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Introduction

Transcatheter aorticvalve implantation (TAVI) is anestablished
therapy for severe aortic valve stenosis in high-risk patients.1,2

Recent evidence suggests also benefit for intermediate-risk
patients compared with surgical aortic valve replacement.3,4

Risk factors for impaired outcomes subsequent to TAVI have
been described extensively. Besides common determinants for
postoperative morbidity and mortality such as age, gender,
frailty, or chronic kidney disease,5–8 procedure-specific risk
factors for particular clinical outcomes have been described.

These include anatomical, electrocardiogram- and valve-plat-
form-related determinants for postinterventional permanent
pacemaker (PPM) implantation9 or landing zone calcification
patterns forpredictionof significantparavalvular leakage (PVL)
after TAVI.10

Recently, mitral annular calcification (MAC) was shown to
be predictive of increased all-cause and cardiovascular mor-
tality as well as conduction abnormalities post-TAVI.11

Depending on the definition, 17 to 50% of patients evaluated
for TAVI exhibit significant MAC in preoperative echocardiog-
raphy and/or computed tomography.11,12 MAC as expression
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Abstract Background Wehereinaimed for analysisof influenceofmitral annular calcification (MAC)
and mitral stenosis (MS) on outcomes in transcatheter aortic valve implantation (TAVI).
Methods Between 11/2009 and 06/2017, 1,058 patients underwent TAVI in the
presence of concomitant MAC or MS at our center. Subgroups were built and
multivariate logistic regression, COX regression, Kaplan–Meier survival analyses, and
receiver operating characteristics method were performed.
Results Thirty-day mortality was 7.5% (79/1,058) with highest mortality in patients
severe MS (MAC: 3.4% vs. mild MS: 5.9% vs. moderate MS: 15.0% vs. severe MS: 72.7%;
p<0.001). Moderate-to-severe MS (odds ratio [OR]: 7.75, confidence interval [CI]: 3.94–-
16.26, p<0.001), impaired left ventricular ejection fraction (OR: 1.38, CI: 1.10–1.72,
p<0.01), and coronary artery disease (OR:1.36,CI: 1.11–1.67,p<0.01)werepredictiveof
30-day survival. Left ventricular systolic/end-diastolic pressure drop of <59.5mm Hg /
<19.5mm Hg was associated with increased mortality.
Conclusions TAVI in the presence of MAC and mild MS is associated with acceptable
acute outcomes but should be considered high-risk procedures in patients with
moderate and especially those with severe MS. Our results suggest adverse hemody-
namics after TAVI with concomitant MS, whichmay be caused by underfilling of the left
ventricle leading to low-cardiac output.
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of atherosclerosis can also extend into the mitral leaflets and
causemitral valve stenosis (MS), which is the case in 1 to 2% of
patients with MAC.13 Little is known about the influence of
significant MS on outcomes in TAVI procedures. However,
isolated TAVI for aortic stenosis (AS) in patients with MS
may lead to postinterventional hemodynamic compromise
due to acute decompression of a usually stiff, small, and
hypertrophied left ventricle (LV)withMS inducedpersistently
lowered filling volumes. Furthermore, continued postinter-
ventional presence of postcapillary pulmonary hypertension
may lead to hemodynamic impairment.14

We herein investigate outcomes of patients with AS and
concomitant MAC and/or MS receiving TAVI focusing on
acute hemodynamic changes and outcome differences be-
tween severity levels of MS.

Materials and Methods

Patients
Between 11/2009 and 06/2017, 2,582 patients were treated by
TAVIatourcenter.Of those1,058patients (40.9%; female54.8%,
80.8�6.8years, logisticEuropeanSystemforCardiacOperative
Risk Evaluation [logEUROScore] I 19.1�13.2) underwent TAVI
for severe symptomaticAS in thepresenceofconcomitantMAC
or MS. Subgroups were built including 352/1,058 (33.3%)
patients with MAC, 528/1,058 (49.9%) patients with mild MS,
168/1,058 (15.9%) patients with moderate MS, and 11/1,058
(1.0%) patients with severe MS.

Allocation of patients to TAVI followed current interna-
tional recommendations.1 Patient data and follow-up were
retrieved from our dedicated hospital TAVI database. All
patients suffered from AS and concomitant MAC and/or
MS as determined by echocardiography. MS was classified
by mean pressure gradient over the MV (mean pressure
gradient 2 to 5mm Hg: mild MS; 5 to 10mm Hg: moderate
MS; 10 to 15mm Hg: severe MS).15 MAC was visualized by
echocardiography and/or multislice computed tomography.
Written informed consent was obtained from all patients
prior to the procedure.

