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Abstract

Treatment decisions in the context of severe aortic stenosis (AS) associated with other valvular heart diseases (VHDs) have become a
major challenge in recent years. Transcatheter aortic valve replacement (TAVR) in AS has increased significantly in younger patients with
lower surgical risk, which has complicated the choice of the best treatment in cases of other associated valvulopathies. Themost frequently
associated lesions in this clinical scenario are mitral regurgitation (MR), mitral stenosis, and tricuspid regurgitation (TR). Furthermore,
it should be noted that different percutaneous techniques are now available to accommodate any associated valvulopathies, which has
considerably broadened the range of therapeutic options. The management of AS treated in isolation, especially by TAVR, has also
shown that many cases of significant MR or TR are substantially reduced without any intervention. However, although some parameters
have been described as potential risk factors in predicting the poor outcome of untreated VHDs, which cases will progress in a clinically
more aggressive way remains uncertain. This review aimed to evaluate the most recent publications to provide the pathophysiology and
prognosis of severe AS associated with other significant VHDs and to evaluate the best invasive therapeutic approach depending on the
associated valvular disease.
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1. Introduction

In the context of multiple-valve disease, invasive
treatment of severe aortic stenosis (AS) has changed consid-
erably in recent years [1–4]. Classically, surgery has been
the treatment of choice in patients with significant com-
bined valvular heart disease (VHD) and AS. However, fol-
lowing the development of percutaneous techniques, this
approach has evolved dramatically in such cases [1–4].
Nowadays, surgical, percutaneous, or hybrid therapy can all
be considered for the same patient, depending on the type of
lesions and characteristics the patient exhibits [1,5,6]. Fur-
thermore, each procedure has multiple options and types of
implantable prostheses [7–9]. Transcatheter aortic valve re-
placement (TAVR) has greatly impacted AS management,
is currently the most widespread percutaneous valve ther-
apy, and, in some countries, has already surpassed surgical
treatment in terms of the number of procedures [10–12].

According to the latest published guidelines, recom-
mendations for interventional treatment of severe isolated
AS are generally surgical in patients <75 years or with
low interventional risk (STS-PROM/EuroScore II values
<4%) [5,6]. Conversely, in cases where the age of the pa-

tient is ≥75 years, or they are high risk (Society of Tho-
racic Surgeons Predicted Risk of Mortality score (STS-
PROM)/EuroScore II values >8%), TAVR is indicated
[5,6]. Therefore, there is a surgical risk range (between 4%
and 8%) in which the invasive management is not clearly
defined. Furthermore, in patients with other associated
significant valvulopathies, the recommendations are more
open and allow for greater freedom of choice by the Heart
Team at each center, according to their experience [1,5,6].
Moreover, in cases where the surgical approach is not a suit-
able option, percutaneous treatment should be considered
for AS and the other involved lesions. However, this man-
agement could be performed via different procedures and
by assessing the clinical impact of the treatment in each of
its phases [3–6].

Although severe AS has been reported in other valve
diseases, some associations are more prevalent than others
in clinical practice. Mitral regurgitation (MR), tricuspid re-
gurgitation (TR), and mitral stenosis (MS) are the most fre-
quently involved lesions in cases of aortic multiple-valve
disease [13–15].

This review aimed to describe the pathophysiology
and prognosis of severe AS associated with other signifi-
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Fig. 1. Pathophysiologicalmechanisms of generating functionalMR secondary toAS. (A) First stage of the diseasewith increased left
ventricular end-diastolic pressure and ventricular concentric hypertrophy. The white arrow indicates the flow through the left ventricular
outflow tract. The black discontinuous arrow exhibits the flow through the ascending aorta. This pressure overload generates initial
functional mitral regurgitation (yellow arrow). (B) Second stage with progressive atrial and mitral valve annulus dilation (horizontal
white arrows). These hemodynamic changes provoke mitral regurgitation to increase progressively. LA, left atrium; LV, left ventricle;
LVED pressure, left ventricular end-diastolic pressure; RA, right atrium; RV, right ventricle; MR, mitral regurgitation; AS, aortic stenosis.

cant VHDs and to use recent publications to determine the
best invasive therapeutic approach depending on the asso-
ciated valvular disease.

2. Pathophysiology and Prognosis of Lesion
Association

The VHDs most frequently associated with AS are
MR, MS, and TR, and these scenarios form the main focus
of this review [13–15].

