aortic dilatation or cusp perforation; Type II describes
excessive motion such as cusp prolapse; and Type III is the
consequence of cusp restriction [6]. Examples of each Type
are provided in Table 3. The functional classification is a
useful tool that helps clinicians systematically evaluate the
valve behaviour and may influence the type of interven-
tion chosen for the valve. However when reporting, it may
be necessary to describe the mechanism rather than just
quote the functional classification type. This would ensure



Victor et al. Echo Research & Practice (2025) 12:3

Page 4 of 26

Table 2 Normal anatomy of the aortic valve and aortic root using echocardiography [13]. Reproduced with permission from Ring et al.

Normal anatomy. Parasternal long axis (PLAX)
window (A and B), with zoom images (C and D). M-
mode recording of the aortic valve should be
obtained with the cursor perpendicular to the axis
of the aorta (E). Normal M-mode trace (F): note
central closure line (labelled). Anatomy of the
aorta (G). Image (H) marks the insertion of the
cusps (red dotted line) and sino-tubular junction
(green dotted line). Parasternal short-axis window
at the level of the aortic cusps (images | and J).
Image (K) represents a zoomed image of the aortic
valve during systole with the three cusps labelled.
In image (L), the lines represent potential
parasternal long-axis imaging planes. Whilst both
transect the right coronary cusp, it is evident that
a subtle change in angle of the transducer will lead
to the inclusion of either the non-coronary cusp
(red dotted line) or left coronary cusps (green
dotted line). Image (M) depicts the maximal
diameter of the LVOT from a PLAX with x-plane
transection through the right coronary cusp
anteriorly and the right trigone posteriorly. Image
(N) depicts the interleaflet or intercusp trigones
(blue arrow) and the level of the virtual annulus
(yellow arrow). Note image (N) is a TOE image and

is thus upside down.

Maximum diameter of the LVOT from a parasternal LAX view, images
the RCC anteriorly and the right trigone posteriorly.

=

Interleaflet trigones

Level of the virtual annulus
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Fig. 2 Variant anatomy of the aortic valve (AV); From a parasternal
short axis, images (A) and (B) show a unicuspid AV in diastole

and systole; Images (C) and (D) show a bicuspid AV with a left-right
orientation and a raphe at approximately 3 o'clock in diastole

and systole; Images (E) and (F) show a quadricuspid AV in diastole
and systole

findings are effectively communicated, relatable and trans-
ferable across echocardiographer, referrer and receiver (i.e.
normal cusp motion in the setting of a dilated aorta).

Echocardiographic assessment of chronic aortic
regurgitation

Within the following paragraphs, the key echocardio-
graphic parameters central to a comprehensive assess-
ment of AR will be described, along with a detailed
explanation of how to obtain and optimise these
measures.

In some circumstances, AR is obviously mild, in which
case quantitative measures are not of use, will likely be
challenging to obtain, and are of questionable accuracy.
In such a scenario, confirming the mild nature of regur-
gitation using multiple acoustic windows and planes is
sufficient. In all other circumstances, the British Society
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of Echocardiography (BSE) recommends that quantita-
tive or semi-quantitative techniques are employed to
assess the severity of AR and are coupled with corrobo-
rative findings (see ‘Approach to the patient’ section).
It is important to appreciate that the following sections
are focussed on the assessment of chronic AR with acute
severe AR addressed later in the guideline.

Some general concepts for colour Doppler assessment
of AR are worth noting:

1. It is important to visualise the three components of
the colour jet (flow convergence, vena contracta and
jet area) for a better assessment of the origin and
direction of the jet, and its overall severity.

2. Colour Doppler jets are dependent on the systemic
blood pressure (BP) but also ventricular compliance.

3. AR jets are frequently eccentric, moving in or out of
the plane of view, constrained by the left ventricular
outflow tract (LVOT), or entrained within the LVOT
leading to rapid jet broadening.

4. Because of these variable characteristics, colour Dop-
pler jet length or jet area from any window should
not be used for assessing severity of AR.

Qualitative parameters
Continuous wave spectral Doppler intensity

Key points

- The use of continuous wave spectral Doppler intensity may provide

a general impression of aortic regurgitation severity

- Given its inherent limitations and poor reliability, this technique should
only be considered alongside other more rigorous parameters of severity

The intensity of the continuous wave (CW) spectral
Doppler envelope offers a simple visual assessment
that can be used to provide a general impression of
AR severity. Technically, the density of the spectral
Doppler signal is proportionate to the number of red
blood cells travelling within the regurgitant jet: a weak
or faint signal would indicate only mild regurgitation
whereas a very dense signal is consistent with moderate
or severe AR but is not able to conclusively differentiate
the two. This method is unreliable with eccentric jets
which may be transected by the alignment cursor and
consequently underestimated (Table 4). Conversely, a
narrow regurgitant jet well-aligned with the CW Dop-
pler beam, may appear dense and overestimate the AR
severity. Machine settings can also result in errors in
assessment of severity. To limit errors, it may be advan-
tageous to adjust the velocity scale to enhance the
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Table 3 Examples of aortic regurgitation mechanism type according to the functional classification [6]

Two dimensional transthoracic
echocardiography from a parasternal long
axis. Image (A) demonstrates dilatation of the
aortic root and ascending aorta with a small
central jet of aortic regurgitation (AR) on
colour flow Doppler imaging (B). This is
consistent with Type | (normal cusp motion)
AR; Image (C) taken from an apical 5-chamber
view (C) with colour flow Doppler (D) showing
a large eccentric jet of AR secondary to right
coronary cusp prolapse. This is an example of
Type Il (excessive cusp motion) AR; Image (E)
shows a parasternal long axis view in systole
and with colour flow Doppler in diastole (F)
showing a moderate sized jet of AR secondary
to a stenotic bicuspid aortic valve consistent
with Type Ill (restricted cusp motion) AR.
Note: in these examples, grading severity as
mild, moderate and severe has not been
applied as this is reliant on a multi parametric

assessment.

Doppler signal, and optimise the signal gain and reject
to reduce transit-time artefact. Unfortunately, qualita-
tive parameters, such as this one, are subject to inter
and intra-operator variability further limiting their reli-
ability. This guide recommends that CW Doppler inten-
sity is only used as part of a multiparametric approach
in the assessment of AR severity.

Colour flow convergence zone

Key points

- Colour flow convergence (CFC) is based on a qualitative, visual
approach using multiple anatomical windows

« A small CFC hemisphere suggests mild aortic regurgitation while a large
hemisphere visible throughout diastole suggests severe aortic regurgita-
tion

« Jet momentum, jet direction, and orifice geometry are important
considerations when evaluating CFC in the setting of aortic regurgitation
severity

Proximal colour flow convergence (CFC) is a crude
qualitative visual approach to the assessment of AR.
It is based on the principle that a small hemisphere of
CFC with small jet expansion corresponds with mild
regurgitation, whereas a large hemisphere of CFC
with large jet expansion predicts severe AR. There are
several limitations associated with using this tech-
nique including jet momentum, jet direction, and ori-
fice geometry which as a result of invalid hemispheric
assumptions, may lead to under- or over-estimation. In
the setting of confined flow convergence zones (such as
perforation and commissural lesions) and obtuse flow
convergence angles (such as cusp prolapse), assessment
of AR severity using the CFC zone should be treated
with caution [7]. When using this approach, there may
be value in utilising a multi-plane function so that the
CEC zone can be visualised in two orthogonal planes
simultaneously (Table 5). Particularly for eccentric jets,
multi-plane imaging may optimise the visualisation of
the three components of the colour jet, essential for
measurement of the CFC radius. For all jets, attempts
should be made to slowly pan through the CFC zone so
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Table 4 Spectral Doppler: how best to approach assessment of aortic regurgitation

For spectral Doppler measurements, it is
important that the cursor aligns with the
direction of regurgitant flow: apical windows
are usually best (Images A*, B*), whereas
measurement from the parasternal window is
frequently perpendicular to flow (Image C*).
With very eccentric jets, parasternal long axis
(PLAX) windows may provide optimal
alignment (Image D*); (*the white line denotes

cursor alignment).

In image (E) note how there is regurgitant flow
both above and below the baseline,
suggesting that the cursor is transecting rather
than coaxial with the AR jet. Image (F) depicts
an image in which gain is not optimised

resulting in a poorly visualised envelope.

Remember that CW spectral Doppler cannot
be relied upon to conclusively differentiate
between moderate or severe AR. The CW
envelope in images (G) and (H) superficially
look very similar in terms of density, but after

multi parametric assessment only the patient

in image (G) had severe AR.

that it is captured at its maximum dimension and with-
out hemisphere distortion due to coaxial imaging. Off
axis imaging should also be considered where needed.

Jet width/left ventricular outflow tract diameter ratio

Key points

« Jet width / LVOTd ratio compares the colour flow jet width with the left
ventricular outflow tract diameter

« A ratio of < 25% is consistent with mild aortic regurgitation
« A ratio of > 65% is consistent with severe aortic regurgitation

This is a simple measurement performed from the par-
asternal long axis (PLAX) window. However, there are
three important limitations: (1) whilst measurement
of the left ventricular outflow tract diameter (LVOTd)
is optimised owing to excellent axial resolution, the
colour Doppler measurement of the jet width may be
underestimated depending on the jet angle; (2) a single
view may not accurately characterise the three dimen-
sional jet shape; (3) progressive jet broadening distal to
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Table 5 Multi-plane imaging of aortic regurgitation (AR): grading of AR severity based on colour flow convergence

B

In the assessment of AR, proximal colour flow
convergence (CFC) is best measured from an
apical 5 (ASCH) or 3-chamber (A3CH) view. In
this view, the regurgitant jet direction is best
aligned with the imaging plane. A parasternal
long axis (PLAX) view may be more appropriate
in the setting of eccentric jets. Visually, the CFC
should be evaluated as small or large. On the left
of this imaging panel are conventional views
(top to bottom), ASCH, PLAX, PLAX zoomed,
A3CH, with the corresponding 90 degree
orthogonal view on the right of the panel.
Images (A) and (B) demonstrate a central jet of
AR with a large CFC hemisphere using a
multiplane view from an apical view.

Images (C) and (D) show an eccentric jet of AR
with a large CFC hemisphere from a parasternal
view. Images (E) and (F) shows a small

CFC hemisphere likely consistent with moderate
aortic regurgitation. Images (G) and (H) show no
clear CFC hemisphere likely consistent with mild

or less AR.

the vena contracta limits reproducibility. Numerically, a
jet width ratio of<25% is consistent with mild AR, with
a value of >65% consistent with severe AR. Table 6 dem-
onstrates the methodology for obtaining and optimising
this parameter.

