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Abstract

Objectives: Left ventricular diastolic dysfunction (LVDD) in patients undergoing transcatheter aortic valve replacement
(TAVR) is associated with poor outcomes; however, the effect of its severity is controversial. We sought to assess the
impact of diastolic dysfunction on hospital outcomes and survival after TAVR and identify prognostic factors.
Methods: We included patients who underwent TAVR for severe aortic stenosis with preexisting LVDD from 2009 to

2018 (n ¼ 325). Patients with prior mitral valve surgery (n ¼ 4), atrial fibrillation (n ¼ 39), missing or poor baseline
diastolic dysfunction assessment (n ¼ 36) were excluded. The primary endpoint was all-cause mortality. 246 patients
were included in the study.
Results: The median age was 80 years (25th and 75th percentiles:75e86.7), 154 (62.6%) were males and the median

EuroSCORE II was 4.3 (2.2e8). Patients with severe LVDD had significantly higher EuroSCORE, and lower ejection
fraction (p < 0.001). There was no difference in post-TAVR new atrial fibrillation (p ¼ 0.912), pacemaker insertion
(p ¼ 0.528), stroke (p ¼ 0.76), or hospital mortality (p ¼ 0.95). Patients with severe LVDD had longer hospital stay
(p ¼ 0.036). The grade of LVDD did not affect survival (log-rank ¼ 0.145) nor major adverse cardiovascular events (log-
rank ¼ 0.97). Predictors of mortality were; low BMI (HR: 0.95 (0.91e0.99); p ¼ 0.019), low sodium (0.93 (0.82e2.5);
p ¼ 0.021), previous PCI (HR: 1.6 (1.022e2.66); p ¼ 0.04), E-peak (HR: 1.01 (1.002e1.019); p ¼ 0.014) and implantation of
more than one device (HR: 3.55 (1.22e10.31); p ¼ 0.02).
Conclusion: Transcatheter aortic valve replacement is feasible in patients with diastolic dysfunction, and the degree of

diastolic dysfunction did not negatively affect the outcome. Long-term outcomes in those patients were affected by the
preoperative clinical state and procedure-related factors.
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1. Introduction

T he indications of transcatheter aortic valve
replacement (TAVR) have been expanded to

treat high, intermediate, or low-risk surgical risk
patients [1]. Thus, high-risk patients with associ-
ated comorbidities previously deemed unfit for
surgery are currently managed with TAVR. These
patients are prone to complications, even after
minimally invasive interventions.
Aortic stenosis (AS) is associated with left ven-

tricular hypertrophy and impairment of the diastolic
function. Several studies have demonstrated an as-
sociation between diastolic dysfunction in patients
with AS and morbidity and mortality after surgical
and transcatheter aortic valve replacement [2,3].
Patients with diastolic dysfunction are frequently

readmitted after TAVR because of left ventricular
failure [4]. The impact of the degree of LVDD on the
outcomes after TAVR is not fully established, and
the results from the literature are controversial. This
study's objectives were to assess the effect of the
degree of diastolic dysfunction in patients with se-
vere AS on hospital outcomes and survival after
TAVR and to identify the prognostic factors.

2. Patients and methods

2.1. Study design and patients

This research is a retrospective cohort study that
included patients who had transcatheter aortic valve
replacement (TAVR) for severe aortic stenosis and
had a concomitant left ventricular diastolic
dysfunction (LVDD) during the period from April
2009 till February 2018. TAVR was performed in 325
consecutive patients, and patients with prior mitral
valve surgery (n ¼ 4), atrial fibrillation (n ¼ 39),
missing echocardiographic data, or poor baseline
diastolic dysfunction assessment (n ¼ 36) were
excluded. Patients were grouped into three groups
based on pre-procedural LVDD (mild (n ¼ 156),
moderate (n ¼ 66), and severe (n ¼ 24)) (Fig. 1).
The institutional review board approved the

study, and the need for patients' consent was
waived. (Reference number: R19009).

