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Multiple valve heart disease refers to the simultaneous presence of several valvular 
anomalies, while mixed valvular heart disease refers to the combination of stenotic le
sions or regurgitation affecting the same valve. The pathophysiology of multiple and 
mixed valvular heart disease depends on the combination of affected valves and the 
severity of the individual valvular defects. Imaging is essential for diagnosis and assess
ment of disease severity. The treatment of combined valvular defects currently repre
sents a challenge for both cardiac surgeons and interventional cardiologists since only 
few data in the literature address the clinical and therapeutic decision-making process 
related to these complex lesions. These are heterogeneous conditions, which differ 
from each other in the combination of the valves involved, in the pathogenesis with 
which they develop, in the severity of the individual lesions, in the associated surgical 
risk, in the possibility of being repaired, and in the undergoing transcatheter treat
ments. In addition to the severity of the individual valve defects, the choice of treat
ment also depends on the ventricular function and the general condition of the 
patient. This work aims to provide a review of the state of the art regarding the pos
sible management strategies of the most common multiple valve diseases in clinical 
practice.

Introduction

Combined valvular heart disease is highly prevalent, and 
the most frequent combinations are aortic stenosis (AS) 
with mitral regurgitation (MR), AS with aortic regurgita
tion (AR), and AR plus MR. Combined valve disease can 
be found in rheumatic heart disease and congenital heart 
disease but especially in the context of degenerative heart 
disease.1 In industrialized countries, the most frequent 
pathogenesis is degenerative, in accordance with the age
ing of the population and the reduction of rheumatic heart 
disease.2 Degenerative AS is often associated with degen
eration of the mitral valve apparatus which can generate 
a mixed defect with concomitant stenosis and insuffi
ciency.3 The prevalence of congenital heart disease 
in adults is also steadily increasing, and many of these 

subjects have multiple or mixed heart disease. The 
haemodynamic and clinical consequences of a given valve 
lesion can be modulated by the concomitant presence of 
another stenotic or regurgitant lesion on the same valve, 
in the case of mixed valve disease, or on another valve, 
in the case of multiple valve disease. These consequences 
depend not only on the specific combination of interest 
but also on the severity and timing of onset of each single 
lesion, on the loading conditions, and on the ventricular 
systolic or diastolic performance. When two or more se
vere lesions are present, the likelihood of ventricular dys
function is high. Identifying the pathogenesis of the valve 
defects involved is essential to direct the patient to a tar
geted treatment that considers the anatomy of the valve 
disorders as well as the specific characteristics of the pa
tient. The decision to operate on multiple valves should be 
considered after a quantification and evaluation of indi
vidual valve lesions and their mutual interactions. It 
must also consider age, comorbidities, and the risk of *Corresponding author. Email: berti@ftgm.itb
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combined procedures.4 Before intervening, it is necessary 
to balance the evolution of the untreated valvular disease 
with the risk of combined intervention.5 Current evidence 
on medical, surgical, and interventional management is 
limited, and most recommendations made on the treat
ment of combined valvular defects are established by C le
vels of evidence.5,6 In current European and American 
guidelines, when two severe lesions are present, it is re
commended to treat both lesions during surgery, with a 
Class I recommendation.5,6 When, on the other hand, a se
vere lesion is associated with a non-severe lesion, the clin
ical management refers to that envisaged for the more 
severe pathology. Treating the moderate injury is in most si
tuations a Class II recommendation.5,6 When, on the other 
hand, two moderate lesions are present, the intervention 
can be taken into consideration when there are symptoms 
referable to valve disease, an impairment of the contractile 
function is evident, and pulmonary hypertension is present. 
In this case, the evaluation of the ventricular volumes, the 
pulmonary pressure at rest and during exercise, and the 
measurement of natriuretic peptides are particularly im
portant.5,6 Despite this general evidence, it is limiting to 
establish a standardized and unambiguous therapeutic ap
proach that includes all possible combinations of valvular 
lesions. In this work, we will look at the most frequent 
and relevant combined valve defects from a clinical point 
of view and their possible therapeutic strategies.

Aortic stenosis and mitral regurgitation

About 20–30% of patients with severe AS have MR. 
Mortality in patients with severe AS is significantly higher 
in patients with moderate or severe MR.7 Mitral regurgita
tion associated with AS can be either primary, character
ized by degeneration of the mitral apparatus, or 
secondary or functional, i.e. secondary to increased left 
ventricular systolic pressure, increased afterload with 
subsequent ventricular remodelling. However, functional 
MR appears to be more frequent than primary mitral dis
ease. In addition to evaluating each valvular lesion separ
ately, the interaction between the different valvular 
lesions should be considered. The presence of severe MR 
may underestimate the extent of AS as the decrease in 
stroke volume, linked to MR, reduces the flow through 
the aortic valve and therefore the aortic gradient.3

Conversely, the severity of MR accompanying AS may be 
overestimated due to elevated left ventricular pressures.8

