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Rheumatic heart disease (RHD) is prevalent in sub-Saharan Africa, where the capacity for diagnosis and evalua-
tion of disease severity and complications is not always optimal. While the medical history and physical exami-
nation are important in the assessment of patients suspected to have RHD, cardiovascular imaging techniques are
useful for confirmation of the diagnosis. Echocardiography is the workhorse modality for initial evaluation and
diagnosis of RHD. Cardiovascular magnetic resonance is complementary and may provide additive information,
including tissue characteristics, where echocardiography is inadequate or non-diagnostic. There is emerging ev-
idence on the role of computed tomography, particularly following valve replacement surgery, in themonitoring
andmanagement of RHD. This article summarises the techniques used in imaging RHDpatients, considers the ev-
idence base for their utility, discusses their limitations and recognises the clinical contexts in which indications
and imaging with various modalities are expanding.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Rheumatic heart disease (RHD) refers to delayed cardiac damage
caused by recurrent episodes of acute rheumatic fever (ARF) (abbrevia-
tions in Table 1) [1]. ARF is triggered by group A β-streptococcal (GAS)
infection, primarily affecting the joints, skin, central nervous system and
the heart [2]. RHD is the leading cause of acquired cardiovascular dis-
ease (CVD) in low- and middle-income countries (LMICs) [3,4], affect-
ing 15–19 million people globally and resulting in over 230,000
deaths per annum. [5–7] ARF and RHD prevalence in LMICs is
compounded by poverty, limited access to healthcare, and genetic sus-
ceptibility to GAS (Fig. 1) [4,8].
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Cardiovascular imaging in RHD aids in assessment of cardiac struc-
ture and function, disease mechanism, severity and haemodynamic ad-
aptations and ventricular remodeling [9,10]. Echocardiography,
cardiovascular magnetic resonance (CMR) and computed tomography
(CT) are variably employed in evaluating RHD. [11]

While transthoracic echocardiography (TTE) is the first-line imaging
modality for the comprehensive evaluation of RHD, in patients with
inadequate views or suspected complications, including infective
endocarditis, transoesophageal echocardiography (TOE) is an ideal ad-
junctive technique and also helps on deciding on optimal timing of in-
tervention [12]. Invasive coronary angiography or catheterisation is
helpful for interventional procedure, right heart studies or planning
concomitant coronary bypass surgery, whereas fluoroscopy is themain-
stay technique for procedural guidance on ventricular remodeling and
valvular function.

In this review, the role of current imaging modalities in the assess-
ment of RHD is summarised. Each of the left-sided valve lesions, with
the application of the imagingmodalities is addressed in a separate sec-
tion according to prevalence in LMICs.
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Table 1
Abbreviations.

AHA/ACC American Heart Association/American College of Cardiology
AR Aortic regurgitation
ARF Acute rheumatic fever
AS Aortic stenosis
AV Aortic valve
AVA Aortic valve area
GAS Group A streptococcus
CMR Cardiovascular magnetic resonance
CT Computed tomography
CVD Cardiovascular disease
ECG Electrocardiogram/electrocardiography
HIC High-income countries
LA Left atrium/atrial
LMICs Low- and middle-income countries
LV Left ventricle/ventricular
LVEF Left ventricular ejection fraction
MR Mitral regurgitation
MS Mitral stenosis
MV Mitral valve
MVA Mitral valve area
PV Pulmonary valve
RHD Rheumatic heart disease
RV Right ventricle/ventricular
SSFP Steady state free precession
TOE Transoesophageal echocardiography
TTE Transthoracic echocardiography
TV Tricuspid valve
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2. Imaging techniques