2.2. Procedure details

A comprehensive preoperative evaluation was
performed on all patients in the outpatient clinic.
Patients had pre-procedural transthoracic and
transesophageal echocardiography, cardiac cathe-
terization, and computed tomography (CT)

angiography of the chest, abdomen, and pelvis.
Procedure risk was assessed using EuroSCORE ll
[5]. Our interdisciplinary adult cardiac team consists
of adult interventional cardiologists, cardiac sur-
geons, and echocardiographers. The team reviewed
the patients before the intervention in a multidisci-
plinary meeting. A consensus on appropriate treat-
ment was reached based on individual risk
assessment, anatomical, and technical consider-
ations as well as patients' preferences. We decided
about the access site (transfemoral vs. transapical)
according to the anatomical characteristics. We used
two valves during the study period, either the
Medtronic CoreValve System (Medtronic Inc.,
Minneapolis, Minnesota, USA) or the Edwards SA-
PIEN valve (Edwards Life science, Irvine, CA, USA).
We chose the device according to vascular access
dimensions and aortic annular diameter.

2.3. Assessment of LVDD

Pre-procedure diastolic dysfunction was assessed
using transthoracic echocardiography (TTE) and
collected from our echocardiography database. LV
diastolic function was evaluated using two tissue
Doppler parameters, one CW-Doppler, and one 2D
parameter [6]. Left ventricular diastolic dysfunction
was diagnosed using annular e0 velocity, average E/
e0 ratio, left atrium maximum volume index, and
deceleration time. Patients who met the diagnostic
criteria of LVDD were further graded into mild,
moderate, and severe. Mild LVDD was defined as a
lateral E/e0 ratio of greater than 10, a peak velocities
of early (E) and late (A) (E/A) ratio of less than 0.8,
and deceleration time (DT) a greater than 200 ms;
moderate LVDD was defined by a lateral E/e0 ratio
of greater than 10, an E/A ratio between 0.8 and 1.5,
and DT of between 160 and 200 ms; and severe
LVDD was defined as a lateral E/e' ratio of greater
than 10, an E/A ratio of greater than 2 and DT of less
than 160 ms. In patients with mitral annular calci-
fication and mitral valve disease, pulmonary artery
systolic pressure (PASP) estimated from the
tricuspid regurgitation (TR) jet was our index of left

Abbreviations

AS aortic stenosis
CT computed tomography
LVDD left ventricular diastolic dysfunction
MACE Major adverse cardiovascular events
TAVR transcatheter aortic valve replacement
TTE transthoracic echocardiography
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atrial pressure (LAP), provided there is no evidence
of pulmonary vascular or parenchymal disease.

2.4. Clinical follow-up

Clinical follow-up was performed after one
month, six months, then yearly. The patients' vital
status was confirmed during the last clinical follow-
up or phone calls conducted in August 2018. Eighty-
two percent of the patients completed a year follow-
up, 57% two-year follow-up, and 43% achieved a
three-year follow-up. Procedure-related mortality
was defined as any death occurring during the
admission for the procedure or within 30-days after
the procedure. Re-hospitalization was recorded, and
the causes of readmission were re-evaluated.

2.5. Study endpoints

The primary endpoint was all-cause mortality
during the follow-up. Secondary endpoints
included hospital outcomes (procedure mortality,
new-onset atrial fibrillation, permanent pacemaker
insertion, vascular complications, stroke, length of
coronary care unit (CCU), and hospital stay). Addi-
tionally, long-term major cardiovascular events
(MACE) (stroke, re-hospitalization for heart failure,
and reintervention) were compared among groups.
Study data were retrospectively retrieved from our
prospectively maintained database.

2.6. Statistical analysis

Continuous variables were presented as median
(25th e 75th percentiles) and were compared by the

Kruskal-Wallis test, and Dunn's test was used for
posthoc analysis. Categorical variables were pre-
sented as number and percent and compared with
Pearson's Chi-square test or Fisher's exact test if the
expected frequency is less than 5. Time-related
variables were assessed nonparametrically using
Kaplan-Meier methods. The log-rank test was used
to test the equality of survival distributions. Multi-
variable Cox regression was used to study the pre-
dictors of time-related events, the Efron method to
handle ties was used, and the proportional hazard
assumption was tested with Schoenfeld residual
tests. Univariable Cox regression was used, and
variables with p-value <0.1 were included in the
multivariable model. We included all variables lis-
ted in Tables 1 and 2 and the operative variables in
Table 3 in the univariable analysis. Components of
the EuroSCORE were not added to the multivari-
able analysis to avoid collinearity. The interaction
between LVDD and low EF and low pressure AS
were tested. A P-value of less than 0.05 was
considered significant. Stata 16 (Stata Corp, College
Station, Texas, USA) was used to perform all
analyses.

