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Abstract

Background: Transcatheter aortic valve implantation (TAVI) is increasingly utilized for patients with pure aortic regurgitation (PAR). A
significant clinical challenge in this patient population is the need for permanent pacemaker implantation (PPI), which occurs frequently
post-TAVI and can impact cardiac conduction and rhythm management. This study aimed to explore the effects of PPI on short-term
mortality, rates of adverse events, and cardiac function in PAR patients following TAVI.Methods: This retrospective study, conducted in
a single center, included 69 PAR patients who underwent TAVI from January 2021 to December 2023. Patients were categorized into two
groups: those who received a permanent pacemaker (PM) and those who did not (NPM). The outcomes measured included complications
such as pacemaker pocket hematoma and infection, changes in postoperative left ventricular ejection fraction (LVEF) and left ventricular
end-diastolic diameter (LVEDD) at 6 months, as well as rates of rehospitalization and mortality. Results: No significant differences
were noted in baseline characteristics or complications between the PM and NPM groups (p > 0.05). The types of PPI and associated
complications were also comparable. There was no significant disparity in the incidence of all-cause mortality (PM: 12%, NPM: 11.36%,
p = 0.755), major bleeding (PM: 4%, NPM: 4.55%, p = 0.612), or cerebral embolism (PM: 12%, NPM: 4.55%, p = 0.506) between the two
groups at 6 months post-TAVI. Additionally, readmission rates were similar at 1, 3, and 6 months following the procedure. Multinomial
logistic regression analysis revealed that age (p = 0.020), history of cerebral infarction (p = 0.015), and hypertension (p = 0.019) were
significant predictors of mortality. The survival curve indicated that fatalities in the NPM group predominantly occurred during the
perioperative period. At the 6-month follow-up, there was no significant difference in survival rates between the two groups (p = 0.971).
Regarding cardiac function, irrespective of PPI, a decreasing trend in LVEDD (PM: –4.19 mm, NPM: –6.16 mm, p = 0.000) and an
increasing trend in LVEF (PM: +2.19%, NPM: +2.74%, p = 0.053) were observed. Conclusions: This study was the first to investigate
the effects of PPI on the short-term mortality, adverse events, and cardiac function of PAR after TAVI. The results indicated that for PAR,
advanced age and previous cerebral embolism increase the mortality after TAVI; however, PPI was not associated with mortality and
adverse events after 6 months.

Keywords: transcatheter aortic valve implantation; pure aortic regurgitation; permanent pacemaker implantation; mortality; readmission
rate; cardiac function

1. Introduction

Transcatheter aortic valve implantation (TAVI) is pre-
dominantly utilized for patients diagnosed with aortic
stenosis (AS). However, with the ongoing advancements
in valve technology and stent design, a growing cohort of
patients with pure aortic regurgitation (PAR) are receiving
TAVI [1]. A common complication associated with TAVI is
the need for permanent pacemaker implantation (PPI). The
incidence of PPI following atrioventricular block in AS pa-
tients undergoing TAVI varies between 3.4% and 25.9% [2].
In contrast to AS, PAR, characterized by regurgitated flow
due to aortic valve leaflet dysfunction, leads to left ventric-
ular dilation and volume overload, presenting unique chal-
lenges compared to the calcific stenosis in AS. This dis-
tinction may impact TAVI procedures and the need for PPI,
with PAR patients showing a higher PPI requirement post-

TAVI, likely due to the altered left ventricular outflow tract
geometry and increased risk of conduction disturbances [3].

Although prior research has indicated that pacemaker
implantation, particularly with leads positioned in the right
ventricular apex, is associated with an increased risk of
heart failure and atrial fibrillation [4,5], the impact of PPI on
cardiac function following TAVI in AS patients remains a
subject of debate [6]. A growing body of clinical trials sug-
gests that PPImay increase hospitalization rates andmortal-
ity among these individuals [7,8]. Consequently, this study
is designed to investigate the effects of PPI on PAR patients
during a six-month follow-up period after TAVI, addressing
a gap in the literature where the influence of PPI on cardiac
function and prognosis in PAR patients post-TAVI has yet
to be documented.
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By bridging this knowledge gap, this research will
provide valuable insights into the effects of PPI on car-
diac function and prognosis, which will be instrumental in
refining patient selection, procedural strategies, and post-
procedure management. Ultimately, these findings will
contribute to the development of guidelines for the manage-
ment of PAR patients undergoing TAVI, with a particular
focus on the decision-making process for PPI.