Diagnostic Workup and Study Procedure
Diagnostics and procedures followed institutional routine as
previously described.9 All procedures were accompanied by
pre- and postinterventional invasive simultaneous pressure
measurements of the LV and Aorta (AO) for the determina-
tion of periinterventional hemodynamic course (peak/mean
pressure gradient, LV pressure systolic/end diastolic, AO
pressure systolic/diastolic, Δp LV pre- and postinterven-
tional/Δp AO pre- and postinterventional). Transcatheter
heart valve (THV) function was subsequently assessed by
transesophageal echocardiography (TEE) and aortic root
angiography.

Statistics
Baseline, intraprocedural, and acute follow-up data up to
30 days were prospectively collected and entered into a
dedicated standardized database and retrospectively ana-
lyzed. Clinical endpoints were adjudicated in accordance

with the updated standardized Valve Academic Research
Consortium (VARC-2) definitions.16 Data are presented as
absolute numbers and percentages for categorical variables
and mean values and standard deviation for continuous
variables unless stated otherwise. For determination of inde-
pendent risk factors for 30-day mortality multivariate logistic
regression was performed including odds ratios and confi-
dence intervals (CI). Survival in follow-up was investigated
utilizing Kaplan–Meier survival analysis and COX regression
comprising hazard ratios (HRs) and CI. For the determination
of significant hemodynamic thresholds for postoperativemor-
tality receiver operating characteristic for simultaneous LV/AO
pressure measurements (Δ LV systolic, ΔLV end diastolic, Δ AO
systolic, Δ AO diastolic) were performed.

Results

Baseline Demographics
Baseline demographics revealed a symptomatic and comor-
bid study population with a mean log EuroSCORE I of
20.7�14.6 and New York Heart Association�III (NYHA� III)
in 84.3% of patients. Significant difference between sub-
groups was found regarding gender distribution.

Detailed patient demographics of the entire study popu-
lation and subgroups are summarized in ►Table 1.

Periprocedural Data
Transthoracic echocardiography (TTE) and TEE at baseline
confirmed severe AS in all subgroups. Mitral regurgitation
(MR) �grade IIþ was most frequent in patients with mod-
erate MS without reaching statistical significance. Fluoro-
scopy time was prolonged in patients with moderate and
severe MS.

Transfemoral (TF) approach was utilized in 64.4%
(681/1058) of the entire study cohort and transapical (TA)
approach in 35.6% (376/1058) without differences between
the subgroups. Balloon-expandable THV were most fre-
quently utilized for TAVI in patients with MAC. Conversely,
self- and mechanical-expandable THV were most frequently
used in patients with significant MS. Baseline echocardiog-
raphy and periprocedural data are summarized in ►Table 2.

Echocardiographic and Acute Clinical Outcome Data
Peak and mean aortic transvalvular gradients of the entire
study cohort as determined by TTE prior to discharge de-
creased from 61.7�26.4 to 19.9�9.2mm Hg and
35.8�16.5 to 10.1�4.9mm Hg (both p<0.01), respectively.
Postinterventionally, PVL �moderate was found in 4.1%
(40/1058) of the patients.

Device success and early safety according to VARC-2 defi-
nitions were achieved in 90.6% (933/1058) and 81.2%
(837/1058) of the patients with lowest device success in
patients with MAC and lowest early safety rates in patients
with moderate and severe MS. All-cause mortality was 7.5%
(79/1058) in all patients with highest rates in patients with
moderate and severeMS (MAC: 3.4%,mildMS: 5.9%,moderate
MS 15.0%, severe MS: 72.7%; p<0.001). Regarding stroke,
myocardial infarction, major bleeding, and PPM implantation
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rates no significant differences were found between the sub-
divided patient cohorts. Access site complications were most
frequent in patients with mild and severe MS.

Echocardiographic and detailed acute clinical outcome
data are summarized in ►Table 3.

Inmultivariate logistic regression for30-daysurvival, includ-
ing 17 variables (see ►Supplementary Table 1), independent
risk factors for postoperative mortality were moderate/severe
MS, reducedLVejection fractionatbaseline, andcoronaryartery
disease (see ►Fig. 1).

