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Abstract

Multivalvular heart disease (MVD) implies the presence of concomitant valvular lesions on two or more heart valves. This condition
has become common in the few last years, mostly due to population aging. Every combination of valvular lesions uniquely redefines the
hemodynamics of a patient. Over time, this may lead to alterations in left ventricle (LV) dimensions, shape and, eventually, function.
Since most of the echocardiographic parameters routinely used in the valvular assessment have been developed in the context of single
valve disease and are frequently flow- and load-dependent, their indiscriminate use in the context of MVD can potentially lead to errors
in judging lesion severity. Moreover, the combination of non-severe lesions may still cause severe hemodynamic consequences, and
thereby systolic dysfunction. This review aims to discuss the most frequent combinations of MVD and their echocardiographic caveats,
while addressing the opportunities for a multimodality assessment to achieve a better understanding and treatment of these patients.
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1. Introduction

Multivalvular heart disease (MVD) is defined as the
presence of combined stenotic or regurgitant lesions occur-
ring on more than one heart valve [1].

It is estimated that over 30% of patients older than 65
years have MVD, defining this condition as rather common
among the aging population [2]. The EuroHeart Survey out-
lined that one out of five patients with valvular heart disease
(VHD), and 14.6% of those receiving valvular surgery, had
MVD [3]. In the same registry, patients with MVD had a
mean age of 64 ± 14 years. In the more recent EUROb-
servational Research Programme Valvular Heart Disease II
Survey that included patients with at least one severe le-
sion, those with MVD accounted for up to 27.8% of the
overall population, and were more frequently women af-
fected by chronic kidney failure and atrial fibrillation. The
most frequent combination was the presence of severe aor-
tic stenosis (AS) and moderate mitral regurgitation (MR)
[4]. These data are consistent with the results of the PART-
NER 2 trial, which also showed the presence of a coexisting
significant MR and tricuspid regurgitation (TR) in 20% and
27% of patients receiving transcatheter aortic valve replace-
ment (TAVR), respectively [5]. According to the results of
the PARTNER trials, it seems that the higher the risk of the
patient with AS, the higher the incidence of concomitant
MR. While in high-risk and inoperable patients, the preva-

lence of at least moderate MR was of 21% and 23% respec-
tively, in low-risk patients it did not exceed 3% [6,7]. Sim-
ilarly, more than 10% of the valve surgeries in the database
of the Society of Thoracic Surgeons were indeed surgeries
onmore than one cardiac valve, with more than half of them
involving a combination of aortic and mitral valve lesions
[8].

In the same registry, rheumatic heart disease appears
as the main cause (51%) of MVD, and the second was of
degenerative etiology (41%) [8]. Endocarditis, iatrogenic
causes such as radiotherapy and adverse drug effects, con-
nective tissue diseases and congenital valvular diseases. As
for secondary MVD, the co-existence of MR and TR is typ-
ically secondary to leaflets malcoaptation due to alterations
in the geometry of the ventricles or atria. Moreover, pri-
mary and secondary aetiologies can coexist: in a review by
Nombela-Franco et al. [9], secondary MR accounted for
half of the patients with MR undergoing TAVR.

The wide range of possible pathophysiological com-
binations leads to different clinical scenarios and makes
MVD a complex phenomenon to study. Echocardiogra-
phy is the main technique for diagnosing aetiology, sever-
ity and often guides the decision for intervention. The main
setback is that the well-validated cut-off values are suited
for single valvular disease and are not easy to apply in
MVD, most often due to hemodynamic changes in the ven-
tricles. As a result, existing data on MVD are limited de-
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Fig. 1. Mitral regurgitation prior and after correction of aortic stenosis. (A) A patient waiting for transcatheter aortic valve replace-
ment undergoes an echocardiogram, which shows the concomitant presence of moderate mitral regurgitation, secondary to the pressure
overload due to severe aortic stenosis. (B) The echocardiogram performed 24 hours after the aortic stenosis correction displays just a
trace of mitral regurgitation, as a consequence of the normalization of left ventricular pressures. Later on, left ventricular remodeling can
potentially further contribute to the reduction of mitral regurgitation severity.

spite its prevalence and the management of these patients is
not thoroughly covered by current guidelines, with indica-
tions mainly based on small studies or consensus opinions
[10,11].