2.1. Echocardiography

Echocardiography uses high frequency (2–10 MHz) sound waves
to image cardiac structures and assess function. Two-dimensional
(2D) TTE is the standard imaging modality for valvular lesions; it
determines severity, quantifies haemodynamic outcomes, left atrial
size, ventricular remodeling and pulmonary artery pressure [13,14].
2D-echocardiography often reveals thickened, elongated chordae
Fig. 1. Pathophysiology of RHD. Environmental factors such as overcrowding, poor housing,
Recurrent pharyngitis leads to acute rheumatic fever, due to molecular mimicry. Untreate
myocardium and endocardium are adversely affected thereby leading to fibrinous pericarditis
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which may cause prolapse of the anterior mitral valve leaflet [3]. Echo-
cardiography can detect number and thickness of cusps, calcification,
sub- or supra-valvular stenosis and dilation of the ascending aorta/pul-
monary trunk. Further, TTE is helpful in delineating components of the
valvular apparatus including the annulus, cusps, chordae tendinae, pap-
illary muscles and their attachments to the ventricular walls [15]. Fur-
ther advantages include low cost, portability, accessibility and non-
ionising radiation [16]. Echocardiography, however, is highly operator-
dependent and limited by specific acoustic windows, comorbid disease
and altered physiology. CMR and CT may be helpful in cases of ambigu-
ous echocardiography and/or conflicting clinical findings [17].
2.2. Cardiovascular magnetic resonance

CMR is a robust imaging modality, free of ionising radiation, with
high spatial and temporal resolution, performed via excitation of hydro-
gen protons within a static magnetic field. Themagnetic field aligns the
nuclear magnetisation spins of the hydrogen protons, which are then
excited by radiofrequency (RF) pulses. After the RF pulses are switched
off, the protons dissipate energy as they precess back to their equilib-
rium magnetisation. This dissipated energy is detected by receiver
coils and Fourier transformation is used to convert frequencies into im-
ages [18]. CMR usually involves electrocardiographic (ECG)-vector gat-
ing and breath-hold acquisitions to circumvent artefacts. Balanced
steady-state free precession (SSFP) sequences are applied in the short-
axis plane and in 2-, 3-, and 4-chamber planes to allowmorphologic as-
sessment chamber structure, wall motion and extent of valvular
regurgitation.

Contrast-enhanced CMR offers the capability to directly discriminate
fibrotic or infarcted tissue from normal myocardium and indicates the
severity and extent of myocardial injury [18]. Similar to cine CMR, tag-
ging may be acquired to assess cardiac motion and deformation; and
provides more direct and accurate quantification of regional motion
and strain. Velocity-encoded phase contrast CMR allows a direct visual
assessment of signal void created by the regurgitant jet, which gives
poverty and malnutrition predispose people to GAS infection, resulting into pharyngitis.
d acute rheumatic fever results into rheumatic heart disease where the pericardium,
, presence of myocardial Aschoff bodies and valvular vegetations respectively.



Table 2
Multi-imaging modalities in RHD.

Cardiac parameters Echo CCT CMR Fluoroscopy

Anatomy +++ +++ +++ ++
Volume and functions +++ ++ +++ ++
Perfusion ++ + +++ _
Valves ++ ++ +++ +
Coronary lumen/wall ++ ++ ++ ++
Coronary blood flow ++ +++ +++ +++
Inflammation +++ ++ +++ _
Fibrosis + _ +++ _
Oedema + + +++ _

−, not useful;+, possibly useful;++, useful, to be considered;+++,very useful, recom-
mended; Echo, Echocardiography, CCT, cardiac computed tomography, CMR, magnetic
resonance.

Table 3
Classification of chronic MR severity.

Parameters Mild Moderate Severe

EROA, 2D PISA (cm2) <0.2 0.2–0.39 >4.0
RVol (mL) <30 30–59 ≥60
RF (%) <30 30–49 ≥50

EROA-Effective Regurgitant orifice area; RVol-Regurgitant volume; RF-Regurgitant frac-
tion; PISA-Proximal isovelocity surface area [17].
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adequate information to assess pressure gradients and regurgitant vol-
umes across the valves [18].

2.3. Cardiac computed tomography

Cardiac CT is a diagnostic imaging procedure that uses X-rays to ac-
quire cross-sectional images of the body in different orthogonal planes.
Tomograms or slices are reconstructed from the measurements of at-
tenuation coefficients of X-ray beams in the volume of the object stud-
ied [17]. The imaging protocol depends on the patient's suspected
cardiac lesion, previous repair, age and level of compliance [19]. CT an-
giography involves contrast material injection, regulated acquisition
protocol, ECG-gated multidetector scanner, and modulated radiation
dose according to “as low as reasonably achievable” (ALARA) principle
[20,21]. Region of interest is monitored by bolus tracking software and
scanning triggered when enhancement threshold is reached. The
image is reconstructed using maximum intensity projections (MIP),
multiplanar reformatting (MPR) and volume rendering techniques
(VRT). MPR is commonly used for the evaluation of CT in RHD and
other valvular diseases [22]. CT provides incremental information on
valvular integrity, mobility and para-valvular pathology [23].