2.1 Severe AS Associated with MR

This association is frequent, and it has been reported
that up to 20% of patients referred for TAVR present with
moderate/severeMR [2,16]. The involvement of both valve
diseases is the result of three main reasons. First is the in-
cidence of MR in the general population. Since MR rep-
resents prevalent valvulopathy (between 2–3% of the pop-
ulation presents a significant MR) [17], both lesions tend
to overlap frequently in the same patient. Second, both
valvulopathies share common etiologies, such as degenera-
tive disease, increasing their combined incidence [18,19].
Moreover, other illnesses can also involve both lesions:
congenital diseases (bicuspid aortic valve) [20], infiltrative
diseases (amyloidosis, Fabry disease, etc.) [21,22], endo-
carditis [23,24], etc. However, the latter of these tend to be
more uncommonly associated with degenerative diseases in
developed countries. Finally, the pathophysiology of AS
also impacts the generation of MR (Fig. 1). Pressure over-
load, secondary to severe AS, causes left ventricular hyper-

trophy, increased left ventricular end-diastolic pressure, di-
astolic dysfunction, and left atrial dilation in the early stages
of the disease [25,26]. These morphological and hemody-
namic changes can provoke a functional MR mechanism or
cause it to increase in instances where it already exists. It
usually worsens as the illness progresses, and according to
estimates, up to 60% of patients with severe AS have some
degree of functional MR [27].

Regarding the prognosis conferred by significant MR
in cases with severe AS, studies are consistent in the clinical
impact this entails. The concomitance of moderate/severe
MR increases short- and long-term mortality in patients re-
ceiving treatment for AS [1,2,28,29]. Although most se-
ries suggest that MR organic etiology could be an impor-
tant prognostic factor compared to predominantly func-
tional cases, there is no definitive consensus in the pub-
lished literature [30–33]. However, it seems reasonable to
consider that an organicity in the pathophysiological mech-
anism involves a potential substrate that may have a greater
impact on the patient’s prognosis, at least in the long term.
When the MR degree is at its most moderate (moderate or
less), studies disagree about the real prognostic significance
of this condition [33,34]. Furthermore, it is noteworthy that
after aortic valve treatment, more than 50% of cases signif-
icantly reduce the degree of MR at the 1-year follow-up, re-
gardless of the etiological mechanism [32]. This fact makes
it even more difficult to determine the real clinical impact
of cases with lower grades of MR.
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2.2 AS Associated with MS

Between 12% to 18% of patients undergoing TAVR
have some degree of MS, while it is severe in 2–3% [35–
37]. Classically, the etiology involving both VHDs was
rheumatic [18,19]. Nevertheless, in recent years, as the
population ages, the degenerative cause is significantly in-
creasing this association in developed countries [35]. A
combination of MS and AS can worsen the symptomatol-
ogy and hemodynamics of patients, especially because of
the decrease in cardiac output (Fig. 2) [13]. Nonetheless,
unlike MR, the degree of MS severity is not directly af-
fected by AS pathophysiology since the effective orifice
of the mitral valve remains unchanged. Conversely, some
parameters in the assessment of MS, such as transvalvular
gradient, could be influenced by the AS presence due to the
impairment of the left ventricular diastolic function and the
increase in left ventricular end-diastolic pressure [13,15].
Therefore, anatomical evaluation of the mitral valve orifice
using planimetry and imaging techniques is critical to accu-
rately estimating the MS degree [1,13].

Fig. 2. Pathophysiological mechanism of poor clinical toler-
ance, generated by hemodynamic compromise, resulting from
the concomitant presence ofMS and AS. Blood flow is compro-
mised by both valvular stenoses and results in decreased cardiac
output (red arrows represent cardiac output that becomes progres-
sively smaller). The discontinuous red arrow indicates cardiac
flow to peripheral tissues, and the discontinuous blue arrow de-
picts systemic venous flow. LA, left atrium; LV, left ventricle;
LVED pressure, left ventricular end-diastolic pressure; RA, right
atrium; RV, right ventricle; Ao, aorta; MS, mitral stenosis; AS,
aortic stenosis.

Regarding prognosis, a disparity in the definition of
stenosis severity exists among the studies. While some
consider severe MS with valvular areas ≤1.5 cm2 or mean
transvalvular gradients ≥5 mmHg, others are more restric-
tive and place cut-off points at values of ≤1.0 cm2 or ≥10

mmHg, respectively [1,2,35–37]. Most authors agree that
significant MS worsens the prognosis of patients treated
with severe AS, especially after one year of follow-up,
mainly in cases with a valvular area≤1.0 cm2 [1,2,35–37].
Furthermore, Asami et al. [35] reported that the risk of
a disabling stroke was three times higher in patients with
some degree of MS during the first year after TAVR com-
pared to those without any stenosis. Although this fact
could be secondary to an increased risk of embolic com-
plications in patients with MS during and after the invasive
procedure, given that themajority of events occurred during
the first 30 days post-intervention, it is certainly an added
risk to consider in the planning of aortic valve procedures.