When comparing 30-daymortality of TA and TF subgroups,
no significant differences were found. However, when com-
paringMAC/MSsubgroups, patientswithmoderateand severe
MS provided with TA-TAVI presented a significantly higher
overall acute mortality compared with the TF approach
(see ►Fig. 2).

Invasive Hemodynamic Measurements during TAVI
Pressure changes (Δp LV systolic/end-diastolic, Δp AO systolic/
diastolic) were calculated for every patient. Here, significant
differenceswere found between the subgroupswith highest LV
and aortic pressure drop (absolute difference between LV and
aortic systolic and (end) diastolic pressure before and after THV
implantation in simultaneous measurements) in patients with
moderate and severeMS. Fordetermination of threshold values
for LV pressure decline after TAVI, receiver operating character-
istic (ROC) analyses were performed. Here, a Δp LV systolic of
59.5mm Hg and a Δp LV end-diastolic of 19.5mm Hg were

shown to be thresholds for an increased acute mortality
(see ►Fig. 3).

Hemodynamics of the entire study population and sub-
groups are summarized in ►Table 4.

Follow-Up Analysis
Follow-up was completed in 92.3% of cases with a mean
follow-up time of 703.5 days. Kaplan–Meier survival analysis
presented lowest long-term survival in patients with severe
MS and no significant differences of patients withMAC,mild,
and moderate MS (see ►Fig. 4).

COX regression for influence of severityofMSandapproach
on long-term mortality presented a HR of 12.98 (2.5%: 6.31,
97.5%:26.70; p < 0.001) for severe MS and a HR of 1.75 (2.5%:
1.44, 97.5%:2.13) for TF approach (p < 0.001).

Discussion

Main Findings
Main findings of the herein conducted study are (1) MAC
and/orMS are a frequent findings in patients undergoing TAVI
for severe AS, affecting over one third of all patients treated at
our center in a 9-year time interval; (2) TAVI is associatedwith
acceptable acute outcomes in patientswithMAC andmildMS,
and should be considered high-risk procedures in patients
with moderate and severe MS due to significantly increased
early mortality rates; (3) moderate/severe MS is an indepen-
dent risk factor for acutemortality after TAVI; (4) evaluationof

Table 1 Baseline demographics for entire study population and subgroups

Σ
n¼1058

MAC
n¼352

Mild MS
n¼528

Moderate MS
n¼167

Severe
n¼11

p-Valuea

Age, years 80.0�6.8 80.6�7.0 81.1�6.7 80.2�6.9 82.0�5.2 0.40

Female gender, % (n) 54.8 (580) 52.3 (184) 52.7 (278) 67.1 (112) 54.5 (6) <0.01

BMI, kg/m2 26.8�7.7 26.3�8.4 26.9�7.8 27.5�5.4 28.8�7.5 0.26

logEuroSCORE I, % 20.7�14.6 19.1�12.2 18.9�13.7 19.0�13.2 25.9�19.5 0.15

Diabetes, % (n) 29.8 (315) 28.7 (101) 29.9 (158) 32.3 (54) 18.2 (2) 0.69

Arterial hypertension, % (n) 84.0 (889) 82.4 (290) 85.4 (451) 82.6 (138) 90.9 (10) 0.55

Stroke, % (n) 15.8 (167) 13.4 (47) 16.7 (88) 17.4 (29) 27.3 (3) 0.35

Coronary artery disease, % (n) 61.5 (649) 61.1 (214) 63.2 (334) 54.8 (91) 90.9 (10) 0.18

Previous sternotomy, % (n) 15.4 (163) 16.8 (59) 14.9 (79) 12.6 (21) 36.3 (4) 0.15

Extracardiac arteriopathy,b % (n) 28.4 (301) 32.1 (113) 25.6 (135) 29.3 (49) 36.4 (4) 0.18

Arrhythmia, % (n) 30.5 (312) 32.7 (113) 30.0 (152) 27.3 (44) 30.0 (3) 0.18

Permanent pacemaker, % (n) 6.8 (70) 5.8 (20) 6.1 (31) 11.8 (19) 0.0 (0) 0.06

COPDb>Gold II, % (n) 15.4 (163) 16.8 (59) 15.0 (79) 12.6 (21) 36.4 (4) 0.15

Creatinine, mg/dL 1.4�1.3 1.5�1.3 1.4�1.3 1.4�1.1 1.4�0.4 0.77

Pulmonary hypertensionb>55mm Hg, % (n) 41.9 (444) 41.4 (146) 42.4 (224) 40.1 (67) 63.6 (7) 0.32

