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Considerations When 
Treating Patients With 
Multivalvular Heart Disease
Diagnosis and management of the most common subtypes of mixed and multivalvular  

heart disease. 
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M ixed valvular heart disease (VHD) is the 
combination of stenosis and regurgitation 
of a single valve, whereas multi-VHD refers 
to more than moderate stenosis or regur-

gitation of two separate valves.1 Mixed and multi-VHD 
represent 20% of patients with native VHD and 17% of 
patients undergoing any type of valvular intervention.2 
Although echocardiography remains the initial test of 
choice, incorporation of other diagnostic modalities 
such as invasive hemodynamic assessment and cross-
sectional imaging with either cardiac CTA or cardiac 
MRI may be necessary to accurately classify the severity 
of each valvular lesion.3 The treatment of multi-VHD is 
challenging due to the limited data available to guide 
decision-making on the timing of multiple interventions 
and modality of treatment. In general, priority should be 
given to treatment of the dominant lesion. This article 
provides a broad overview of the diagnosis and manage-
ment of the main subtypes of mixed and multi-VHD.

COMMON PRESENTATIONS OF MIXED AND 
MULTIVALVULAR LESIONS
Aortic Stenosis and Mitral Regurgitation

The combination of aortic stenosis (AS) and mitral 
regurgitation (MR) represents the most common vari-
ant of multi-VHD. At least 20% to 30% of those with 
severe AS also have MR at the time of diagnosis. Of 
this subgroup, 15% have at least moderate MR at the 
time of aortic valve replacement.4,5 In an analysis of the 
SWEDEHEART registry of all transcatheter aortic valve 
replacements (TAVRs) performed in Sweden, patients 
with more than moderate MR undergoing TAVR were 

found to have higher mortality, and this risk was attenu-
ated in those whose MR was reduced to mild or less after 
intervention.6 

The most common pathophysiology resulting in this 
presentation is AS due to calcific degeneration, which 
then results in left ventricular (LV) remodeling, tether-
ing of the mitral valve apparatus, and secondary MR.5 
The presence of moderate-to-severe MR, in turn, can 
make it difficult to accurately assess the severity of AS 
due to decrease in stroke volume and lower gradients. 
Dobutamine stress echocardiography or aortic valve 
calcium scoring can be used to confirm the severity of 
AS in such cases.3 Additionally, the severity of MR can 
be overestimated due to elevated LV filling pressures 
and increased afterload in patients with severe AS.7 
Quantitative measures of MR severity on transthoracic or 
transesophageal echocardiography should be used,7 but 
where there is discrepancy, cardiac MRI may provide more 
reliable measures of regurgitant volumes and fractions.8 

After treatment with aortic valve replacement, there 
is decrease in LV systolic pressures, which lowers the 
transaortic gradient and often results in a reduction of 
MR severity that is more likely to occur in secondary 
rather than primary MR.5,9 Data from the PARTNER 
trial demonstrated that approximately 60% to 70% 
of patients experienced improvement in secondary 
MR after aortic valve replacement. Approximately 3% 
to 5% went on to have worsening MR, but only 14% 
of patients with significant persistent MR after aortic 
valve replacement remained symptomatic.10 In patients 
with severe AS and severe primary MR, the ideal treat-
ment is surgical aortic valve replacement (SAVR) and 



52 CARDIAC INTERVENTIONS TODAY MARCH/APRIL 2024 VOL. 18, NO. 2

TAV R

mitral valve repair.11,12 When surgical risk is elevated, 
this population can be treated with TAVR and, if symp-
toms persist, staged transcatheter edge-to-edge repair 
(TEER)—provided the anatomy of the mitral valve is 
suitable for this therapy. In the COAPT trial, mitral 
TEER was shown to improve MR severity, heart failure 
symptoms, and mortality in patients with symptomatic 
severe secondary MR, with findings sustained at 5 years 
of follow-up.13,14 

In patients proceeding to surgery, concomitant mitral 
valve repair or replacement is reasonable if the risk of 
persistent significant MR is deemed high.12 However, 
combined surgical procedures are associated with 
increased surgical risk, and mortality rates of aortic and 
mitral valve surgery are around 10%, as compared to 3% 
for isolated aortic valve replacement.2,15 Thus, in patients 
with increased surgical risk, a reasonable approach is to 
perform TAVR, then reassess MR severity to determine 

whether there may be an additional benefit to staged 
mitral TEER (Figure 1).1,14,16,17