2.4. Cardiac catheterisation and invasive angiography

Cardiac catheterisation is an invasive imagingmodality that assesses
blood flow and pressures in different chambers and vessels and across
the valves. Cardiac catheterisation involves the insertion of catheter
into the coronary arteries and/or heart chambers via peripheral arteries
and veins. Cardiac catheterisation for haemodynamic assessment is rec-
ommended in symptomatic patients when noninvasive tests are equiv-
ocal regarding severity of the valve lesion [14]. Cardiac catheterisation
may also beused to establish severity of chronic secondarymitral regur-
gitation (MR) (stages B to D) [14]. Right heart catheterisation estimates
pulmonary capillary wedge pressure (PCWP) and pulmonary artery
pressure. Further, oximetric studies assess the cardiac output using
Fick's principle. To evaluate rheumatic mitral stenosis, valve area is cal-
culated using the Gorlin formula,which requires simultaneous left atrial
and ventricular pressure trace. Direct recording of the gradient across
the valve and visual classification scale estimates rheumatic aortic ste-
nosis severity [24].

2.5. Cinefluoroscopy

Cinefluoroscopy (CF) is a non-invasive, and readily available imag-
ing technique, which can be performed rapidly in unstable patients
with stuck valves. CF allows direct visualisation of the disks and opening
and closing angles of bileaflet valves using tangential views. In cases of
prosthetic valve obstruction and abnormal valve motion, CF is used to
complement echocardiography [25]. CF detected dehiscence/rocking
motion of a prosthetic aortic valve in 42 year old RHD patient [26].
Also, CF and TTE showed prosthetic dysfunction (leaflet immobility)
secondary to a large thrombus in a 53-year-old RHD patient [27]. Fur-
ther, the 2017 American College of Cardiology (ACC) recommends CT
as a guide for surgical valve replacement [28]. Imaging modalities that
may be utilised or recommended in diagnosing RHD are summarised
in Table 2.

3. Valve lesions

3.1. Mitral regurgitation

Mitral regurgitation (MR) is classified as primary (degenerative)
when valvular incompetence results from a pathological abnormality
of one ormore components of themitral valve (MV) apparatus. Second-
ary (functional)MR occurs in the setting of LV remodeling that results in
failure of leaflet coaptation in the absence of primary abnormality of the
3

mitral valve apparatus [26]. RheumaticMR primarily results from struc-
tural modifications that reflect chronic scarring of the mitral valve and
mitral valve apparatus. The other cause of functional MR is a left atrial
dilatation without LV remodeling [29]. The 2014 AHA/ACC guideline
for managing valvular heart disease patients highlighted that decisions
regarding surgical treatment of MR should be based on grading of MR
severity, symptoms and the remodeling response of the left ventricle
(LV) to the MR (Table 3). MR severity is classified into four grades (A-
D), based on echocardiographic jet area and length, central jet area to
left atrium/atrial (LA) ratio, vena contracta, LV and LA sizes [30], effec-
tive regurgitant orifice area (EROA), regurgitant volume and regurgitant
fraction. Stage A denotes risk factors for MR are present, but no signifi-
cant MR is detected. Stage B shows mild to moderate MR which is
asymptomatic. Stages C and D correspond to severe MR without and
with symptoms, respectively [14].
3.1.1. Echocardiography for MR
Valvular thickening occurs in about 56–100% of patients with rheu-

matic carditis (Fig. 2) [15]. The thickening is mostly located at the free
edge of the valve leaflets, where the chordae structures fuse with the
leaflet tips, although nodularity is also seen along the length of the leaf-
let. The 2012 World Health Organization (WHO) classification criteria
for abnormally thickened valves include chordal thickening and an ob-
jective measurement of the MV without harmonic imaging [31].