LVEF�45%, % (n) 20.9 (222) 21.6 (76) 21.2 (112) 18.6 (31) 27.7 (3) 0.81

NYHA� III, % (n) 84.3 (892) 83.2 (293) 85.9 (454) 82.0 (137) 72.7 (8) 0.36

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; COPD, chronic obstructive pulmonary disease; logEuroSCORE, logistic European
System for Cardiac Operative Risk Evaluation; LVEF, left ventricular ejection fraction; MAC, mitral annular calcification; MS, mitral stenosis; NYHA,
New York Heart Association.
aANOVA for metric variables and chi2 for categorial variables.
bExtracardiac arteriopathy, COPD and pulmonary hypertension according to EuroSCORE definitions.

Thoracic and Cardiovascular Surgeon Vol. 69 No. 5/2021 © 2020. Thieme. All rights reserved.

TAVI in Patients with MAC and/or MS Schaefer et al.430

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



pre- and postoperative hemodynamics suggests increased LV
pressure drop after TAVI as possible reason for impaired
outcomes in the study cohort; (5) TA approach is adversely
impacting periinterventional results in patients with moder-
ate and severe MS, but is not an independent risk factor for
acute mortality.

MAC as risk factor for adverse clinical results in TAVI
procedures was recently described.11 In this work of Abra-
mowitz et al, severe MAC was shown to be an independent
risk factor for cardiovascular mortality subsequent to TAVI
with a HR of 2.35. It was also shown to be predictive of
postinterventional PPM implantation with an odds ratio of
2.83. In our study, patients with MAC had comparable out-
comes with an overall mortality of 3.4% and a PPM implan-
tation rate of 21.1%. Nevertheless, these are clearly higher
rates compared with our general TAVI cohort.9,17 Since we
did not perform analysis of MAC severity, our results may be
not directly comparable to this prior work.

A current analysis of the Society of Thoracic Surgeons/
American College of Cardiology Transcatheter Valve Therapies

Registry found MS in one-tenth of patients undergoing TAVI
with severe MS as independent risk factor for 1-year mortali-
ty.18 In this study patients with severe MS experienced an in-
hospital mortality of 5.6%. Our analysis revealed markedly
higher mortality rates of patients with moderate/severe MS.
Reasons for thisdiscrepancyaremost likelymultifactorial. First,
the two cited studies are so far the only analyses regarding
influence of MAC and MS on outcomes in TAVI procedures.
Therefore, general conclusions regarding impact of this echo-
cardiographyfinding/comorbidity inTAVI shouldbemadewith
caution. Second, diagnosis modalities differed between our
study, in which MAC/MS was partly diagnosed by TTE/TEE,
and previousworks, inwhich onlymultislice computed tomog-
raphy was utilized to detect MAC/MS. Third, patients undergo-
ing TAVI in the presence of concomitant MS in this study
presented with a particularly pronounced risk profile. This
fact is reflected by the high proportion of patients with pulmo-
nary hypertension, extracardiac arteriopathy, concomitant MS
itselfandpatients receivingTAVI via TAaccess,not representing
the current distribution of TF (95%) and TA (4%) approaches in

Table 2 Periprocedural data for entire study population and subgroups

Σ
n¼ 1058

MAC
n¼352

Mild MS
n¼ 528

Moderate MS
n¼ 167

Severe MS
n¼11

p-Valuea

Baseline EOA, cm2 (AV) 0.7� 0.2 0.8� 0.3 0.8�0.2 0.7�0.2 0.8�0.3 0.40

Peak gradient, mm Hg (AV) 61.7� 26.4 60.5�27.1 61.1� 25.4 66.2� 27.0 58.2�36.0 0.10

Mean gradient, mm Hg (AV) 35.8� 16.5 34.7�16.6 35.4� 15.7 39.2� 17.7 35.8�24.6 0.02