2. Materials and Methods
2.1 Study Population

This single-center, retrospective, and consecutive
study encompassed all PAR patients who underwent TAVI
at our institution from January 2021 to December 2023.
Patients who successfully received TAVI were categorized
into two groups based on the necessity for PPI post-TAVI:
the permanent pacemaker (PM) group and the group who
did not receive a permanent pacemaker (NPM). The study
recorded the incidence of complications such as pacemaker
pocket hematoma, infection, changes in postoperative car-
diac function at six months, rehospitalization rates, and
mortality rates. Inclusion criteria for PAR patients included
symptomatic severe PAR and a Society of Thoracic Sur-
geons (STS) risk score of ≥4%, indicating a high surgi-
cal risk. Exclusion criteria: (1) Left ventricular thrombus;
(2) Left ventricular outflow obstruction; (3) Anatomical un-
suitability for TAVI (e.g., high risk of coronary artery occlu-
sion); (4) Contraindications for anticoagulation; (5) A life
expectancy of less than 12-month post-correction of valve
disease; (6) Prior pacemaker implantation before TAVI; (7)
TAVI failure. This study was conducted in accordance with
the ethical standards of the 1964 Declaration of Helsinki
and its later amendments. All procedures involving human
participants were approved by the hospital’s Ethics Com-
mittee, and informed consent was obtained from all partic-
ipants.

2.2 TAVI Procedure
The TAVI procedure was performed utilizing the

VitaFlow Liberty system via the femoral artery. The size
of the prosthesis was determined based on a computed to-
mography scan of the aortic ring area. Aortic valve posi-
tioning was guided by angiography and trans esophageal
echocardiography. The valve was deployed at the level of
the coronary sinus under rapid pacing (≥160 beats/min).
Post-procedure, patients received standard care manage-
ment, which included transthoracic echocardiography and
electrocardiogram monitoring at discharge.

2.3 PPI Procedure
All patients underwent temporary pacemaker implan-

tation via the right internal jugular vein prior to TAVI. PPI
was performed if severe bradycardia persisted for 5 to 7
days post-TAVI without resolution. The right ventricular
lead was positioned in the mid to lower septum. Cardiac

resynchronization therapy (CRT) was administered to pa-
tients with a left ventricular ejection fraction (LVEF) of
<50% and ventricular pacing dependence, in strict accor-
dance with pacemaker implantation guidelines [9]. All pro-
cedures were conducted by experienced interventional car-
diologists following established care protocols.

2.4 Collection and Definition of Covariates
(1) Hypertension is a major risk factor for cardiovas-

cular events and is closely monitored in patients undergoing
TAVI [10,11].

(2) Diabetes mellitus is associated with increasedmor-
bidity and mortality in cardiovascular patients, including
those undergoing valve interventions [12].

(3) Coronary artery disease confirmed by coronary
angiography or computed tomography angiography with
coronary artery stenosis of 50% or greater. The presence of
coronary artery disease can complicate outcomes following
TAVI and is an important comorbidity to consider [13].

(4) Atrial fibrillation is a common arrhythmia that can
affect patient management and outcomes post-TAVI [14].

(5) Mitral regurgitation was diagnosed via doppler
echocardiography, mitral regurgitation can significantly
impact left ventricular function and is a relevant comorbid-
ity in patients with aortic valve disease [15].

(6) The incidence of hematoma and major bleeding in
TAVI patients following pacemaker implantation was ob-
served. Major bleeding was defined by the occurrence of
one of the following three conditions: fatal bleeding; symp-
tomatic bleeding in critical locations or organs, such as
intracranial, spinal, intraocular, peritoneal, intra-articular,
pericardial, or intramuscular compartment syndrome; or a
decrease in hemoglobin by 20 g/L (1.2 mmol/L) or more,
resulting in the transfusion of two or more units of whole
blood or red blood cells [16].

