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Abstract

Aims Mitral stenosis (MS) occasionally coexists with aortic stenosis (AS). Limited data are available regarding the functional
class and clinical outcomes of patients who undergo transcatheter aortic valve implantation (TAVI) for combined AS and MS.
This study compared the clinical outcomes in patients with and without MS who underwent TAVI for severe AS and assessed
the impact of mitral annulus calcification (MAC) severity, transmitral gradient (TMG) and mitral valve area (MVA) on outcomes
in patients with combined AS and MS.
Methods We investigated patients in the OCEAN-TAVI registry who underwent TAVI. MS was defined as an MVA ≤ 1.5 cm2

or TMG ≥ 5 mmHg. The composite of all-cause death and admission for heart failure was compared between patients with and
without MS. The impact of MAC, TMG and MVA on outcomes was assessed in patients with combined AS and MS.
Results We identified 106 patients with MS (MAC 84%; TMG 6.4 ± 2.6 mmHg; MVA 1.10 ± 0.31 cm2) and 6570 without MS as
controls. The MS group was older (85 ± 5 vs. 84 ± 5 years, P = 0.033), more of women (85 vs. 67%, P < 0.01), and had a higher
risk of surgery (the Society of Thoracic Surgeons Mortality Score 8.7 ± 5.1 vs. 7.6 ± 5.9, P = 0.047) than the controls. In the MS
group, the New York Heart Association Functional Class was 3 or 4 in 56% of the patients at baseline and 6% at 1 year after
TAVI. Thirty-day mortality (2.8% vs. 1.3%, P = 0.18) and early composite outcomes (17% vs. 15%, P = 0.56) were comparable
between patients with and without MS. During a median follow-up of 2.1 years, the presence of MS was associated with a
higher incidence of adverse events compared with controls (adjusted hazard ratio [HR] 1.84; 95% confidence interval [CI]
1.34–2.51, P < 0.01), even on propensity score matched analysis (adjusted HR 1.91; 95% CI 1.14–3.22, P < 0.01). Moderate
or severe MAC contributed to increased risk of adverse events in patients with MS (adjusted HR 2.89; 95% CI 1.20–6.99,
P = 0.018), but TMG and MVA did not.
Conclusions In patients undergoing TAVI for severe AS, those with moderate or severe MS experienced worse outcomes af-
ter TAVI compared with those without MS. Patients with combined AS and MS sustained symptom improvement at 1-year
post-TAVI. MAC severity was a useful predictor of adverse events compared with MS haemodynamics such as TMG and
MVA in patients with combined AS and MS.
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Introduction

Mitral stenosis (MS) frequently occurs with aortic stenosis
(AS).1 Although mitral annulus calcification (MAC) is found
in nearly half of patients with severe AS,2 its extension to
the mitral leaflets reduces mitral leaflet mobility and subse-
quently leads to calcific MS.3,4 Generally, patients with MAC
are older, debilitated and have multiple comorbidities, and
the presence of MAC is associated with higher cardiovascular
events and mortality.5,6 Additionally, an elevated transmitral
gradient (TMG) has been identified as a significant risk factor
for mortality in addition to a high burden of comorbidities.3

The management of combined AS and MS remains unad-
dressed in the current guidelines for valvular heart
diseases,7,8 underscoring the need for focused research in
this area. Surgical mitral valve replacement (MVR) is consid-
ered an optimal treatment for MS during aortic valve replace-
ment (AVR).9 However, mitral valve surgery in the presence
of MAC is technically demanding and requires a prolonged
cardiopulmonary bypass, leading to high operative mortality
and morbidity, especially in older adults with multiple
comorbidities.9 Due to its high surgical risk, transcatheter
aortic valve implantation (TAVI) has often been chosen for
patients with severe AS and calcific MS; whereas, the pres-
ence of concurrent MS is associated with poorer outcomes
after TAVI.10,11 The effect of TAVI on the symptoms and
survival of patients with combined AS and MS has not been
thoroughly investigated, and the risk predictors for TAVI in
these patients remain undefined. Risk stratification based
on haemodynamics and the extent of MAC could improve
management strategies for patients with combined AS and
MS. Therefore, this study aimed to (1) compare the clinical
outcomes in patients with and without MS who underwent
TAVI for severe AS both in the overall and propensity-
matched cohorts and (2) assess the impact of MAC severity,
TMG and mitral valve area (MVA) on outcomes in patients
with combined AS and MS.