Peak gradient, mm Hg (MV) 9.9� 4.1 5.4� 1.6 8.7�3.0 14.9� 3.6 18.9�3.8 <0.001

Mean gradient, mm Hg (MV) 3.5� 1.7 1.8� 0.7 2.9�0.9 5.9�1.1 18.8�3.7 <0.001

MR �grade IIþ , % (n) 30.8 (326) 34.0 (120) 27.3 (144) 35.3 (59) 27.3 (3) 0.09

Procedure time,b min 92.8� 47.4 89.8�46.9 93.6� 44.6 94.9� 53.8 118.6� 75.7 0.16

Fluoroscopy time, min 16.3� 16.5 13.4�9.9 17.8� 19.7 18.0� 16.0 20.3�14.6 <0.001

Contrast agent, mL 169.8�109.1 170.8�141.3 169.7� 91.2 166.5� 74.1 196.3� 147.5 0.84

Access, % (n)

TF 64.4 (681) 59.7 (210) 66.7 (352) 67.7 (113) 60.0 (6) 0.14

TA 35.6 (376) 40.3 (142) 33.3 (176) 32.3 (54) 40.0 (4) 0.14

Valve type, % (n)

Sapien XT/3 52.8 (559) 63.9 (225) 46.6 (246) 50.9 (85) 27.3 (3) <0.001

Acurate TA/neo-TF 10.6 (112) 5.9 (21) 12.3 (65) 13.7 (23) 27.3 (3) <0.01

CoreValve 8.2 (87) 9.4 (33) 7.7 (41) 7.8 (13) / 0.85

BioValve 0.8 (8) 0.6 (2) 0.8 (4) 1.2 (2) / 0.02

Engager 5.9 (63) 5.9 (21) 5.7 (30) 5.9 (10) 18.2 (2) 0.39

JenaValve 8.9 (95) 9.6 (34) 9.8 (52) 5.4 (9) / 0.35

Lotus 7.3 (77) 2.8 (10) 9.6 (51) 8.4 (14) 18.2 (2) <0.001

Portico 5.4 (57) 1.7 (6) 7.7 (41) 5.4 (9) 9.1 (1) <0.01

Predilatation, % (n) 74.0 (781) 74.1 (261) 73.0 (384) 76.5 (127) 81.8 (9) 0.76

Postdilatation, % (n) 21.2 (223) 17.9 (63) 22.7 (119) 22.3 (37) 36.4 (4) 0.20

Abbreviations: ANOVA, analysis of variance; AV, aortic valve; EOA, effective orifice area; LVOT, left ventricular outflow tract; MAC, mitral annular
calcification; MR, mitral regurgitation; MS, mitral stenosis; MSCT, multislice computed tomography; MV, mitral valve; TA, transapical; TF,
transfemoral.
aANOVA for metric variables and chi2 for categorial variables.
bMedian values to account for outliers.
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our center and the latest literature.19 Most importantly, the
cited studies investigated time intervals of 3 to 4years,whereas
our patient cohort comprises a 9-year experience.

Also, the high rates of preoperative PPM, especially in the
cohortwithmoderateMS, and the increasedutilizationof self-
expandable THV, which are more likely to be used in patients
with a calcified left ventricularoutflow tract, indicate a treated
patient populationwith an extensively increased cardiovascu-
lar calcium load, especially when taking into consideration

that MAC is an expression of an ubiquitary cardiovascular
calcification process.20

TA access was described before as independent risk factor
for impaired outcomes subsequent to TAVI.21 Commonly,
lower invasiveness of the TF approach and a more comorbid
patient population undergoing TA TAVI are considered to be
main reasons for inferior outcomesofTATAVI. Impactof theTA
approach on mortality rates of patients with moderate and
severe MS in this study is in line with prior studies describing

Table 3 Clinical outcome and echocardiographic results at discharge for entire study population and subgroups

Σ
n¼ 1058

MAC
n¼ 352

Mild MS
n¼528

Moderate MS
n¼167

Severe MS
n¼11

p-Valuea

All-cause mortality (30 days), % (n) 7.5 (79) 3.4 (12) 5.9 (31) 15.0 (25) 72.7 (8) <0.001

Cardiovascular or unknown, % (n) 7.5 (79) 3.4 (12) 5.9 (31) 15.0 (25) 72.7 (8) <0.001

Stroke (disabling), % (n) 6.2 (64) 4.3 (15) 7.4 (38) 6.2 (10) 9.1 (1) 0.32

Myocardial infarction, % (n) 1.0 (10) 1.2 (4) 0.8 (4) 1.2 (2) 0.0 (0) 0.91

Bleeding (major/life threatening), % (n) 18.9 (194) 16.8 (58) 21.2 (109) 15.0 (24) 27.3 (3) 0.18