The main factor to consider in the therapeutic choice is 
the possibility of improvement of the MR after the correc
tion of the aortic valve defect. In fact, the resolution of AS 
and the consequent reduction of afterload and left ven
tricular pressures should reduce MR.8 Most of the data 
available in the literature show a reduction of MR after 
treatment of AS. These findings are more evident in pa
tients with secondary MR than in those with primary MR. 
An integrated clinical–instrumental evaluation is there
fore essential, with transthoracic and, when necessary, 
transoesophageal echocardiogram in order to identify 
the mechanism underlying the MR itself and its anatomy. 
In this way, it is possible to hypothesize a possible im
provement after treatment of AS in functional mitral 
valves or, conversely, to consider it improbable in primi
tive mitral valves disease. Since in addition to risk scores 

such as EuroSCORE 2 or Society of Thoracic Surgeons (STS) 
score, there are no standardized prognostic indicators for 
this type of patient, all these aspects must be taken into 
consideration when choosing the therapeutic strategy to 
adopt. The therapeutic options are surgical aortic valve re
placement (SAVR) and subsequent re-evaluation of the mi
tral valve, SAVR and mitral valve repair/replacement, 
transcatheter aortic valve replacement (TAVR) with subse
quent re-evaluation of MR and TAVR with subsequent trans
catheter MR treatment [transcatheter edge-to-edge repair 
(TEER)].5,6 In patients with primary severe MR, mitral valve 
surgery at the time of SAVR is recommended. In patients 
with severe secondary MR, however, surgery may be consid
ered in the presence of significant annular dilatation and 
marked left ventricular dilatation. In high-risk or inoper
able patients with severe AS and severe MR, combined 
TAVI and TEER at the same time or sequentially may be an 
alternative. Data on the choice between the two possible 
timescales are insufficient to be able to formulate solid re
commendations.9 In particular, in patients with severe pri
mary MR, TEER should be considered early if the patient is 
symptomatic and if MR is still severe after TAVI. Conversely, 
in patients with severe functional MR, after TAVI, the MR 
should be re-evaluated, and a careful echocardiographic 
follow-up should be carried out to identify the correct tim
ing for any correction of the mitral valve defect.9,10

Particularly in functional MR, the absence of pulmonary 
hypertension, as well as the absence of atrial fibrillation, 
had positive effects on the reduction of MR after TAVR.10

Aortic stenosis and mitral stenosis

Almost half of patients with AS undergoing TAVI have calci
fications of the mitral annulus (MAC), which lead to severe 
mitral disease in 9.5% of cases. Severe MAC can cause MR, 
or more frequently mitral stenosis, or both, generating a 
mixed disorder. Although less frequent in industrialized 
countries, another cause of mixed mitro-aortic valve dis
ease is rheumatic heart disease.5,6 Aortic stenosis and 
MS together are poorly tolerated by patients as the reduc
tion in cardiac output is usually greater than that seen in 
isolated disorders. As a result, aortic and mitral pressure 
gradients may be lower than expected, which may lead 
to an underestimation of the severity of both AS and MS. 
Severe MS generates a small stroke volume, and, there
fore, the concomitant AS will be low-flow and low- 
gradient. Therefore, careful assessment of the severity 
of AS using an integrative approach, including quantifica
tion of aortic valve calcium using computed tomography, 
is needed. Also in this case, establishing the pathogenesis 
of the valve defects is essential for identifying an appro
priate therapeutic procedure. Severe rheumatic mitral 
stenosis, caused by commissural fusion, can be treated ef
fectively by percutaneous balloon valvuloplasty. In this 
case when associated with moderate AS, percutaneous mi
tral commissurotomy (PMC) can be performed to postpone 
surgical treatment of both valves. Degenerative mitral 
disease is associated with a poorer prognosis and poses 
specific therapeutic challenges, as balloon commissurot
omy or surgical mitral valve replacement is often not an 
option in these patients due to extensive calcifications.5

Usually, these are elderly patients with significant co
morbidities.11 Since there is no commissural fusion, 
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degenerative mitral stenosis cannot be subjected to PMC. 
Treatment options, including transcatheter and surgical 
approaches, are high-risk procedures, and evidence from 
randomized trials is lacking. In inoperable patients with 
severe mitral stenosis, symptomatic, and with adequate 
anatomy, transcatheter mitral valve implantation 
(ViMAC) is feasible, when performed by experienced op
erators after careful pre-planning with multimodality im
aging. However, the technical complexity and operative 
mortality are high, particularly due to the risk of LVOT ob
struction, and the medium-term results are less favour
able when compared with mitral valve in valve (ViV) 
procedures.12

Aortic insufficiency and mitral insufficiency

Multiple valve disease including AR and MR is often poorly 
tolerated due to severe volume overload, leading to left 
ventricular eccentric hypertrophy and decreased con
tractile function. Mitral regurgitation is often secondary 
to volume overload caused by AR which in turn leads to 
ventricular remodelling. In patients undergoing aortic 
valve replacement for severe regurgitation, the presence 
of concomitant MR has a negative prognostic effect. 
Simultaneous mitral valve repair improved survival. 
Based on the anatomical characteristics of the valve, AR 
can be treated with TAVR devices developed for AS, how
ever taking into account the increased risk of paravalvular 
leak, valve embolization, and pacemaker implantation. 
After treatment of aortic valve regurgitation, it is possible 
to re-evaluate MR and left ventricular function and pos
sibly perform percutaneous mitral repair surgery at a later 
stage.