3. Results

3.1. Baseline patients' characteristics

The median age was 80 years (25th- 75th percen-
tiles: 75e86.7), and EuroSCORE was significantly
higher in patients with severe LVDD (p < 0.001).
(Table 1).
To adjust for the effect of time, the study period

was divided into the early time era (2009e2013) and

Fig. 1. The study flowchart.
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the recent time era (2014e2018). Patients were
equally distributed among the groups in both the
time era (p ¼ 0.865).
Patients with severe diastolic dysfunction had

significantly lower ejection fraction (p < 0.001).
Preoperative echocardiographic data were pre-
sented in Table 2.

3.2. Procedure and hospital outcomes

Four patients had valve-in-valve (1.6%), and 15
patients (6.1%) had concomitant percutaneous
coronary intervention (PCI). Self-expandable
valves were used in 142 patients (57.7%). Grade II
paravalvular leak occurred in 23 patients (9.35%)
and grade III in one patient (0.4%), and no

Table 1. Comparison of patients' baseline characteristics. (Continuous variables are presented as median (25th and 75th percentiles and categorical
data as number and percent).

All (n ¼ 246) Diastolic Dysfunction Grade P

Mild (n ¼ 156) Moderate (n ¼ 66) Severe (n ¼ 24)

Age 80 (75, 86.7) 78 (73.3, 82.8) 78 (70, 81) 77.5 (70,85.8) 0.453
Male 154 (62.6) 88 (56.4) 48 (72.7) 18 (75) 0.030
BMI (kg/m2) 28.7 (25.1, 33.2) 29.6 (26, 34.4) 29.3 (25.9,33.4) 29.6 (24.9, 34.7) 0.792
Risk Stratification:
Euro Score II 4.3 (2.2, 8) 2.9 (1.9, 4.8) 3.3 (2.2, 7.2) 5.2 (3.6, 9.4) <0.001
Comorbidities:
Hypertension 198 (80.5) 125 (80.1) 53 (80.3) 20 (83.3) 0.933
Diabetes Mellitus 159 (64.6) 103 (66) 41 (62.1) 15 (62.5) 0.834
Chronic lung disease 52 (21.1) 32 (20.5) 16 (24.2) 4 (16.7) 0.703
Previous MI 28 (11.4) 17 (10.9) 8 (12.1) 3 (12.5) 0.950
Previous Cardiac Surgery 33 (13.4) 14 (9) 14 (21.2) 5 (20.8) 0.027
Previous PCI 86 (35) 56 (35.9) 20 (30.3) 10 (41.7) 0.559
Extracardiac vasculopathy 44 (17.89) 24 (15.38) 13 (19.70) 7 (29.17) 0.236
Recent HF 53 (21.54) 24 (15.38) 18 (27.27) 11 (45.83) 0.001
Poor mobility 46 (18.70) 34 (21.79) 7 (10.61) 5 (20.83) 0.130
Clinical status:
NYHA III-IV 220 (89.4) 136 (87.2) 60 (90.9) 24 (100) 0.148
Clinical preop state 7 (2.8) 2 (1.3) 3 (4.5) 2 (8.3) 0.096
Laboratory tests:
Hemoglobin (mg/dl) 12.2 (11, 13.4) 12.4 (11.25, 13.35) 11.75 (10.7, 13.2) 12.45 (11.3, 13.65) 0.316
Creatinine (mmol/l) 61 (44.8, 80) 83.5 (69, 103) 80 (69.105.2) 89.5 (72.3, 107) 0.625
Sodium (mEq/l) (n ¼ 238) 138 (136, 140) 138 (135.5, 140) 138.5 (135, 141) 138 (137, 141) 0.748
Era:
Time era (2014e2018) 137 (55.69) 88 (56.41) 35 (53.03) 14 (58.33) 0.865

BMI: body mass index, HF: heart failure, MI: myocardial infarction, NYHA: New York Heart Association, PCI: percutaneous coronary
intervention.