2.5 Statistical Analysis
Data were analyzed using SPSS Statistics 26.0 (IBM,

Armonk, NY, USA). Chi-square and Fisher’s exact tests
were employed to evaluate associations between outcomes
and categorical variables. The t-test was utilized to com-
pare means of continuous variables between patient groups
and the Mann-Whitney U test was used for abnormally dis-
tributed data. Repeated measures ANOVA of PPI on left
ventricular end-diastolic diameter (LVEDD) and LVEF af-
ter TAVI, and stepwise regression analysis of risk factors
for mortality after TAVI on PAR patients was conducted to
identify factors associated with six-month mortality, utiliz-
ing hazard ratios. The Kaplan-Meier survival curve, along
with the log-rank test, was employed to compare six-month
mortality, with p < 0.05 indicating statistical significance
(Fig. 1).
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Fig. 1. Study flow diagram. TAVI, transcatheter aortic valve implantation; PPI, permanent pacemaker implantation; PM, permanent
pacemaker; NPM, no permanent pacemaker.

3. Results
3.1 Baseline Data

In this study, 74 patients with PAR underwent TAVI.
After excluding four cases of failure and one patient with
a previously implanted permanent pacemaker, 69 patients
with a successfully implanted TAVI were included. Among
these, 25 patients required postoperative implantation of
a permanent pacemaker and were classified into the PM
group, while 44 patients did not require a pacemaker and
were classified into the NPM group. No significant dif-
ferences in baseline characteristics or complications were
observed between the two groups (p > 0.05) (Table 1).

3.2 Types of PPI and Complications

25 patients received single-chamber, dual-chamber, or
CRT pacemakers. One patient was treated with warfarin,

three with rivaroxaban, fourteen with aspirin plus clopido-
grel, one with aspirin plus clopidogrel plus rivaroxaban,
and five with aspirin plus clopidogrel plus low molecular
weight heparin. There were no significant differences in
various anticoagulation regimens between the two groups
(p > 0.05). During the follow-up period, no incidents of
pocket hematoma, infection, or cardiac perforation were re-
ported among all PPI patients (Table 2).

3.3 Effects of PPI on LVEDD and LVEF after TAVI
Patients with PAR who underwent TAVI were fol-

lowed up for six months. Excluding the eight deceased pa-
tients, the remaining 61 were analyzed for changes in base-
line echocardiographic parameters, LVEDD and LVEF, at
six-month follow-up, and the impact of PPI on these pa-
rameters was assessed. Repeated measures ANOVA for
changes in LVEDD revealed significant main effects of
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Table 1. Baseline characteristics in patient with TAVI.
Parameters NPM (n = 44) PM (n = 25) p-value

Age (Y) 73.55 ± 8.02 73.64 ± 7.34 0.961
Gender (male, %) 27 (61.36) 14 (56.00) 0.663
BMI (kg/m2) 23.08 ± 2.23 22.96 ± 2.03 0.832
Creatinine (µmol/L) 111.57 ± 96.99 98.91 ± 87.55 0.592
Uric acid (mmol/L) 315.82 ± 189.06 344.93 ± 184.15 0.537
Glucose (mmol/L) 4.83 ± 1.28 5.25 ± 1.15 0.179
Cholesterol (mmol/L) 3.46 ± 1.10 3.45 ± 1.63 0.987
Triglyceride (mmol/L) 0.98 ± 0.55 1.10 ± 0.87 0.517
HDL-c (mmol/L) 1.29 ± 0.39 1.26 ± 0.51 0.758
LDL-c (mmol/L) 1.80 ± 0.90 1.86 ± 1.06 0.787
Lipoprotein(a) (mmol/L) 140.40 (19.02, 341.10) 87.00 (13.70, 226.70) 0.427
Prothrombin time (S) 14.09 ± 5.97 12.74 ± 1.27 0.156
INR 1.23 ± 0.54 1.10 ± 0.11 0.129
APTT (S) 31.75 ± 14.82 35.32 ± 22.13 0.430
Platelet count (109/L) 134.43 ± 63.09 134.20 ± 47.03 0.987
Prosthesis size (mm) 28.61 ± 1.75 28.44 ± 2.14 0.717
NYHA association 3.18 ± 0.79 3.00 ± 0.58 0.316
Hypertension (N, %) 25 (56.82) 11 (44.00) 0.306
Diabetes mellitus (N, %) 5 (11.36) 2 (8.00) 0.976
Cerebral embolism (N, %) 5 (11.36) 1 (4.00) 0.297
CAD (N, %) 12 (27.91) 5 (20.00) 0.468
Atrial fibrillation (N, %) 16 (36.36) 6 (24.00) 0.289
Mitral regurgitation (N, %) 6 (13.64) 5 (20.00) 0.632
Y, year; BMI, body mass index; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-
density lipoprotein cholesterol; CAD, coronary artery disease; NYHA, New York Heart
Association; APTT, activated partial thromboplastin time; INR, international normalized
ratio; p < 0.05 indicates a statistically significant difference.