Methods

Study population

The Optimized CathEter vAlvular iNtervention-Transcatheter
Aortic Valve Implantation (OCEAN-TAVI) registry is a Japanese
multicentre prospective registry designed to observe and
document the procedural results and postprocedural out-

comes of patients treated with TAVI. This trial was registered
with the University Hospital Medical Information Network
(UMIN; UMIN000020423). Between October 2013 and De-
cember 2019, 7393 patients from 21 institutions in Japan
who underwent TAVI were enrolled in the OCEAN-TAVI regis-
try. All patients were considered either unsuitable or at high
risk for surgical AVR (SAVR) by consensus between individual
centres and after discussion within multidisciplinary heart
teams. In this study, 415 patients with a history of aortic or
mitral valve surgery, congenital heart diseases and missing
data of MS were excluded. Consequently, 6978 patients were
included in the study.

The research protocol was approved by the local ethics
committees at each participating institution, with written
informed consent being diligently obtained from all partici-
pants before their enrolment in the registry.

Transthoracic echocardiography

Comprehensive transthoracic echocardiography (TTE) exami-
nations were performed in accordance with guidelines.12–14

Specifically, MS was defined as TMG ≥ 5 mmHg or
MVA ≤ 1.5 cm2.14 Quantitative measurements of MS and
grading of MAC were further collected in patients with
MS. TMG was obtained from continuous wave Doppler,
and MVA was calculated using the continuity equation,
planimetry method or pressure half-time method, which-
ever was deemed appropriate.15 TMG was divided into
three categories; high (≥10 mmHg), medium (5–10 mmHg)
and low (<5 mmHg). The increase or decrease in TMG
was considered significant when it changed ≥1 mm Hg com-
pared with that obtained from the baseline TTE.16 MAC was
characterized by the presence of dense calcium deposits at
the base of the mitral leaflets between the left atrium and
ventricle. Severity was defined by the circumferential in-
volvement of the mitral ring on the short-axis view in TTE:
mild, moderate and severe with <1/3, 1/3–1/2 and >1/2
of the annulus involved, respectively.2 Calcification of the
anterior mitral leaflet (AML) was evaluated using the
parasternal long-axis view.4 Calcific MS was identified as a
bright echo-producing structure (calcification) located in
the mitral annulus and leaflets. Rheumatic MS is character-
ized by typical features, such as leaflet thickening,
nodularity, commissural fusion and chordal fusion and short-
ening. Aortic, mitral and tricuspid regurgitations (AR, MR
and TR, respectively) were considered significant if the
grades were moderate or high.
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Clinical outcomes

The study’s primary endpoint was all-cause mortality and
hospitalization for heart failure after TAVI. The first event that
occurred during the follow-up period was used as the end-
point. Each hospital team obtained information on the possi-
ble occurrence and/or causes of death through telephone in-
terviews and questionnaire surveys with families of the
patient. The secondary endpoint included a composite of
30 day mortality, all strokes, life-threatening bleeding, acute
kidney injury, coronary artery obstruction requiring interven-
tion, major vascular complications and valve-related dysfunc-
tion that necessitated a repeat procedure such as TAVI or
SAVR.17

Statistical analysis

Continuous data are expressed as mean ± standard deviation
or median (inter-quartile range), and categorical data are
expressed as frequencies or percentages. Continuous vari-
ables were compared between groups using the Student’s t-
test or Wilcoxon rank-sum test whenever appropriate. Nomi-
nal variables were compared between groups using the χ2

