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CURRICULUM TOPIC
Non-invasive imaging

INTRODUCTION
Patients with valvular heart disease (VHD) can be
asymptomatic or present with a wide range of
symptoms that may not correlate with the severity
of valve dysfunction. Transthoracic echocardiog-
raphy (TTE) and transoesophageal echocardiog-
raphy (TEE) combining 2D, 3D and Doppler
evaluation provide the clinician with valuable and
complimentary information on heart valve struc-
ture, function and the physiological consequences
of the valvular lesion. This non-invasive method-
ology provides crucial information during the
initial clinical evaluation and at follow-up.
Current guidelines recommend TTE as the initial

diagnostic test to evaluate patients with known or
suspected VHD.1 2 While 2D and M-mode TTE can
assess valvular motion, morphology and pathology
(when present), Doppler provides requisite informa-
tion on valve haemodynamics, flow velocities across
the valve, pressure gradients and calculation of valve
area as well as haemodynamic data regarding pul-
monary artery pressure and left ventricular (LV)
filling parameters. In addition, colour flow Doppler
and spectral Doppler provide critical information
on valve regurgitation and stenosis severity. Exercise
Doppler echocardiography is useful to assess the
impact of exercise on valvular and ventricular func-
tion as well as the patient’s functional capacity. The
severity of a valvular lesion is determined using a
multiparameter echo Doppler assessment.

AORTIC VALVE PATHOLOGY
Aortic stenosis
Echocardiography is the imaging modality of choice
for diagnosing and estimating the severity of aortic
stenosis (AS). The different echocardiographic
methods used for evaluation of the aortic valve (AV)
for the presence of stenosis are detailed in table 1.
TTE is the most well-established imaging modality
for evaluating and assessing the severity of AS.1 As
shown in figure 1, valve anatomy should be assessed
using 2D and 3D for the number of cusps—unicus-
pid, bicuspid, quadricuspid or the normal valve with
three cusps—and for differentiating between calcific
and non-calcific aetiologies. The extent and severity
of valve sclerosis, calcification and cusp mobility
should be identified as well as associated aortic path-
ology, aneurysms or dissections. AV sclerosis is a
common finding in individuals >65 years of age,
which is characterised by focal area of valve thicken-
ing and associated with normal leaflet mobility.3

When AS is present, the AV is usually thickened and
calcified, with a reduced cusp separation on

M-mode as well as a reduced estimated and calcu-
lated valve area (figure 1). In patients with bicuspid
valves without significant calcification, doming of
the valve cusps can be seen. The subvalvular and
supravalvular apparatus should be evaluated for
pathologies as well as to rule out systolic anterior
motion of the mitral valve (MV) that can cause
symptoms and findings that can be confused with
aortic stenosis. The aortic root and ascending aorta
should be evaluated and measured as aneurysms or
dilation in this location occur in 30%–70% of
patients with bicuspid AVs.4 For measurements of
the AV annulus, TEE provides better visualisation
than TTE. However, as the aortic annulus is often
oval, 3D TEE is the preferred method, especially
when evaluating patients for percutaneous AV inter-
vention or for surgical AV replacement.
Planimetry of the AV with both TTE and TEE5

for assessing aortic stenosis is feasible but may be
limited when there is severe valvular calcification
and is less accurate in the setting of a bicuspid
valve due to systolic doming which causes the valve
orifice to move in and out of the imaging plane.6

Area measurements are operator dependent and
thus may be less reproducible than the standard
transvalvular gradient measurements.2 Doppler
echocardiography measures the transvalvular jet
velocity, which is the most useful measurement for
estimating the severity of aortic stenosis as well as
for serial follow-up. The continuity equation is
used to calculate the AV area (AVA). Measurements
of the peak and mean gradients across the valve
using the modified Bernoulli equation provide an
estimate of the severity of the valvular stenosis.6

Doppler is also important for detecting associated
valvular lesions as well as for estimating the systolic
pulmonary artery pressure. As shown in figure 2A,
using the velocity time integral (VTI) obtained
from the AV and the LV outflow tract (LVOT),
along with the LVOT area, the AVA can be calcu-
lated with the use of the continuity equation.
While exercise is contraindicated in symptomatic

patients with AS, in ‘asymptomatic’patients with AS

Learning objectives

▸ Become familiar with current criteria for
defining the severity of valvular disease.