follow-up time in both PM and NPM groups (p = 0.000),
indicating that the LVEDD was significantly reduced af-
ter TAVI regardless of PPI (Table 3). LVEF exhibited an
upward trend, but repeated measures ANOVA for changes
in LVEF revealed no significant main effects of follow-up
time in both the PM and NPM groups (p = 0.053), which
was also seen in the group effect (p = 0.652) and the inter-
action effect between group and follow-up time (p = 0.789).
This suggests that regardless of PPI, although there was an
increase in LVEF during the follow-up period, there were
no significant differences between or within the groups (Ta-
ble 3).

3.4 Adverse Events after TAVI
No significant differences in the incidence of all-cause

mortality, major bleeding, or cerebral embolism were ob-
served between the PM and NPM groups six months post-
TAVI (p> 0.05). Additionally, no significant differences in
readmission rates were noted between the two groups at one
month, three months, or six months post-TAVI (p > 0.05)
(Table 4).

3.5 Risk Factors for Mortality
As depicted in Table 5, a stepwise regression analy-

sis was conducted for all variables, including patient basic
parameters and key observation indicators such as LVEF,
pacemaker implantation, and other variables within the
model, with death as the dependent variable. The findings
indicated that age, serum creatinine, and cerebral infarction
significantly increased the risk of mortality, with each unit
increase in cerebral infarction leading to a 47.718-fold in-
crease in the incidence of death. In contrast, hypertension
had a significantly negative impact onmortality (p = 0.019),
whereas pacemaker implantation and LVEF were not statis-
tically significant (p > 0.05).

3.6 Kaplan-Meier Survival Analysis
The survival curve indicated that mortality among

NPM patients predominantly occurred during the periop-
erative period. No significant differences in survival rates
were observed between the two groups at six months post-
TAVI (p = 0.971) (Fig. 2).

4. Discussion
This study represents the first investigation into the ef-

fects of PPI on short-term mortality, adverse events, and
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Table 2. Antithrombotic therapy regimen and complications following TAVI for PAR patients.
Parameters PM (N = 25) NPM (N = 44) p-value

Warfarin (N, %) 1 (4.00) 2 (4.55) 0.612
Rivaroxaban (N, %) 3 (12.00) 5 (11.36) 0.755
Asprin+Clopidogrel (N, %) 14 (56.00) 20 (45.45) 0.400
Clopidogrel+Heparin (N, %) 1 (4.00) 4 (9.09) 0.763
Asprin+Clopidogrel+Rivaroxaban (N, %) 1 (4.00) 3 (6.82) 0.957
Asprin+Clopidogrel+Heparin (N, %) 5 (20.00) 10 (22.73) 0.792
Pacemaker

VVI (N, %) 5 (20.00) - -
DDD (N, %) 19 (76.00) - -
CRT (N, %) 1 (4.00) - -

Complications
Pocket hematoma 0 - -
Pocket infection 0 - -
Electrode displacement 0 - -

PAR, pure aortic regurgitation; VVI, ventricular demand pacing; DDD, dual-chamber pac-
ing; CRT, cardiac resynchronization therapy. p < 0.05 indicates a statistically significant
difference.

Table 3. Repeated measures ANOVA of PPI on LVEDD and LVEF after TAVI.