test. Pre- and post-operative measurements were compared
using the paired t and McNemar tests. Survival analysis was
performed using the Kaplan–Meier method and log-rank test.
The Cox proportional hazards model was used to identify in-
dependent predictors of all-cause mortality or hospitalization
for heart failure and to assess whether TMG or MAC severity
was associated with outcomes in the MS cohort. The key clin-
ical variables were included as candidate variables in the mul-
tivariate model. To account for confounders, a propensity
score matching approach was used between patients with
and without MS with a 1:1 ratio and a calliper width of ×0.2
standard deviation of the propensity score. The propensity
score was calculated using a multivariate logistic regression
model and matched for 21 covariates of patient characteris-
tics and echocardiographic parameters. The pulmonary artery
systolic pressure was excluded from the matching variables
because of incomplete data collection. The aortic valve mean
pressure and left ventricle systolic diameter were also ex-
cluded from the matching variables because of their potential
multicollinearity with the aortic valve maximum velocity and
left ventricle ejection fraction, respectively. The results of
these analyses are presented as hazard ratios (HRs) and
95% confidence intervals (CIs). The proportional hazard as-
sumption was evaluated visually by plotting residuals versus
time and formally by testing for a correlation between the re-
sidual and time. No violations of the proportional hazard as-
sumption were observed. Tests were two-sided, and
P < 0.05 was considered statistically significant. All statistical
analyses were performed using JMP Pro 17 software (SAS In-
stitute, Cary, North Carolina, USA).

Results

Patient characteristics

Among the 6978 patients, 106 had moderate or severe MS
and 302 had mild MS. Patients with MS were compared with
6570 patients without MS (the controls). Patient characteris-
tics and details of the TAVI procedures are presented in
Table 1.

Mitral valve assessment

Among the 106 patients with combined AS and MS, calcific
MS was observed in 80 (77%) whereas rheumatic MS was
present in 21 (20%). The underlying mechanism was not iden-
tified in five patients (3%). MAC and AML calcifications were
identified in 89 (84%) and 56 (53%) patients, respectively. The
mean TMG, heart rate and MVA were 6.4 ± 2.6 mmHg,
73 ± 15 bpm and 1.10 ± 0.31 cm2, respectively (MVA data
were unavailable in nine patients).

The distribution of MAC severity and haemodynamic pro-
files of MS relative to MAC severity are shown in Figure 1A.
High, medium and low TMG levels were observed in 11
(11%), 64 (60%) and 31 (29%) patients, respectively
(Figure 1B). Moderate or severe MAC was observed in 9
(82%), 45 (70%) and 15 (48%) patients, respectively. AML cal-
cification was identified in 8 (73%), 36 (56%) and 12 (39%), in
high, medium and low TMG categories, respectively. A higher
heart rate was associated with higher TMG levels.

Functional class

The New York Heart Association (NYHA) class III or IV was
noted in 59 (56%) patients with MS before TAVI, which was
significantly higher than the 40% observed in the control
group (P < 0.01). After TAVI, 94 patients (88%) with MS
had NYHA class I or II at discharge and 78 (74%) maintained
NYHA class I or II 1 year after TAVI (Figure 2).

Short-term outcomes

The short-term outcomes are presented in Table 2. One
patient underwent simultaneous percutaneous transvenous
mitral commissurotomy (PTMC) at the time of TAVI.
Thirty-day mortality was reported in three patients, each of
whom died of heart failure, cerebral haemorrhage and intesti-
nal obstruction. Thirty-day mortality and early composite out-
comes were comparable between patients with and without
MS. There were no significant differences in complications,
such as myocardial infarction, stroke and bleeding. However,
postoperative AR due to paravalvular leakage was significantly
more frequent in patients with MS than in controls (6.7 vs.
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1.9%, P< 0.01). Other than the presence of MS, Clinical Frailty
Scale (CFS) was associated with early composite outcomes
(HR 1.20 per 1 grade; 95% CI 1.14–1.26, P < 0.01).

Long-term outcomes

During a median follow up of 2.1 years (range: 1.2–3.4 years),
29 patients (27%) with MS and 1568 (24%) without MS died.

Among these, cardiovascular deaths accounted for 13 (12%)
in the MS group and 505 (8%) in the control group while 20
(19%) and 620 (9.4%) patients were admitted for heart fail-
ure, respectively. The primary endpoint (all-cause death or
hospitalization for heart failure) occurred in 41 (39%) patients
with MS and 1799 (27%) without MS. Mitral valve interven-
tion was not performed during the follow-up in patients
with MS.