Flow reversal in the descending thoracic aorta
and abdominal aorta

Key points

- Holodiastolic flow reversal within the descending thoracic aorta

with an end-diastolic velocity > 20cm/s is consistent with severe aortic
regurgitation

- The presence of diastolic flow reversal in the abdominal aorta is consist-
ent with severe aortic regurgitation

- Colour m-mode provides a graphical representation of reversal and can
be used from both the suprasternal notch and the subcostal window

« Elastic recoil within the aorta may lead to ‘false positive' findings of dias-
tolic flow reversal
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Table 6 Jet width/left ventricular outflow tract diameter (LVOTd) ratio: methodology

Performed from a parasternal long axis view (PLAX), IS5 o S

the jet width/LVOTd ratio can be determined using
colour flow Doppler. Maximal jet width should be
measured in diastole at the level of the LVOT. LVOT
diameter should be measured at the cusp insertion
points using an inner-edge to inner-edge approach
in mid-systole. For maximal accuracy it is best to
zoom on the region of interest. The two
measurements are then compared to calculate the
ratio. Image (A) shows a zoomed PLAX colour
Doppler image in diastole; The white lines in images
(B and C) denote optimal measurement positioning.
Image (D) provides an example of an eccentric jet
where measurement of the jet width would not be

accurate.

If the AR regurgitant volume is sufficiently large, blood flow
in the aorta (Ao) will reverse during diastole. As AR becomes
progressively more severe, diastolic flow reversal lasts propor-
tionately more of diastole. Holodiastolic flow reversal with an
end diastolic velocity>20cm/s in the descending thoracic Ao
is both sensitive and highly specific for severe AR, whereas
non-holodiastolic flow reversal is consistent with moder-
ate AR (Table 7A). The presence of any flow reversal in the
abdominal Ao, whilst not seen frequently, is a highly specific
indicator for severe AR (Table 7B) [6, 26, 27]. Colour m-mode
from the suprasternal notch (Table 7, (C)) and the subcos-
tal view may prove helpful in the assessment of flow reversal
duration and severity. It is important to appreciate that flow
reversal is occasionally seen in the setting of rapid elastic recoil
of the descending Ao and/or aortic stiffness of the abdominal
Ao even in the absence of important AR [28, 29].

Semi-quantitative parameters
Vena contracta width

Key points

« The vena contracta (VC) width represents the narrowest portion
of the regurgitant jet and is a surrogate for the effective regurgitant
orifice area

+ AVC<0.3cm is consistent with mild or less AR, and a VC > 0.6cm is con-
sistent with severe AR

+VC width may under- or over-estimate AR severity in the context

of a non-circular regurgitant orifice

« Three dimensional (3D) VC may be considered when imaging windows
allow, particularly if undertaking transoesophageal echocardiography

Page 9 of 26

s X, >

Regurgitant jets have three constituent parts: the flow
convergence zone, the vena contracta (VC), and jet
expansion (Fig. 3). The VC represents the narrowest por-
tion or the ‘neck’ of the jet, and it is directly related to the
size of the regurgitant orifice. It is important to appreci-
ate that the VC does not occur at the level of the cusp
tips, but immediately downstream: when blood flows
through an orifice, the jet continues to ‘contract’ for a
short duration. The anatomical orifice is what allows
regurgitation to occur, and whilst the effective orifice is
smaller (as the jet initially contracts prior to expansion),
it is the effective orifice or effective regurgitant orifice area
(EROA) that correlates with AR severity and prognosis
(Fig. 3) [30]. VC width provides a surrogate measure for
the EROA when the effective orifice is circular, and the
BSE recommends that, wherever possible, an assessment
of VC should be made in all patients with more than mild
AR.

The methodology for obtaining and optimising VC
width is demonstrated in Table 8. An important limita-
tion of this measure is that it assumes that the regurgitant
orifice is circular, whereas in practice this is frequently
not the case. As such, assessing the VC width from a
single 2D window may lead to either under- or over-esti-
mation of the EROA. Use of 3D echo has the potential
to overcome this limitation, but the temporal resolution
and low frame rates of 3D colour flow Doppler imaging
may reduce the accuracy of the measurement. Nonethe-
less, using multi-beat acquisitions during a breath hold
and narrowing the acquisition volume to include only the
VC can allow quantifiable 3D vena contracta areas (VCA)
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Table 7 Assessment of flow reversal in the descending thoracic aorta and abdominal aorta

When assessing flow reversal from a
suprasternal window, the descending aorta
(DAo) should be opened out with colour Doppler
imaging used to demonstrate forward flow. The
pulsed wave (PW) sample volume should be
placed within the proximal DAo just distal
(approx. 10mm) to the origin of left subclavian
artery. Diastolic flow reversal is evident above
the baseline on the spectral Doppler display
(image A). Optimisation of the sample volume
and filter will help to improve spectral Doppler
quality. Use a subcostal window, with the notch
towards the midline (12 o’clock) and the beam
of the ultrasound probe directed towards the
IVC, for the assessment of diastolic flow reversal
within the abdominal aorta. The abdominal
aorta should be visualised in its long axis. The

PW sample volume should be placed within the

vessel, optimally aligned with forward flow using
colour Doppler as a guide. Diastolic flow reversal
is visualised below the baseline on the spectral
Doppler display (image B). Colour m-mode may
be used to demonstrate intermediate duration

(C), or holodiastolic flow reversal (D) in the DAo.

Anatomical orifice

Effective orifice =

Flow convergence
(PISA)

Vena Contracta

Jet expansion

Fig. 3 Demonstrates the three constituent parts: flow convergence, the vena contracta, and jet expansion (blue arrows). The true anatomical

regurgitant orifice compared with the effective regurgitant orifice is identified (red arrows)
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Table 8 Vena contracta (VC) width: how best to approach this parameter in the assessment of aortic regurgitation (AR) severity

AR VCis typically best measured from a
parasternal long axis (PLAX) view. Compared to
other acoustic windows, this imaging plane
displays the AV in the near field with the
regurgitant jet perpendicular to the ultrasound
beam, resulting in less beam attenuation and good
image quality in most patients. Where possible the
AV should be zoomed either using a zoom function
or by reducing depth and sector width, with the
latter assisting in maintaining both lateral and
temporal resolution. However, from a PLAX view,
it may be that zoom is required in order to focus
on the region of interest, despite a small
compromise in frame rate. The colour flow
Doppler imaging box should be kept as narrow as
reasonably possible. The aim is to demonstrate all
three parts of the regurgitant jet (flow
convergence, vena contracta and jet expansion) to
ensure accuracy in VC measurement. The VC
should be measured at the narrowest part of the
regurgitant jet, immediately downstream from the
regurgitant orifice, and the proximal flow
convergence. From a PLAX view, image (A) shows a
VC consistent with mild or less AR; (B) shows a VC
suggestive of moderate AR; and (C) shows a VC
consistent with severe AR. In (B) and (C) please
also note the presence of colour flow convergence
(CFC). From an apical 5-chamber view, images (D),
(E), and (F) show a 2D measurement of a vena
contracta (VC) from a zoomed view of the aortic
valve with colour flow Doppler imaging. Image (D)
shows a VC consistent with mild to less AR; (E)
shows a VC suggestive of moderate AR; and (F)
shows a VC consistent with severe AR. Image (G)
shows a biplane or multi-view image taken from
the apical window. Here the regurgitant jet
appears very wide in the 5-chamber and
suggestive of multiple jets in the orthogonal plane
(H). 2D imaging is at risk of both over and
underestimating regurgitation severity. (I) shows
an example of a 3D VC in orthogonal planes and
VC area. The application of 3D VC should be
considered where image quality allows but there
are currently no universally accepted cut points for

the use of 3D VC assessment.
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[31-33]. Recent studies suggest that the cutoft for 3D
VCA that best correlates with severe AR is~0.30 mm?
[31-33]. Although the BSE currently does not recom-
mend routine use of 3D VCA, there is growing evidence
of its clinical utility, particularly when using transoesoph-
ageal echocardiography.

Pressure half time

Key points

« Pressure half time (PHT) represents the time taken for the aortic-left
ventricular (LV) pressure difference to fall to half its initial value

« A PHT of < 200ms is consistent with severe aortic regurgitation (AR)
- A PHTof > 500ms is consistent with mild or less AR

« LV compliance, LV dysfunction and hypertensive therapies may all affect
the accuracy of the calculated PHT

Pressure half time (PHT) is assessed using continuous
wave (CW) Doppler and represents the time taken for
aortic-left ventricular (LV) pressure difference to fall to
half its initial value. The more severe the AR, the faster
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the equalisation of pressure, the steeper the AR decelera-
tion slope and the shorter the PHT (Table 9). An accurate
assessment of PHT requires a complete CW envelope; as
such, a poorly aligned Doppler cursor, eccentric jets and
multiple jets will impact on the accuracy of this measure-
ment. A typical pressure difference between the Ao and
LV will lead to an early diastolic peak velocity of approxi-
mately 4m/s on CW Doppler. If the early diastolic peak
velocity is lower, this may suggest poor alignment between
the regurgitant lesion and the CW Doppler cursor, deem-
ing the measurement of PHT inaccurate (Table 9, (B)).

Another important limitation is that when LV dias-
tolic filling pressure is increased, the pressure difference
between the Ao and LV is reduced, resulting in a short
PHT even in the absence of severe AR [34]. Other impor-
tant haemodynamic factors which may influence PHT
include stroke volume (SV), compliance of the Ao, and
LV performance [34]. Hypertensive therapies such as vas-
odilators can also reduce the Ao-LV gradient by lower-
ing diastolic pressure independent of AR. This guideline
recommends that PHT be used only as part of a multi-
parametric assessment of AR severity.

Table 9 Considerations when using pressure half time (PHT) to determine aortic regurgitation severity

obtain the PHT the sustained slope should be measured (A).

trace.

of very eccentric jets the parasternal windows are occasionally useful.

To measure PHT, choose an optimal continuous wave (CW) trace in which a complete
envelope can be appreciated. Not infrequently there is a short initial rapid deceleration

(marked with *) before a more sustained consistent deceleration (marked with +). To

It is useful to assess the initial velocity of the AR jet: usually this should be around 4m/s
as it is proportional to the aorta-LV pressure difference at the onset of diastole. If this
initial velocity is substantially lower than 4m/s (B), it implies that the CW trace is either

incomplete or poorly aligned and further attempts should be made to obtain an optimal

Usually, the apical windows are preferred for obtaining an AR trace, but in the context
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Quantitative parameters
Effective regurgitant orifice area

Key points

« An effective regurgitant orifice area (EROA) of > 0.3 cm? is consistent
with severe AR

« Accurate calculation of EROA using the PISA method is limited
in the setting of multiple and eccentric jets

The effective regurgitant orifice area (EROA) is a direct
estimation of the size of the regurgitant orifice. This is a
quantitative tool which is clearly linked with prognosis in
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chronic severe AR [35]. This guideline recommends that
an attempt is made to calculate EROA in all patients with
more than mild AR.

There are two methods by which the EROA can be
assessed. The first is a more direct technique using the
proximal isovelocity surface area (PISA) method, which
should be considered the default approach. The second
indirect method is described in the ‘Regurgitant volume’
section (below) and is subject to greater error.

The PISA method requires both colour flow Doppler
and spectral Doppler imaging (Table 10). The radius of
the CFC hemisphere is measured to calculate the CFC
surface area and is then multiplied by the Nyquist limit,

Table 10 Effective regurgitant orifice area: how to approach measurements

This series of images depicts measurements required for the calculation of effective
regurgitant orifice area (EROA) using the PISA method. Image (A) shows colour flow
imaging of AR from a PLAX; Image (B) shows colour flow imaging of AR in which the
colour Doppler baseline has been moved in the direction of the regurgitant jet so
that the Nyquist limit is 33.5m/s. This optimises the definition of the hemisphere,
therefore facilitating accurate measurement. Image (C) depicts a continuous wave
Doppler trace with an aortic regurgitation VTl and Vmax measured. Image (D)
shows an inaccurate measurement of the PISA radius (red line), one of the pitfalls in

the calculation of EROA (see below for measurement guidance).