In this review, we will display the most frequent MVD
combinations and their echocardiographic pitfalls, thus ad-
dressing the opportunities for a multimodality assessment
of these patients.

2. Pathophysiological Considerations
The hemodynamic consequences of MVD influence

ventricular size, shape, function and, eventually, the re-
sulting clinical signs and symptoms. More specifically,
changes in hemodynamics depend on the severity of the sin-
gular lesions, the combination of valvular diseases at play,
the aetiology (primary or secondary) and the chronicity of
the lesions [12].

The interplay between different valve lesions can ei-
ther enhance or blur the hemodynamic effect of the sin-
gle lesions. For instance, a patient with significant mitral
stenosis (MS) and aortic regurgitation (AR) might develop
left ventricle (LV) dilation later, due to the possible pro-
tection given by MS from the volume overload [13]. This
hemodynamic interdependence is well known in the case of
treatment of one of the valve lesions directly impacting the
severity of the concomitant one. In several patients, an im-
provement in MR severity is common following treatment
of AS, irrespective of the used technique (Fig. 1) [14–16].

3. Echocardiographic Assessment
As already mentioned, echocardiography is the main

tool for the diagnosis of VHD. Evaluation of valve anatomy
and dysfunction and quantification of stenosis or regurgita-
tion in particular should be the result of a multiparametric
analysis [17,18]. Furthermore, it is important to evaluate
both the left and right ventricular size, systolic and dias-
tolic function, and a possible increase in pulmonary pres-
sure. However, it is worth noting that variousmethods com-
monly employed to assess the severity of valve lesions have
been validated only in the setting of single VHD. As a re-
sult, their reliability in the context of MVD may be limited
by the hemodynamic changes discussed in Section 2. In
general, it is preferable to rely on measurements that are
less dependent on the patient’s loading conditions, like di-
rect planimetry for stenotic lesions or, in the case of regur-
gitant valves, the vena contracta or the effective regurgi-
tant orifice area (EROA). For example, in the presence of
at least moderate AR, it is not advisable to calculate the mi-
tral valve area (MVA) with the continuity equation method,
as the continuous transmitral and transaortic flow are not
the same in this condition. Similarly, we should not rely on
the values obtained by continuouswave transmitral Doppler
recordings in these patients since the rapid increase in LV
diastolic pressure directly affects the rate of mitral inflow.
An overview of the most important diagnostic echocardio-
graphic caveats and their possible overcoming in the setting
of MVD is displayed in Table 1.

3.1 Mitral Stenosis and Aortic Stenosis

The coexistence of significant AS andMS is more typ-
ical of rheumatic disease but demographics vary between
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Table 1. Warnings in the echocardiographic assessment of left-sided multivalvular heart disease.
Valvular lesion MR MS

AR PHT unreliable (rapid filling shortens AR
PHT)

Continuity equation for MVA not reliable (different
flows)

Doppler method for volume quantification
using left-sided forward flow not valid
mitral-to-aortic VTI ratio not reliable

PHT not reliable (mitral PHT is shortened by signifi-
cant AR)

Solutions Solutions

PISA method still reliable for MR 2D or 3D echocardiography to measure anatomicMVA
CMR to quantify aortic and mitral RV and
RF

Using pulmonic flow for the continuity equation

AS Increased mitral RV LowMS and AS (more frequently) gradients can occur
Big area of MR jet on color-flow PHT for MS unreliable
Low-flow, low-gradient AS not uncommon