Patients with MS showed significantly lower event-free
survival than the controls (HR 1.83; 95% CI 1.34–2.50,
P < 0.01) (Figure 3A). As outlined in Table 3, MS was inde-
pendently associated with a higher incidence of all-cause
death or hospitalization for heart failure (adjusted HR 1.84;
95% CI 1.34–2.51, P < 0.01), independent of age, sex, NYHA
class, the Society of Thoracic Surgeons (STS) Mortality Score,
CFS, diabetes, atrial fibrillation, coronary artery diseases,
chronic kidney diseases, left ventricular ejection fraction, aor-
tic valve max velocity, MR, TR and elevated pulmonary artery
systolic pressure.

Propensity matched analysis

Of the 106 patients with MS, 98 were successfully matched to
98 controls without MS. The c-statistics for this matching
model was 0.81. The characteristics of the patients with
and those without MS are detailed in Table S1. In line with
the overall analysis, patients with MS demonstrated signifi-
cantly lower event-free survival than the controls in the
propensity-matched analysis (HR 1.80; 95% CI 1.10–2.95,
P = 0.019; Figure 3B). Furthermore, multivariate analysis re-
vealed that the incidence of all-cause death or hospitalization
for heart failure was significantly higher in patients with MS
than in those without MS, adjusted for similar variables with
Table 3 (adjusted HR 1.91; 95% CI 1.12–3.26, P < 0.01;
Table S2).

Risk stratification of MAC grading, TMG and MVA

Analysis of outcomes based on MAC severity among patients
with MS revealed that a moderate or severe MAC was signif-
icantly associated with reduced event-free survival, (HR 2.34;
95% CI 1.11–4.91, P = 0.025; Figure 4A). However, calcifica-
tion of the AML did not significantly affect event-free survival
(HR 1.27; 95% CI 0.68–2.37, P = 0.45). Additionally, when
analysing outcomes according to the TMG grading, no signif-
icant association was observed between TMG and event-free
survival (Figure 4B). Multivariate analysis further confirmed
that a moderate or severe MAC significantly predicted lower
event-free survival (adjusted HR 2.89; 95% CI 1.20–6.99,
P = 0.018), regardless of factors such as age, sex, NYHA class,
atrial fibrillation, peripheral artery disease, chronic kidney
disease, aortic valve area, TMG and MR (Table S3). When

Table 1 Patient characteristics.

Concurrent
mitral stenosis

(n = 106)
Controls

(n = 6570) P

Age 85 ± 5 84 ± 5 0.033
Women 90 (85) 4396 (67) <0.01
NYHA III or IV 59 (56) 2597 (40) <0.01
STS 8.7 ± 5.1 7.6 ± 5.9 0.047
CFS 4.1 ± 1.4 3.9 ± 1.2 0.025
Smoking historya /6378 1 (1.0) 207 (3.3) 0.20
Atrial fibrillation 21 (20) 1345 (20) 0.87
Hypertension 81 (76) 5487 (84) 0.051
Dyslipidaemia 56 (53) 3661 (56) 0.55
Diabetes 38 (36) 1798 (27) 0.052
Coronary artery diseases 29 (27) 2181 (33) 0.21
Peripheral artery diseases 16 (15) 705 (11) 0.15
Chronic kidney disease 79 (75) 4560 (69) 0.26
COPD 12 (11) 635 (9.7) 0.57
Echocardiography
LV diastolic diameter, mm 42 ± 7 44 ± 7 <0.01
LV systolic diameter, mm 28 ± 6 29 ± 7 0.019
LV ejection fraction, % 60 ± 11 60 ± 12 0.86
Left atrial diameter, mm 45 ± 9 42 ± 7 <0.01
Pulmonary artery systolic
pressure, mmHga /5228

39 ± 14 32 ± 12 <0.01

AV max velocity, m/s 4.9 ± 0.88 4.5 ± 0.80 <0.01
AV mean pressure
gradient, mmHg

57 ± 20 49 ± 18 <0.01

AV area, cm2 0.55 ± 0.17 0.64 ± 0.19 <0.01
Aortic regurgitation 21 (20) 609 (9.3) <0.01
Mitral regurgitation 20 (19) 711 (11) <0.01
Tricuspid regurgitation 15 (14) 524 (8.0) 0.021
TAVI procedure

Valve type 0.021
Sapien XT 13 (12) 1246 (19)
Sapien 3 53 (50) 3799 (58)
Corevalve 6 (5.7) 176 (2.7)
Evolute R 22 (21) 890 (14)
Evolute Pro 12 (11) 457 (7.0)
No valve 2 (0.03)