▸ Become familiar with the different
echocardiographic methods used for heart
valve evaluation.

▸ Know the strength and limitations of
echocardiography for evaluation of valve
disease.
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exercise echocardiography provides important
information. It may reveal that some asymptomatic
patients develop symptoms with activity and/or
abnormal haemodynamics such as an inadequate
increase in systolic blood pressure, which would be
indicators for valve replacement.1 2 It also provides
important information on the functional status of
the patient. Additionally, exercise Doppler echocar-
diography demonstrates the magnitude of the
increase in the mean pressure gradient, in systolic
pulmonary artery pressure and in the presence or
absence of contractile reserve.7 8 In patients with
reduced LV function and low cardiac output, the
calculated gradients and valve areas can be mislead-
ing. In these patients, administration of low-dose
dobutamine to enhance output can aid in the
assessment of AS severity and differentiation of
patients with severe AS from those with pseudo

AS.9 Dobutamine exercise echocardiography can
also be useful in the assessment of patients with
preserved LVEF and a paradoxically ‘low flow’ AS
defined as a stroke volume of <35 mL/m2.10 11

As detailed in table 2, severe aortic stenosis is
diagnosed in the presence of the following: peak
AV velocity of ≥4 m/s; mean pressure gradient of
≥40 mm Hg and an AVA of <1 cm2.1 2 The LVOT/
AV VTI ratio of ≤0.25 (also known as the dimen-
sionless index) can also be used. However, this
value can vary according to the size of LVOT
diameter.12

Aortic regurgitation
Echocardiography accurately identifies AV morph-
ology, and the diameters and areas of the aortic
annulus, root and sinotubular junction. Dilation of
the aorta can cause AR. Determination of the LVEF
and LV dimensions are important in evaluating
patients with aortic regurgitation (AR) and in the
timing of surgical intervention. Initial evaluation
for AR starts with 2D TTE evaluating valve morph-
ology as well as using colour flow Doppler for
determining AR severity and spectral Doppler for
evaluating for the presence of diastolic flow reversal
in the descending aorta.13 In addition to examin-
ation of the valve, the ascending aorta should be
evaluated for the presence of significant aneurysms
or dilatation which can cause secondary AR.14 As
shown in figure 3, TEE provides higher-resolution
imaging and should be performed if AV repair is
planned.
As no single parameter is adequate for quantita-

tively determining AR severity, grading of AR is
done using a multiparameter approach as detailed
in table 1. The diagnosis of severe AR is based on
the presence of the following findings also detailed
in table 3: an abnormal/flail/large coaptation
defect; a large central regurgitation jet; a dense
CW Doppler regurgitation jet; holodiastolic flow
reversal, with an end-diastolic velocity of >20 cm/s
in the descending aorta; vena contracta >6 mm;
pressure half time (PHT) <200 ms.2

MITRAL VALVE PATHOLOGY
TTE is used for the initial assessment of MV
morphology and for grading mitral regurgitation
(MR) severity. TEE is used to further evaluate
valvular morphology and the underlying pathology.
TEE has superior image quality, higher resolution,
multiplane capabilities and excellent concordance
with surgical findings. Defining the exact anatom-
ical lesions associated with MV pathology is
important for clinical and surgical decision making.
Over the past few years, 3D echocardiography

has been shown to be superior to 2D echocardiog-
raphy for accurately identifying a range of MV
pathologies, especially in complex diseases involv-
ing several scallops of the MV.15–18 3D echocardi-
ography provides unique anatomic images of the
MV, which are not possible with 2D echocardiog-
raphy.19 Specifically, 3D echocardiography provides
detailed anatomic information about MV disorders,
including flail or prolapsed scallops, number of

Table 1 Echocardiographic methods used for evaluation of the aortic valve

Aortic stenosis
M-mode Parasternal long-axis view demonstrates the degree of opening of

the right and non-coronary cusps, indicative of the severity of
valvular stenosis