Table 2. Pre-procedural echocardiographic characteristics. (Continuous variables are presented as median (25th and 75th percentiles and categorical
data as number and percent).

All (n ¼ 246) Diastolic Dysfunction Grade p

Mild (n ¼ 156) Moderate (n ¼ 66) Severe (n ¼ 24)

LV EF 55 (45,55) 55 (50,60) 55 (48.8, 56.3) 45 (25, 53.8) <0.001
AV mean gradient (mmHg) 45.8 (38.7, 54.4) 46.1 (40, 56) 49.5 (40.6, 56.6) 44 (35.4, 58.4) 0.509
Aortic regurgitation grade

No AR 69 (28) 49 (31.4) 11 (16.7) 9 (37.5) 0.084
Mild AR 119 (48.4) 74 (47.4) 39 (59.1) 6 (25)
Moderate AR 53 (21.5) 30 (19.2) 15 (22.7) 8 (33.3)
Moderately severe AR 3 (1.2) 2 (1.3) 0 1 (4.2)
Severe AR 2 (0.8) 1 (0.6) 1 (1.5) 0
E peek (m/s) 90 (70.9, 109) 76.8 (63.2, 92) 107.6 (98, 118.5) 122 (102, 138) <0.001
A peek (m/s) 97 (78, 113) 105 (92, 119) 83 (63.1, 99) 45.9 (39, 65.2) <0.001
E/A ratio 0.82 (0.7, 1.2) 0.75 (0.7, 0.8) 1.3 (1.1, 1.7) 2.6 (1.9, 3.3) <0.001
Septal E (m/s) 4.4 (3.6, 5.4) 4.6 (3.8, 5.5) 4.8 (4, 6) 4 (3.3, 6.8) 0.236
E/E ratio 19 (15, 27) 16.4 (13, 22) 22 (17, 29) 29.65 (21.5, 35.2) <0.001
Deceleration time (ms) 0.23 (0.19, 0.30) 0.26 (0.22, 0.30) 0.21 (0.17, 0.25) 0.16 (0.15, 0.20) <0.001

AV: aortic valve, AR: aortic regurgitation, LVEF: left ventricle ejection fraction.
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difference was observed among groups
(p ¼ 0.892). There was no difference in operative
complications among groups (Table 3); however,
patients with severe LVDD had longer hospital
stays (p ¼ 0.036).

3.3. Long-term outcomes

The median follow-up period was 30 (25th- 75th
percentiles: 15e56) months. Kaplan-Meier survival
distribution was presented in Fig. 2. Mortality was
reported in 81 patients (32.9%) during follow-up; 47
(30.1%) with mild LVDD, 26 (39.4%) with moderate
LVDD and 8 (33.3%) in patients with severe LVDD.
The grade of LVDD did not affect survival (log-rank
p ¼ 0.145) nor major adverse cardiovascular events
(log-rank p ¼ 0.97). Predictors of mortality were; low
body mass index (BMI) (HR: 0.95 (95% CI:
0.91e0.99); p ¼ 0.019), low sodium (0.93 (95% CI:
0.82e2.5); p ¼ 0.021); previous PCI (HR: 1.6 (95% CI:
1.022e2.66); p ¼ 0.04); E-peak (HR: 1.01 (95% CI:
1.002e1.019); p ¼ 0.014) and implantation of more
than one device (HR: 3.55 (95%CI: 1.22e10.31);
p ¼ 0.02). (Table 4). MACE was reported in 44 pa-
tients (17.9%); 28 (18%) in patients with mild LVDD,
11 (16.7%) in moderate LVDD and 5 (20.8%) in se-
vere LVDD. There was no difference among groups
in MACE (log-rank p ¼ 0.97). (Fig. 3, Table 5).
There was no interaction between LVDD and low

EF and low pressure AS.