Solutions Solutions

EROA usually less affected 3D echocardiography to measure anatomic MVA
CMR to quantify mitral RV and RF DSE or calcium scoring on CT for AS severity
DSE or calcium scoring on CT for AS
severity

VTI LVOT/VTI AV for low flow-low gradient AS due
to the concomitant valvulopathy

VTI LVOT/VTIAV for low flow-low gradi-
ent AS due to the concomitant valvulopathy

The table displays all the possible left-sided valvular lesion combinations, focusing on the echocardiographic pitfalls en-
countered in the severity assessment of multivalvular heart disease. For every combination, some methods usually valid
in case of single valve disease are to be avoided in MVD. Preferred and more reliable methods are listed. In some cases
this might mean relying on different imaging techniques. 2D, two-dimensional; 3D, three-dimensional; AR, aortic re-
gurgitation; AS, aortic stenosis; CMR, cardiac magnetic resonance; CT, computed tomography; DSE, dobutamine stress
echocardiography; EROA, effective regurgitant orifice ares; MR, mitral regurgitation; MS, mitral stenosis; MVA, mitral
valve aerea; PHT, pressure-half time; PISA, proximal isovelocity surface area; RF, regurgitant fraction; RV, regurgitant
volume; VTI, velocity-time integral.

different regions of the world. For example, in Western
countries the combination of MS and AS affects mostly
the aging population and has a degenerative etiology [19].
The latter doesn’t imply commissural fusion, which usu-
ally results in less severe stenosis than in rheumatic disease
[20,21]. Other rarer aetiologies include iatrogenic (both
drug-induced and post-radiotherapy) and genetic (such as
mucopolysaccharidosis) conditions.

Echocardiography is usually enough to give a com-
prehensive diagnosis when classical high gradients are
recorded on both valves. Nonetheless, the reduction in flow
through a severe valve lesion can affect the gradients across
the valve [22]. This is more common for the aortic valve,
being the distal lesion, but low gradients despite severe
stenosis can also affect the mitral valve since a significant
AS creates a low-flow condition itself.

Similarly, LV diastolic dysfunction due to AS can lead
either to an underestimation of MVA due to an increase of
mitral E wave half-pressure time in patients with abnormal
relaxation or to an overestimation of MVA in case of a re-
strictive filling pattern [23].

Therefore, in this situation the planimetric assessment
or the continuity equation are preferred over other methods

to determine the severity of AS and MS. Furthermore, the
proximal isovelocity surface area (PISA) approach contin-
ues to be a valuable tool for assessing the MVA in individ-
uals with bivalvular rheumatic disease, while still lacking
formal validation in the context of degenerativemitral valve
conditions [19].

3.2 Aortic Stenosis and Mitral Regurgitation

The MR-AS combination is the most prevalent MVD
in developed countries [3]. Even though the increased af-
terload due to AS classically leads to a hypertrophic LV, a
considerable numbers of individuals with AS proceed to LV
dilation and systolic impairment. This can be related to the
excessively high LV afterload, concomitant cardiomyopa-
thy (especially ischemic), or both. LV dilation and adverse
remodeling can consequently lead to secondary MR as a re-
sult of dilation of the annulus and tethering of the leaflets
[24]. Généreux et al. [25], categorized patients with severe
AS and waiting for intervention into five stages, depending
on the presence of extravalvular (extra aortic valve) cardiac
damage or dysfunction on transthoracic echocardiography.
In particular, stage 2 included left atrium or mitral valve
damage, which was a predictor of mortality in this cohort

3

https://www.imrpress.com


of patients. Moreover, in patients with AS, the presence of
MR may preserve ejection fraction despite impending LV
dysfunction.

Of course, even though less frequently, primary MR
in patients with AS can coexist as well, with similar hemo-
dynamic effects.

On echocardiography, the AS-related increase in the
pressure gradient over the mitral valve during systole AS
will cause an augmentation of the regurgitant volume (RV)
for any givenmitral EROA [26]. EROA itself is usually less
affected in these cases, and therefore preferable to assess
MR severity.