TTE and TOE are themain modalities for assessingMR, with the aim
of defining the cause of MR (ischaemic or nonischaemic), mechanism
(using the Carpentier classification), extent of calcification and the
localisation of lesion (using either the Carpentier or Duran nomencla-
ture for scallops) [32]. TOE offers better imaging quality and significant
information such as assessment of the vena contracta (VC), distal jet
area and ratio, andflow convergence analysiswhich calculates theprox-
imal isovelocity surface area (PISA) by using colour flow Doppler to
measure the EROA [33]. Severe MR is indicated as a distal jet area > 40%
of LA area [12]. The method has been shown to be highly sensitive and
specific [34] but is limited by underestimation of the severity of eccen-
tric jets [14]. However, vena contracta jet is measured at the regurgitant
orifice in the LA in theparasternal long-axis view, in order to avoid over-
estimation. Regardless of aetiology or jet eccentricity, measurement of
this portion by TOE accurately predicts MR severity when compared



Fig. 2. Echocardiographic images of an RHD patient with multiple valvular lesions. Panels illustrate a 2D echocardiographic images of (a) a regurgitant mitral valve with thickenedmitral
valve leaflets (b) stenosedmitral valvewith a diameter of <1.0 cm. Colour Doppler echocardiographic image revealing (c) aortic regurgitationwith Doppler beam revealing the severity of
regurgitation across the valve (d) shows aortic stenosis (Note the narrowed and incomplete opening of the valve).
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to angiography. VC width of ≥0.7 cm indicates severe MR [35]. Three-
dimensional (3D) echocardiography may improve the specificity and
sensitivity of RHD detection in mild valvular involvement and facilitate
improved surgical preparation for patients with advanced disease [36].

3.1.2. Cardiovascular magnetic resonance for MR
AHA/ACC guidelines have recommended the use of CMR for the as-

sessment of MR severity when TTE is technically limited. CMR is well
established for confirming MV morphology and pathology in MR
[37–39]. Kon et al demonstrated the use of a combination of CMR
velocity-encoded and cine SSFP sequences in quantifying MR severity
[40]. CMR is accurate for quantification of MR severity, when compared
with 2D echocardiography and has no systematic overestimation
[41,42]. Although CMR balanced SSFP sequences provide information
about anatomy of the MV, gradient echo cine pulse sequences are
more useful for localisation and sizing of regurgitant jets [42]. There
are inconsistent reports on semi-quantitative assessment of MR jets
by visualisation and/or depth of penetration of MR into the LA on CMR
[43,44]. CMR assessment of severity of MR is done by either calculating
the regurgitant volume (using the difference between RV and LV vol-
umes), or calculated as the difference between LV stroke volume (SV)
4

and aortic outflow SV [44]. Regurgitant fraction is calculated as the
ratio of regurgitant volume to the LV stroke volume, and a regurgitant
fraction>48% indicates severe MR [45].

3.1.3. Computed tomography for MR
Multislice CT has also been demonstrated to be accurate for quanti-

tative analysis and in pre-operative planning for percutaneous valve re-
pair [46,47]. Kim et al demonstrated the ability of CT to sufficiently
diagnoseMV anatomy and geometry pre- and post-operatively, regard-
less of the surgicalmethod (plasty or replacement). InMV repair, CT can
provide detailed structural information including valvular thickening,
calcification, sub-valvular structures (such as papillary muscle) and
ventricular cavity, and annular stenosis with fibrosis [48]. CT provides
accurate characterisation of sub-valvular apparatus and MV geometry
[49]. In MR, CT angiography accurately measures the mean regurgitant
orifice area, direct features of the MV leaflets (morphology, thickening
and calcification), chordae tendinae, papillarymuscle and the secondary
imaging manifestations such as compensatory LA and/or LV dilatation,
and pulmonary congestion [50]. CT is, however, limited in the evalua-
tion of MR as the primary indicator due to the use of radiation and
iodine-based contrast [51].
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3.1.4. Cardiac catheterisation and invasive angiography for mitral
regurgitation

Invasive angiographic procedures begin with fluoroscopy and pose
minimal adverse effects of radiation exposure [52]. A typical fluoro-
scopic study uses about 0.001–0.05 rad of radiation, and dosage
depends on fluoroscopic time. Fluoroscopy guides interventional proce-
dures and is useful in assessing the disc mobility of mechanical valves
and for percutaneous transvenous mitral commissurotomy in symp-
tomatic patients with valvular dysfunction [52]. Real–time 3D cardiac
CT-fluoroscopy fusion imaging guided a transapical implantation
of a transcatheter aortic valve prosthesis into a mitral annuloplastic
ring [53].