2D echocardiography Evaluation of valvular anatomy, number of valve leaflets, valve
morphology, presence and extent of calcification.
Evaluation of ventricular function and for the presence of
hypertrophy, the presence of subvalvular gradients and systolic
anterior motion of the MV causing subvalvular obstruction
Planimetry of the valve orifice from the short-axis view (TEE
superior to TTE)

Doppler evaluation Measurement of the transvalvular peak and mean gradient
3D echocardiography Evaluation of valve morphology and planimetry as in 2D

echocardiography
Exercise echocardiography Assessment of asymptomatic patients for response to exercise

including development of symptoms, abnormal haemodynamics,
increase in mean pressure gradient, systolic pulmonary artery
pressure and contractile reserve

Dobutamine
echocardiography

Useful in patients with LV systolic dysfunction (EF<50%) and low
transvalvular pressure gradients in the presence of a calculated
small AVA.
Also useful in patients with preserved EF and ‘low flow’ (stroke
volume <35 mL/m2)

Transoesophageal
echocardiography

Optimal for annular sizing for AVR and especially for TAVR. 3D TEE
is superior because the annulus is most often oval not circular,
thus measurement of the area or perimeter provides a more
accurate assessment of true annular size for device implantation

Aortic regurgitation
M-Mode Early closure (pre-closure) of the MV is indicative of elevated LV

end diastolic pressure and severe AR
2D echocardiography Assessment of valvular morphology, presence of aortic dilatation,

dissection.
Assess LV function, morphology, and dimensions

Doppler evaluation ▸ Colour Doppler: screen for the presence of AR
▸ Vena contracta for assessment of AR severity
▸ PISA—flow convergence for quantification of the EROA
▸ Continuous wave Doppler contour and density of the AR jet
▸ Pulsed-wave Doppler at the mitral tips for evaluation of the

deceleration time (shortened in severe AR)
▸ Pressure half time—indicative of time to equilibration of the

aortic and LV pressure
▸ Presence of diastolic flow reversal in the descending aorta

3D echocardiography Better assessment of aortic valve morphology, extent of
calcification, presence of cusp tears, vegetations and perforations.
3D TEE is superior to 3D TTE

AVA, aortic valve area; AR, aortic regurgitation; EROA, effective regurgitant orifice area; MV, mitral valve;
PISA, proximal isovelocity surface area; TAVR, transcatheter aortic valve replacement; TEE,
transoesophageal echocardiography; TTE, transthoracic echocardiography.
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scallops, the presence of clefts, MV stenosis, post-
repair valve evaluation, identification of valve vege-
tations as well as perforations.20 With advances in
percutaneous MV repair, more patients now
undergo percutaneous MV therapies such as
balloon valvuloplasty for mitral stenosis (MS) and
the percutaneous edge-to-edge repair as well as per-
cutaneous repair of para-valvular leaks for MR. 3D
TEE is superior for detecting and localising lesions
as well as providing procedural guidance and asses-
sing procedural success and any associated
complications.21

Mitral regurgitation
Mitral regurgitation can be classified as primary
or secondary MR, based on the mechanism
causing MR.22 Echocardiography is the best
method to assess MR severity, mechanism,

reparability and haemodynamic consequences.13 23

Differentiating between the different pathophysio-
logical mechanisms causing MR is important for
managing patients with MR. Degenerative
(primary) MR or functional MR (secondary to LV
dysfunction) requires different therapeutic consid-
erations and approaches. As shown in figure 4,
TTE is generally sufficient to determine the under-
lying mechanism of MR (functional vs degenera-
tive) as it identifies relevant information regarding
valve structure, namely, the presence of myxoma-
tous changes,1 the presence of prolapse and/or flail
leaflet, calcifications, vegetations and perforations.
In addition, 2D echo is a reliable method to assess
the impact of MR on RV and LV size and function,
left atrium (LA) size and peak pulmonary artery
pressure. In MR, there is an increase in preload
with a rather normal afterload causing an increase

Figure 1 Echo-Doppler images of evaluation for aortic stenosis. (A) Parasternal long-axis view demonstrating a heavily calcified (arrows) AV with
restrictive opening, also apparent in (B) the short-axis view and on (C) M-mode where cusp separation is measured at 0.8 cm (short arrows). (D) and
(E): Corresponding 3D transoesophageal echocardiographic images in the long and short axes, respectively. (F) Doppler measurements show a peak
velocity of about 5 m/s with a corresponding peak gradient of 95 mm Hg and a mean gradient of 58 mm Hg. Ao, Aorta; AV, aortic valve; LA, left
atrium; PG, pressure gradient.