At the same time, a significant MR can interfere in
the echocardiographic evaluation of patients with AS, sim-
ilar to what is described for the coexistence of MS and
AS in section 3.1. A significant MR leads to a decreased
flow over the aortic valve, which results in low transaor-
tic gradients despite a narrow aortic valve area (AVA). The
role of dobutamine stress echocardiography in this setting
is still unclear, since data are lacking and both improvement
and worsening ofMR after dobutamine administration have
been reported [27,28]. Therefore, the effect of dobutamine
administration on patients’ flow status in the case of con-
comitant AS and MR is not completely predictable. How-
ever, incase the needed increase in flow is achieved, dobu-
tamine stress echocardiography can still be used to distin-
guish between true-severe and pseudo-severe AS.

3.3 Aortic Regurgitation and Mitral Regurgitation
In this combination, the presence of a primary AR that

leads to LV dilation and thus secondary MR, is the most
common phenotype. This condition has been reported to
occur in up to 45% of cases of AR, and is also considered a
sign of a more advanced stage of AR [29]. Less frequently,
the coexistence ofMR andARmay be due to rheumatic dis-
ease, myxomatous degeneration with prolapse connective
tissue disease leading to annulus dilation of both valves, or
in patients with acute endocarditis [30].

The subsequent volume overload is typically badly
tolerated and patients show progressive LV dilation and
dysfunction.

Upon echocardiographic evaluation, the AR-related
LV filling occurring before the forward flow across the
mitral valve contributes to a delayed mitral valve opening
and consequently to a longer isovolumetric relaxation time.
Moreover, LV diastolic pressure rapidly increases because
of simultaneous filling by the AR and the flow through the
mitral valve. As a result, there may be a reduction in the
pulmonary acceleration time to less than 100 ms, and an
elevation in systolic pulmonary artery pressure can mani-
fest even in the initial stages. Likewise, the shorter trans-
mitral E-wave acceleration and deceleration, along with a
decrease in the velocity of the A-wave, are indicative of a
significant hemodynamic effect of the MR and AR [31].

Regarding the severity assessment, there are no spe-
cific recommendations to date. In some cases of AR and,
more frequently, MR, multiple jets are found because of
the plane of the echocardiographic beam displaying a non-
circular EROA, which is quite common in secondary regur-
gitant lesions or bicuspid aortic valves. When multiple jets
are present, the mean value of the VC on the four- and two-
chamber views can be valid even though no validated cut-
offs have been established so far [17,32]. As far as quantita-
tive methods are concerned, the PISA method is preferred,
despite its known limitations [33]. Moreover, since the re-
gurgitations are sequential in the cardiac cycle, the addition
of the two single RVs would define the total RV, thereby po-
tentially leading to determining the resulting hemodynamic
effect of an AR-MR combination when each of the single
lesions appear not significant [31]. Eventually, Hagendorff
et al. [31] suggest that a significant hemodynamic impact
is reasonable for a Qp/Qs ratio≤0.74, thus having an aortic
regurgitant fraction ≥35%.

3.4 Aortic Regurgitation and Mitral Stenosis
The coexistence of MS and AR is responsible for cre-

ating opposed loading conditions and therefore the LV does
not dilate and the stroke volume does not increase as much
as they usually do in case of the isolated presence of AR
[13].

However, the correct assessment of MS is usually a
major challenge. Indeed, the presence of AR increases LV
diastolic pressure causing a reduction in pressure half-time
(PHT) and thus an overestimation of MVA, as shown in
Fig. 2 [34,35].

Similarly, the continuity equation forMVAcalculation
is also unreliable, because of the different flows over the
two valves in the case of AR.

Thus, in the setting of an AR, we recommend using
planimetry for MVA whenever possible. The PISA method
remains more accurate than the PHT in assessing MVA, be-
ing a more reliable alternative in patients with combined
AR and MS and when planimetry images are unsuitable for
anatomic evaluation [36,37].