3.2. Mitral stenosis

Mitral stenosis (MS), characterised by a restriction of blood flow
from the LA to the LV as a result of a narrowed mitral passage,
is often due to RHD [54]. MS occurs more commonly in women
than men [55], and may be complicated by mitral annular calcifica-
tion (MAC) in aged patients, which has also been noted in younger
persons residing in LMICs [54]. Other causes of MS include
congenital anomalies, prior exposure to chest radiation and
mucopolysaccharidosis [54]. Rheumatic MS is often characterised
by leaflet commissural fusion, resulting in limited mobility and/or
immobility of the posterior leaflet and doming of the anterior leaflet
of the MV [44]. Although MS is usually asymptomatic for years,
when the mitral orifice is reduced to about a third of its normal
size, symptoms associated with left-sided heart failure such as
orthopnoea, dyspnoea and paroxysmal nocturnal dyspnoea de-
velop. Chronic MS often results in pulmonary arterial hypertension
from pulmonary arteriolar vasoconstriction, intima hyperplasia
and medial hypertrophy; secondary obstruction may also develop
at the level of the pulmonary veins. Due to both structural and elec-
trical remodeling of the LA, chronic severe MS is often associated
with atrial fibrillation. Severity of MS is classified as shown in
Table 4.

3.2.1. Echocardiography for MS
Echocardiography, in particular, Doppler TTE, remains the most ro-

bust tool for confirming the diagnosis, quantifying MS severity and de-
termining the optimal timing for intervention [44,56,57]. Typical
features of MS as revealed by TTE include scarring and thickening of
the MV cusps; enlargement of the LA (with a normal LV size); and in-
creased mean pressure gradient across the mitral orifice [58,59]. MVA
predictsMS severity usingmodified Bernoulli equationwhich calculates
mean gradient and pressure half time [60]. Morphological evaluation of
MS is important for choice of intervention; identifying MS that is ame-
nable to percutaneous balloon commissurotomy [61].

3.2.2. Cardiovascular magnetic resonance for MS
Although CMR has been reported to diagnose (Fig. 3) and perform

planimetry of the mitral orifice and pressure half-time assessment, it
may miscalculate MS severity due to overestimation of the mitral
valve area. [62] Newer CMR sequences that incorporate mitral annular
Table 4
Classification of chronic MS severity.

Parameters Mild Moderate Severe

Specific findings >1.5 .0–1.5 <1.0
Valve Area (cm2)

Supportive findings <5 5–10 >10
Mean gradient (mmHg)

Pulmonary artery pressure (mmHg) <5 30–50 >50

At heart rates between 60 and 80 bpm and in sinus rhythm.MS, mitral severity. Normal
MV area is 4.0–5.0 cm2 [42].
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tracking devices may resolve this problem [63]. CMR measurements of
peak volume sweep rates in early diastole (PSRE) and atrial systole
(PSRA), PSRE/PSRA ratio, deceleration time of sweep volume (DTSV),
and 50% diastolic sweep volume recovery time (DSVRT50) showed a
good correlation when compared to TTE diastolic measurements [64].
Feature-tracking CMR not only provided motion and strain quantifica-
tion using SSFP imaging, [65] but also showed excellent intra- and
inter-observer variability [66].

3.2.3. Computed tomography for MS
CT has been reported to accurately assess MV calcification consis-

tently better than echocardiography and CMR and may be useful in
quantifying MS severity. Further, CT offers exceptional visualisation of
mitral valve morphology and thickening [50]. Additionally, CT may be
used to confirm diagnosis of atrial calcification in patients with MS
whenever chest radiograph is suboptimal [52,53]. However, CT is not
routinely recommended in the evaluation of MS because of radiation
exposure and use of iodinated contrast [21,67] whereas echocardiogra-
phy has gained widespread use owing to its portability and no associ-
ated use of radiation [68].

3.2.4. Cardiac catheterisation and invasive angiography for MS
Cardiac catheterisation can be used forMS assessmentwhen there is

discordance between clinical and echocardiography findings (Fig. 4–5)
[14]. Additionally, invasive measurements are used simultaneously
with echocardiography to monitor haemodynamics during a balloon
mitral valvuloplasty, allowing an accurate quantification of intracardiac
mitral valve pressure gradient andMS severity [69].MS severity is mea-
sured at diastole by simultaneous comparison of the LV pressure and LA
pressure [60]. Despite the ability of 3D echocardiography to adequately
assess MS severity byMVA planimetry, cardiac catheterisation for LA to
LV end-diastolic pressure gradient andMVA by Gorlin's equation can be
used [60].

