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ABSTRACT

Background and Aims: Transcatheter aortic valve replacement (TAVR) is an innovative treatment option for patients with severe
symptomatic aortic stenosis. However, an analysis of cerebrovascular risk post-TAVR compared to surgical aortic valve re-
placement (SAVR) in elderly patients has not been established.

Methods: We performed a systematic review and meta-analysis of randomised controlled trials and observational studies by
conducting a comprehensive literature search in multiple digital databases to compare the 30-day and 1-year cerebrovascular risk
in elderly patients undergoing TAVR or SAVR.

Results: Our search yielded 12 studies with a total of 12,457 patients, with 7247 and 5210 in the TAVR and SAVR groups,
respectively. A statistically significant reduction in cerebrovascular risk was observed at the 30-day follow-up for patients un-
dergoing TAVR compared to SAVR (OR 0.74; 95% CI 0.55-0.99; p = 0.02, N =12,231). Likewise, at the 1-year follow-up, TAVR
demonstrated a statistically significant reduction in cerebrovascular risk compared to SAVR (OR 0.77; 95% CI 0.62-0.96; p = 0.02,
N =12,457). Meta-regression analysis revealed that prior myocardial infarction, prior percutaneous coronary intervention and
a pre-existing pacemaker were associated with attenuation of the stroke risk advantage of TAVR at 30 days post-op. Similarly, prior
myocardial infarction and pre-existing pacemakers were identified as risk factors at 1 year.

Conclusion: This review and meta-analysis highlight the significant difference in the risk of cerebrovascular events between
TAVR and SAVR. However, pre-existing conditions modify these differences, underscoring the necessity of patient selection and
risk stratification to optimise clinical outcomes.

1 | Introduction

symptomatic AS is associated with a markedly poor prognosis
with high mortality within 2-3 years [1]. Traditionally, surgical
Aortic stenosis (AS) is a common and progressive valvular heart aortic valve replacement (SAVR) has been the standard treat-
disease that primarily affects the elderly population. As the ment; however, the emergence of transcatheter aortic valve re-
disease advances, patients often require valve replacement to placement (TAVR) has revolutionised the management of AS,
reduce symptoms and improve survival, as untreated severe specifically in high surgical risk or inoperable patients [2]. Due to

1.1 | Background
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its minimally invasive nature, research has shown TAVR to
result in shorter recovery times, reduced hospital stays and fewer
complications, such as new-onset atrial fibrillation [3]. The vast
benefits of the procedure support the extension of TAVR over
SAVR to intermediate and low-risk patients [4].

1.2 | Clinical Significance of Early Stroke in Valve
Replacement

Despite its advantages, TAVR is not without risks. One of the
most critical concerns is the incidence of early stroke, a com-
plication that can adversely affect long-term outcomes. Early
stroke is defined as a cerebrovascular accident occurring within
30 days of the procedure, which has been reported in both TAVR
and SAVR [5, 6].

1.3 | Recent Systematic Reviews and Meta-
Analyses

A 2021 systematic review and meta-analysis assessed randomised
controlled trials that investigated outcomes of patients with
severe AS who underwent TAVR or SAVR at varying degrees of
surgical risk. Of the 8969 records, variations in counts of all-cause
mortality, cardiovascular-associated mortality and stroke were
nearly indistinguishable between the two procedures [7]. No-
tably, incidences of major bleeding, acute kidney injury and new-
onset or deteriorating atrial fibrillation were reduced in TAVR
[7]. This contrasted with an increased risk for major vascular
complications and permanent pacemaker implantation [7]. A
second systematic review and meta-analysis from 2019 evaluated
patients at low surgical risk following the same two procedures.
Numerically, TAVR exhibited decreased mortality, but this was
not statistically significant [8]. In patients at low surgical risk
who underwent TAVR, there were reduced counts of stroke,
bleeding and kidney failure but an escalated risk for vascular
complications and pacemaker implants [8].