Access site complications
(minor/major), % (n)

19.8 (204) 15.6 (54) 23.3 (120) 16.9 (27) 27.3 (3) 0.03

Acute kidney injury (AKIN 2, 3), % (n) 24.4 (251) 25.5 (88) 23.7 (122) 23.8 (38) 27.3 (3) 0.93

Pacemaker implantation, % (n) 21.5 (222) 21.1 (73) 20.8 (107) 26.2 (42) 0.0 (0) 0.15

Device success,b % (n) 90.6 (933) 87.0 (301) 93.2 (478) 90.0 (144) 90.9 (10) 0.03

Early safety,b % (n) 81.2 (837) 83.2 (288) 81.1 (417) 80.0 (128) 27.3 (3) <0.01

Intensive care unit stay, days 2.5�3.5 2.6�4.3 2.4� 2.8 2.6� 3.8 2.8� 2.8 0.82

Hospital stay, days 11.2� 8.7 11.3�9.9 11.2�8.2 10.9� 7.2 10.0�6.1 0.95

EOA, cm2 1.7�0.4 1.7�0.4 1.7� 0.4 1.6� 0.3 1.4� 0.2 0.6

Peak gradient, mm Hg (AV) 19.9� 9.2 19.3�8.7 20.2�9.3 20.0� 9.5 28.0�15.2 0.12

Mean gradient, mm Hg (AV) 10.1� 4.9 9.7�4.5 10.3�5.0 10.2� 5.0 15.4�9.8 0.03

Paravalvular leakage�grade II, % (n) 4.1 (40) 5.3 (17) 3.3 (16) 4.7 (7) 0.0 (0) 0.50

Abbreviations: AKIN, Acute Kidney Injury Network; AV, aortic valve; EOA, effective orifice area; MAC, mitral annular calcification; MS, mitral stenosis;
MV, mitral valve; VARC, Valve Academic Research Consortium.
aANOVA for metric variables and chi2 for categorial variables.
bAccording to VARC-2 definitions.

Fig. 1 Final model of multivariate logistic regression for 30-day survival. CAD, coronary artery disease; CI, confidence interval; EF, ejection
fraction; OR, odds ratio.
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impact of the TA approach on acute outcomes, although it was
not shown to be an independent risk factor after TAVI in this
study.22 Also, the TA access presented no negative impact on
long-term survival.

In our study, first evidence for association of acute hemody-
namic changes and mortality after TAVI with concomitant

MAC/MS was found. ROC analysis revealed increased LV pres-
sure drop after THV insertion as highly predictive of 30-day
mortality. Consequences ofMS relief inpatientswith concomi-
tant AS are well investigated. Here, elimination of MS can lead
to acute LV failure caused by a sudden increase of preload on a
hypertrophied LV leading to pulmonary edema.23,24

Fig. 2 Comparison of 30-day mortality between transfemoral and transapical subgroups dependent on severity of mitral stenosis. MAC, mitral
annular calcification; MS, mitral stenosis.

Fig. 3 ROC analysis of hemodynamic thresholds for impaired outcomes after TAVI in patients with MAC/MS. Left ventricular systolic pressure
drop of< 59.5mmHg (threshold) is associated with increasedmortality with a positive predictive value (ppv) of 72.3% and a negative value (npv)
of 93.3% (A), left ventricular end-diastolic pressure drop of < 19.5mm Hg (threshold) is associated with increased mortality with a ppv of 95.7%
and a npv of 93.3% (B). MAC, mitral annular calcification; MS, mitral stenosis; ROC, receiver operating characteristic; TAVI, transcatheter aortic
valve implantation.
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Characterization of hemodynamic consequences of isolated AS
relief in patients with concomitant MS is scarce, since tradi-
tionally theMVis treatedfirstordualvalvesurgery is taken into
consideration.1,2,24 Theherein collectedhemodynamic dataset
suggests adverse effect of isolatedAS relief inpatientswithMS.
Persistently lowered,MSinducedpreload inadecompressedLV
seems to negatively impact survival after TAVI that may be
caused by consecutive low-output syndrome. However, these
findings are mainly hypothesis generating, and effects of
observed hemodynamic changes may be influenced by the
high-risk profile patient populationwith according comorbid-
ities/confounders.