AS and Aortic Regurgitation
The majority of patients with AS have some degree 

of aortic regurgitation (AR). Conversely, nearly 20% of 
patients with AR have AS.2 Stenosis leads to increased 
LV afterload with resultant hypertrophy and diastolic 
dysfunction, whereas regurgitation results in LV dila-
tion and volume overload.18 Transaortic pressure gra-
dients measured with echocardiography can be falsely 
elevated due to LV dilation and higher stroke volume. 
In cases where the severity of clinical symptoms appears 
disproportionate to the severity of either AS or AR, 
confirmation with cardiac CTA and MRI should be con-
sidered.19,20 Recent data demonstrate that moderate, 
mixed AS/AR is associated with similar morbidity and 
mortality to that of severe AS alone.21,22

Figure 1.  Predictors of MR trajectory after TAVR.  Adapted from the 2020 ACC/AHA guideline for the manage-
ment of patients with valvular heart disease. Circulation. 2021;143:e35-e71. AF, atrial fibrillation; BSA, body 
surface area; EROA, effective regurgitant orifice area; LVEDD, LV end-diastolic diameter; LVEF, LV ejection 
fraction; MV, mitral valve; PASP, pulmonary artery systolic pressure; RF, regurgitant fraction; RVol, regurgitant 
volume; TTE, transthoracic echocardiogram; VC, vena contracta. 
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Current guidelines give a class Ib indication for aor-
tic valve replacement in symptomatic patients with 
combined AS/AR with peak transvalvular velocity of 
4 m per second or mean gradient of 40 mm Hg and a 
class Ic indication in asymptomatic patients with peak 
jet velocity > 4 m per second and LV ejection fraction 
< 50%.1 These represent the only class I recommenda-
tions for mixed VHD, highlighting the paucity of high-
quality data for this population of patients. Despite the 
limited data regarding optimal timing of intervention 
for mixed aortic valve disease, aortic valve replacement 
should be considered in those who are symptomatic, 
even if transaortic hemodynamics do not meet the 
criteria of a level I guideline recommendation.22,23 Most 
patients presenting with mixed aortic valve disease will 
have some degree of calcification involving the leaflets 
or annulus to provide anchoring for current com-
mercially available TAVR platforms. This subgroup has 
demonstrated higher survival after TAVR compared to 
their counterparts with isolated AS, with higher risk of 
paravalvular leak (PVL).23,24 

The multidisciplinary heart team should consider the 
patient’s surgical risk, anatomic features impacting like-
lihood of valve embolization and PVL, local expertise, 
and patient preferences when determining treatment 
with either TAVR or SAVR. 

AS and Mitral Stenosis
Data from the TVT registry demonstrate that 11.6% of 

patients with AS undergoing TAVR have mitral stenosis 
(MS), with 2.7% having severe MS, a combination associ-
ated with increased morbidity and mortality.25 Both AS 
and MS can limit stroke volume and cardiac output, 
reducing transvalvular flow and gradients and rendering 
assessment of the relative severity of each lesion chal-
lenging. In these cases, three-dimensional planimetry of 
the mitral valve orifice area via echocardiography may 
be helpful.3 In patients with rheumatic heart disease, the 
mechanism of MS is commissural fusion for which percu-
taneous mitral commissurotomy can yield excellent long-
term results26 and be combined with TAVR for a fully 
percutaneous approach.27,28 However, the most com-
mon etiology of combined significant AS and MS in the 
United States is calcific aortic valve disease with mitral 
annular calcification (MAC),29 for which both transcath-
eter and surgical interventions to address the mitral valve 
carry significant risks and ongoing limitations. Given the 
challenges and risks involved, teams should seek a heart 
team approach with multidisciplinary deliberation and 
patient-centered decision-making.30,31 

Data from the TMVR in MAC global registry of 
patients at extreme surgical risk have shown that 

implantation of a balloon-expandable Sapien valve 
(Edwards Lifesciences) in MAC is a feasible but highly 
challenging procedure. The rate of technical success 
was 76.7%, with 11.2% experiencing LV outflow tract 
(LVOT) obstruction resulting in hemodynamic com-
promise. Mortality was 25% during the first 30 days 
and > 50% at 1 year.32 Given the risks associated with 
transcatheter mitral valve replacement (TMVR), the 
approach in patients suitable for percutaneous treat-
ment of both lesions should be to perform TAVR first, 
then reassess residual symptoms and measures of MS 
severity to guide careful selection of those most likely 
to benefit from staged TMVR.  