Upon review, it becomes perceivable that further analysis into
the potential outcomes from TAVR and SAVR is compulsory to
guide clinical decision-making going forward. Today, it remains
a significant area of interest. Unlike earlier works, this systematic
review and meta-analysis incorporates patient cases from
randomised controlled trials and observational studies as op-
posed to explicitly studying the former. Consequently, we per-
formed a meta-regression analysis to amalgamate all data sets
and contrast them appropriately. For variation, we considered
patients at surgical risk of any magnitude.

1.4 | Objective and Scope of the Review

This systematic review and meta-analysis aims to provide a co-
herent comparison of early stroke risk in elderly patients un-
dergoing TAVR versus SAVR. By analysing data from existing
literature, we seek to clarify the relative safety profiles of these
two operations while focusing on determining contributing
factors that may influence stroke risk to better inform clinicians.

2 | Methodology

We conducted a systematic review and meta-analysis in accor-
dance with the Preferred Reporting for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [9]. This adherence per-
mitted the development of a PRISMA flow diagram outlining the

screening process used to identify eligible trials. The study
protocol was registered on the International Platform of Regis-
tered Systematic Review and Meta-analysis Protocols (registra-
tion number CRD42024579627) [10].

2.1 | Search Strategy

The search strategy involved a comprehensive search of relevant
medical databases, including PubMed, Scopus, Embase, Medline,
Web of Science and Cochrane, with no restriction to the pub-
lication year. We incorporated all original article types, including
but not limited to randomised control trials, cohort studies and
case-controlled studies published in English that investigated
stroke risk in TAVR versus SAVR in elderly patients with severe
AS in any surgical risk group. The search string included
(‘Transcatheter Aortic Valve Replacement” OR ‘TAVR’ OR
‘TAVI’ OR ‘Transcatheter Aortic Valve Implantation’) AND
(‘early stroke’ OR ‘stroke risk’ OR ‘cerebrovascular event’ OR
‘neurological complications’ OR ‘cerebral ischemia’ OR
‘thromboembolic event’). A number of references in selected
studies were manually examined for additional articles that could
not be identified through the electronic search.

2.2 | Eligibility Criteria

The PICOS strategy was adapted to generate a set of search
criteria to ensure the most appropriate articles were included. It
also facilitated the generation of our research question titled
‘Comparative Analysis of Early Stroke Risk in Transcatheter
Versus Surgical Aortic Valve Replacement for Aortic Stenosis: A
Systematic Review and Meta-Analysis’. The inclusion and ex-
clusion criteria are presented in Table 1.

2.3 | Study Selection

Two authors independently performed a screening of citations by
title and abstract, adhering to pre-established eligibility criteria,
utilising the Covidence tool [11]. A third author resolved any
conflicts that arose during this process. Studies that did not meet
the aforementioned criteria were eliminated. Duplicate citations
were automatically removed, and any remaining duplicates were
manually addressed. Subsequently, a rigorous full-text review of
the included studies followed the same methodology, ensuring
that selection bias was minimised.

2.4 | Data Extraction

The systematic review yielded 12 studies that accurately met the
inclusion criteria for our study. Data extraction was conducted on
Google Sheets and manually recorded. Each paper underwent
thorough extraction by at least two reviewers to ensure accuracy
and completeness, guaranteeing that all utilitarian data were
captured. The following data were collected: total number of
patients, mean age of the patient population, number of male
patients, number of patients undergoing TAVR/SAVR, TAVR
route, TAVR valve type and number of stroke incidence in 30
days, and in 1year in TAVR/SAVR. Additionally, the following
baseline characteristics were collected: The New York Heart
Association (NYHA) class, history of myocardial infarction (MI),
atrial fibrillation, percutaneous coronary intervention (PCI),
diabetes mellitus, peripheral artery disease, hypertension and the
presence of pre-existing pacemakers. The present study follows
the American Heart Association/The American Stroke
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Association (AHA/ASA) definition of stroke as an acute episode
of focal neurological dysfunction that persists for more than
24h [12].