Parameters
LVEDD (mm) LVEF (%)

PM (N = 20) NPM (N = 41) PM (N = 20) NPM (N = 41)

Baseline 56.50 ± 7.33 57.23 ± 6.24 55.81 ± 9.91 54.84 ± 9.76
3 month follow-up 52.07 ± 7.19 53.16 ± 6.54 56.69 ± 8.31 54.81 ± 9.44
6 month follow-up 52.31 ± 6.58 51.07 ± 5.43 58.00 ± 6.18 57.58 ± 7.81
Group p value 0.917 0.652
Time p value 0.000* 0.053
Group by time p-value 0.158 0.789
LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; Data
are presented as mean ± SE, * p < 0.05 indicates a statistically significant difference.

cardiac function in PAR patients following TAVI. The find-
ings indicate that PPI is not associated with mortality or the
incidence of adverse events after six months among PAR
patients. Factors such as advanced age, elevated creatinine
levels, and prior cerebral embolism were identified as con-
tributors to increased mortality post-TAVI.

Regarding the impact of PPI on cardiac structure and
function post-TAVI, the PACE-TAVI registry revealed that
AS patients with a right ventricular pacing (RVP) ratio
of <40% exhibited improved cardiac function post-TAVI
compared to preoperative levels; however, those with an
RVP ratio >40% experienced diminished cardiac function
and a higher rate of heart failure-related rehospitalization
[7]. A recent meta-analysis indicated that RVP is associated
with a 2.9% reduction in LVEF, alongside reductions in left
ventricular stroke volume and increases in both left ventric-
ular end-diastolic and end-systolic diameters [17,18]. This
is consistent with previous literature, which states that long-
term right ventricular pacing has been associated with right
ventricular desynchronization, negative left ventricular re-
modeling, and heart failure. In contrast, physiological pac-
ing methods, such as His-bundle pacing and left bundle

branch area pacing (LBBaP), have emerged as novel phys-
iological pacing modalities, showing excellent results for
patients with conventional indications for bradycardia pac-
ing [19]. In Wang et al.’s study [20], patients who under-
went TAVI and received either RVP or LBBaP exhibited
a significant reduction in LVEDD over a five-year follow-
up period, irrespective of their baseline LVEF being below
50%. Additionally, both groups demonstrated a notable en-
hancement in LVEF, with the LBBaP group showing amore
marked improvement [20]. This study demonstrated that
among AR patients post-TAVI, regardless of PPI, a trend
towards decreased left ventricular size and increased LVEF
was observed. Notably, significant alterations in left ven-
tricular dimensions and LVEF may manifest with extended
follow-up.

The relationship between PPI and mortality or re-
hospitalization rates post-TAVI remains contentious. Nu-
merous studies have established that PPI correlates with
increased rehospitalization and mortality rates among pa-
tients undergoing TAVI [21,22]. The PACE-TAVI registry
also indicated that patients with an RVP ratio >40% faced
heightened cardiovascular mortality and heart failure re-
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Table 4. Adverse events during the 6-month follow-up after TAVI for PAR patients.
Parameters PM (N = 25) NPM (N = 44) χ2 p-value

Adverse events 13 (59.09) 18 (43.18) 1.486 0.223
Major bleeding 1 (4.0) 2 (4.55) 0.257 0.612Δ
Cerebral embolism 3 (12) 2 (4.55) 0.442 0.506
All-cause mortality 3 (12) 5 (11.36) 0.097 0.755
Follow-up

one-month readmission 2 (8) 3 (6.82) 0.091 0.763
three-month readmission 4 (16) 8 (18.18) 0.010 0.920
six-month readmission 6 (24) 10 (22.73) 0.014 0.904

∆ Fisher’s chi-square test, the rest use Pearson’s chi-square test.

Table 5. Stepwise Regression Analysis of risk factors for mortality after TAVI on PAR patients.

Parameters
Stepwise regression analysis

coefficient p-value odds ratio 95% CI

Age 0.238 0.020 1.268 1.038–1.550
Creatinine 0.010 0.032 1.010 1.001–1.019
Cerebral embolism 3.865 0.015 47.718 2.091–1088.739
Hypertension –3.621 0.019 0.027 0.001–0.552
McFadden R-squared = 0.378, Cox & Snell R-squared = 0.239, Nagelkerke R-
squared = 0.46.