4. Discussion

Diastolic dysfunction is common in patients with
aortic stenosis, which results from mechanical

obstruction of the left ventricle with LV hypertrophy
and abnormalities in the collagen fibers [7,8]. It was
found that mortality was correlated to the degree of
LVDD rather than the degree of AS [9]. Moderate
and severe left ventricular diastolic dysfunction was
associated with increased late mortality and adverse
events after aortic valve replacement [2,10]. The ef-
fect of diastolic dysfunction on survival after trans-
catheter aortic valve replacement is still
controversial. In our study on 246 patients, the de-
gree of LVDD was not associated with long-term
mortality. Sato and colleagues in their study on 237
patients had 57% mortality in a median follow-up of
3.6 years, and mortality was not associated with the
degree of LVDD; however, severe pre-procedural
LVDD combined with post-procedural aortic
regurgitation were predictors of mortality [11]. A
similar finding was confirmed in another study [12].
In our study, neither the degree of LVDD nor the
post-procedure paravalvular leak was associated
with mortality either by univariable or multivariable
analysis, which could be attributed to the small
number of events in our study.
In a study by Kampaktsis and coworkers on 359

TAVR patients, LVDD was associated with
increased mortality in a mean follow-up of 13
months. However, after propensity-score adjust-
ment, the STS score was the only predictor of
mortality [13]. On the other hand, in a study on 222
TAVR patients, severe LVDD and NT-pro BNP were
associated with increased mortality in a one-year
median follow-up [14]. Blair and colleagues found
that LVDD was an independent predictor of mor-
tality after TAVR [15].

Table 3. Procedural characteristics and hospital outcomes. (Continuous variables are presented as median (25th and 75th percentiles and categorical
data as number and percent).

All Diastolic Dysfunction Grade P

Mild (n ¼ 156) Moderate (n ¼ 66) Severe (n ¼ 24)

AV valve-in-valve 4 (1.6) 3 (1.9) 1 (1.5) 0 0.784
Revascularization:
Concomitant PCI 15 (6.1) 9 (5.8) 4 (6.1) 2 (8.3) 0.887
Valve type:
Balloon expandable valve 104 (42.3) 67 (42.9) 27 (40.9) 10 (41.7) 0.959
Self-expandable valve 142 (57.7) 89 (57.1) 39 (59.1) 14 (58.3)
Number of valves implanted (>1) 7 (2.85) 5 (3.21) 0 2 (8.33) 0.077
Outcomes:
Procedure mortality 9 (3.66) 6 (3.85) 2 (3.03) 1 (4.17) >0.99
New AF 14 (5.69) 10 (6.41) 3 (4.55) 1 (4.17) 0.912
Permanent PM 59 (23.98) 36 (23.08) 15 (22.73) 8 (33.33) 0.528
Vascular complications 44 (17.89) 33 (21.15) 8 (12.12) 3 (12.50) 0.245
Stroke 6 (2.4) 4 (2.6) 1 (1.5) 1 (4.2) 0.760
Paravalvular leak (Grade II or higher) 24 (9.76) 15 (9.62) 6 (9.09) 3 (12.5) 0.892
CCU stay (days) 3 (1, 5) 3 (1, 5) 3 (1, 5) 3 (1.5, 6) 0.52
Hospital stay (days) 5 (4, 8) 5 (4, 8) 5 (4, 7) 6 (5, 12) 0.036

AF: atrial fibrillation, AV: aortic valve, CCU: coronary care unit; PCI: percutaneous coronary intervention, PM: pacemaker.
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Several risk factors predicted the outcomes after
TAVR in patients with diastolic dysfunction. In a
study by Conte and colleagues on 166 TAVR pa-
tients with LVDD, paravalvular leak independently
predicted mortality [16]. The volume overload that
occurs because of the paravalvular leakage or aortic
regurgitation may exacerbate the LVDD. This
finding was not confirmed in our study, which could
be related to the number of patients and events in
our study were low. Asami and coworkers did not
find an association between the degree of post-
procedure aortic regurgitation and mortality [3].
Scoring systems inconsistently predicted mortality

after TAVR. EuroSCORE II predicted mortality in
our series in the univariable analysis; however, it
became insignificant predictors by multivariable
analysis. Similar to our finding, log EuroSCORE was

not a predictor of mortality by Asami and colleagues
[3] and Conte and coworkers [16]. However, STS
independently predicted mortality in another study
[13]. The inconsistency in these results could be
attributed to different patients' populations; on the
other hand, several other factors unique to TAVR
may affect the outcomes and were not included in
the scoring systems.
Lower BMI was an independent predictor of

mortality after TAVR in patients with diastolic
dysfunction. In a study by Mancio and colleagues,
lower BMI and visceral abdominal fat index were
associated with higher mortality after TAVR [17].
This finding could be attributed to the better meta-
bolic reserve in obese patients, which supported
them to survive the catabolic state of heart failure
and the procedure. Additionally, lower BMI and

Table 4. Legend: Univariable and multivariable Cox regression analysis for predictors of mortality.