2.5 | Risk of Bias (RoB)

RoB was assessed using the Cochrane RoB 2 tool for rando-
mised trials and an adapted domain-based assessment for
observational studies. This was used to assess the RoB in the
following domains: randomisation process, deviation from
the intended interventions, missing outcome data, mea-
surement of the outcome and selection of the reported results
[13]. At least two reviewers conducted the data collection and
quality assessments for each study, and a third reviewer re-
solved any inconsistencies.

2.6 | Statistical Analysis

Odds ratios with 95% confidence intervals (CIs) were calcu-
lated for the effect size of stroke outcomes, and forest plots
were used to represent differences in clinical endpoints. Two-
sided p values < 0.05 were considered to indicate statistical
significance for all included studies. The random-effects
model was used because it considers the true underlying
effect across the included studies [14]. Statistical analysis was
performed using Comprehensive Meta-Analysis Version 4
Borenstein [15]. Using the same tools, a sensitivity analysis
was conducted, including only randomised controlled trials,
to evaluate the robustness of the primary findings. An ad-
ditional sensitivity analysis was conducted, including only
studies explicitly reporting the use of newer generation
transcatheter valves, defined as SAPIEN 3, Evolut R or Portico
systems, to evaluate the influence of device iteration on stroke
outcome. Furthermore, univariate meta-regression analyses
were conducted for NYHA class, history of MI, atrial fibril-
lation, PCI, diabetes mellitus, peripheral artery disease, hy-
pertension and the presence of pre-existing pacemakers.
Univariate meta-regression was performed using Compre-
hensive Meta-Analysis Version 4 Borenstein [15]. Heteroge-
neity across the included studies was calculated using the
inconsistency index I? and p values for the Q statistic, and I
>50% or p<0.10 was considered to indicate significant
heterogeneity [16].

3 | Results

3.1 | Study Selection

A total of 1439 studies were identified from the systematic search
and imported into COVIDENCE. After the removal of duplicates,
840 studies were subjected to title and abstract screening. The
first screening excluded 623 studies that did not meet the eli-
gibility criteria. Subsequently, a full-text screening of 217 studies
resulted in 205 studies being excluded. The final 12 studies were
included in the meta-analysis. The details of the study selection
are presented in Figure 1: PRISMA flow diagram. All the in-
cluded studies were randomised controlled trials, prospective or
retrospective studies. Please refer to Table 2 for a complete
summary of the studies included in our review. A total of 12,457
patients have been included in the present study; 7247 patients
underwent TAVR, and 5210 patients underwent SAVR. Patient
baseline characteristics are displayed in Table 3.

3.2 | RoB

The Cochrane RoB 2 tool was utilised for the RoB assessment of the
included studies. Results are presented in Figure 2. The random-
isation process was a concern for bias because of the nature of the
intervention being a surgical procedure. Proper consent must be
obtained from the patient after receiving complete disclosure of the
risks. Masking was not employed in any of the studies. The allo-
cation process was randomised in eight of the studies, while in the
remaining four studies, it was nonrandomised and allocated based
on the most appropriate option, which was decided by a collection of
expert cardiac surgeons. None of the studies experienced any de-
viations from intended interventions. Although some of the studies
lacked details regarding the characteristics of the patients, the pri-
mary outcome was completely recorded in all studies. Reporting and
measurement of the outcome were constant throughout all studies,
with no discrepancies, leading to any bias risks. The patients were
followed by their operating surgeon, and, given the nature of the
intervention, the patient had to be informed of the risks before the
procedure. Therefore, the masking process in the studies may lead to
bias. It is important to note that the risk from reporting bias is
minimal as the criteria to determine a stroke event are consistent in
all the studies, and patient reporting compliance is significantly high,
as this event is a medical emergency.