Figure 2 Calculation of the aortic valve area (AVA) using the continuity equation. (A) The LV outflow tract (LVOT) diameter is measured in the
parasternal long-axis view (red line). (B) The LVOT velocity time integral (VTI), as well as (C) the aortic valve VTI, is then measured (green tracing).
Based on the continuity equation: LVOT area×LVOT VTI=AVA×AV VTI, thus, AVA=LVOT area×LVOT VTI/AV VTI. When the LVOT area is not obtainable
the dimensionless index, which equals: LVOT VTI/AV VTI, can also serve as a powerful tool for estimation of valvular stenosis with a ratio <0.25
considered severe valvular stenosis.
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in the ejection phase and a ‘normal’ LVEF, which is
approximately 70%. Thus, the onset of LV dysfunc-
tion is inferred when the LVEF declines towards
60%.1 As detailed in table 4, the data obtained
from colour and spectral Doppler in regard to
shape, intensity and distribution provides useful
information for quantification of the degree of
severity. Special attention should be given to the
proximal isovelocity surface area (PISA) method,

which is the recommended method for evaluation
of the effective regurgitant orifice area (EROA) in
MR. However, as there are also substantial limita-
tions of this method, an integrative approach using
multiple parameters should be used for MR
assessment.24

While TTE is used to assess MR severity and can
be sufficient for anatomical definition of specific
lesions when done in experienced hands, TEE is
superior because it has better image resolution to
assess valvular morphology, underlying pathology,
and in planning for surgical valve repair versus
replacement (figure 5). When TTE is inconclusive
in the evaluation of MR severity, TEE can be
helpful to evaluate mitral morphology and in the
identification of eccentric MR jets and pulmonary
vein flow reversal indicative of severe MR.2 25

Defining the exact anatomical lesions associated
with the MV is important for determining if the
valve can be surgically repaired, is amenable to per-
cutaneous repair or requires valve replacement. 3D
TEE yields more detailed information and visualisa-
tion of valvular anatomy as well as pathology both
of the valve and its apparatus16–18 21 as demon-
strated in figure 5. Recent data suggest that 3D
TEE provides better morphological and quantita-
tive assessment than 2D TEE.26–28

As MR, and especially ischaemic MR, can be
dynamic in nature, exercise testing can be used to

Figure 3 Echo-Doppler images of evaluation for aortic regurgitation. 2D transoesophageal echocardiography (TEE) images with (right) and without
(left) colour Doppler demonstrating significant valvular regurgitation both in the (A) long axis and (B) short axis views. (C) Aortic root measurement
reveals root dilatation. (D) M-mode colour Doppler demonstrates holodiastolic regurgitant flow through the aortic valve. (E) Pulse wave Doppler
demonstrating holodiastolic regurgitation (arrows). 3D TEE images in (F) systole, (G) diastole, and (H) with colour showing adequate opening and
closure of the valve with significant regurgitation, respectively. Ao, Aorta; LA, left atrium.

Table 2 Echo-Doppler criteria for the definition of severe valve stenosis: an
integrative approach*

Aortic
stenosis

Mitral
stenosis

Tricuspid
stenosis

Pulmonic
stenosis

Valve area (cm2) <1.0 <1.5 ≤1.0 –

Indexed valve area (cm2/m2 BSA) <0.6 – – –

Mean gradient (mm Hg) >40 ≥10 ≥5
Maximum jet velocity (m/s) >4.0 – – ≥4.0
Maximum gradient (mm Hg) >64 – – ≥60–64
Other LVOT VTI/AV

VTI <0.25
PHT >150 ms
Enlarged LA

PHT ≥190 ms
VTI >60 cm
Enlarged RA,
dilated IVC

*Adopted from the ESC guidelines on management of valvular heart disease2 and the AHA/ACC
guidelines on management of valvular heart disease.1