2.3 AS Associated with TR
AS is frequently associated with a minimum TR rate

of moderate grade, which is reported in 11–27% of patients
who undergo TAVR [1,2,36,38,39]. The incidence of both
VHDs in the same patient is relatively high compared to
others since it is a common valve condition (between 2–
3% of the population presents a significant TR) [1,2,17,36].
However, although some causes may favor an association
between both VHDs, such as in degenerative diseases, the
pathophysiology of AS itself is the probable factor in TR
development [13,40]. Ventricular secondary etiology is the
most common cause in cases of left-sided VHDs, especially
in the advanced stages of the illness. This is secondary
to the generation of post-capillary pulmonary hypertension
and subsequent right overload with the dilation or dysfunc-
tion of the right ventricle, which is described in 18–54%
of cases (Fig. 3) [1,25,41]. Furthermore, MR development
may also promote the presence of TR in this context [1,13].
Nonetheless, other causes, such as the presence or devel-
opment of atrial fibrillation, may also lead to the presence
of TR in this setting because of increased atrial pressures
[26,40].

In terms of prognosis, in cases with moderate-severe
or higher untreated TR who underwent intervention for se-
vere AS, several studies have reported higher mortality at
30 days, especially at the one-year follow-up [1,38,39,41–
44]. However, when performing the pertinent statistical
analysis, most of them suggest that TRmay not be the direct
cause of this increased mortality and could instead be an as-
sociated factor [1,39,42,44]. Thus, although significant TR
is related to worse prognosis, there is currently not enough
evidence to confirm that this is the reason for the increased
mortality in most cases.

3. Key Points in Current Treatment
Recommendations

Although studies are consistent on the potential neg-
ative prognostic effect of AS associated with other signif-
icant VHDs, each case has no consensus on the best treat-
ment [5,6]. This is partly because the risk of serious com-
plications and perioperative mortality rises as the complex-
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Fig. 3. Pathophysiological mechanisms in the generation of ventricular secondary TR caused by AS. (A) First stage of the disease
with increased left ventricular end-diastolic pressure and pulmonary hypertension. The blue arrow indicates anterograde pulmonary
flow. The red discontinuous arrow between the lung and LA depicts anterograde flow through pulmonary veins, while the red arrow-
heads indicate post-capillary pulmonary hypertension, secondary to AS. (B) Second stage with an increase in post-capillary pulmonary
hypertension and subsequent right overload, with dilation (white horizontal arrows) or dysfunction in the right ventricle. These changes
lead to an increase in ventricular secondary TR (yellow arrows). LA, left atrium; LV, left ventricle; LVED pressure, left ventricular
end-diastolic pressure; RA, right atrium; RV, right ventricle; TR, tricuspid regurgitation; AS, aortic stenosis.

ity of the intervention increases. In addition, many per-
cutaneous treatments for TR and MR have not yet clearly
demonstrated their clinical benefit in terms of mortality [5–
9]. Therefore, any decision on the best treatment in each
clinical scenario is not well-established, especially in bor-
derline cases, which remain among the most frequent. Fur-
thermore, the secondary functional component in MR and
TR plays a vital role and can potentially be improved with
AS treatment. Thus, there are concerns about whether sin-
gle AS treatments would avoid the use of more complex
surgical or double interventions [1,2].

Three questions should be raised in the management
of severe AS associated with other VHDs before deciding
on the type of intervention (Fig. 4). The first is how the
additional VHD affects the prognosis of the AS patient. If
the prognosis is not significantly altered or there is no clear
scientific evidence, then a single treatment should be appro-
priate. The second is how the additional VHD will change
after applying the single AS treatment. If there is poten-
tial for it to be significantly improved by its predominant
mechanism, then a single treatment may again be the most
suitable. Finally, it is necessary to assess how much the
added treatment for the other VHDs increases the risk of
the intervention. This should be evaluated according to the
risk scales but should also consider the possibilities of each

center [5,6]. In this scenario, the role of the Heart Team is
essential in determining the right treatment option in each
case.