When assessing EROA, the eccentricity of the AR should be considered. With a
central jet, it is often best to use the apical 5- or 3- chamber windows. This allows
greater definition of the PISA or colour flow convergence hemisphere. With
eccentric AR jets, it may be best to approach this measurement from a PLAX view
(A). For EROA by PISA, the baseline of the colour Doppler scale needs to be moved
in the direction of the regurgitant jet until the flow convergence contour appears

hemispherical; this is in the region of 0.2 to 0.4cm/s.

Once the colour Doppler scale has been optimised, measurement of the
hemisphere radius should be performed at the colour change interface (from red to
yellow where the regurgitation is directed towards the transducer as in an apical 5
or 3 chamber view; or yellow to red where the regurgitation is directed away from
the transducer as in (B) to the vena contracta. It is important to note that the PISA
radius should be measured coaxial with the ultrasound beam and not in the
direction of the regurgitation jet (36); Measuring the peak velocity of the AR jet is
best performed using CW with the cursor aligned with the jet. The CW Doppler
scale, baseline, sweep speed, and gain should be optimised, with the velocity
measured in early diastole at the peak of the regurgitant envelope (C). Measuring a
VTI provides both a Vmax and VTl which may prove useful when calculating a
regurgitant volume. Image (D) shows an example of an incorrect measurement (red line);
where the PISA radius has been measured in the direction of the regurgitant jet,
rather than coaxial with the ultrasound beam; the white line provides a guide as to

the angle at which the PISA radius should have been measured.

Parasternal LAX
View

A

Colour Doppler
Baseline Shift

+Al Radius 0.6cm
AlAlias Vel 33.5cm/s
AlFlow Rate 75.7 ml/g]
g
Parasternal I

LAX View

¥

i+ AIVTI
Vmax
Vmean
MaxPG 84 mmHg
Mean PG 57 mmHg
Vi 187 cm
AIERO 017 cm®
AlVolume _ 32ml

Inaccurate
measurements
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providing an estimate of the AR flow rate. The Nyquist
limit baseline should be moved in the direction of regur-
gitant flow to between 0.2 and 0.4 cm/s; this optimises
the hemisphere definition and facilitates measurement
accuracy (Table 10 (B)). This is not to be confused with
reducing the colour scale which will reduce the Nyquist
limit but will not lead to a clearer hemisphere of isoveloc-
ity flow. The CFC hemisphere radius should be measured
in the direction of the ultrasound beam, and not in the
direction of the regurgitant jet [36]. Using CW Doppler,
an AR envelope should be obtained. By tracing the regur-
gitant envelope it is possible to obtain both the velocity
time integral (VTI) and the AR peak velocity. The AR flow
rate is then divided by the AR peak velocity to calculate
EROA (Box 1).

Box 1 The calculation used to calculate the effective regurgitant
orifice area (EROA) using the proximal isovelocity surface area
(PISA) method.

EROA = (2mr’xVN)/Var

Where r=radius, V= Nyquist velocity, Vs = peak early diastolic velocity
of the AR CW jet.

There are several limitations with this technique: firstly,
in the context of multiple AR jets, the largest jet should
be identified and used for assessment, although this will
likely underestimate overall severity. With eccentric jets,
small errors in radius measurements are multiplied and
may result in large inaccuracies in the calculation of
EROA. The presence of calcification, and a non-circu-
lar regurgitant orifice (commonly seen in BAVs) with a
hemi-elliptic PISA will all impact accuracy.
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Regurgitant volume

Key points

- This guideline recommends calculation of regurgitant volume
(RVol) using the PISA methodology where an accurate measurement
of the PISA radius and regurgitant jet VTl can be obtained

+ ARVol of < 30mL is consistent with mild AR
-« ARVol of >60mL is consistent with severe AR

Regurgitant volume (RVol) is a useful quantitative
parameter providing prognostic information in AR.
Along with EROA, it is a quantitative tool that provides
prognostic information. There are two ways to estimate
the RVol; the PISA method is the preferred approach,
whereas the continuity method is more challenging and
subject to greater error. Both techniques require a high
degree of skill and excellent image quality and therefore
an accurate assessment may not be possible.

To calculate the RVol using the PISA method, the
EROA should be derived as described previously. In
addition, the VTI of the regurgitant waveform should
be obtained (Fig. 4). The RVol can then be calculated as
the product of EROA and VTI, (Box 2).

Box 2 Outlines the quantitative PISA method used to calculate
regurgitant volume (RVol).

RVol = EROAXVTIag  where EROA = (27r?xVn) /Var

where EROA =effective requrgitant orifice area, VTl ;3= velocity time
integral of the regurgitant jet, r=radius, V= Nyquist velocity, Vs = peak
early diastolic velocity of the AR CW jet.

The second method uses the continuity principle
(Table 11). In normal circumstances, the SV through the
mitral valve (SVyy,) is the same as the SV through the AV
(SV o). If there is a sufficiently large volume of AR, there will
be an isolated increase in SV . Using the continuity prin-
ciple, the aortic regurgitant volume can then be derived as

g
{ .
Fig. 4 This image shows continuous wave Doppler of the aortic regurgitation trace. The velocity time integral (VTI) of the regurgitant waveform
has been traced. The calculated VTI multiplied by the effective regurgitant orifice area (calculated as shown in Table 10) estimates the regurgitant
volume. Of note, on some ultrasound systems, measurement of the VTI will also provide an estimate of the peak early diastolic velocity of the AR jet

\J
!
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Table 11 Calculating the regurgitant volume using the continuity prmcwple

This series shows the required views and
measurements to calculate regurgitant volume
(RVol) using the Continuity principle. Image (A)
shows a measurement of the left ventricular outflow
tract diameter (LVOTd) from a zoomed parasternal
long axis at the insertion points of the leaflets*;
Image (B) pulsed wave (PW) Doppler trace with
measurement of the LVOT VTI envelope; (C)
Measurement of the mitral valve annulus from a .
zoomed apical 4-chamber view in diastole at the =
insertion of the mitral leaflets; (D) PW Doppler trace
with measurement of the MV VTI envelope; (E)
measurement of the RVOT diameter from a
parasternal outflow view; (F) PW Doppler trace with
measurement of the RVOT VTl envelope; (G) CW
Doppler of the aortic regurgitation with
measurement of an AR VTI; (H) outlines quantitative

outcomes based on calculations.

Regurgitant volume (RVol) can be calculated SVao —
SVmvaWhere Ao = aorta, MV = mitral valve annulus

(using images A, B, C, D).

Regurgitant volume (RVol) can also be calculated
SVao — SVrvor Where Ao = aorta, RVOT = right

> ——
ventricular outflow tract (using images A, B, E, F). B
*Of note this example is from a patient with a BAV.

Note the large LVOTd.

LvoT .Jmmct:t-. cm

C MV Annular Diameter

'm.w . -'"

Parasternal Qutflow View |

ARVTI=282cm

WOT VT 24 i 37'

Bi + v

Mas PG 54
Vou

MV Annular VT =10 cm

rét I&N A}'

W e -tq %-';,

b '4 RVOTVTI=14¢cm

"

uantitative Doppler Assessment

LVOT Stroke Volume =172 mL
Mitral Diastolic Stroke Volume =
91 mL

RVOT Stroke Volume =

* ARVT

86 mL

Regurgitant volume = 86-91 mL
EROA=0.30-0.32cm?
Regurgitant fraction = 50-53%

SV ov-SVpva- The continuity method cannot be used where
there is significant concomitant mitral regurgitation (MR).
Additionally, this method should not be used where there is
interference of the Doppler trace, secondary to the AR (i.e.
very severe posteriorly directed AR causes restriction of
the MV opening (pseudo functional mitral stenosis), thus
invalidating the use of the PW at the MV annulus). In such
a scenario, right ventricular outflow tract (RVOT) SV could
be used instead of SVy,x. The application of the continuity
equation brings with it additional limitations related to the
uniformity of flow profiles, the accuracy of sample volume

placement and assumptions in relation to orifice shape. If the
RVol is obtained using the continuity method, the EROA can
then be derived as in Box 3.

Box 3 Outlines the calculation used to calculate regurgitant
volume (RVol) using the continuity principle.

RVol = SVAO —

where SV, =the stroke volume through the aorta; SV, = stroke volume
through the mitral valve annulus; CSA=cross sectional area; VTl =velocity
time integral.

SVmva whereSVAo = CSALvor X VTlor
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Regurgitant fraction

Key points

« Regurgitant fraction (RF) is the proportion of regurgitant volume com-
pared to the forward stroke volume expressed as a percentage

« A RF of <30% is consistent with mild aortic regurgitation
« ARF of >50% is consistent with severe aortic regurgitation

Regurgitant fraction (RF) is the ratio of the RVol to the
forward SV expressed as a percentage (see Box 4). RVol
and SV can be estimated using the approaches outlined
above. There is some evidence that RF is a useful assess-
ment of AR severity in the context of impaired LV sys-
tolic function or reduced cardiac output, when even a
relatively small RVol is proportionally more significant
owing to the reduced forward SV [6].

Box 4 Outlines the calculation used to calculate regurgitant
fraction (RF).

RF = RVol/SV x 100
where RVol =regurgitant volume, SV =stroke volume.

Additional key parameters in the assessment
of chronic aortic regurgitation

Key points

- Severe chronic aortic regurgitation is almost always associated
with left ventricular (LV) dilatation

« All patients should have an assessment of both indexed LV volumes
and indexed LV linear dimensions

« All patients should have a comprehensive assessment of the aorta
including indexed aortic dimensions

« Global longitudinal strain (GLS) may enable the identification of early LV
dysfunction

LV size and function

In the context of chronic AR, the left ventricle (LV)
is exposed to increased preload, leading to adaptive
changes including progressive dilatation and eccentric
left ventricular hypertrophy (LVH). A normal indexed LV
volume in and of itself therefore almost always rules out
severe AR, except in rare circumstances including acute
AR, which is addressed in a later section [37].
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As AR progresses, LV dilatation eventually becomes
maladaptive, at which point LV function will become
impaired, patients may develop symptoms, and prog-
nosis is compromised. As such, accurate quantification
of LV size and function is essential, and it is recom-
mended that, wherever possible, LV ejection fraction
(LVEF) and indexed LV volumes should be obtained
and reported using the Simpson’s biplane method for
all patients.

The BSE additionally recommends that both non-
indexed and indexed LV linear dimensions are
reported. There is a wealth of data supporting the use
of these parameters in the management of AR, and they
should be included on the echocardiographic report to
support patient management [6, 38—41].