Fig. 2. The impact of PPI or not on survival among pure aortic regurgitation patients after TAVI.

hospitalization rates [7]. A four-year follow-up study con-
firmed that PPI can elevate heart failure hospitalization
rates and adversely affect cardiac function recovery, par-
ticularly in patients with prior LVEF<50% [8]. In patients
with LVEF≤40%, CRT was associated with improved sur-
vival compared to non-CRT [23]. For TAVI patients with
preserved LVEF, postoperative left ventricular desynchro-

nization due to high-burden RVP or permanent left bundle
branch block was linked to a significantly increased risk of
death and cardiomyopathy at one-year follow-up [24,25]. A
five-year follow-up after TAVI revealed that patients with
RVP had a significantly higher risk of readmission com-
pared to those with LBBaP (21.4% vs. 7.5%; 95% CI: 1.01
to 5.08; p = 0.048) [20]. However, Mohananey et al. [26]

6

https://www.imrpress.com


analyzed outcomes in patients with PPI and without PPI
after TAVI at 30-day and one-year follow-ups, finding no
significant differences in all-cause mortality, cardiovascu-
lar mortality, or myocardial events between the groups. In
this study, PPI were not associated with rehospitalization
or mortality, possible reasons include the short follow-up
period of this study, where the short-term impact of PPI on
cardiac function may not be significant, but long-term ef-
fects could lead to increased hospitalization for heart failure
and mortality; the small sample size and lack of stratifica-
tion based on patients’ ejection fraction (EF) values may
also have influenced the results of this experiment, necessi-
tating further research to elucidate the prognostic implica-
tions of varying LVEF levels among PAR patients undergo-
ing TAVI.

The debate surrounding whether PPI increases mortal-
ity post-TAVI persists, yet other factors contributing to el-
evated mortality rates have been identified. Advanced age
and myocardial fibrosis have been shown to increase mor-
tality rates among AS patients post-TAVI [27]. In a cohort
of 500 patients undergoing TAVR, with a median follow-
up of 5.2 years, advanced age, male gender, chronic kidney
disease stage≥3, diabetes mellitus, and coronary heart dis-
ease were associated with heightened mortality risk, while
coronary artery bypass grafting did not mitigate this risk
[28]. Interestingly, hypertension did not significantly im-
pact mortality [26]. Post-TAVI bleeding, particularly ma-
jor or life-threatening bleeding, was found to elevate the
30-day postoperative mortality of rates [29]. A large meta-
analysis by Eggebrecht et al. [30] reported that the 30-day
mortality rate following a stroke was 3.5 times higher. The
one-month mortality rate reached 25% among patients with
cerebral embolism, compared to 7% for those without [31].
This study corroborated that advanced age and cerebral in-
farction increased mortality rates post-TAVI, while hyper-
tension unexpectedly emerged as a protective factor, poten-
tially due to systemic hypotension leading to cerebral hypo
perfusion, thereby increasing mortality risk [31].

5. Limitations
The small sample size and the short follow-up period

constrain the generalizability of our findings and limit our
capacity to assess the long-term outcomes effectively. Fu-
ture research endeavors should aim to incorporate larger
cohorts and extended follow-up periods to more accurately
determine the effects of PPI on survival and cardiac func-
tion in PAR patients post-TAVI. Furthermore, the absence
of LVEF stratification in our analysis represents a signifi-
cant limitation, suggesting a clear need for future studies to
explore the nuanced impact of PPI across different LVEF
levels. Such larger, longitudinal studies are essential to es-
tablish the definitive role of PPI in the management of PAR
patients following TAVI, ultimately informing clinical prac-
tice and patient care standards.

6. Conclusions
Our study, the first to examine the short-term impact

of PPI on patients with PAR following TAVI, reveals no as-
sociation between PPI and increased mortality or adverse
events within the initial six-month follow-up. Notably, ad-
vanced age, elevated creatinine levels, and a history of cere-
bral infarction emerged as significant predictors of mor-
tality, thereby underscoring their critical role in post-TAVI
care. Overall, these findings provide valuable insights into
the management strategies for PAR patients in the after-
math of TAVI, highlighting the need for tailored approaches
based on individual patient characteristics.
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