AHA/ACC, American College of Cardiology/American Heart Association; AV, aortic valve; ESC, European
Society of Cardiology; IVC, inferior vena cava; LA, left atrium; LVOT, LV outflow tract; PHT, pressure half
time; RA, right atrium; VTI, velocity time integral.
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Figure 4 Trans-thoracic Echo-Doppler images demonstrating severe mitral regurgitation. 2D transthoracic echocardiography (TTE) images
demonstrating prolapse of the posterior mitral leaflet both on (A) 2D images as well as on (B) M-mode (arrows). In (C), colour Doppler demonstrates
severe MR with an anteriorly directed jet also seen in the (D) PISA measurement (white line) is 1.2 cm. (E) Continuous wave Doppler shows a dense
holosystolic jet consistent with significant MR with a maximal jet velocity of 454 cm/s and an effective regurgitant orifice (ERO) of 0.77 cm2 (see
text for details). (F) Pulsed-wave Doppler demonstrating an increased E wave velocity of approximately 1.6 m/s. LA, left atrium; PISA, proximal
isovelocity surface area.

Table 3 Echo-Doppler criteria for the definition of severe valve regurgitation: an integrative approach*

Aortic regurgitation Mitral regurgitation (MR) Tricuspid regurgitation (TR) Pulmonic regurgitation (PR)

Qualitative parameters
Valve morphology Abnormal/flail/large

coaptation defect
Flail leaflet/ruptured papillary muscle/
large coaptation defect

Abnormal/flail/large
coaptation defect

Abnormal, often
post-valvuloplasty

Colour flow regurgitant jet ≥65% in central jet,
variable in eccentric jet

Large central jet, eccentric jet adhering,
swirling and reaching the posterior wall
of the Left atrium

Very large central jet or
eccentric wall impinging jet

Fills RVOT

CW signal of regurgitant jet Dense Dense/triangular Dense/triangular with early
peaking (peak <2 m/s in
massive TR)

Dense with steep deceleration
time

Other supporting findings Holodiastolic flow
reversal in descending
aorta

Flow reversal in pulmonary veins Flow reversal in hepatic veins Dilated RV due to RV volume
overload

Semiquantitative parameters*
Vena contract width (mm) >6 ≥7 ≥7
Upstream vein flow – Systolic pulmonary vein flow reversal Systolic hepatic vein flow

reversal
Inflow – E-wave dominant ≥1.5 m/s E-wave dominant ≥1.0 m/s
Other Pressure half-time

<200 ms
PISA radius >10 mm PISA radius >9 mm

Quantitative*
EROA (mm2) ≥30 ≥40 for primary

≥20 for functional†
≥40

R Vol (ml/beat) ≥60 ≥60 for primary
≥30 for functional

≥45

R fraction (%) ≥50 ≥50 –

Other Mitral valve VTI/Aortic valve VTI >1.4
Associated enlargement of
cardiac chambers/vessels

LV LV, LA IVC, RA, RV

*Not validated for PR.†This is a change from the prior guidelines of ≥0.4 cm2 for functional MR and is controversial.29 30

‡Adopted from the ESC guidelines on management of valvular heart disease2 and the AHA/ACC guidelines on management of valvular heart disease.1

AHA/ACC, American College of Cardiology/American Heart Association; EROA, effective regurgitant orifice area; ESC, European Society of Cardiology; IVC, inferior vena cava; LA, left
atrium; PISA, proximal isovelocity surface area; PR, pulmonic regurgitation; RA, right atrium; VTI, velocity time integral.
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quantify MR during exercise.2 In addition, devel-
opment of pulmonary hypertension (SPAP
>60 mm Hg) during exercise is a guideline indica-
tion for surgery in patients with MR.2

As mentioned, no single parameter is adequate
for determining MR severity. A multiparameter
approach is needed in order to determine disease
severity and quantify its severity,29 especially as cri-
teria of severity differ between degenerative and
functional MR.1 2 The diagnosis of severe MR is
based on the presence of the following findings:
an abnormal/flail/large coaptation defect, a large
central regurgitation jet or a late systolic regurgita-
tion jet reaching the posterior wall of LA, dominant
E-wave ≥1.5 m/s, regurgitant volume ≥60 mL for
primary or ≥30 mL for secondary, ERO ≥0.4 cm2

for primary or ≥0.2 cm2 for secondary MR (This
EROA of ≥0.2 cm2 is a change from the prior
guidelines of ≥0.4 cm2 for functional MR and is
controversial29 30), dense/triangular CW Doppler
signal of MR, systolic flow reversal in the pulmon-
ary veins, vena contracta >7 mm.