Global longitudinal strain (GLS)

Global longitudinal strain (GLS) obtained using speckle
tissue tracking may provide an indication of early LV
dysfunction [42-44]. As with other forms of heart valve
disease, GLS in patients with AR becomes reduced as
the disease progresses [45, 46]. Whilst lower maximal
values of GLS are associated with poorer outcomes in
chronic severe AR, as yet there is no accepted thresh-
old of GLS that should be used to prompt a change in
clinical management. However, in patients undergoing
serial assessment, it is reasonable to highlight progres-
sive reductions in GLS as this may prompt closer clini-
cal or echocardiographic surveillance.

Aortic dimensions

A comprehensive assessment of the aorta (Ao) is essen-
tial in the context of AR. Firstly, because aortic dilatation
may itself be the cause of the regurgitation (Type I AR;
see Sect. 2 ‘Mechanism of aortic regurgitation’); secondly,
variant anatomy such as BAV is associated with aor-
tic enlargement; and finally, the presence and pattern of
aortic dilatation radically alters the potential approach to
aortic valve intervention. Whilst transthoracic echocar-
diography (TTE) provides an excellent standard of qual-
ity in the evaluation of aortic dimensions, it is important
to appreciate the limitations of this modality when it
comes to the assessment of the Ao as a whole, with the
proximal descending thoracic Ao in particular extremely
challenging to visualise with TTE alone. As previously
recommended by the BSE, the aortic root (AoR) and
ascending aorta (AscAo) should be measured from the
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Table 12 Assessment of aortic root dimensions. [47] Reproduced with permission from Harkness et al.

The measurements should be obtained at end-diastole, using an
inner-edge to inner-edge methodology. The sinus of Valsalva
(red line), sino-tubular junction (green line), and proximal
ascending aorta defined as the region 1 cm above the sino-
tubular junction (blue line) should be measured. If there is
enlargement above this level the maximal dimension should be
measured and stated in the report. Measurements should be

reported as absolute values and after indexing for height.

PLAX window at three levels: the Sinus of Valsalva (SoV);
the sino-tubular junction (STJ); and the AsAo defined as
a level 1cm above the STJ (Table 12) [9, 47]. For optimal
visualisation it may be that a higher anatomical window
is required. Measurements should be performed at end-
diastole, defined as the onset of the QRS on the surface
electrocardiogram (ECG), using an inner-edge to inner-
edge approach, with the measurement taken perpendicu-
lar to the major axis of the aorta. The BSE recommends
that both absolute values and indexed aortic dimensions
scaled to height are reported [47]. The aorta shape and
contours as well as the absence or presence of an aortic
dissection flap should be described within reports, with
appropriate clinical escalation.

Echocardiographic features that may prompt
referral for intervention

The timing of intervention for severe aortic regurgitation
(AR) is a clinical decision and therefore beyond the remit
of this guideline. The commonest indication for surgery
is the presence of cardiovascular symptoms, in which
case a comprehensive echo with accurate assessment of
AR severity, LV function, concomitant valve disease and
an assessment of the likelihood of pulmonary hyperten-
sion is essential to aid surgical planning.

In asymptomatic severe AR, several echocardiographic
findings play a crucial role in determining surgical eligi-
bility, including indexed LV linear dimensions, LV ejec-
tion fraction (EF), and aortic (Ao) dimensions. It is useful
for echocardiographers to be aware of these specific high-
risk criteria and highlight them in the conclusion of the
comprehensive echo report, thereby supporting optimal
patient management.

For those patients with asymptomatic severe AR, it
is vital to ensure any changes in LV size or function are
escalated as these findings are predictive of the devel-
opment of heart failure, and significant determinants of
survival and functional outcome following surgical inter-
vention [22].

Table 13 High risk echocardiographic features that may prompt
referral for intervention

Red flags

LVESd > 50 mm

LVESdi =25 mm/m?

LVEF <55%

Ascending aorta diameter > 55 mm in all patients
Ascending aorta diameter >45 mm in special populations
Rapid dilatation of the LV approaching surgical threshold

LVESd left ventricular end systolic dimension, LVESdi left ventricular end systolic
dimension indexed, LVEF left ventricular ejection fraction, LV left ventricle

In terms of aortic dilatation, the valve morphology
(i.e. bicuspid vs. tricuspid valves) and the presence of an
underlying connective tissue or genetic disorder all play
a role in determining the threshold for surgical inter-
vention. An Ao or ascending aorta (AscAo) dimension
of >55mm in all patients is an indication for surgery. Spe-
cial populations such as patients with Marfan syndrome,
a BAV or aortic coarctation have a lower threshold, rang-
ing between 45-50mm (and rarely 40mm) [48]. An aortic
dimension >45mm in the presence of severe AR would
usually prompt concomitant AoR replacement at the
time of aortic valve intervention. Table 13 provides an
overview of these high-risk echocardiographic criteria.

Approach to the patient with chronic AR

Key points
« Aortic regurgitation (AR) should be graded as mild, moderate, or severe

+ The grading of AR severity should be determined using a multiparamet-
ric approach as outlined in Fig. 5

+ AR tends to progress slowly, but interval echocardiographic surveillance
is advised, in particular for moderate and severe AR
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This guideline recommends that aortic regurgitation (AR)
is graded as either mild, moderate, or severe. Table 14
summarises the severity thresholds for the echocardio-
graphic parameters of AR. The progression from mild to
moderate to severe AR tends to occur slowly, although
the rate of progression may vary according to the mecha-
nism and underlying aetiology of valve insufficiency. This
guideline recommends that all patients with moderate or
severe AR undergo both clinical and echocardiographic
surveillance: those with moderate AR should be seen
every 12-24 months; severe AR not meeting surgical
thresholds every 6—12 months [49]. Where the degree of
AR is mild in the setting either an anatomically abnor-
mal AV or an AoR>40mm, follow up should be at 3-5
years [50]. Patients with an anatomically normal AV and
a AoR <40mm do not require routine follow up [50]. Fig-
ure 5 outlines and summarises the echocardiographic
approach when faced with a patient with chronic AR.

Additional cardiac imaging

Key points

« TOE can be used to complement TTE, providing clarity in relation
to valve morphology and mechanism where image quality is suboptimal,
or when surgical AV intervention is complex

« CMRis less susceptible to the acoustic window limitations of TTE
and can provide useful information in relation to LV volumes, regurgitant
volumes and the quantification of cardiac remodelling

« Cardiac CT is useful in the evaluation of aortic size and shape
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Transoesophageal echocardiography (TOE)

In many instances, TTE is sufficient to perform a com-
prehensive assessment of AR. Where image quality does
not allow, or in circumstances where the quantitative /
qualitative, corroborative, and LV volume do not align
with regards to AR severity (see Fig. 5), additional imag-
ing is recommended. TOE is a useful adjunct to help
clarify valve morphology, regurgitation mechanism and
severity, and provides assessment for possible infection
or dissection. TOE should also be considered pre-sur-
gery where patients are undergoing aortic valve sparing
or repair surgery, or any percutaneous procedures. TOE
should include both 2D and 3D imaging as well as col-
our and spectral Doppler modalities. The BSE minimum
dataset for a standard transoesophageal echocardiogram
should be performed with the AR specific echocardio-
graphic images outlined in Table 15 [51].

Cardiac magnetic resonance (CMR) imaging

Although echocardiography is the first-line diagnostic
imaging modality for patients with AR, cardiac magnetic
resonance imaging (CMR) can provide additional use-
ful information. Particularly where TTE quality is poor,
CMR can provide information to clarify discordant or
discrepant data. CMR, which offers greater inter-study
reproducibility in relation to LV volumes, can also evalu-
ate regurgitant volumes and AR severity, the underlying
regurgitation mechanism, SV, EF, and the quantification
of cardiac remodelling [3, 52]. CMR also provides accu-
rate data in the assessment of aortic dimensions.

Table 14 Parameters by method and severity grading recommended by the British Society of Echocardiography

Method Mild Moderate Severe
Continuous wave (CW) jet density Incomplete or faint Dense Dense
Colour flow convergence (CFC) None/very small Large
Pressure half time (PHT) (ms) >500 200-500 <200
Jet width/LVOTd (%) <25 25-65 >65
Diastolic flow reversal in the DAo (cm/s) Brief / none Intermediate Prominent
holodias-
tolic
> 20cm/s
velocity
Vena contract width (cm) <03 03-06 >06
Effective regurgitant orifice area (EROA) (cm?) <0.10 0.10-0.30 >0.30
Regurgitant volume (RVol) (mL) <30 30-60 >60
Regurgitant fraction (RF) (%) <30 30-50 >50
Left ventricular (LV) size Normal Dilated
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Chronic aortic regurgitation

Visually more than mild AR

Quantitative / qualitative findings

Most
criteria Jet width/LVOTd ratio 25-65% Jet width/LVOTd ratio >65%
not VC 0.3-0.6cm VC >0.6cm
met EROA 0.1-0.3cm? EROA >0.3cm?

Corroborative findings

||

Flow reversal not reaching severe
criteria

Holodiastolic flow reversal in the
descending thoracic aorta
Flow reversal in the abdominal
aorta

Left ventricular findings

Normal indexed LV volume

Dilated indexed LV volume

Most criteria met

l

If quantitative, LV, and corroborative findings do not agree, or image quality
prevents assessment, TOE or alternative imaging is recommended

¥

Mild AR

Moderate AR

Severe AR

v

bnormal

Follow up every 12-24 months

Prognostic findings

1. Indexed LVESd and LVEF

2. Aortic dimensions
3. Follow up 6-12 monthly

Fig. 5 Decision aid to guide assessment of aortic regurgitation severity. If AR visually appears mild or less in severity, this should be clarified using

a selection of the specific criteria as listed in the green box. If confirmed, there is no need to attempt further assessment. In those patients where AR
appears more than mild, further detailed evaluation is required. In this scenario, the severity of AR can be confirmed if at least one quantitative /
qualitative characteristic, one corroborative characteristic, and indexed left ventricular volumes are all in agreement. For example: a patient with a VC

of 0.7cm, holodiastolic flow reversal in the descending thoracic aorta, and dilated indexed LV volumes, clearly has severe AR. In this situation

the focus should then be on key prognostic features including the indexed LVESd, LV function, and aortic dimensions. If quantitative/qualitative
characteristics, corroborative characteristics, and indexed LV volumes are not in agreement, further imaging such as TOE is recommended

to clarify severity and ensure optimal management of the patient. In a significant minority of cases, quantitative assessment will not be possible,
either because image quality is insufficient, or other factors such as valve calcification impedes detailed quantification. In such cases, the BSE
recommend that further imaging (such as TOE) is advised within the report. This ensures appropriate classification of AR severity, optimal timing

of follow-up and promotes good clinical management. (AR=aortic regurgitation; LVOT = left ventricular outflow tract; Ao =aorta; CW = continuous
wave; PHT = pressure half time; LV =left ventricular; LVOTd = left ventricular outflow tract diameter; VC=vena contract; EROA = effective regurgitation
office area; LVESd = left ventricular end systolic dimension; LVEF =left ventricular ejection fraction; TOE =transoesophageal echocardiography)

Cardiac computed tomography (CT)

Cardiac computed tomography (CT) provides fast, high-
resolution images of the aortic root and thoracic aorta
allowing for accurate and reproducible assessment of size
and shape, and is considered the modality of choice for
this anatomical structure [53]. Cardiac CT can also be
used to determine AV morphology, locate and quantify
calcification, and identify the presence of an aortic coarc-
tation or dissection [3].