3.5 Tricuspid Valve Disease and Left-Sided Valve Diseases
Rheumatic heart disease can affect the aortic, mitral

and tricuspid valves at the same time, and, although at a
very high risk, the correction of all the lesions is of utmost
importance. However, in Western countries, TR is much
more frequently secondary to a left-sided valve lesion [38].

The degree of TR is strongly influenced by modifi-
cations in the cardiovascular loading conditions. In fact,
the absence of TR at a certain moment in the history of a
left-sided heart valve disease, does not guarantee that TR
will not develop long term. This is why echocardiography
is vital for evaluating factors like the measure of the tricus-
pid annulus, dilation of the right chambers, right ventricular
dysfunction, and the estimation of pulmonary artery pres-

4

https://www.imrpress.com


Fig. 2. Mitral stenosis in concomitant mitral regurgitation. (A) The image displays a case of rheumatic mitral stenosis, recognizable
by the typical “hockey stick” morphology of AMVL in diastole. (B) A concomitant moderate AR is present. (C) To evaluate the severity
of the MS, the continuous wave signal over the mitral valve is used to measure the PHT from with the MVA is then calculated. The
resulting value (1.7 cm2) accounts for a mild stenosis. (D) Nonetheless, the planimetry of the mitral valve reveals an area of 1.2 cm2

as for a clinically significant stenosis. The discrepancy is explained by a shorter PHT because of the rapid left ventricular filling due to
the presence of AR. AMVL, anterior mitral valve leaflet; AR, aortic regurgitation; MS, mitral stenosis; MVA, mitral valve area; PHT,
pressure half time.

sures. These assessments are not only valuable to assess the
severity of secondary TR but also to determine whether it is
advisable to address surgery on the tricuspid valve in con-
junction with left-sided valve surgery [10]. In particular, a
combined intervention on the tricuspid valve is suggested
when the end-diastolic annular dimension exceeds 40 mm
(or 21 mm/m2).

Nowadays, the most common valvular combination is
AS and TR, as moderate or more TR have been documented
in 11% to 27% of patients undergoing TAVR in observa-
tional registries [39].

Even though the presence of AS does not affect the
assessment of the severity of TR, pulmonary hypertension
related to the presence of AS can worsen or even determine
some grade of TR. Moreover, in the case of chronic and
severe TR, a low flow pattern may develop, which can ren-

der the aortic gradients alone unreliable for estimating the
severity of AS, tending to be underestimated [33,40].

Since moderate-to-severe TR is an independent pre-
dictor of mortality and reoperation for secondary TR is
characterized by an operative mortality risk of 10 to 25%,
patients with even mild-to-moderate secondary TR with
signs of right-sided heart failure or annular dilatation are
generally recommended to undergo tricuspid valve surgery
at the time of correction of the left-sided valve lesion
[41,42]. Nowadays, percutaneous solutions are available
to successfully treat secondary TR, at the time of the other
percutaneous intervention on the aortic or mitral valve, or
as a staged procedure [43].

5

https://www.imrpress.com


4. Advanced Echocardiography and
Multimodality Imaging

Multimodality imaging for the diagnosis of VHD has
been extensively studied and applied in the field of sin-
gle valvular lesions. However, advanced echocardiogra-
phy andmultimodality imaging can be applied also toMVD
[44].

Transesophageal echocardiography (TEE), although
not routinely performed, can be useful in cases of diag-
nostic uncertainty regarding the severity of a lesion, since
the advice is to prefer direct planimetry in assessing the
area of stenotic valves in case of MVD. Real-time three-
dimensional (3D) TEE usingmultiplanar reconstruction can
be valuable to measure MVA in rheumatic MS when con-
comitant AS or AR makes Doppler measurements less reli-
able [45]. Moreover, in certain cases of degenerative calci-
fied MS, the application of real-time 3D echocardiography
with color-defined planimetry has proven to be beneficial
[46]. Eventually, TTE intraprocedural guidance is of crit-
ical importance in valve-in-valve procedures, to overcome
the challenges of such a complex intervention, especially
when venous access with a subsequent transeptal approach
is chosen, for instance in the case of mitral prosthesis de-
generation [47].