3.1 Global Key Points in the Assessment of AS Treatment
with Other VHDs

In patients aged≥75 years or with high interventional
risk (STS-PROM/EuroSCORE IIf >8%) or in whom it is
not possible to surgically treat the other VHD, according to
clinical practice guidelines, the recommendation is to per-
form TAVR as the first option [5,6]. Subsequently, depend-
ing on the patient’s evolution, a percutaneous technique
may be considered to treat the other VHD [1,2]. Although
some authors propose that both treatments be performed
during the same procedure, this combination seems to sub-
stantially lengthen the intervention and increase the poten-
tial of secondary complications [3–5]. Moreover, perform-
ing a two-stage procedure allows change assessments in the
other VHD, as in cases of MR and TR, which can result in
significant decreases as the cardiac hemodynamics improve
[1,2,4].

Alternatively, in patients<75 years or with low surgi-
cal risk (STS-PROM/EuroSCORE IIf<4%), surgical treat-
ment, whenever possible, is usually the best option if the
clinical impact of the second VHD is significant [5,6]. In

4

https://www.imrpress.com


Fig. 4. Potential management pathway for severe AS associated with other VHDs. AS, aortic stenosis; VHD, valvular heart disease.

addition, it is important to always consider the patient’s
wishes in this decision-making process before opting for a
specific treatment.

3.2 Specific Key Points in the Assessment of AS Treatment
with MR

An accurate valvular assessment before intervention is
mandatory in this scenario for the optimal management of
mitral valve disease. It is crucial to perform a precise MR
grading, with different imaging techniques, if necessary, to
assess its hemodynamic impact [1,5,6]. Furthermore, the
different parameters potentially associatedwith a likely per-
sistence or worsening of theMR should also be assessed if it
remains untreated (Table 1, Ref. [29,30,33,34,45–47]). Im-
portantly, more than 70% and 60% of cases with severe and
moderate MR, respectively, improve their regurgitation by
one degree after aortic treatment [34]. This improvement in
MR grade is also associated with a better clinical prognosis
[34].

Most studies conclude that the presence of atrial fib-
rillation or a flutter before the intervention is a risk fac-
tor associated with the non-improvement of MR after the
procedure [30,33,34,45,46]. Moreover, evidence of sig-
nificant pulmonary hypertension is another parameter for
a poorer MR outcome [33,45]. Others, such as organic-
ity in the etiology of the lesion, valve calcification, dilation
of the valve annulus, presence of a non-dilated left ventri-
cle with preserved ejection fraction, low aortic transvalvu-
lar gradient, self-expanded valve implantation, or a previ-
ous history of aortic intervention have also been proposed
as potential negative parameters in the evolution of MR
[29,30,33,34,45,47]. However, these studies are not con-
clusive on these, and although they should be considered
in the pre-intervention assessment, none should be individ-
ually definitive when choosing the treatment. Thus, even
though it is reported that a significant improvement in MR
with AS treatment occurs in more than 60% of patients after
the procedure [34], it is uncertain which cases will progress
unfavorably if left untreated. The combined assessment of
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Table 1. Potential risk factors before valve intervention are associated with the MR being stabilized or worsening at the
subsequent follow-up.

Potential risk factors during previous interventions Cut-off point

Atrial fibrillation/flutter [30,33,34,45,46] Presence before the procedure
Organic MR [33,45] Significantly associated pathology for the mitral valve

leaflets, annulus, and chordate or papillary muscles
Mitral leaflet calcification [30] Calcification degree 2 or 3 by MDCT (2 = nodules of calci-

fication at both leaflets; 3 = extensive calcification at both
leaflets, or restrictive calcification of one leaflet)

Mitral annular calcification [30] Calcification degree 2 or 3 by MDCT (2 = focal calcifica-
tion of less than 50% of the annulus but >1/3; 3 = >50%
of annulus circumference calcified)

Mitral annular dilation [30] >35.5 mm
Pulmonary hypertension [33,45] sPAP >55–59 mmHg*
Low baseline aortic gradient [33,34] <40 mmHg
Preserved ejection fraction [47] ≥50%
Unenlarged LVEDD [34,47] <50 mm
Unenlarged LVESD [47] <36 mm
Prior aortic valve procedure [34] -
Self-expanded valve implantation [29] -
* The cut-off point is slightly different depending on the study. LVEDD, left ventricular end-diastolic diameter;
LVESD, left ventricular end-systolic diameter; MDCT, multidetector computed tomography; sPAP, systolic pul-
monary artery pressure; MR, mitral regurgitation.

the above factors may help decide the best approach. Nev-
ertheless, the technical feasibility of other potential thera-
pies is also relevant should the prediction subsequently fail.