Valve size 0.21
20 mm 7 (6.6) 265 (3.9)
23 mm 56 (53) 3087 (45)
26 mm 32 (30) 2584 (38)
29 mm 11 (10) 949 (14)

Access 0.95
Transfemoral 96 (91) 6003 (91)
Transapical 6 (5.7) 370 (5.6)
Transsubclavian 3 (2.8) 108 (1.6)
Direct aorta 1 (0.9) 49 (0.8)
Other 0 (0) 40 (0.6)

Note: Data shown are mean ± SD or n (%).
Abbreviations: AV, aortic valve; CFS, Clinical Frailty Scale; LV, left
ventricle; NYHA, New York Heart Association; STS, Society of Tho-
racic Surgeons; TAVI, transcatheter aortic valve implantation.
aThe number of available data is expressed for those variables in
which some data were missing.
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comparing outcomes between MVA >1.0 cm2 and ≤1.0 cm2,
MVA ≤ 1.0 cm2 was not associated with lower event-free sur-
vival in the univariate (HR 1.76; 95% CI 0.89–3.47, P = 0.099;
Figure 4C) and multivariate (adjusted HR 1.73; 95% CI 0.83–
3.63, P = 0.15) analyses.

In the subgroup of nine patients with high TMG (exclud-
ing two from the initial 11 due to one receiving PTMC,
another dying immediately after TAVI, and three lacking
1 year TTE records), changes in TMG post-TAVI were
analysed and are presented in Figure 5. TMG decreased in
four patients post-TAVI, remained unchanged in two, and
increased in three compared with baseline TTE measure-
ments. At 1 year, TMG decreased in three patients, re-
mained unchanged in two, and increased in one, relative
to baseline TTE data.

Discussion

In this study, concomitant MS was associated with adverse
events compared with the absence of MS in patients who
underwent TAVI for AS, even after adjusting for patient char-
acteristics including multiple comorbidities. Among patients
with combined AS and MS, calcific MS was present in 80%
and moderate or severe MAC contributed to increased ad-
verse events whereas TMG and MVA did not affect the
outcomes.

Several studies on patients who underwent TAVI for
combined AS and MS reported poorer clinical outcomes in
those with concurrent MS, concordant with our study
findings.10,11,16,18 The largest sample study of approximately
45 000 patients who underwent TAVI from the STS/American

Figure 1 MAC severity and haemodynamics in patients with mitral stenosis Prevalence of MAC severity and mitral valve haemodynamics according to
MAC severity (A). Prevalence of transmitral gradient and haemodynamics (B). MAC, mitral annular calcification.

Figure 2 NYHA functional class. NYHA, New York Heart Association.
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College of Cardiology Registry revealed that severe MS, de-
fined by an MVA ≤ 1.5 cm2, was present in 2.7% (age
82.0 ± 8.5 years, men 36%) and associated with higher ad-
verse events, including all-cause mortality, stroke, hospitaliza-
tion for heart failure and mitral valve intervention.10 Severe
MAC involving more than half of the mitral annulus circum-
ference was present in 9.5% (age 82.5 ± 9.0 years, men
39%) and was an independent predictor of overall mortality
among patients who underwent TAVI.2 The issues associated
with combined AS and MS are complicated because of the
haemodynamics of combined valvular diseases and the multi-
ple comorbidities symbolized by the presence of MAC. Our
study successfully assessed the simultaneous impact of these
problems on clinical outcomes. MAC severity provided better

risk stratification compared with MS haemodynamics. Pa-
tients with combined AS and MS experienced severe symp-
toms more frequently than those with AS alone. Despite
the poorer clinical outcomes, TAVI showed sustained im-
provement in symptoms after 1 year. Our results indicate that
high-risk patients with AS and MS who experience severe
symptoms benefit from TAVI.