Exercise stress echocardiography

Key points

- Exercise stress echocardiography (ESE) should not be used to evaluate
aortic regurgitation severity

« ESE may be useful for assessment of contractile reserve

« ESE may be useful for unmasking cardiovascular symptoms or alterna-
tive pathologies
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Table 15 Transoesophageal echocardiographic (TOE) images which complement transthoracic echocardiography

A BSE minimum dataset for TOE should be
performed with the addition of those images
relevant in the setting of aortic regurgitation. This
section provides examples of the images that should
be considered but is not exhaustive. Images (A) and
(B) are obtained from an upper/mid oesophageal
window at approximately 40 degrees. This view is
useful to confirm valve morphology and aortic
regurgitation (AR) mechanism. Images (C) and (D)
are colour flow Doppler images from a mid-
oesophageal window at approximately 120 and O
degrees. These views aim to confirm AR severity.
Image (E) shows multiplane imaging focussed on
identifying the vena contracta (VC) in orthogonal
planes as well as the VC area indicative of EROA.
Image (F) is a 2D trans-gastric (TG) image allowing
for interrogation of left ventricular function. Images
(G) and (H) are a TG and deep TG view allowing for
measurement of LVOT and AV Doppler gradients as
well as the AR Doppler trace. Image (1) isa PW
Doppler trace obtained from an upper oesophageal
descending thoracic aorta view demonstrating

holodiastolic flow reversal (below the baseline).
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Exercise stress echocardiography (ESE) is not useful in
the evaluation of severity of AR [54, 55]. During exercise,
heart rate increases which reduces the duration of dias-
tole. Consequently at peak stress, AR is less obvious and
AR severity may be underestimated [56]. However, ESE
may be useful for the assessment of contractile reserve
(CR) [54, 57]. In asymptomatic patients with severe AR,
a lack of CR predicts adverse outcomes [57-59]. ESE also
provides opportunities for the unmasking of symptoms,
precipitation of exercise-induced arrythmias, and overall
functional capacity [54], or may identify other causes for
symptoms such as ischaemia [54]. Where there is a dis-
crepancy between symptoms and AR severity, ESE may
assist in clarifying this discrepancy.

Acute aortic regurgitation

Key points

« The assessment of acute severe aortic regurgitation (AR) is very different
from chronic AR

- Patients with acute severe AR are often in extremis and imaging is often
challenging

« The left ventricle (LV) is often normal sized with normal or hyperdy-
namic LV systolic function

Acute aortic regurgitation (AR) differs from chronic AR
in several important ways. The aetiology is often very dif-
ferent: infective endocarditis and aortic dissection are
the most frequent causes of acute severe AR; less often
it occurs as a complication of transcatheter procedures
or blunt chest trauma [60, 61]. Because chronic AR pro-
gresses over many years, there is sufficient time for com-
pensatory LV changes to develop. Acute severe AR allows
no such compensation; consequently, LV filling pressures
and left atrial pressures become significantly elevated.
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Patients with acute severe AR usually present in extremis
and frequently will be in overt or incipient cardiogenic
shock, pulmonary oedema, or both [62]. As such, they
are often cared for in a high intensity setting such as
intensive or coronary care, they may be receiving circu-
latory or respiratory support, and obtaining high-qual-
ity echo images will be particularly challenging. A high
index of suspicion is required when undertaking echo-
cardiography in such patients to ensure that acute severe
AR is not missed.

Echocardiographically, the LV will not necessarily be
dilated, and often there will be normal or even hyper-
dynamic systolic function (despite the presence of pul-
monary oedema) with concordant increases in LVOT
velocities and the LVOT VTI. Additionally, there may
be premature closure of the AV and premature ter-
mination of aortic flow as well as more indirect signs
of acute severe AR including decreased transmitral
deceleration time, premature closure of the MV, and
diastolic MR with the latter shown to be a predictor
of decompensation (Table 16) [61, 63]. A useful semi-
quantitative estimate of regurgitation fraction can also
be established by comparing the forward stroke vol-
ume with the degree of holodiastolic flow reversal in
the descending thoracic aorta (DAo) (Fig. 6). However,
in the setting of very severe acute AR, due to mark-
edly elevated left ventricular end diastolic pressures
(LVEDP) and equalisation of LV and aortic end dias-
tolic pressures, it is possible that there is no pressure
difference thus resulting in curtailing of any diastolic
flow reversal in the DAo. In acute severe AR, in light
of the LVEDP rising rapidly, SV cannot be maintained
despite intrinsic compensatory mechanisms [64]. Echo-
cardiographic findings consistent with acute severe AR
need to be escalated urgently.

Table 16 Classical features of aortic regurgitation in the chronic and acute setting

Chronic AR

Acute AR

Increasing LV size (LVEDd, LVEDV, LVESd, LVESV)
LV remodeling (shape becomes more spherical)
Deteriorating LV systolic function and LVEF
Increased wall mass

Normal LVEDP

LV size is not dilated

Hyperdynamic LV systolic function
Increased LVOT VTl / Vmax

Premature closure of the MV

Diastolic MR

High LVEDP

Decreased transmitral deceleration time

Premature termination of diastolic flow
(AR duration may be brief)

LV left ventricular, LVEDd left ventricular end diastolic dimension, LVEDV left ventricular end diastolic volume, LVESd left ventricular end systolic dimension, LVESV left
ventricular end systolic volume, LVEF left ventricular ejection fraction, LVEDP left ventricular end diastolic pressure, LVOT VTI left ventricular outflow tract velocity time
integral, Vmax velocity maximum, MV mitral valve, MR mitral regurgitation, AR aortic regurgitation
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Fig. 6 A velocity time integral (VTI) envelope of the diastolic flow
reversal from the descending thoracic aorta. Drawing a comparison
between the reversal and the forward stroke volume VTI

from the descending aorta provides a semi-quantitative approach
to determining regurgitant fraction (RF)

Combined valve disease

Key points

«In the setting of combined valve disease, a comprehensive assessment
of all valve pathologies is mandatory

« The severity and prognosis of mixed aortic valve disease is closely
related to the AV Vmax

« Any high-risk feature of either aortic stenosis or aortic regurgitation
should prompt intervention for mixed aortic valve disease

- Concomitant AR/MR frequently leads to LV dysfunction so careful
monitoring of left ventricular ejection fraction (LVEF) for even subtle
deterioration is recommended

Table 17 Suggested reporting template for aortic regurgitation
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Aortic regurgitation and aortic stenosis

AR combined with aortic stenosis (AS) is often referred
to as mixed aortic valve disease (MAVD). MAVD is
common due to the increased prevalence of AS within
the aging population and other known aetiologies
which cause dual pathologies. MAVD can lead to chal-
lenges in determining disease severity. Protocols typi-
cally provide guidance in the assessment of pathologies
in isolation, but it is important to question where mod-
erate AS and moderate AR coexist should the total
valve lesion be considered severe, given the prognosis
of this combination of valve lesions is more in keeping
with isolated severe AS [65, 66]. In the context of mixed
AV disease (defined as the presence of at least moder-
ate AR and AS), the key parameter that predicts time
to event is AV Vmax [65, 67]. Valve area, and indices of
AR severity appear less well associated with outcomes.
In mixed AV disease, the lesion should be reported
as ‘moderate / severe / very severe mixed AV disease’
according to the AV Vmax (3/4/5 m/s respectively) [65,
67]. AV Vmax needs to be considered in the setting of
adverse LV remodelling and declining EF, with this high
risk group demonstrating a higher incidence of death
and heart failure admissions [68]. Regardless of the
presence of MAVD, current recommendations still sug-
gest that conventional recommendations for AS and AR
be used to guide surgical intervention [65, 67].

Section Data / detail

Demographics

Height, weight, body surface area (BSA)

Blood pressure, heart rate and rhythm

Image quality Good, fair, poor

Aortic valve morphology

Tricuspid / bicuspid (+ raphe) / uni or quadricuspid

Leaflet abnormalities (restriction / prolapse / calcification / perforation, or wide coaptation defect)

Aortic root
Aortic regurgitation severity

Pressure half time

Size, indexed/scaled size, shape, number of sinuses
Jet width / LVOT diameter ratio
Vena contracta width

Regurgitant volume and/or regurgitant fraction

Effective regurgitant orifice area

Presence of flow convergence colour Doppler

Continuous wave jet density

Presence and severity of diastolic flow reversal in the descending aorta and abdominal aorta

Additional prognostic markers

Left ventricular dimensions and volumes as absolute and indexed values

Left ventricular systolic function and ejection fraction (EF)

Global longitudinal strain where available

Aortic stenosis

Note presence and severity (see specific BSE guidance) [13]

LVOT left ventricular outflow tract, EF ejection fraction, BSE British Society of Echocardiography
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Aortic regurgitation and mitral regurgitation

Combined AR and mitral regurgitation (MR) is also
common given the prevalence of MR. Previously there
has been concern that combined AR/MR may result
in myocardial structural changes, pulmonary hyper-
tension, or arrhythmias prior to the development of
symptoms and guideline driven eligibility for surgery
[69]. Moreover, there was anxiety that the development
of these endpoints may be irreversible. Concomitant
AR/MR is an example of a common but understud-
ied multiple valve interaction. There is limited data to
guide management but due to both pressure and vol-
ume overload, LV dysfunction is frequent [70]. The BSE
recommend a comprehensive assessment of both valves
(as outlined by corresponding guidelines) and evalua-
tion of LV size and systolic function, and SV [71]. Care-
ful monitoring of LV function is crucial and even subtle
deterioration in LVEF may suggest consideration of
surgical intervention. There is data to suggest that LV
dilation due to chronic AR may not be fully reversible
and as such where AV intervention is deemed suitable,
it would be prudent to consider MV intervention as
required [72].

Suggested reporting template

Aside from the acquisition of accurate echocardiogra-
phy images, it is essential to ensure that echo findings are
communicated via a comprehensive, concise and relevant
report. Reports should include comments on all cardiac
structures interrogated. Where AR is present, it is crucial
to ensure the key parameters are highlighted (Table 17).

Conclusion

The prevalence of AR within the population is increasing.
As such the role of transthoracic echocardiography in the
identification and assessment of AR becomes increas-
ingly important. High quality, accurate, and reproduc-
ible echocardiographic images, measurements, and
calculations will facilitate improved determination of AR
severity. This will ultimately improve decision making in
determining the optimal time for intervention, resulting
in improved outcomes for patients [6, 73].