3.3 | Publication Bias

We constructed separate funnel plots for each follow-up duration
to test for publication bias. The funnel plots demonstrate that the
points on both sides of the line are sufficiently symmetrical.
Please refer to Figures 3 and 4 for stroke risk at the 1-year and 30-
day mark, respectively. Furthermore, we carried out an Egger’s
regression-based test; a visual summary of the results is shown in
Tables 4 and 5. Table 4 shows that the intercept is —0.14 with a p
value of 0.5, which is significantly higher than the threshold of
0.05. Additionally, the coefficient for the standard error of effect
size is —0.430, and a p value of 0.5. Both of these measurements
indicate there is no evidence of small-study effects and no
publication bias in the 1-year stroke risk meta-analysis. Similarly,
Table 5 shows the intercept is —0.051 with a p value of 0.869,
significantly higher than the threshold of 0.05. Additionally, the
coefficient for the standard error of effect size is —0.687, and a p
value of 0.356. Again, both of these measurements indicate there
is no evidence of small-study effects and no publication bias in
the 30-day stroke risk meta-analysis.

3.4 | Quantitative Results
3.4.1 | Analysis of 30-Day Stroke Risk

Pooled data from each of the 11 included studies with regard to
the outcome of stroke after a 30-day follow-up subsequent to
aortic valve replacement revealed an overall incidence rate of
3.25% (397/12,231). The SAVR group experienced a slightly
higher incidence rate compared to that of the TAVR group
(TAVR vs. SAVR: 2.89% [206/7132] vs. 3.75% [191/5099]). The
outcome of stroke showed lower odds of occurrence of the event
in the TAVR group as compared to the SAVR group (OR 0.74;
95% CI 0.55-0.99; p = 0.02, N =12,231), as shown in Figure 5.
Therefore, the meta-analysis of the included studies revealed
a statistically significant lower risk of stroke within 30 days of the
intervention when the TAVR approach was used compared to the
surgical alternative.
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References removed (n = 599)
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PubMed (n = 165)
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Cochrane (n = 81)
MEDLINE (n = 80)

A 4
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> (n=10)
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(n =589)

p| Records excluded

(n =1840)
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(n=623)

Reports not retrieved
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(n=217)

v

Reports assessed for eligibility

(n=0)

Reports excluded (n= 205)

Y

(n=217)

Studies included in review
(n=12)

Repeated study (n = 3)

Wrong outcomes (n = 16)
Wrong comparator (n = 77)
Wrong indication (n = 3)

Wrong intervention (n = 14)
Wrong study design (n = 27)
Substudy/dupilcate (n = 9)

Full study not found (n = 17)
Incorrect follow-up time (n = 15)
Wrong patient population (n = 15)
Insufficient number for patient
population (n = 9)

FIGURE 1 | Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.

3.4.2 | Analysis of 1-Year Stroke Risk

Data were pooled from each of the 12 studies assessing stroke
incidence within 1year of an aortic valve replacement. This
revealed an overall incidence rate of 6.38% (795/12,457). The
SAVR group experienced a slightly higher incidence rate com-
pared to that of the TAVR group (TAVR vs. SAVR: 5.62% [407/
7247] vs. 7.45% [388/5210]). The outcome of stroke showed lower
odds of occurrence of the event during the follow-up of 1 year in
the TAVR group as compared to the SAVR group (OR 0.77; 95%
CI 0.62-0.96; p =0.02, N=12,457), as shown in Figure 6.
Therefore, the meta-analysis of the included studies revealed
a statistically significant lower risk of stroke within 1 year of the
intervention when the TAVR approach was used compared to the
surgical alternative.

3.4.3 | Sensitivity Analysis—RCT

A sensitivity analysis limited to randomised controlled trials was
undertaken to assess the robustness of the pooled results. At 30-
day post-op follow-up, no statistically significant difference in
stroke risk between TAVR and SAVR was observed (OR 0.82; 95%
CI 0.60-1.13; p = 0.228), although a trend towards lower stroke
risk with TAVR was noted. Similarly, at 1-year post-op follow-up,

no statistically significant difference in stroke risk between
TAVR and SAVR was observed (OR 0.82; 95% CI 0.64-1.08;
p = 0.173), with a similar trend towards lower stroke risk ob-
served with TAVR.