Univariable Cox Multivariable Cox

Crude HR (95% CI) P Adjusted HR (95%CI) p

Time era (2014e2018) 0.61 (0.34e1.07) 0.085 0.54 (0.29e1.007) 0.053
Euro Score II 1.03 (1.013e1.051) 0.001 1.019 (0.99e1.05) 0.164
BMI (kg/m2) 0.96 (0.92e0.996) 0.032 0.95 (0.91e0.99) 0.019
Na (mg/dl) 0.93 (0.88e0.98) 0.012 0.93 (0.82e2.5) 0.021
Recent HF 1.96 (1.24e3.11) 0.004 1.78 (1.089e2.91) 0.206
Previous PCI 1.66 (1.07e2.58) 0.024 1.6 (1.022e2.66) 0.040
E-peak (m/s) 1.01 (1.005e1.02) 0.001 1.01 (1.002e1.019) 0.014
Number of devices used 2.83 (1.03e7.84) 0.044 3.55 (1.22e10.31) 0.02
Type of the valve 0.66 (0.43e1.038) 0.073 0.81 (0.49e1.34) 0.415

BMI: body mass index; HF: heart failure; PCI: percutaneous coronary intervention.

Fig. 2. Plot of survival function in patients with diastolic dysfunction stratified by the degree of dysfunction with a comparison of survival function
among the three grades.
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unintentional weight loss may indicate disease
progression in those patients [18].
Hyponatremia was associated with increased

perioperative morbidity and mortality in patients
undergoing surgery [19] and heart failure patients
[20]. The effect of hyponatremia on the outcome
after TAVR was evaluated in a study by Kagase and
associates [21]. Pre-procedure hyponatremia was
associated with increased all-cause mortality in pa-
tients who had TAVR. In our study, low serum so-
dium was an independent predictor of mortality
after TAVR in patients with diastolic dysfunction.
In a meta-analysis of 4 observational studies

including 209 who had TAVR, concomitant PCI did
not affect the outcomes of the procedure [22]; a
finding similar to our results. Witberg and associ-
ates [23] found that complete revascularization
before TAVR improved the outcomes of the pro-
cedure. In our study, prior PCI predicted the mor-
tality after TAVR; however, prior CABG was not
associated with increased mortality. This finding
could be related to the completeness of revascular-
ization in CABG versus PCI, as Witberg and

colleagues suggested [23]. Our study showed the
feasibility of TAVR in patients with diastolic
dysfunction with no increase in the procedure risk
in paitents with severe degree of LVDD [24].

4.1. Study limitations

The study is a single-center experience, and
generalization of the results may not be applicable.
Assessment of diastolic function was not done
routinely because of the study's retrospective na-
ture, and patients with incomplete evaluation of
diastolic function were excluded. There could be
intra or inter-observational variability in the
assessment of the diastolic function in the included
patients since a single echocardiographer assessed
the function prior to the procedure.

5. Conclusion

Transcatheter aortic valve replacement can be
safely performed in patients with diastolic
dysfunction, and the degree of diastolic dysfunction

Fig. 3. Plot of time to event distribution of major adverse cardiovascular events in patients with diastolic dysfunction stratified by the degree of
dysfunction with a comparison of survival function among the three grades.

Table 5. Legend: Univariable and multivariable Cox regression analysis for predictors of major adverse cardiovascular events.

Univariable Cox Multivariable Cox

Crude HR (95% CI) P Adjusted HR (95%CI) p

DM 2.01 (0.97e4.19) 0.062 1.73 (0.82e3.67) 0.149
Recent HF 1.85 (0.98e3.5) 0.057 1.55 (0.81e2.97) 0.186
Self-expandable valve 0.57 (0.31e1.04) 0.066 0.65 (0.34e1.2) 0.171

MACE: major adverse cardiovascular events; DM: diabetes mellitus; HF: heart failure.
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did not negatively affect the outcome. Long-term
outcomes in those patients were affected by the
preoperative clinical state and procedure-related
factors.
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