Abbreviations

2D Two dimensional

3D Three dimensional
A2C Apical two chamber
A3C Apical three chamber
A4C Apical four chamber
A5C Apical five chamber

Ao Aorta

AoR Aortic root

AR Aortic regurgitation
AS Aortic stenosis
AscAo  Ascending aorta
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AV Aortic valve

BAV Bicuspid aortic valve

BP Blood pressure

BSA Body surface area

BSE British Society of Echocardiography
CFC Colour flow convergence

CMR Cardiac magnetic resonance imaging
CR Contractile reserve

cT Computed tomography

cw Continuous wave Doppler

DAo Descending thoracic aorta

EF Ejection fraction

ESE Exercise stress echocardiography

GLS Global longitudinal strain

A% Left ventricle

LVEDd  Left ventricular end diastolic dimension
LVEDdi  Left ventricular end diastolic dimension indexed
LVEDP  Left ventricular end diastolic pressure
LVEDV  Left ventricular end diastolic volume

LVEF Left ventricular ejection fraction

LVESd Left ventricular end systolic dimension
LVESdi  Left ventricular end systolic dimension indexed
LVESV Left ventricular end systolic dimension

LVH Left ventricular hypertrophy

LvOoT Left ventricular outflow tract
LVOTd Left ventricular outflow tract diameter
MA Mitral annulus

MAVD  Mixed aortic valve disease

MR Mitral regurgitation

MRI Magnetic resonance imaging
MV Mitral valve

PHT Pressure half time

PISA Proximal isovelocity surface area
PLAX Parasternal long axis

PSAX Parasternal short axis

PW Pulsed wave Doppler

QAV Quadricuspid aortic valve

RF Regurgitant fraction

RJ Regurgitant jet

RV Right ventricle

Rvol Regurgitant volume

SoV Sinus of Valsalva

ST Sino-tubular junction

SV Stroke volume

TOE Transoesophageal echocardiography
TTE Transthoracic echocardiography
UAV Unicuspid aortic valve

VC Vena contracta

VCA Vena contracta area

VTI Velocity time integral

Acknowledgements

The authors would like to thank Guy Lloyd (MD), Karen Garboso (BSc (Hons)),
Marilou Huang (BSc), Norman Catibog (BSN), Joanna Wynn (BSc (Hons)), Mar-
lene Monteiro (BSc), Zhaoyi Meng (MSc), Rio Dane (BSc) for providing images.

Author contributions

KV is the lead author. KV drafted the first manuscript. LR critically evaluated
and amended the manuscript. VT critically evaluated and amended the
manuscript. SB critically evaluated and amended the manuscript. DO critically
evaluated and amended the manuscript. RH critically evaluated and amended
the manuscript. All authors read and approved the final manuscript.

Funding

This work did not receive any specific grants from any funding agency in the
public, commercial or not-for-profit sector. Where the guideline is accepted
for publication, the British Society of Echocardiography may provide financial
support for APCs.

Availability of data and materials
No datasets were generated or analysed during the current study.



Victor et al. Echo Research & Practice (2025) 12:3

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

KV, LR, VT and DO are Editorial Board Members of the Echo Research and
Practice Journal. VT is supported by an NIHR doctoral fellowship award
(NIHR303306). RTH has received speaker fees from Abbott Structural, Baylis
Medical, Edwards Lifesciences, Medtronic, Philips Healthcare, Siemens Health-
ineers. This has not influenced their participation or any parts of the submitted
manuscript.

Received: 5 April 2024 Accepted: 22 November 2024
Published online: 27 January 2025

References

1. lung B, Vahanian A.Valvular heart diseases in elderly people. Lancet.
2006;368(9540):969-71. https://doi.org/10.1016/50140-6736(06)69216-7.

2. Nkomo VT, Gardin JM, Skelton TN, Gottdiener JS, Scott CG, Enriquez-
Sarano M. Burden of valvular heart diseases: a population-based study.
Lancet. 2006;368(9540):1005-11. https://doi.org/10.1016/50140-6736(06)
69208-8.

3. Steeds RP, Myerson SG. Imaging assessment of mitral and aortic regurgi-
tation: current state of the art. Heart. 2020;106(22):1769-76. https://doi.
0rg/10.1136/heartjnl-2019-316216.

4. Tung M, Nah G, Tang J, Marcus G, Delling FN. Valvular disease burden
in the modern era of percutaneous and surgical interventions: the UK
Biobank. Open Heart. 2022;9(2): €002039. https://doi.org/10.1136/0penh
rt-2022-002039.

5. Wharton G, Steeds R, Allen J, Phillips H, Jones R, Kanagala P, et al. A
minimum dataset for a standard adult transthoracic echocardiogram: a
guideline protocol from the British Society of Echocardiography. Echo
Res Pract. 2015;2(1):G9-24. https://doi.org/10.1530/ERP-14-0079.

6. TsampasianV, Victor K, Bhattacharyya S, Oxborough D, Ring L. Echocar-
diographic assessment of aortic regurgitation: a narrative review. Echo
Res Pract. 2024;11(1):1. https://doi.org/10.1186/544156-023-00036-7.

7. Lancellotti P, Tribouilloy C, Hagendorff A, Moura L, Popescu BA, Agricola
E, et al. European Association of Echocardiography recommendations
for the assessment of valvular regurgitation. Part 1: aortic and pulmonary
regurgitation (native valve disease). Eur J Echocardiogr. 2010;11(3):223-
44 https://doi.org/10.1093/ejechocard/jeq030.

8. Zoghbi WA, Adams D, Bonow RO, Enriquez-Sarano M, Foster E, Grayburn
PA, et al. Recommendations for noninvasive evaluation of native valvular
regurgitation: a report from the American Society of Echocardiography
developed in collaboration with the Society for Cardiovascular Magnetic
Resonance. J Am Soc Echocardiogr. 2017;30(4):303-71. https://doi.org/10.
1016/j.echo.2017.01.007.

9. Robinson S, Rana B, Oxborough D, Steeds R, Monaghan M, Stout M, et al.
A practical guideline for performing a comprehensive transthoracic
echocardiogram in adults: the British Society of Echocardiography mini-
mum dataset. Echo Res Pract. 2020;7(4):G59-93. https://doi.org/10.1530/
ERP-20-0026.

10. Sievers H-H, Hemmer W, Beyersdorf F, Moritz A, Moosdorf R, Lichtenberg
A, et al. The everyday used nomenclature of the aortic root components:
the tower of Babel? Eur J Cardiothorac Surg. 2012;41(3):478-82. https://
doi.org/10.1093/ejcts/ezr09310.1093/ejcts/ezr093.

11. Piazza N, de Jaegere P, Schultz C, Becker AE, Serruys PW, Anderson RH.
Anatomy of the aortic valvar complex and its implications for transcath-
eter implantation of the aortic valve. Circ Cardiovasc Interv. 2008;1(1):74—
81. https://doi.org/10.1161/circinterventions.108.780858.

12. Sutton JP 3rd, Ho SY, Anderson RH. The forgotten interleaflet triangles:

a review of the surgical anatomy of the aortic valve. Ann Thorac Surg.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 24 of 26

1995;59(2):419-27. https://doi.org/10.1016/0003-4975(94)00893-c10.
1016/0003-4975(94)00893-C.

. Ring L, Shah BN, Bhattacharyya S, Harkness A, Belham M, Oxborough

D, et al. Echocardiographic assessment of aortic stenosis: a practical
guideline from the British Society of Echocardiography. Echo Res Pract.
2021;8(1):G19-59. https://doi.org/10.1530/ERP-20-0035.

. Anderson R. Clinical anatomy of the aortic root. Heart. 2000;84(6):670.

https://doi.org/10.1136/heart.84.6.670.

. Weinreich M, Yu PJ, Trost B. Sinus of valsalva aneurysms: review of the

literature and an update on management. Clin Cardiol. 2015;38(3):185-9.
https://doi.org/10.1002/clc.22359.

. Charitos El, Sievers H-H. Anatomy of the aortic root: implications for

valve-sparing surgery. Ann Cardiothorac Surg. 2013;2(1):53. https://doi.
0rg/10.3978/j.issn.2225-319X.2012.11.1810.3978/j.issn.2225-319X.2012.11.
18.

. Saliba E, Sia Y, Dore A, El Hamamsy I. The ascending aortic aneurysm:

when to intervene? 1JC Heart Vasc. 2015;6:91-100. https://doi.org/10.
1016/j.ijcha.2015.01.009.

. Bleakley C, Monaghan MJ. The pivotal role of imaging in TAVR pro-

cedures. Curr Cardiol Rep. 2018;20:1-8. https://doi.org/10.1007/
$11886-018-0949-z.

. Steinberger J, Moller JH, Berry JM, Sinaiko AR. Echocardiographic

diagnosis of heart disease in apparently healthy adolescents. Pediatrics.
2000;105(4):815-8. https://doi.org/10.1542/peds.105.4.815.

Tutar E, Ekici F, Atalay S, Nacar N. The prevalence of bicuspid aortic

valve in newborns by echocardiographic screening. Am Heart J.
2005;150(3):513-5. https://doi.org/10.1016/j.ahj.2004.10.036.

Movahed M-R, Hepner AD, Ahmadi-Kashani M. Echocardiographic
prevalence of bicuspid aortic valve in the population. Heart Lung Circ.
2006;15(5):297-9. https://doi.org/10.1016/j.h1c.2006.06.001.

Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP lll, Gentile F,
et al. 2020 ACC/AHA guideline for the management of patients with val-
vular heart disease: executive summary: a report of the American College
of Cardiology/American Heart Association Joint Committee on Clinical
Practice Guidelines. J Am Coll Cardiol. 2021;77(4):450-500. https://doi.
0rg/10.1016/jjacc.2020.11.035.

Michelena HI, Corte AD, Evangelista A, Maleszewski JJ, Edwards WD,
Roman MJ, et al. Summary: international consensus statement on
nomenclature and classification of the congenital bicuspid aortic valve
and its aortopathy, for clinical, surgical, interventional and research pur-
poses. Arch Cardiol México. 2024,94(2):219-39. https://doi.org/10.1093/
ejcts/ezab038.

Tsang MY, Abudiab MM, Ammash NM, Naqvi TZ, Edwards WD, Nkomo
VT, et al. Quadricuspid aortic valve: characteristics, associated struc-

tural cardiovascular abnormalities, and clinical outcomes. Circulation.
2016;133(3):312-9. https://doi.org/10.1161/CIRCULATIONAHA.115.01774.
Olson LJ, Subramanian R, Edwards WD. Surgical pathology of pure aortic
insufficiency: a study of 225 gases. Mayo Clin Proc. 1984. https://doi.org/
10.1016/50025-6196(12)65618-3.

Takenaka K, Dabestani A, Gardin JM, Russell D, Clark S, Allfie A, et al. A
simple Doppler echocardiographic method for estimating severity of
aortic regurgitation. Am J Cardiol. 1986;57(15):1340-3. https://doi.org/10.
1016/0002-9149(86)90215-8.

Panaro A, Moral S, Huguet M, Palomares JFR, Galian L, Gutiérrez L, et al.
Descending aorta diastolic retrograde flow assessment for aortic regurgi-
tation quantification. Rev Argent Cardiol. 2016;84(4):349-55. https://doi.
org/10.7775/rac.es.v84.i4.9129.

Hashimoto J, Ito S. Aortic stiffness determines diastolic blood flow rever-
sal in the descending thoracic aorta: potential implication for retrograde
embolic stroke in hypertension. Hypertension. 2013;62(3):542-9. https.//
doi.org/10.1161/HYPERTENSIONAHA.113.01318.

Addetia K, Therrien J. Spot diagnosis using pulse wave Doppler inter-
rogation of the abdominal aorta. J Cardiovasc Ultrasound. 2012;20(2):112.
https://doi.org/104250/jcu.2012.20.2.112.