3.4.4 | Sensitivity Analysis—Newer Generation
Valves

A sensitivity analysis limited to studies utilising newer genera-
tion transcatheter valves, including SAPIEN 3, Evolut R, and
Portico systems, was undertaken to assess the impact of device
iteration on stroke outcomes. At 30-day post-op follow-up, TAVR
was still associated with a lower risk of stroke compared with
SAVR (OR 0.32; 95% CI 0.16-0.62; p = 0.001). At 1-year post-op
follow-up, no statistically significant difference in stroke risk
between TAVR and SAVR was observed (OR 0.49; 95% CI
0.22-1.07; p = 0.073), although a trend towards lower stroke risk
with TAVR was noted.

3.4.5 | Meta-Regression

Meta-regression analysis of the characteristics of the TAVR
patient population against the outcome of the study was con-
ducted. The following characteristics were found to have
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TABLE 3 | Baseline characteristics of the patient population.

Characteristics of the patients at baseline

Characteristics

TAVR population (n = 7247)

SAVR population (n = 5210)

Mean age—yr

Male sex—no. (%)

NYHA > III—no./total (%)

Previous myocardial infarction—no./total (%)

Previous atrial fibrillation or atrial flutter—no./total (%)
Previous percutaneous coronary intervention—no./total (%)
Previous coronary-artery bypass surgery—no./total (%)
Diabetes mellitus—no./total (%)

Peripheral arterial disease—no./total (%)
Hypertension—no./total (%)

Pre-existing pacemaker or defibrillator no./total (%)

80.2 (£3.2)
4073 (56.2)
5221/6688 (82.0)
1017/6096 (16.7)
985/4272 (23.1)
1226/4959 (24.7)
919/4818 (19.1)
2085/5262 (39.6)
1018/5203 (19.6)
2876/4125 (69.7)
346/3420 (10.1)

79.1 (£3.9)
2991 (57.4)
4459/5069 (88.0)
1109/4730 (23.4)
863/3302 (26.1)
1120/4093 (27.4)
746/3964 (18.8)
2227/3935 (56.6)
971/3832 (25.3)
1716/2662 (64.5)
301/2891 (10.4)

Abbreviations: NYHA, New York Heart Association; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.

Study ID R
A Alassar 2015

A Latib 2012

JV Conte 2016

DH Adams 2014

JJ Popma 2019

MB Leon 2016

HGH Thyregod 2015
S Rosato 2021

PM Wenaweser 2014
MJ Mack 2019

MIJ Reardon 2017

CR Smith - 2011

0000000000006
0000000000006
0000000000006
0000000000006
0000000000006~
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FIGURE 2 | Analysis of the risk of bias in accordance with the Cochrane Collaboration guideline.

increased the risk of stroke post-TAVR during the 30-day follow-
up: prior MI, prior PCI and a pre-existing pacemaker. Results
indicate that for patients pertaining to any of these characteristic
groups, the risk of stroke after TAVR and SAVR during the 30-
day postintervention decreases and reduces any favourability for
TAVR over SAVR. Regression lines are displayed in Figures 7, 8
and 9 (see Table 6).

Meta-regression analysis of prior M1, prior PCI and pre-existing
pacemaker calculated p values of 0.024, 0.013 and 0.002, re-
spectively. These results are statistically significant as they are
less than 0.05. Suggesting any of these characteristics led to
increased risk of stroke post-TAVR and a narrowing of the
margin of difference between SAVR and TAVR in terms of stroke
risk 30 days postprocedure.