MS and MR
The combination of MS and MR is primarily due to 

severe MAC or rheumatic heart disease. MS can be pro-
tective of MR as it will prevent LV dilation due to chronic 
volume overload.1 Assessing the severity of MS using 
transvalvular gradients may not be reliable in the presence 
of concomitant significant MR. Three-dimensional planim-
etry of the mitral orifice via echocardiography or direct left 
atrial (LA)/pulmonary capillary wedge pressure measure-
ment can confirm the severity of stenosis, and MR sever-
ity can be confirmed using cardiac MRI.3 In patients with 
discrepancy between symptoms and echocardiographic 
findings, further testing with exercise echocardiography or 
right heart catheterization can be considered to assess rise 
of LA filling pressures and flow patterns in the pulmonary 
veins. This combination should be treated based on cur-
rent guideline recommendations applicable to the more 
severe lesion.1 In the setting of severe MAC, surgery is tech-
nically challenging due to the need to perform calcium 
debridement, which can become extensive, and dimin-
ished tissue integrity of the mitral annulus, which results in 
increased risk of PVL. Also of concern is disruption of the 
atrioventricular groove, which is a fatal complication.1,31,32 
In patients with severe MAC at increased surgical risk, 
TMVR using the balloon-expandable Sapien platform can 
be considered in patients with suitable anatomy, which is 
primarily driven by CTA analysis of risk of LVOT obstruc-
tion and valve embolization.32

Tricuspid Regurgitation in the Presence of Aortic or 
Mitral Valve Disease

Secondary tricuspid regurgitation (TR) is very common 
in patients with left-sided VHD. This is due to chronically 
elevated LV/LA filling pressures resulting in postcapillary 
pulmonary hypertension, right ventricular dilation, and 
eventual dysfunction. Atrial fibrillation is highly prevalent 
in patients with left-sided VHD and can result in right 
atrial remodeling and dilation of the tricuspid annulus, 
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further contributing to development of TR in this popula-
tion. Moderate (at least) TR is present in 33% of patients 
with mitral valve disease and 40% of patients with severe 
AS; it is also associated with higher mortality after cor-
rection of mitral and aortic valve pathologies.4,33 Current 
guidelines recommend tricuspid valve (TV) surgery at 
the time of left-sided surgery in the setting of severe TR 
or in moderate TR if the annulus is > 4 cm or there is 
right heart failure. This is based on the rationale that TR 
severity may not improve after correction of left-sided 
VHD and reoperation for TR after the initial surgery is 
associated with 25% perioperative mortality. If left uncor-
rected, TR progresses in up to 25% of patients and is 
associated with poor survival.1 Data suggest that TR repair 
does not add significant surgical risk and is preferred over 
replacement.1,34 Newer data from the TRILUMINATE trial 
using the dedicated percutaneous tricuspid TriClip TEER 
system (Abbott) and the TRISCEND trial of the Evoque 
transcatheter tricuspid replacement platform (Edwards 
Lifesciences) have demonstrated improvement in TR 
severity and quality of life in patients with more than 
moderate functional TR. Nearly 40% of these patients had 
prior valvular interventions.35,36 In patients undergoing 
surgery, TV repair should be performed as per guidelines. 
In patients at high surgical risk who complete treatment 
of their left-sided valvular lesions, staging transcatheter 
TV repair or replacement is appropriate.   

MULTIDISCIPLINARY HEART TEAM 
APPROACH

Due to the complexity of diagnosis and management 
of the patient with mixed and multi-VHD, evaluation 
should be undertaken in a comprehensive valve center 
that can leverage advanced multimodality cardiac imag-
ing, as well as the clinical expertise of cardiothoracic 
surgery, structural cardiology, cardiac anesthesia, heart 
failure, and critical care. The most severe lesion should be 
treated first, and in most cases, monitoring of nonsevere 
lesions should be pursued as an up-front strategy. To 
guide decisions on timing and approach of interventions 
when two or more severe lesions are present, the multi-
disciplinary heart team will need to consider the patient’s 
overall clinical presentation, surgical risk, and anatomic 
suitability of each lesion for surgical versus transcatheter 
treatment. In a patient at low to intermediate surgical 
risk presenting with multi-VHD, surgery will usually be 
preferred to address all lesions simultaneously. When a 
patient has increased (but not excessive) surgical risk, a 
hybrid approach can be pursued, with surgical treatment 
of the valvular lesion most likely to yield durable success 
with lower risk and staged transcatheter intervention for 
the remaining lesion. 

CONCLUSION
Mixed and multi-VHD are highly prevalent and often 

present a challenging clinical scenario. Multimodality 
cardiac imaging is useful and frequently necessary for 
accurate assessment of the severity of each valvular 
lesion, which then guides decisions regarding timing 
and modality of intervention. Evaluation and treatment 
should be undertaken in a comprehensive valve center 
that leverages the expertise of a multidisciplinary heart 
team to provide patient-centered care in scenarios 
where little high-quality data exist to inform evidence-
based decision-making.  n 
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