3.3. Aortic regurgitation

Aortic regurgitation (AR) is commonly seen in combination with
MR, in rheumatic MV pathology and is commonly classified using
Carpentier classification [3]. AR may be caused by the pathology of the
leaflets (rheumatic, degenerative, congenital, and/or bicuspid), dilation
of the root, aortic dissection or a combination of the three, and iatro-
genic complications of aortic valve surgical procedure [30,70–72]. AR
creates volume overload and afterload resulting in significant eccentric
hypertrophy. Rheumatic AR has a global prevalence of 0.5% of acquired
cardiovascular diseases, and incidence increases with age, typically
peaking in the 4th to 6th decades of life [30]. The pathological mecha-
nism of rheumatic AR is associated with restricted aortic leaflet motion,
a consequence of retracted and thickened aortic leaflet. In RHD, irregu-
lar and nodular aortic valve thickening results in a central coaptation
defect [73].

3.3.1. Echocardiography for AR
Echocardiography remains the mainstay in the establishment of

cause, mechanism and assessment of AR severity (Table 5), and its re-
percussions on LV function and pulmonary arterial circulation [72].
However, CT and CMR are emerging as important imaging tools that
provide additional details about valvular function, structure, and ana-
tomic information of the coronary arteries and ascending thoracic
aorta [73].

3.3.2. Computed tomography for AR
CT diagnoses aortic regurgitation in the end-diastolic phase due to

insufficient coaptation of aortic valve leaflets. Hence, valvular leakage
remains pathognomonic and a diagnostic standard for AR [74]. A signif-
icant correlation exists between maximum regurgitant orifice area
(ROA) measured with CT and semi-quantitative parameters measured



Fig. 3. CMR images of a RHD patient with valvular lesions. Cine MRI in 4-chamber view (a) shows mitral valve incompetence with a backward blood flow into the LV (b) mitral stenosis
with a fish-mouth appearance and thickened anterior and posterior mitral valve leaflets. B-SSFP in 3-chamber view (c) aortic regurgitation with a flow acceleration jet across the valve
(d) aortic stenosis, white arrows showing the thickened, calcified valve leaflets with incomplete opening of the valve.
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with TTE [19,75,76]. Almolla et al demonstrated that 25% of patients
with AR had noncoaptated leaflets and increased aortic valvular area
(AVA) [77].
3.3.3. Cineangiography for AR
Cineangiography uses the principle of relative density of contrast

media in the LV to classify AR severity into 4 grades based on regurgitant
volume indices. Unfortunately, cineangiography is limited by its inva-
siveness, exposure to ionising radiation, volumeof injected contrastme-
dium, type and position of catheter tips and other technical factors. Use
of qualitative densitometry is highly reproducible in quantifying AR by
comparing the density of the contrast in the aorta with that in the LV
[78].
6

3.3.4. Cardiovascular magnetic resonance for AR
CMR may be used to assess the consequences of AR on LV volumes

using standard cine sequences. Phase contrast CMR is commonly used
to assess haemodynamics of AR, including regurgitant volumes and
fraction, as well as to visualise the regurgitant jet. Phase contrast CMR
can directly quantify regurgitant volumes and quantify response to vol-
ume overload, as opposed echocardiography which secondarily esti-
mates severity using indices such as vena contracta or proximal
isovelocity surface area. A potential role of CMR for risk stratification
of patients with asymptomatic moderate or severe AR has been pro-
posed [79,80]. Echocardiography and CMR are equivalent in the assess-
ment of LV mass [81]. Quantitative CMR is potentially useful in
supplementing echocardiography formanagement decisions in patients
with AR [82].



Fig. 4. Invasive catheterisation images of anRHDpatientwith severemitral stenosis showing (a) severemitral annular calcification (red arrows) in diastole and (b) typical restriction of the
thickened mitral valve leaflets in systole as well as abnormally contracted and calcific subvalvular apparatus (yellow arrows). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Table 5
Classification of chronic AR severity.