Different to concomitant significant MR in patients under-
going TAVI, in which a reduction in MR severity can be
expected in a large proportion of patients with functional

MR,25 patients with significant MS present a pronounced
different risk profile. Due to the described severely impaired
outcomes in patients with moderate and severe MS, other
therapy strategies shall be commented. Traditionally, surgical
combined valve replacement is the standard for concomitant
valvular heart disease in low-to-intermediate risk patients.
Here, a threefold higher perioperative mortality compared
with isolated valve replacement is described.14 In surgery
forMS alone a 30-daymortality of 10%with a 10-year survival
of 58% in patients with pulmonary hypertension was
reported.26 There are no reported outcome data for surgical
treatment of high-risk patients with isolated mitral valve
replacement for MS, or combined valve replacement for AS
and MS. Currently, therapy of MV disease with MAC by
utilization of balloon-expandable THV was described with a
30-day mortality of nearly 30%.27,28 Therefore, all therapeutic
strategies for this special subset of patients seem to be
associated with pronounced impaired postoperative out-
comes, especially when taking the high-risk profile of the
herein investigated cohort into consideration. Taking the high
mortality of patients with moderate and severe MS undergo-
ing TAVI for severe AS into account, a primary surgical or
palliative strategy may be also reasonable alternatives for this
special subset of patients.

Study Limitations

Limitations for a retrospective, single-center study apply: no
patient was randomly assigned to specific treatment and the
conclusion that concomitant MAC and/or MS in TAVI proce-
dures predicts outcomes is limited by the heterogeneity of
the study group, especially in terms of several utilized THV
systems and access approaches. Hemodynamic measure-
ments could have been influenced by variable anesthesio-
logic regimens. Furthermore, MAC and MS were partly
diagnosed by TTE/TEE and without quantification of MAC
severity.

Table 4 Invasive hemodynamic measurements during TAVI for entire study population and subgroups

Σ
n¼ 1058

MAC
n¼352

Mild MS
n¼528

Moderate MS
n¼ 167

Severe MS
n¼11

p-Valuea

Preoperative

Peak-to-peak gradient, mm Hg 48.5� 34.4 45.3� 24.1 47.6�36.3 54.2� 35.6 73.0� 51.4 0.23

Mean gradient, mm Hg 44.6� 21.3 42.2� 16.5 43.7�20.6 49.4� 26.3 62.8� 38.9 0.07

Postoperative

Peak-to-peak gradient, mm Hg 4.2�6.5 4.4� 3.9 3.8�6.0 5.2� 9.8 4.5� 5.1 0.50

Mean gradient, mm Hg 11.5� 7.1 12.3� 5.1 11.0�5.3 12.3� 12.5 11.5� 6.6 0.44

Δ Pressure

LV systolic, mm Hg 39.5� 32.9 43.7� 27.2 29.2�32.6 52.6� 30.1 62.6� 15.4 <0.001

LV end-diastolic, mm Hg 5.7�13.8 4.9� 13.6 1.7�12.0 11.4� 14.3 12.3� 14.4 <0.001

AO systolic, mm Hg 2.5�33.9 4.2� 32.2 -9.1� 28.5 18.0� 35.5 22.1� 13.2 <0.001

AO diastolic, mm Hg 5.1�21.5 6.6� 21.5 1.0�16.0 10.2� 26.5 10.8� 30.4 <0.01

Abbreviations: AO, aorta; LV, left ventricle; MAC, mitral annular calcification; MS, mitral stenosis; TAVI, transcatheter aortic valve implantation.
aANOVA for metric variables and chi2 for categorial variables.

Fig. 4 Survival probability in long-term follow-up for mitral stenosis
subgroups.
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Conclusions

TAVI in the presence of MAC/MS is associated with accept-
able acute outcomes in MAC and mild MS and should be
considered high-risk procedures in patients with moderate
and severe MS. First hemodynamic evidence suggests LV
pressure drop after THV insertion with consecutive low-
output syndrome as possible reason. Anticipation of this
postoperative complication and respective therapy strate-
gies, in terms of sophisticated volume and inotropic support,
may contribute to improved postoperative survival rates,
especially in patients with moderate and severe MS. All
available therapies for this special subset of patients, espe-
cially those with a high-risk profile, are associated with
increased mortality. Surgical or palliative strategies may be
also reasonable alternatives for patients with moderate or
severe MS. Therefore, individual therapeutic strategies and
meticulous procedural planning are of paramount impor-
tance to improve outcomes.
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