Stress echocardiography is advised when symptoms
cannot be explained by the resting hemodynamics and
echocardiographic findings [48]. Indeed, when non-severe
lesions are involved, exercise can worsen the hemodynamic
consequences of the dominant lesion and end up produc-
ing symptoms. The evaluation of more than one valve dur-
ing exercise is doable thanks to the combination of Doppler
imaging and color flow. For example, an increase of pul-
monary artery pressure >60 mmHg might help in setting
the indication and consequently the timing for valve cor-
rection, as it could reflect a significant hemodynamic effect
of non-severe yet combined valvular lesions [49].

Dobutamine stress echocardiography can be proposed
for individuals with low flow-low gradient AS in case of
concomitant MS or MR, to rule out pseudo-severe AS.
However, when significant MR or MS are present, dobu-
tamine may not be able to produce the necessary increase
in flow, since the low flow is secondary to the valvulopathy
and not to the systolic function, thereby not allowing the
confirmation of AS severity [50].

Speckle-tracking echocardiography is known as one
of the best modalities for the diagnosis and prognosis of
valvular lesions, thanks to its ability to detect subclinical
myocardial dysfunction before the onset of a reduction in
LV ejection fraction [51]. Studies on single valvular heart
disease have already shown the prognostic impact of strain
analysis in such patients [52–55]. Similarly, we could use
speckle-tracking echocardiography to determine the correct
intervention time in the setting ofMVD. To date, data on the
diagnostic and prognostic utility of strain analysis in MVD
are lacking. A study on 72 patients showed that LV strain

parameters were not altered, but RV strain parameters were
mildly reduced, suggesting an overload of the RV due to the
presence of combined left-sided valvulopathies [56]. Fur-
ther studies are needed to investigate the role of deformation
index analysis in patients with MVD.

Given the challenges of MVD and especially when
echocardiography fails in giving conclusive results, multi-
slice non-contrast electrocardiogram-gated computed to-
mography (CT) can be used as a complementary tool. For
instance, the CT-derived aortic valve calcium scoring is a
reliable technique to quantify the burden of calcification on
the aortic valve and it is a validated parameter of AS sever-
ity. Cutoffs for severe AS are>2000AU inmen and>1200
AU in women [57]. The calcium score offers the significant
advantage of not being dependent on the patient’s hemody-
namic status. This is particularly important in low-flow sit-
uations, which is often the case in the presence of MVD.
Additionally, the calcium score impacts the prognosis, pre-
dicting disease progression and patient survival, irrespec-
tive of clinical and Doppler echocardiographic information
[58,59]. Furthermore, when measuring the anatomic AVA
using planimetry on contrast-enhanced scans, there is a rea-
sonable correlation with measurements obtained through
the continuity equation in echocardiography, even though
CT tends to systematically overestimate the AVA (Fig. 3)
[60]. CT is also essential in procedural planning, especially
for patients at high surgical risk, who could therefore bene-
fit from a transcatheter approach. In this setting, CT can aid
the assessment of valve characteristics that make it eligible
for a full interventional solution or individuate contraindi-
cations that can instead suggest the need for surgery or a
hybrid approach [61]. For instance, visualization of cal-
cium can be limited on echocardiography, yet the presence
and extent of calcification on the mitral valve are relevant
in the context of the edge-to-edge technique and can be eas-
ily assessed with CT. Moreover, a CT-derived estimation of
the risk of LV outflow tract obstruction is mandatory before
declaring eligibility for mitral valve transcatheter replace-
ment. As for the aortic valve, the role of CT is not limited
to studying the valve features but extends to the evaluation
of potential access routes beyond the classical transfemoral
approach [62].