In high-risk patients with significant residual MR af-
ter the intervention, if feasible, surgical management of the
aortic and mitral valves is usually the treatment of choice
to avoid potential complications [5,6]. When TAVR is per-
formed, and subsequent MR worsening is detected, percu-
taneous mitral treatment with one of the current techniques,
especially edge-to-edge therapy, is a potential second-step
solution [3–6]. Percutaneous implantable mitral prosthesis
treatment can also be considered, although results in this
context remain limited [3]. Finally, some authors also pro-
pose surgical treatment for MR after TAVR, should it be
significant and the surgical risk not prohibitive [1]. Never-
theless, this scenario is rare nowadays since, in most cases,
the decision to undergo TAVR involves either an advanced
age or high surgical risk.

3.3 Specific Key Points in the Assessment of AS Treatment
with MS

Concomitant mitral valve surgery is recommended for
patients with mitral valve areas ≤1.5 cm2 when undergo-
ing surgical AVR for severe AS [5,6]. However, in those
patients with high surgical risk, treatment with TAVR and
mitral balloon valvuloplasty may be appropriate, especially
in cases with rheumatic valvular disease [1,5,6]. Recently,
the development of new percutaneous implantable prosthe-
ses through different vascular accesses has provided the op-
portunity for second-stage treatment in those who require it
and whose anatomy is suitable [48–50]. Nevertheless, few

candidates are currently eligible for this type of prosthetic
valve due to the specific requirements that must be met for
it to be implanted [51]. Moreover, to date, the results ob-
tained by these treatments are limited, and in most clinical
scenarios, when evaluated, the likelihood of significant sub-
sequent complications is high, as in cases with severe mitral
annulus calcification [51].

3.4 Specific Key Points in the Assessment of AS Treatment
with TR

Currently, surgical treatment of the tricuspid valve in
the AS setting is based on TR severity and valvular annu-
lus size [5,6]. If the valvular annulus is dilated (≥40 mm
or >21 mm/m2 by two-dimensional (2D) echocardiogra-
phy), acting on the tricuspid valve is advised, even if TR
is mild. This recommendation is motivated by two con-
cerns: the poorer clinical prognosis of patients with sig-
nificant residual TR and/or with secondary dilated annulus
post-intervention and the high surgical risk of a potential
second procedure [52,53]. Therefore, if the interventional
risk is not particularly high and contraindications are ab-
sent, surgical treatment of both lesions is usually the first
choice [5,6]. Furthermore, it should be noted that the percu-
taneous treatment of TR has currently shown symptomatic
improvement in selected patients. However, its benefit on
mortality in this clinical scenario has yet to be established
[54–56].

If TAVR is chosen, it is relevant to highlight that 30–
60% of cases significantly improve TR, with more than
half of them exhibiting a normalized right ventricular func-
tion [39,42,43,57]. The potential risk parameters for poor
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outcomes of untreated TR are not clearly defined in this
context. This is partly because several studies suggest
that residual TR could be a factor associated with others
that would determine the poor prognosis of those cases,
such as right ventricular dysfunction/dilation, pulmonary
hypertension, or dilation of the tricuspid valve annulus
[1,39,42,44,58]. However, some authors have reported that
the presence of atrial fibrillation at baseline, significant tri-
cuspid annular dilation (>25 mm/m2), and at least a mod-
erate post-TAVR aortic regurgitation may be independent
risk markers for a poorer TR after the intervention has been
performed [59–61].

In the case of the subsequent worsening of TR, per-
forming the percutaneous tricuspid procedure as a second-
stage intervention seems to be the best approach [1,5,6,62].
Edge-to-edge therapy has the most accumulated experience
[63]. However, multiple implantable devices and prosthe-
ses are currently available for percutaneous TR treatment,
although the experience and benefit of each remain very
limited [64,65]. Thus, valvular assessment and the indi-
vidualized study of each case will determine the best de-
vice according to the clinical and anatomical characteris-
tics [63]. Conversely, tricuspid surgery following TAVR
has also been raised as a potential option [1]. Nevertheless,
as is the case forMR, whereby the indication for TAVR usu-
ally involves elderly and surgically high-risk patients, very
few candidates can be included in this group.

4. Conclusions
The management of severe AS in the context of other

significant VHDs has changed considerably over recent
years. The range of treatment possibilities has expanded
with the emergence of multiple devices, mainly percuta-
neous. However, there is currently no consensus on the best
approach for each case. Therefore, the Heart Team’s deci-
sion at each center, an accurate valvular analysis before the
intervention, and the patient’s wishes remain mandatory in
determining the appropriate approach. This valvular anal-
ysis should be considered to determine how the additional
VHDswill affect a patient’s prognosis, how it will evolve in
cases of single AS treatments, and the added risk of treating
both lesions in the same procedure. Nevertheless, given the
expected technological developments in this field, many of
the current decision-making paradigms are likely to change
considerably in the coming years.
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