Mitral stenosis
TTE is usually sufficient for grading MS severity as
well as for defining the MV morphology.31 Direct
measurement of the MV area (MVA) using planim-
etry (either by 2D or 3D) is the preferred method
of choice for evaluation of MVA, especially after
performing balloon valvuloplasty.2 However, as
shown in figure 6 and detailed in table 4, several
additional methods are available for estimation of
the severity of MS. These include: calculating the
MVA using the PHT method (MVA=220/PHT);

Table 4 Echocardiographic methods used for evaluation of the mitral valve

Mitral Stenosis
M-mode Performed in the parasternal long-axis and short axes views

Flattening of the E to F slopes, which normally has characteristic M
shape during diastole—the flatter the slope the more severe the MS

2D echocardiography Leaflet thickening and a ‘hockey-stick’ appearance
Planimetry to estimate the MV area (MVA)

Doppler evaluation Estimation of the trans-mitral pressure gradient
Estimation of the MVA using the pressure half time (PHT) method
(MVA=220/PHT)
Estimation of pulmonary artery pressure

3D echocardiography Evaluation of valve morphology and valve area by planimetry
Exercise
echocardiography

Estimation of pulmonary artery pressure during exercise

Mitral regurgitation*
M-Mode Parasternal long-axis view can demonstrate a prolapsed, flail MV leaflet

or rheumatic changes
2D echocardiography Assessment of the mechanism of MR:Leaflet prolapse/flail, tethering,

chordae tendineae, annulus and papillary muscles
Doppler evaluation ▸ Colour Doppler: screen for the presence of MR

▸ Vena contracta for assessment of MR severity
▸ PISA—flow convergence for quantification of the EROA
▸ Continuous wave Doppler contour and density
▸ Pulsed wave Doppler at the mitral tips for evaluation of the early

filling velocity (E wave)
▸ Pulmonary vein flow
▸ Mitral and aortic valves VTI ratio

3D echocardiography 3D TEE is superior to 3D TTE
Optimal method for assessing mitral valve morphology.
3D vena contracta and PISA are promising for MR severity

Exercise
echocardiography

Assess for development of pulmonary hypertension, worsening of MR,
contractile reserve and a change in EROA by PISA

*The approach for evaluation of MR severity integrates a multiparameter approach, rather than
depending on a single measurement.1 25

EROA, effective regurgitant orifice area; MV, mitral valve; MS, mitral stenosis; PISA, proximal isovelocity
surface area; TEE, transoesophageal echocardiography; TTE, transthoracic echocardiography; VTI, velocity
time integral.

Figure 5 Transoesophageal echocardiography (TEE) of the mitral valve (MV). (A) 2D TEE image showing a flail posterior MV leaflet with (B) colour
Doppler showing an anteriorly directed jet. (C) 3D TEE gives direct visualisation of the valvular pathology, which involves the middle and medial
scallops of the posterior mitral leaflet (arrows). These findings on 3D highly correlate with (D) the findings during surgery. LA, left atrium.
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measuring the mean pressure gradient from the
MV VTI with CW Doppler; using the continuity
equation and the PISA method for calculation of
the MVA; and estimation of the SPAP. While the
PHT method is the easiest to use, it is highly
dependent on heart rate and flow and prone to
errors especially after balloon valvuloplasty, as well
as in post-MV repair or replacement, and in
patients with elevated LV filling pressures.31

TTE is also useful for estimating patient suitabil-
ity for percutaneous balloon mitral valvuloplasty
(PBMV). There are multiple scoring systems which
combine several factors, but the Wilkins score,
which is based on assessment of leaflet mobility, the
presence of subvalvular thickening, leaflet thicken-
ing and calcifications, is commonly used.32