Despite the little evidence so far, cardiac magnetic
resonance (CMR) looks full of promise in the field of
MVD. Indeed, the grading of regurgitant lesions is accurate
and doesn’t suffer from the known limitations encountered
in the echocardiographic assessment. The use of phase-
contrast CMRwith quantification of the flow in the aorta or
pulmonary artery (as depicted in Fig. 4) is the recommended
approach for determining the regurgitant volume and frac-
tion. Conversely, the calculation of the regurgitant volume
as the difference between the left and right stroke volumes
obtained in cine-sequences can be deceptive and may not
provide accurate results whenmore than one valvular lesion
is present [63]. Even though current consensus suggests an
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Fig. 3. Aortic valve planimetry on cardiac computer tomography. (A) On transthoracic echocardiography aortic stenosis is diagnosed,
with gradients across the valve compatible with a mild disease. (B) However, mitral stenosis is coexistent, thus creating a low flow state
that makes the measured gradients over the aortic valve unreliable. (C) A direct planimetry obtained by a cardiac CT reveals an aortic
valve area of 1.1 cm2. CT, computed tomography; AV, aortic valve; VTI, velocity time integral; PG, pressure gradient; WW, window
width; WL, window level.

RF of 50% as a cutoff for severe MR and AR on CMR [32],
data show that an RF of 34% or more for AR and 41% or
more for MR has a significant impact on prognosis [64,65].

For individuals with AS, it is possible to obtain peak
velocity and mean pressure gradient using phase-contrast
sequences. However, these measurements often appear
lower than those derived from Doppler analysis because
of partial volume averaging within VC [63]. Similarly,
CMR can assess both functional and anatomic AVA, even
though at the moment theymainly remain in the realm of re-
search. Specifically, steady-state free precession sequences
offer outstanding contrast between the blood and the my-
ocardium, along with a high signal-to-noise ratio, which al-
lows for the measurement of the anatomic AVA. In a study
by Woldendorp et al. [66], they found that CMR-derived
anatomic AVA displayed high accuracy when compared to
TEE, despite potential challenges in measurement due to jet
turbulence and calcifications on the valve leaflets. The cal-
culation of functional AVA can be achieved through phase-
contrast velocity mapping, where the velocity-time inte-
gral in both the LV outflow tract and the aortic valve ori-
fice is measured. However, there is limited knowledge re-
garding how well this measurement aligns with other diag-
nostic methods [67,68]. Moreover, CMR is known as the
most reliable technique for the quantification of ventricu-
lar volumes, thicknesses and ejection fraction, thus giving
important data regarding the volume and pressure overload
in MVD, that can modify the timing of invasive treatment.
Eventually, CMR offers the possibility of myocardial tissue
characterization, both as replacement fibrosis and diffuse
fibrosis, represented by late gadolinium enhancement and
extracellular volume, respectively. Recent studies point out
how extracellular volume could emerge as an interesting
technique to outline the presence of myocardial overload,
in advance of the onset of late gadolinium enhancement,
thus potentially refining the optimal timing for interven-

tion [69,70]. However, differently from echocardiographic
criteria that have been validated against clinical outcomes,
such data are not available yet for CMR parameters and fur-
ther studies need to prove their diagnostic and prognostic
value.

5. Other Resources for the Non-Invasive
Assessment of Multivalvular Heart Disease

In patients with heart failure, brain natriuretic peptide
(BNP) levels predict exercise performance and prognosis
and, in patients with single valve disease, an increase of
BNP levels has been shown to correlate with the severity
of valve lesion and LV dimensions [71,72]. NT-proBNP
level was demonstrated to be a dominant predictor of peak
oxygen consumption at the cardiopulmonary exercise test-
ing, while traditional markers of valve disease severity as
ejection fraction, fractional shortening, and diastolic dys-
function were only moderately correlated with the exercise
capacity [73]. Even though cutoffs are lacking, these results
suggest that in the setting of moderate to severe MVD addi-
tional information on functional capacity and hemodynamic
effect can be provided by the serial testing of natriuretic
peptides, especially in the asymptomatic or vaguely symp-
tomatic patients, on top of clinical evaluation and echocar-
diography.