Parameters Mild Moderate Severe

Semi-quantitative
VCW (cm) <0.3 0.3–0.6 >0.6
Jet width/LVOT width, central jets (%) <25 25–64 ≥65
Jet CSA/LVOT CSA, central jets (%) <5 5–59 ≥60

Quantitative
RVol (mL/beat) <30 30–59 ≥60
RF (%) <30 30–49 ≥50
EROA (cm2) <0.10 0.10–0.29 ≥0.30

CSA-Cross sectional area, VCW-Vena contracta width [71].
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3.4. Aortic stenosis

Imaging modalities involved in the assessment of aortic steno-
sis include Doppler echocardiography, TTE, TOE, CMR and CT.
While Doppler echocardiography remains the primary imaging
modality for evaluating aortic valve morphology and severity of
stenosis, TTE can sufficiently assess aortic valve phenotype and
the presence of valve calcification. However, TOE, CMR and CT
may complement TTE when results are suboptimal, especially in
differentiating bicuspid from tricuspid valve in patients with
poor image quality, and severe aortic valve calcification. Parame-
ters including peak aortic jet velocity (Vpeak), mean transvalvular
gradients calculated by Bernoulli formula and AVA calculated by
continuity equation are employed in assessing the severity of ste-
nosis [72]. Aortic stenosis may be suspected to be severe despite
a low gradient [83]. Additionally, when comparing a semi-
automated analysis of phase-contrast CMR with Doppler echocar-
diography in the assessment of aortic valve stenosis, CMR provided
an accurate and reproducible result [84]. Phase-contrast CMR
Fig. 5. Patient with prosthetic bileaflet mitral valve with one leaflet stuck. Excursion is noted w
arrows. (For interpretation of the references to colour in this figure legend, the reader is referr
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is a reliable and user-friendly tool in evaluating stenotic aortic
valves [85].
3.4.1. Echocardiography for AS
Echocardiography confirms the presence and severity of aortic ste-

nosis (Table 6), by assessing the degree of valvular calcification, LV
ith the normal leaflet positioned in diastole (a) and in peak systole (b), indicated with red
ed to the web version of this article.)



Table 6
Classification of AS severity.

Parameters Mild Moderate Severe

Aortic jet velocity (m/s) 2.6–2.9 3.0–4.0 >4.0
Mean gradient (mmHg) <20 20–40 >40
AVA (cm2) >1.5 1.0–1.5 <1.0
Indexed AVA (cm2/m2) >0.85 0.60–0.85 <0.6
Velocity ratio >0.5 0.25–0.50 <0.25

ESC Guidelines, AHA/ACC Guidelines [85].
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function and LV wall thickness [86]. Doppler echocardiography is the
standard technique for assessing aortic stenosis severity. Aortic stenosis
may be classified based on peak velocity, maximum/peak pressure gra-
dient, planimetric calculation of the valve area or spectral Doppler re-
cordings combined with the width of LV outflow tract [15].

3.4.2. Computed tomography for AS
Multislice computed tomography (CT) provides important comple-

mentary information in the anatomical images of the aortic root and
valvular orifice in patients with AS [87]. CT offers adequate quantifica-
tion of calcium load at the valve level using Agatston score, which has
shown good correlation with echocardiography in predicting disease
progression [88].

3.4.3. Cardiovascular magnetic resonance for AS
CMR is commonly used in tracking asymptomatic patients with se-

vere AS, assessing reduced LVEF before referral for surgery [30]. Similar
to echocardiography, CMR provides reliable information regarding flow
and velocity across stenotic or regurgitant valves. Using steady-state
free precession (SSFP) sequences, CMR planimetry canmeasure the an-
atomical AVA based on direct visualisation of the valve orifice [30]. Late
gadolinium enhancement (LGE)-CMR plays a key role in predicting pa-
tients' eligibility for transcatheter aortic valve replacement [89].

4. Take home message

Cardiovascular multimodality imaging approach aids in diagnosis,
procedural planning, and monitoring patient's outcomes. Most of the
current imaging modalities are available, increasingly affordable, and
reproducible in assessing RHD. In this article, we have presented the
strengths and limitations of multimodality imaging in diagnosis of RHD.

5. Conclusions

Echocardiography is first-line imaging modality for diagnosing
rheumatic valvular heart disease due to its ease of use and widespread
availability. CMR, CT and invasive angiography are second-line modali-
ties and play a complementary role when echocardiography is sub-
optimal or equivocal. The use of CT for many valvular applications is
limited by high radiation doses, although CT is accompanied by some
disadvantages.
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