Shandas R, Kwon J, Valdes-Cruz L. A method for determining the refer-
ence effective flow areas for mechanical heart valve prostheses: in vitro
validation studies. Circulation. 2000;101(16):1953-9. https://doi.org/10.
1161/01.CIR.101.16.1953.

Sato H, OhtaT, Hiroe K, Okada S, Shimizu K, Murakami R, et al. Severity

of aortic regurgitation assessed by area of vena contracta: a clini-

cal two-dimensional and three-dimensional color Doppler imaging


https://doi.org/10.1016/S0140-6736(06)69216-7
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1016/S0140-6736(06)69208-8
https://doi.org/10.1136/heartjnl-2019-316216
https://doi.org/10.1136/heartjnl-2019-316216
https://doi.org/10.1136/openhrt-2022-002039
https://doi.org/10.1136/openhrt-2022-002039
https://doi.org/10.1530/ERP-14-0079
https://doi.org/10.1186/s44156-023-00036-7
https://doi.org/10.1093/ejechocard/jeq030
https://doi.org/10.1016/j.echo.2017.01.007
https://doi.org/10.1016/j.echo.2017.01.007
https://doi.org/10.1530/ERP-20-0026
https://doi.org/10.1530/ERP-20-0026
https://doi.org/10.1093/ejcts/ezr09310.1093/ejcts/ezr093
https://doi.org/10.1093/ejcts/ezr09310.1093/ejcts/ezr093
https://doi.org/10.1161/circinterventions.108.780858
https://doi.org/10.1016/0003-4975(94)00893-c10.1016/0003-4975(94)00893-C
https://doi.org/10.1016/0003-4975(94)00893-c10.1016/0003-4975(94)00893-C
https://doi.org/10.1530/ERP-20-0035
https://doi.org/10.1136/heart.84.6.670
https://doi.org/10.1002/clc.22359
https://doi.org/10.3978/j.issn.2225-319X.2012.11.1810.3978/j.issn.2225-319X.2012.11.18
https://doi.org/10.3978/j.issn.2225-319X.2012.11.1810.3978/j.issn.2225-319X.2012.11.18
https://doi.org/10.3978/j.issn.2225-319X.2012.11.1810.3978/j.issn.2225-319X.2012.11.18
https://doi.org/10.1016/j.ijcha.2015.01.009
https://doi.org/10.1016/j.ijcha.2015.01.009
https://doi.org/10.1007/s11886-018-0949-z
https://doi.org/10.1007/s11886-018-0949-z
https://doi.org/10.1542/peds.105.4.815
https://doi.org/10.1016/j.ahj.2004.10.036
https://doi.org/10.1016/j.hlc.2006.06.001
https://doi.org/10.1016/j.jacc.2020.11.035
https://doi.org/10.1016/j.jacc.2020.11.035
https://doi.org/10.1093/ejcts/ezab038
https://doi.org/10.1093/ejcts/ezab038
https://doi.org/10.1161/CIRCULATIONAHA.115.01774
https://doi.org/10.1016/S0025-6196(12)65618-3
https://doi.org/10.1016/S0025-6196(12)65618-3
https://doi.org/10.1016/0002-9149(86)90215-8
https://doi.org/10.1016/0002-9149(86)90215-8
https://doi.org/10.7775/rac.es.v84.i4.9129
https://doi.org/10.7775/rac.es.v84.i4.9129
https://doi.org/10.1161/HYPERTENSIONAHA.113.01318
https://doi.org/10.1161/HYPERTENSIONAHA.113.01318
https://doi.org/10.4250/jcu.2012.20.2.112
https://doi.org/10.1161/01.CIR.101.16.1953
https://doi.org/10.1161/01.CIR.101.16.1953

Victor et al. Echo Research & Practice

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(2025) 12:3

study. Cardiovasc Ultrasound. 2015;13:24. https://doi.org/10.1186/
$12947-015-0016-5.

Fang L, Hsiung MC, Miller AP, Nanda NC, Yin WH, Young MS, et al. Assess-
ment of aortic regurgitation by live three-dimensional transthoracic
echocardiographic measurements of vena contracta area: usefulness
and validation. Echocardiography. 2005;22(9):775-81. https://doi.org/10.
1111/j.1540-8175.2005.00171.x10.1111/.1540-8175.2005.00171 x.
Hlubocka Z, Kockova R, Linkova H, Praveckova A, Hlubocky J, Dostélova
G, et al. Assessment of asymptomatic severe aortic regurgitation by
Doppler-derived echo indices: comparison with magnetic resonance
quantification. J Clin Med. 2021. https://doi.org/10.3390/jcm11010152.
Ishii M, Jones M, Shiota T, Yamada |, Heinrich RS, Holcomb SR, et al. What
is the validity of continuous wave Doppler grading of aortic regurgita-
tion severity? A chronic animal model study. J Am Soc Echocardiogr.
1998;11(4):332-7. https://doi.org/10.1016/50894-7317(98)70100-2.
Detaint D, Messika-Zeitoun D, Maalouf J, Tribouilloy C, Mahoney DW, Tajik
AJ, et al. Quantitative echocardiographic determinants of clinical out-
come in asymptomatic patients with aortic regurgitation: a prospective

study. JACC Cardiovasc Imaging. 2008;1(1):1-11. https://doi.org/10.1016/j.

jcmg.2007.10.008.
Vandervoort PM, Rivera JM, Mele D, Palacios IF, Dinsmore RE, Weyman AE,
et al. Application of color Doppler flow mapping to calculate effective
regurgitant orifice area. An in vitro study and initial clinical observations.
Circulation. 1993;88(3):1150-6. https://doi.org/10.1161/01.CIR.88.3.1150.
Dahiya A, Bolen M, Grimm RA, Rodriguez LL, Thomas JD, Marwick TH,

et al. Development of a consensus document to improve multireader
concordance and accuracy of aortic regurgitation severity grading by
echocardiography versus cardiac magnetic resonance imaging. Am J
Cardiol. 2012;110(5):709-14. https://doi.org/10.1016/j.amjcard.2012.04.
052.

Mentias A, Feng K, Alashi A, Rodriguez LL, Gillinov AM, Johnston DR, et al.
Long-term outcomes in patients with aortic regurgitation and preserved
left ventricular ejection fraction. J Am Coll Cardiol. 2016;68(20):2144-53.
https://doi.org/10.1016/jjacc.2016.08.045.

de Meester C, Gerber BL, Vancraeynest D, Pouleur A-C, Noirhomme P,
Pasquet A, et al. Do guideline-based indications result in an outcome
penalty for patients with severe aortic regurgitation? JACC Cardiovasc

Imaging. 2019;12(11 Part 1):2126-38. https://doi.org/10.1016/jjcmg.2018.

11.022.

Yang L-T, Michelena HI, Scott CG, Enriquez-Sarano M, Pislaru SV, Schaff
HV, et al. Outcomes in chronic hemodynamically significant aortic
regurgitation and limitations of current guidelines. J Am Coll Cardiol.
2019;73(14):1741-52. https://doi.org/10.1016/jjacc.2019.01.024.

Park HW, Song J-M, Choo SJ, Chung CH, Lee JW, Kim D-H, et al. Effect of
preoperative ejection fraction, left ventricular systolic dimension and
hemoglobin level on survival after aortic valve surgery in patients with
severe chronic aortic regurgitation. Am J Cardiol. 2012;109(12):1782-6.
https://doi.org/10.1016/j.amjcard.2012.02.024.

Ng AC, Delgado V, Bertini M, Antoni ML, Van Bommel RJ, Van Rijnsoever
EP, et al. Alterations in multidirectional myocardial functions in patients
with aortic stenosis and preserved ejection fraction: a two-dimensional
speckle tracking analysis. Eur Heart J. 2011;32(12):1542-50. https://doi.
0rg/10.1093/eurheartj/ehr084.

Slimani A, Melchior J, de Meester C, Pierard S, Roy C, Amzulescu M, et al.
Relative contribution of afterload and interstitial fibrosis to myocardial
function in severe aortic stenosis. Cardiovasc Imaging. 2020;13(2 Part
2):589-600. https://doi.org/10.1016/jjcmg.2019.05.020.

DeCampos D, Teixeira R, Saleiro C, Botelho A, Gongalve L. Global lon-
gitudinal strain in chronic asymptomatic aortic regurgitation: system-
atic review. Echo Res Pract. 2020;7(3):39-48. https://doi.org/10.1530/
ERP-20-0024.

Ewe SH, Haeck ML, Ng AC, Witkowski TG, Auger D, Leong DP, et al. Detec-
tion of subtle left ventricular systolic dysfunction in patients with signifi-
cant aortic regurgitation and preserved left ventricular ejection fraction:
speckle tracking echocardiographic analysis. Eur Heart J Cardiovasc
Imaging. 2015;16(9):992-9. https://doi.org/10.1093/ehjci/jev019.

Alashi A, Mentias A, Abdallah A, Feng K, Gillinov AM, Rodriguez LL, et al.
Incremental prognostic utility of left ventricular global longitudinal strain
in asymptomatic patients with significant chronic aortic regurgitation

and preserved left ventricular ejection fraction. JACC Cardiovasc Imaging.

2018;11(5):673-82. https://doi.org/10.1016/j,jcmg.2017.02.016.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Page 25 of 26

Harkness A, Ring L, Augustine DX, Oxborough D, Robinson S, Sharma V.
Normal reference intervals for cardiac dimensions and function for use

in echocardiographic practice: a guideline from the British Society of
Echocardiography. Echo Res Pract. 2020;7(1):G1-18. https://doi.org/10.
1530/ERP-19-0050.

Krohg-Serensen K, Lingaas PS, Lundblad R, Seem E, Paus B, Geiran OR.
Cardiovascular surgery in Loeys-Dietz syndrome types 1-4. Eur J Cardio-
thorac Surg. 2017;52(6):1125-31. https://doi.org/10.1093/ejcts/ezx147.
Bennett S, Stout M, Ingram TE, Pearce K, Griffiths T, Duckett S, et al. Clinical
indications and triaging for adult transthoracic echocardiography: a
statement by the British Society of Echocardiography. Echo Res Pract.
2022;9(1):5. https://doi.org/10.1186/544156-022-00003-8.

British Society of Echocardiography. Clinical indications and triage of
echocardiography Heart valve disease 2024. https.//www.bsecho.org/
Public/News/Articles/2024/2024-07/202407-PUE004.aspx.

Wheeler R, Steeds R, Rana B, Wharton G, Smith N, Allen J, et al. A
minimum dataset for a standard transoesophageal echocardiogram: a
guideline protocol from the British Society of Echocardiography. Echo
Res Pract. 2015;2(4):G29-45. https://doi.org/10.1530/ERP-15-0024.
Jenkins C, Moir S, Chan J, Rakhit D, Haluska B, Marwick TH. Left ventricular
volume measurement with echocardiography: a comparison of left ven-
tricular opacification, three-dimensional echocardiography, or both with
magnetic resonance imaging. Eur Heart J. 2009;30(1):98-106. https://doi.
0rg/10.1093/eurheartj/ehn484.