TEE is used for evaluation of the MV when the
valve cannot be adequately assessed by TTE. In add-
ition, prior to PBMV, it is important to use TEE to
exclude the presence of a left atrial appendage throm-
bus to reduce the potential for intraprocedural stroke
due to systemic embolisation.2 3D echocardiography
is precise for making measurements of the MVorifice

with better reproducibility and intraobserver variabil-
ity than 2D echocardiography, as it allows visualisa-
tion of the entire MVapparatus and to determine the
optimal plane for measuring the smallest MV orifice
area.33 This is also the case for MVA assessment fol-
lowing valvuloplasty.34 35

MS does not usually have clinical consequences at
rest when the MVA is >1.5 cm2. As summarised in
table 2, using the American College of Cardiology/
American Heart Association 2014 guidelines,1 the
definition of severe MS is based on the severity at
which symptoms occur as well as the severity at
which intervention will improve symptoms. Thus,
an MVA of ≤1.5 cm2 is now considered severe.
Additionally, a PHT ≥150 MS as well as a resting
mean pressure gradient ≥10 mm Hg are also con-
sistent with severe MS. In patients who are asymp-
tomatic with significant MS or in symptomatic
patients who do not clearly show findings of severe
MS, exercise or dobutamine testing with Doppler
assessment of the MV gradient and pulmonary
artery systolic pressure can help stratify which
patients would benefit from intervention.2

Figure 6 Echo-Doppler images of evaluation of mitral stenosis. 2D transthoracic echocardiography (TTE) images demonstrating a ‘hockey stick’
appearance (arrow) of the anterior mitral valve leaflet. (B) In the apical four-chamber view, colour Doppler demonstrates turbulent flow into the LV
during diastole. (C) 2D and (D) 3D short-axis images of a stenotic mitral valve showing a ‘fish mouth’ appearance (asterisk). (E) Spectral Doppler
tracing of the mitral inflow measuring a mean gradient of 7 mm Hg and (F) M-mode demonstrates flattening of the characteristic ‘M shape’ seen in
diastole in the absence of valvular stenosis. LA, left atrium; PG, pressure gradient.

Table 5 Use of echocardiography to guide percutaneous valve procedures

Aortic valve: aortic stenosis Mitral valve: mitral stenosis
Pulmonic valve: pulmonic
regurgitation

Paravalvular leaks: for both aortic and
mitral prosthetic valves

Measurement of Aortic Valvular Size
or TAVR
3D TEE preferred over 2D TEE in order
to assess annular perimeter or area
rather than diameter.

TEE or TTE monitoring of percutaneous mitral
balloon valvuloplasty. TEE preferred if there is a
concern for LAA thrombus

TEE guidance for
deployment of the Melody
valve and postprocedural
assessment

TEE guidance requisite for placement of closure
devices/plugs for paravalvular leaks. 3D TEE is
superior for localising paravalvular leaks and
guiding catheters to the site of the
paravalvular defect

Monitoring of Intra-procedural
deployment of aortic valve during
TAVR as well as assessment of
postprocedural complications

Mitral regurgitation: Intra-procedural TEE
guidance for the MitraClip. Plays a critical role
for device deployment as well as assessment of
results. 3D TEE preferred over 2D TEE.

TAVR, transcatheter aortic valve replacement; TEE, transoesophageal echocardiography; TTE, transthoracic echocardiography.
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Guidance of percutaneous procedures
As the mitral leaflets cannot be assessed by
fluoroscopy, preprocedural assessment, procedural
guidance and postprocedural assessment of percu-
taneous mitral interventions for MS, MR and MV
paravalvular leak repair rely heavily on echocardi-
ography, which has evolved from transthoracic 2D
echo guidance of MV balloon valvuloplasty for MS
to more complex procedures such as MitraClip for
MR and repair of paravalvular leaks. Although 2D
TEE has played a major role in guidance of the
procedures, 3D TEE now provides more detailed
information on the MV anatomy as well as catheter
and device position. Thus, combining 2D and 3D
TEE improves results and reduces procedure time.
Consequently, as outlined in table 5, there is an
increasing reliance on 3D TEE for MV
interventions.