As for cardiopulmonary exercise testing, MVD pa-
tients may have a functional capacity impairment, which
can be difficult to detect from their clinical presentation
or from a yet accurate anamnesis, because patients tend to
reduce their physical activity and become deconditioned.
This represents an obstacle to an exhaustive assessment,
especially considering the fact that current indications for
intervention often require the presence of symptoms, usu-
ally as dyspnea [10]. In a study by Bissessor et al. [74] pa-
tients with MVD achieved lower peak oxygen consumption
in comparison to controls, even when asymptomatic. More-
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Fig. 4. Aortic flow quantification on cardiac magnetic resonance phase contrast imaging. Flow quantification in the ascending aorta
allows for quantification of forward volume, regurgitant volume and regurgitant fraction irrespective of the presence of other combined
valvulopathies. In the image, a patient with both aortic and mitral regurgitation and left ventricle dilation underwent cardiac magnetic
resonance in order to determine the severity of the main lesion, being the aortic regurgitation. The analysis revealed a regurgitant fraction
of 42%, compatible with a significant aortic regurgitation.

over, there was no significant difference in the echocardio-
graphic severity of the valve lesions between different New
York Heart Association (NYHA) classes, yet different ex-
ercise performance, and the peak oxygen consumption was
a predictor of poor outcome.

These findings support the use of natriuretic pep-
tides sampling and cardiopulmonary exercise testing next
to imaging assessment in risk stratification and thus in the
decision-making process of the timing of intervention.

6. Future Perspective
Trials are ongoing with the aim to better study

and define MVD. Among them, the multicentric Aor-
tic+Mitral TRAnsCatheter (AMTRAC) Valve Registry is
studying the characteristics and outcomes of patients un-
dergoing TAVRwith a concomitant MR (ClinicalTrials.gov
Identifier: NCT04031274). Aims include a better under-
standing of the predictors for MR regression following iso-
lated TAVR and consequently estimating the fraction of pa-
tients who will be suitable for a transcatheter intervention
on the mitral valve after TAVR. Moreover, the centers will
investigate the outcomes of patients with significant MR
post-TAVI who received mitral valve intervention, com-
pared to those left for medical management.

Similarly, the MITAVI trial is still recruiting patients
with the aim to determine if the persistence of moderate to
severe MR after TAVR can benefit from an additional treat-
ment of this valve disease as well (ClinicalTrials.gov Iden-
tifier: NCT04009434).

Also recruiting patients is the TIAMAR study, to inves-
tigate the safety and efficacy of early (within 3 months) ver-
sus deferred aortic valve replacement in patients with mod-
erate AS combined with moderate MR (ClinicalTrials.gov
Identifier: NCT05310461).

7. Conclusions
Despite the remarkable prevalence of MVD, current

guidelines on diagnosis and management of VHD mostly
focus on single valve diseases and, when MVD is ad-
dressed, the majority of indications are reserved for treat-
ment of concomitant valve lesions in patients with a pri-
mary indication to surgery for another valve [10]. However,
the combination of multiple non-severe lesions may result
in hemodynamically severe consequences, symptoms and
systolic or diastolic dysfunction.

Clinicians must be aware of the wide range of clinical
scenarios associated with MVD. At the same time, early
management of these patients is of key importance to im-
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prove their prognosis before the occurrence of symptoms
and LV damage. Therefore, an extensive knowledge of
echocardiographic pitfalls is fundamental while evaluating
these patients, thus making a multimodality assessment of
MVD of paramount importance. Further studies are needed
to provide imaging cardiologists with a multimodality as-
sessment of MVD and to guide valve teams in treatment
decision-making for these complex clinical cases.
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