Goldstein SA, Evangelista A, Abbara S, Arai A, Asch FM, Badano LP, et al.
Multimodality imaging of diseases of the thoracic aorta in adults: from
the American Society of Echocardiography and the European Associa-
tion of Cardiovascular Imaging: endorsed by the Society of Cardiovas-
cular Computed Tomography and Society for Cardiovascular Magnetic
Resonance. J Am Soc Echocardiogr. 2015;28(2):119-82. https://doi.org/10.
1016/jech0.2014.11.015.

Kadoglou NP, Papadopoulos CH, Papadopoulos KG, Karagiannis S, Karabi-
nos |, Loizos S, et al. Updated knowledge and practical implementations
of stress echocardiography in ischemic and non-ischemic cardiac dis-
eases: an expert consensus of the Working Group of Echocardiography
of the Hellenic Society of Cardiology. Hellenic J Cardiol. 2022;64:30-57.
https://doi.org/10.1016/j.hjc.2021.07.006.

Chatrath N, O'Driscoll J, Sharma S, Papadakis M. Aortic regurgitation in
athletes: the challenges of echocardiographic interpretation. Echo Res
Pract. 2023;10(1):20. https://doi.org/10.1186/544156-023-00033-w.
Alberti JFF, Mora MN, Lépez AC, Pericas P, Marquez LP, Montero FIC, et al.
Changes in the severity of aortic regurgitation at peak effort during exer-
cise. Int J Cardiol. 2017;228:145-8. https://doi.org/10.1016/j.ijcard.2016.11.
168.

Wahi S, Haluska B, Pasquet A, Case C, Rimmerman C, Marwick T. Exercise
echocardiography predicts development of left ventricular dysfunction
in medically and surgically treated patients with asymptomatic severe
aortic regurgitation. Heart. 2000;84(6):606—-14. https://doi.org/10.1136/
heart.84.6.606.

Borer JS, Hochreiter C, Herrold EM, Supino P, Aschermann M, Wencker D,
et al. Prediction of indications for valve replacement among asympto-
matic or minimally symptomatic patients with chronic aortic regurgita-
tion and normal left ventricular performance. Circulation. 1998,97(6):525-
34, https://doi.org/10.1161/01.CIR.97.6.525.

Lee SY, Park S-J, Kim EK, Chang S-A, Lee S-C, Ahn JH, et al. Predictive
value of exercise stress echocardiography in asymptomatic patients with
severe aortic regurgitation and preserved left ventricular systolic function
without LV dilatation. Int J Cardiovasc Imaging. 2019;35:1241-7. https://
doi.org/10.1007/510554-019-01565-1.

Stout KK, Verrier ED. Acute valvular regurgitation. Circulation.
2009;119(25):3232-41. https://doi.org/10.1161/circulationaha.108.782292.
Hamirani YS, Dietl CA, Voyles W, Peralta M, Begay D, Raizada V. Acute
aortic regurgitation. Circulation. 2012;126(9):1121-6. https://doi.org/10.
1161/circulationaha.112.113993.

Akinseye OA, Pathak A, Ibebuogu UN. Aortic valve regurgitation: a com-
prehensive review. Curr Probl Cardiol. 2018;43(8):315-34. https://doi.org/
10.1016/j.cpcardiol.2017.10.004.

Chasapi A, Mbonye KA, Bajomo O, Young WJ, Primus C, Ambekar S, et al.
Clinical and echocardiographic predictors of decompensation in acute
severe aortic regurgitation due to infective endocarditis. Echocardiogra-
phy. 2021,38(4):590-5. https://doi.org/10.1111/echo.15028.


https://doi.org/10.1186/s12947-015-0016-5
https://doi.org/10.1186/s12947-015-0016-5
https://doi.org/10.1111/j.1540-8175.2005.00171.x10.1111/j.1540-8175.2005.00171.x
https://doi.org/10.1111/j.1540-8175.2005.00171.x10.1111/j.1540-8175.2005.00171.x
https://doi.org/10.3390/jcm11010152
https://doi.org/10.1016/S0894-7317(98)70100-2
https://doi.org/10.1016/j.jcmg.2007.10.008
https://doi.org/10.1016/j.jcmg.2007.10.008
https://doi.org/10.1161/01.CIR.88.3.1150
https://doi.org/10.1016/j.amjcard.2012.04.052
https://doi.org/10.1016/j.amjcard.2012.04.052
https://doi.org/10.1016/j.jacc.2016.08.045
https://doi.org/10.1016/j.jcmg.2018.11.022
https://doi.org/10.1016/j.jcmg.2018.11.022
https://doi.org/10.1016/j.jacc.2019.01.024
https://doi.org/10.1016/j.amjcard.2012.02.024
https://doi.org/10.1093/eurheartj/ehr084
https://doi.org/10.1093/eurheartj/ehr084
https://doi.org/10.1016/j.jcmg.2019.05.020
https://doi.org/10.1530/ERP-20-0024
https://doi.org/10.1530/ERP-20-0024
https://doi.org/10.1093/ehjci/jev019
https://doi.org/10.1016/j.jcmg.2017.02.016
https://doi.org/10.1530/ERP-19-0050
https://doi.org/10.1530/ERP-19-0050
https://doi.org/10.1093/ejcts/ezx147
https://doi.org/10.1186/s44156-022-00003-8
https://www.bsecho.org/Public/News/Articles/2024/2024-07/202407-PUE004.aspx
https://www.bsecho.org/Public/News/Articles/2024/2024-07/202407-PUE004.aspx
https://doi.org/10.1530/ERP-15-0024
https://doi.org/10.1093/eurheartj/ehn484
https://doi.org/10.1093/eurheartj/ehn484
https://doi.org/10.1016/j.echo.2014.11.015
https://doi.org/10.1016/j.echo.2014.11.015
https://doi.org/10.1016/j.hjc.2021.07.006
https://doi.org/10.1186/s44156-023-00033-w
https://doi.org/10.1016/j.ijcard.2016.11.168
https://doi.org/10.1016/j.ijcard.2016.11.168
https://doi.org/10.1136/heart.84.6.606
https://doi.org/10.1136/heart.84.6.606
https://doi.org/10.1161/01.CIR.97.6.525
https://doi.org/10.1007/s10554-019-01565-1
https://doi.org/10.1007/s10554-019-01565-1
https://doi.org/10.1161/circulationaha.108.782292
https://doi.org/10.1161/circulationaha.112.113993
https://doi.org/10.1161/circulationaha.112.113993
https://doi.org/10.1016/j.cpcardiol.2017.10.004
https://doi.org/10.1016/j.cpcardiol.2017.10.004
https://doi.org/10.1111/echo.15028

Victor et al. Echo Research & Practice (2025) 12:3

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Maurer G. Aortic regurgitation. Heart. 2006;92(7):994. https://doi.org/10.
1136/hrt.2004.042614.

Zilberszac R, Gabriel H, Schemper M, Zahler D, Czerny M, Maurer G, et al.
Outcome of combined stenotic and regurgitant aortic valve disease. J
Am Coll Cardiol. 2013;61(14):1489-95. https://doi.org/10.1016/jjacc.2012.
11.070.

Isaza N, Desai MY, Kapadia SR, Krishnaswamy A, Rodriguez LL, Grimm RA,
et al. Long-term outcomes in patients with mixed aortic valve disease
and preserved left ventricular ejection fraction. J Am Heart Assoc.
2020;9(7): €014591. https://doi.org/10.1161/JAHA.119.014591.

Egbe AC, Luis SA, Padang R, Warnes CA. Outcomes in moderate mixed
aortic valve disease: is it time for a paradigm shift? J Am Coll Cardiol.
2016,67(20):2321-9. https://doi.org/10.1016/jjacc.2016.03.509.

Patel KP. McKenna M, Thornton GD, Vandermolen S, Abdulelah ZA, Awad
W, et al. Predictors of outcome in patients with moderate mixed aortic
valve disease. Heart. 2023. https://doi.org/10.1136/heartjnl-2023-323321.
Bonow RO. Chronic mitral regurgitation and aortic regurgitation: have
indications for surgery changed? J Am Coll Cardiol. 2013;61(7):693-701.
https://doi.org/10.1016/jjacc.2012.08.1025.

Unger P, Lancellotti P, Amzulescu M, David-Cojocariu A, de Canniere

D. Pathophysiology and management of combined aortic and mitral
regurgitation. Arch Cardiovasc Dis. 2019;112(6-7):430-40. https://doi.org/
10.1016/j.acvd.2019.04.003.

Robinson S, Ring L, Augustine DX, Rekhraj S, Oxborough D, Harkness A,
et al. The assessment of mitral valve disease: a guideline from the British
Society of Echocardiography. Echo Res Pract. 2021;8(1):G87-136. https://
doi.org/10.1530/ERP-20-0034.

Beyer R, Flachskampf FA. Combined aortic and mitral regurgitation-a
scenario difficult to manage. J Cardiovasc Echography. 2012,22(4):140-5.
https://doi.org/10.1016/jjcecho.2012.09.002.

Baumgartner H, lung B, Otto CM. Timing of intervention in asymptomatic
patients with valvular heart disease. Eur Heart J. 2020;41(45):4349-56.
https://doi.org/10.1093/eurheartj/ehaa48s.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 26 of 26


https://doi.org/10.1136/hrt.2004.042614
https://doi.org/10.1136/hrt.2004.042614
https://doi.org/10.1016/j.jacc.2012.11.070
https://doi.org/10.1016/j.jacc.2012.11.070
https://doi.org/10.1161/JAHA.119.014591
https://doi.org/10.1016/j.jacc.2016.03.509
https://doi.org/10.1136/heartjnl-2023-323321
https://doi.org/10.1016/j.jacc.2012.08.1025
https://doi.org/10.1016/j.acvd.2019.04.003
https://doi.org/10.1016/j.acvd.2019.04.003
https://doi.org/10.1530/ERP-20-0034
https://doi.org/10.1530/ERP-20-0034
https://doi.org/10.1016/j.jcecho.2012.09.002
https://doi.org/10.1093/eurheartj/ehaa485

	Echocardiographic assessment of aortic regurgitation: a practical guideline from the British Society of Echocardiography
	Abstract 
	Introduction
	Anatomy
	Standard anatomy
	Variant anatomy of the aortic valve

	Mechanism of aortic regurgitation
	Echocardiographic assessment of chronic aortic regurgitation
	Qualitative parameters
	Continuous wave spectral Doppler intensity
	Colour flow convergence zone
	Jet widthleft ventricular outflow tract diameter ratio
	Flow reversal in the descending thoracic aorta and abdominal aorta

	Semi-quantitative parameters
	Vena contracta width
	Pressure half time

	Quantitative parameters
	Effective regurgitant orifice area
	Regurgitant volume
	Regurgitant fraction


	Additional key parameters in the assessment of chronic aortic regurgitation
	LV size and function
	Global longitudinal strain (GLS)
	Aortic dimensions

	Echocardiographic features that may prompt referral for intervention
	Approach to the patient with chronic AR
	Additional cardiac imaging
	Transoesophageal echocardiography (TOE)
	Cardiac magnetic resonance (CMR) imaging
	Cardiac computed tomography (CT)
	Exercise stress echocardiography


	Acute aortic regurgitation
	Combined valve disease
	Aortic regurgitation and aortic stenosis
	Aortic regurgitation and mitral regurgitation

	Suggested reporting template
	Conclusion
	Acknowledgements
	References