TRICUSPID VALVE DISEASE
Tricuspid regurgitation
TTE provides data regarding estimation of tricuspid
regurgitation (TR) severity, as well as right-sided
structures including the right atrium (RA), RV and
vena cava. As with MR, tricuspid disease can be
also differentiated into structural (primary) valve
disease versus a secondary form. 2D TTE can
evaluate for the presence of primary valve abnor-
malities such as vegetations, valve dysplasia that is
associated with congenital defects such as Ebstein’s
anomaly, leaflet retraction and thickening which is
seen in carcinoid disease as shown in figure 7, post-
traumatic disease, restriction of leaflet motion
(most commonly the septal leaflet) or even perfor-
ation by transvenous pacemakers as well as second-
ary dysfunction associated with tricuspid annular
dilatation and accompanying leaflet tethering.
Colour and spectral Doppler are used to evaluate
jet area, density and contour, as well as to identify
the presence of hepatic vein systolic flow reversal
indicative of severe TR. Criteria for defining severe
TR are detailed in table 3. In severe TR, the right
side of the heart is generally enlarged, namely, the
RV, RA and inferior vena cava (IVC). As in MR, jet
area, jet width or vena contracta, and PISA should
be measured. On CW Doppler, the jet is generally
dense and sometimes triangular (indicative of a
high right atrial pressure). Pulse Doppler reveals
hepatic vein flow reversal in severe TR.

Tricuspid stenosis
There are no generally accepted criteria for grading
tricuspid stenosis (TS).2 Opposed to MS, there are
no data validating PHT for quantification of TS,
and planimetry is very difficult to obtain. A valve
area of ≤1 cm2 by the continuity equation is con-
sidered severe TS. A mean pressure gradient of
≥5 mm Hg is indicative of significant TS.2 36 As
detailed in table 2, other findings supporting
haemodynamically significant TS include an inflow
VTI >60 cm and a PHTof ≥190 ms. A dilated RA,
as well as a dilated IVC, also support the presence
of TS. If surgery is contemplated, evaluation of the
subvalvular apparatus is important as its morph-
ology affects the ability to repair the valve.

PULMONIC VALVE DISEASE
Pulmonic regurgitation
Colour Doppler can give a visual estimate of the
degree of pulmonic regurgitation (PR). Significant
PR is uncommon. The pulmonic valve is not
usually involved by endocarditis or rheumatic
disease. However, the pulmonic valve is susceptible
to carcinoid disease.1 The most common aetiology
of PR is after correcting previous pulmonic stenosis
(PS) such as post-balloon valvuloplasty for PS or
post-valvulotomy for patients with tetralogy of
Fallot. With significant PR, the colour Doppler
signal usually fills the RV outflow tract. The RV
should be serially evaluated in chronic severe PR
because RV dilation and dysfunction are indicators
for PV replacement, which is now generally done
percutaneously. Spectral Doppler is useful.
Pulse-wave Doppler generally shows substantially
increased systolic flow and CW Doppler reveals a
dense steep deceleration time with a short diastolic
flow interval.

Pulmonic stenosis
TTE, especially colour and spectral Doppler, are
usually sufficient for detection of the presence of
PS, which is most commonly congenital, although
can also be associated with carcinoid disease, vege-
tations, tumours and after implantation of a bio-
prosthesis or an auto graft (autopsy-derived
pulmonic valve), which is generally used in the
setting of the Ross procedure. In the setting of
severe PS, the RV is usually hypertrophied. The
CW Doppler velocity is generally >4 m/s, and the

Figure 7 Severe tricuspid regurgitation due to carcinoid. Transoesophageal echocardiography (TEE) demonstrating (A) thick, fixed, tricuspid valve
leaflets with (B) severe tricuspid regurgitation also apparent on (C) 3D TEE. This patient was eventually found to have carcinoid disease.
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calculated pressure gradient is ≥60–64 mm Hg.
Significant PS is usually associated with RV hyper-
trophy (wall thickness >5 mm). With progressive
worsening of PS, the RV and RA dilate.

CONCLUSIONS
Echocardiography is the imaging modality of
choice when evaluating for the presence of and
determining the severity of VHD. Incorporating
standard 2D echocardiography along with colour
and spectral Doppler, as well as novel imaging
modalities such as 3D echocardiography, can
provide a comprehensive approach for VHD

evaluation. In most cases, the severity of the disease
is determined using a multiparameter approach.
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