The management of combined AS and MS is often
discussed in clinical settings; untreated MS at the time of
AVR for AS is associated with adverse events while standard
surgical MVR for calcific MS is challenging because of the in-
creased risk of atrioventricular groove disruption, potentially
caused by annular decalcification for proper prosthesis
implantation.6 Mitral valve surgery for mitral valve diseases
with MAC has been selectively performed in low-risk
individuals.19 Given that double-valve surgery demonstrates
a relatively high in-hospital mortality rate (5.1%–12.5%) re-
gardless of the MAC presence,20–22 the presence of severe
MAC further exacerbates the risk, potentially leading to even
higher mortality rates. Surgical decalcification of severe
MAC, as an alternative to MVR, may offer a safer approach
to mitigate MS, although only a limited number of cases
have been reported, with long-term outcomes yet to be
determined.23,24 Considering the typically slow progression
of calcific MS3 and the insights discussed previously, TAVI
may represent a suitable treatment option for high-risk pa-
tients with combined AS and MS.

A recent focus has been placed on the use of TMG for risk
stratification in patients with MAC and related mitral valve
dysfunction because of the association between higher
TMG and increased mortality.25 However, TMG is influenced
by haemodynamic factors such as heart rate and stroke
volume.26 In particular, a higher heart rate may have led to
an elevated TMG in our study population. The coexistence
of AS and MS results in interdependent haemodynamic ef-
fects between the two valves. Given that approximately half
of the patients with severe AS and a TMG ≥ 4 mmHg experi-
enced a decrease in TMG of ≥1 mmHg following SAVR or

Table 2 Short-term outcomes.

Concurrent mitral
stenosis (n = 106)

Controls
(n = 6570) P

All-cause mortality
(30 day)

3 (2.8) 87 (1.3) 0.18

Early safety
endpoint

18 (17) 979 (15) 0.56

Myocardial
infarction

1 (0.9) 39 (0.6) 0.64

Stroke 5 (4.7) 159 (2.4) 0.13
All bleeding 16 (15) 926 (14) 0.77

Life threatening 4 (3.8) 189 (2.9) 0.58
Major 7 (6.6) 455 (6.9) 0.90
Minor 6 (5.7) 341 (5.2) 0.83

All vascular
complication

5 (4.7) 474 (7.2) 0.32

Major 4 (3.8) 215 (3.3) 0.77
Minor 1 (0.9) 268 (4.1) 0.10

Acute kidney injury 10 (9.4) 549 (8.3) 0.70
New pacemaker
implantation

12 (11) 527 (8.0) 0.22

New onset atrial
fibrillation

3 (3.0) 193 (3.0) 0.98

Valve-related
dysfunction

7 (6.7) 369 (5.7) 0.68

Aortic regurgitation 7 (6.7) 126 (1.9) <0.01

Note: Data shown are mean ± SD or n (%).

Figure 3 Clinical outcomes. Event-free survival curves are described in the overall cohort (A) and propensity-matched cohort (B). MS, mitral stenosis.
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Table 3 Variables associated with mortality or heart failure hospitalization.

Hazard ratio 95% CI P

Univariate
Age, per 1 year 1.03 1.02–1.04 <0.01
Men 1.41 1.28–1.54 <0.01
NYHA III or IV 1.54 1.40–1.68 <0.01
STS, per 1 1.05 1.04–1.05 <0.01
CFS, per 1 grade 1.26 1.22–1.31 <0.01
Smoking history 1.42 1.11–1.83 <0.01
Atrial fibrillation 1.75 1.58–1.93 <0.01
Hypertension 1.03 0.91–1.17 0.64
Dyslipidaemia 0.67 0.62–0.74 <0.01
Diabetes 1.20 1.08–1.32 <0.01
Coronary artery diseases 1.11 1.01–1.22 0.031
Peripheral artery diseases 1.48 1.30–1.69 <0.01
Chronic kidney disease 1.42 1.28–1.57 <0.01
COPD 1.36 1.19–1.55 <0.01
LV diastolic diameter, per 1 mm 1.00 0.99–1.01 0.63
LV systolic diameter, per 1 mm 1.01 1.01–1.02 <0.01
LV ejection fraction, per 1% 0.99 0.99–0.99 <0.01
Left atrial diameter, per 1 mm 1.02 1.01–1.02 <0.01
Pulmonary artery systolic pressure, ≥60 mmHg 1.92 1.49–2.48 <0.01
AV max velocity, per 1 m/s 0.77 0.73–0.82 <0.01
AV mean pressure gradient, per 1 mmHg 0.99 0.99–0.99 <0.01
Aortic valve area, per 1 cm2 1.00 0.78–1.29 0.98
Aortic regurgitation 1.03 0.88–1.20 0.72
Mitral stenosis 1.83 1.34–2.50 <0.01
Mitral regurgitation 1.37 1.19–1.57 <0.01
Tricuspid regurgitation 1.71 1.47–1.99 <0.01