Tricuspid regurgitation and left heart valve 
disease

Functional tricuspid regurgitation (TR) is common in pa
tients with left heart valve disease. The increase in 
left ventricular filling pressures and, consequently, in 
left atrial pressures causes post-capillary pulmonary 
hypertension, with significant increase in right ventricular 
afterload and eventually right ventricular dilatation and 
dysfunction. The main anatomical features of functional 
TR are dilatation of the tricuspid annulus and tethering 
of the valve leaflets, with subsequent coaptation deficit. 
Furthermore, atrial fibrillation, very common in patients 
with moderate aortic and/or mitral valve disease, consti
tutes an additional cause of tricuspid annular dilatation, 
contributing to the genesis of functional TR. Several stud
ies have shown that TR can improve in patients with mitral 
valve disease undergoing surgery or percutaneous repair 
but that it can also remain unchanged or worsen, negative
ly influencing the long-term outcome.13,14

Among the factors recognized as predictors of progres
sion of TR after mitral valve surgery, we find dilatation 
of the tricuspid annulus, atrial fibrillation, at least moder
ate preoperative TR, and extreme atrial dilatation. 
Although predominantly secondary to mitral valve dis
ease, TR is present in up to 40% of patients with severe 
degenerative AS. Compared to other combined valve dis
eases, the presence of multiple valve disease AS–TR gener
ally does not influence the assessment of the respective 

degree of severity. However, in the case of particularly se
vere TR, if associated with right ventricular dysfunction, a 
low-flow condition can be generated which can alter the 
echocardiographic evaluation of the severity of AS. In re
cent decades, the negative prognostic impact of signifi
cant TR in patients undergoing SAVR has been widely 
demonstrated.15,16 Surgical or percutaneous aortic valve 
replacement reduces the severity of TR in 15–30% of pa
tients.15,16 However, the progression of TR despite correc
tion of the aortic defect is not an infrequent event and is 
associated with the degree of dilatation of the tricuspid 
annulus (septolateral diameter greater than 40 mm or 
21 mm/m2 in end diastole) and the presence of preopera
tive atrial fibrillation. Identifying the correct timing to 
intervene on the TR is essential to prevent right ventricu
lar dysfunction. The most recent European and American 
guidelines on the management of heart valve disease rec
ommend surgery of the tricuspid valve, favouring repair to 
replacement in conjunction with surgery for left heart 
valve disease in cases of severe primary or secondary 
TR (Class I), or moderate primary TR (Class IIa).5,6 Since re
operation after mitral or aortic valve surgery in case of 
worsening pre-existing TR carries a high surgical risk, 
combined correction should be considered even in still 
asymptomatic patients if there are initial signs of right 
ventricular dilatation and/or dysfunction but in the ab
sence of severe pulmonary hypertension or severe right 
ventricular dysfunction because in the latter case, the 
prognosis is not determined by TR.5,6 Whenever possible, 
repair with annuloplasty is preferred to replacement, 
which should be considered only in cases of severe annular 
dilatation or leaflets tethering. Where transcatheter re
pair/replacement of a left heart valve defect is chosen 
due to excessive surgical risk, it is necessary to identify 
the mechanism of the TR, its aetiopathogenetic charac
teristics and haemodynamic aspects.17 In the presence 
of predictive factors of reduction of the TR after reduction 
of the mitro-aortic valve disease, a follow-up of the TR 
can be opted for, in order to plan, if necessary, a possible 
subsequent percutaneous repair/replacement. In the case 
of an unfavourable phenotype, such as severe atrial func
tional TR, a combined approach with concomitant mitral/ 
aortic and tricuspid repair can be opted for. Conversely, 
patients with valvular anatomy not amenable to trans
catheter treatment, or in case of low probability of clinic
al benefit due to the presence of end-stage disease or 
severe pre-capillary and post-capillary pulmonary hyper
tension, treatment of left valve defect alone is opted 
for. The transcatheter therapeutic techniques of TR are 
relatively new and need further randomized clinical trials 
to confirm their long-term efficacy and safety results.

Consequently, in the European guidelines, the indica
tion for this therapy is in Class IIb recommendation, 
only in symptomatic, inoperable patients, in whom a prog
nostic benefit is expected.5 Based on the target mechan
ism and anatomical features, treatment options include 
direct or indirect tricuspid restrictive annuloplasty, 
edge-to-edge leaflet coaptation restoration, heterotopic 
tricuspid valve implantation, and transcatheter tricuspid 
valve replacement.18

In conclusion, the treatment of combined valvular de
fects represents a challenge for cardiac surgeons and inter
ventional cardiologists and requires careful evaluation of 
the patient, the combination of associated defects, and 
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the interaction between them. Cardiovascular surgery and 
percutaneous treatment are both valid options, but the 
choice between the two options and the timing of the inter
vention strongly depend on multiple factors that need to 
be analysed in a multidisciplinary way. Further data are 
needed to identify patients for combination treatment 
and those in whom a re-evaluation in time is indicated for.
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