Multivariable
Age, per 1 year 1.02 1.01–1.03 <0.01
Male 1.56 1.41–1.72 <0.01
NYHA III or IV 1.22 1.11–1.35 <0.01
STS, per 1 1.03 1.02–1.04 <0.01
CFS, per 1 grade 1.20 1.15–1.24 <0.01
Diabetes 1.10 0.99–1.22 0.071
Atrial fibrillation 1.39 1.25–1.55 <0.01
Coronary artery diseases 0.97 0.88–1.07 0.53
Chronic kidney diseases 1.17 1.05–1.30 <0.01
LV ejection fraction, per 1% 1.00 1.00–1.01 0.079
AV max velocity, per 1 m/s 0.81 0.77–0.87 <0.01
Mitral stenosis 1.84 1.34–2.51 <0.01
Mitral regurgitation 0.95 0.82–1.10 0.51
Tricuspid regurgitation 1.26 1.07–1.48 <0.01
Pulmonary artery systolic pressure, ≥60 mmHg 1.35 1.03–1.78 0.028

Abbreviations: CI: confidence interval. Other abbreviations as in Table 1.

Figure 4 Risk stratification in patients with mitral stenosis. The event-free survival curves are described according to MAC severity (A), transmitral
gradient grading (B) and mitral valve area (C). MAC, mitral annulus calcification.
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TAVI, as reported previously,16 TAVI may enhance mitral
valve haemodynamics in certain patients in addition to its ef-
fects on the aortic valve. Our data also showed that post-TAVI
outcomes were similar in patients with high- and low-gradi-
ent MS. MAC severity proved to be a reliable and useful pa-
rameter for risk stratification in patients with combined AS
and MS undergoing TAVI. Although severe MAC does not al-
ways lead to significant obstruction of the mitral valve, it can
limit the expansion of the mitral annulus during diastole, po-
tentially leading to inflow restriction,27 which could contrib-
ute to poor outcomes following TAVI. While AML calcification
did not correlate with outcomes in our patient cohort with
combined AS and MS, calcification extending to the subaortic
curtain could have led to significant paravalvular leakage af-
ter TAVI.28

Clinical implication

Our study revealed that TAVI could be safely performed in se-
lected high-risk patients with combined AS and MS, and it im-
proved their symptoms. In these patients with severe symp-
toms, TAVI remains a feasible treatment option, even in
those with an elevated TMG or decreased MVA. However,
moderate or severe MAC has been linked to worse outcomes
of TAVI in those patients. Thus, our study underscores the im-
portance of assessing mitral valve calcifications for effective
risk stratification in MS. Observing the extent of MAC is cru-
cial as it serves as a significant risk factor for poorer TAVI out-
comes in patients with combined AS and MS.

Limitations

Most patients with combined AS and MS were at high surgical
risk in this study. It has not been determined whether TAVI

alone is a better treatment option compared with surgical
treatment in patients at low to intermediate surgical risk.
The haemodynamic parameters of MS, including MVA and
TMG, and the severity of MAC were not systematically mea-
sured in the control group. The diagnosis of MS was subject
to variability among echocardiography laboratories at partici-
pating institutions. Although this was a multicentre study with
a considerable sample size, it was not sufficiently powered to
specifically assess the clinical outcomes in patients with high
TMG or small MVA. Patients with atrial fibrillation were in-
cluded and their measurements were averaged, which could
have affected the accuracy of the data. Additionally, not all pa-
tients with MS underwent follow-up TTE, limiting the assess-
ment of long-term valve function and disease progression.

In conclusion, although TAVI demonstrated favourable
short-term outcomes in patients with combined AS and MS
and it improved their symptoms at 1 year post-TAVI, concur-
rent MS was independently associated with adverse events
following TAVI during the follow-up period. Additionally,
MAC severity contributed to increased adverse events re-
gardless of MS haemodynamics among TAVI patients with
combined AS and MS. TAVI is a viable treatment option for
carefully selected high-risk patients who present with symp-
toms of combined AS and MS, although further measures
may be necessary for cases with severe MAC.
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