Similarly, the following characteristics were found to have in-
creased the risk of stroke post-TAVR during the 1-year follow-up:

prior MI and pre-existing pacemaker. Results suggested that if
the patient pertained to any of these characteristic groups, the
difference in the risk of stroke between TAVR and SAVR during
the 1-year postintervention period decreases and reduces the
favourability of TAVR over SAVR. Regression lines are displayed
in Figures 10 and 11 for a 1-year follow-up analysis (see Table 7).

Meta-regression analysis of prior MI and pre-existing pacemaker
calculated p values of 0.036 and 0.002, respectively. These results
are statistically significant as they are less than 0.05. Suggesting
any of these characteristics led to increased risk of stroke post-
TAVR and a narrowing of the margin of difference between
SAVR and TAVR in terms of stroke risk 1-year postprocedure.

4 | Discussion

We conducted a systematic review and meta-analysis of 12 RCTs
and observational studies with a total population of 12,457
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FIGURE 3 | Funnel plot for 1-year stroke risk.
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FIGURE 4 | Funnel plot for 30-day stroke risk.

elderly patients with severe symptomatic AS, comparing the risk
of early stroke between TAVR and SAVR to determine which
intervention is associated with more favourable cerebrovascular
outcomes. The present study analysed data to evaluate the

incidence of stroke occurring postintervention in both TAVR and
SAVR. The analysis yielded a p value of 0.02 at both 30-day and 1-
year follow-up periods, indicating that TAVR is more favourable
in reducing stroke incidence.
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TABLE 4 | Random effects meta-regression analysis for 1-year stroke risk: Egger’s test.
Egger’s regression-based test for 1-year stroke risk
95% confidence
Parameter Coefficient Std. error t Sig. (2-tailed) interval
Lower Upper
Intercept —0.142 0.2036 —0.697 0.502 —0.595 0.312
SE —0.430 0.6169 —0.697 0.501 —1.805 0.944

Note: SE, standard error of effect size.

TABLE 5 | Random-effects meta-regression analysis for 30-day stroke risk: Egger’s test.
Egger’s regression-based test for 30-day stroke risk
95% confidence
Parameter Coefficient Std. error t Sig. (2-tailed) interval
Lower Upper
Intercept —0.051 0.3023 —0.170 0.869 —0.735 0.633
SE —0.687 0.7060 —0.973 0.356 —2.284 0.910
Note: SE, standard error of effect size.
TAVR SAVR
Study Stroke events  Total no. pts ~ Stroke events ~ Total no. pts ~ Weight Oddsratio  95% CI

A Alassar 2015 1 85 1 42 11 049  [0.03,8.00]

A Latib 2012 1 111 2 111 14 0.50  [0.04,5.54]

DH Adams 2014 52 1030 22 359 16.3 081  [0.49,1.36]

1J Popma 2019 23 1475 11 684 10.9 097  [0.47,2.00] }

MB Leon 2016 55 1011 61 1021 214 091 [0.62,1.32]

HGH Thyregod 2015 2 145 4 135 2.7 046  [0.08,2.54]

S Rosato 2021 8 1008 23 1008 9.3 034 [0.15,0.77] ——

PM Wenaweser 2014 16 559 5 138 6.5 0.78 [0.28,2.18]

MJ Mack 2019 3 496 11 454 4.5 025  [0.07,0.88] ———

MJ Reardon 2017 29 864 43 796 17.4 061  [0.38,0.98] -

CR Smith - 2011 16 348 8 351 8.5 2.07 [0.87, 4.89] T

Pooled 206 7132 191 5099 074  [0.55,0.99] @

0.01 0.1 1 10 100

Heterogeneity: tau® = 0.07, Chi? = 14.60, df = 10 (p = 0.15); I = 31%
Test for overall effect: Z = -2.02 (p = 0.04)

Model Effect size and 95% interval Test of null [2-tail] Prediction interval Between-study Other heterogeneity statistics
Number Point  Lower  Upper Lower  Upper
Model studies  estimate  limit limit Z-value P-value limit limit tau tauSq Q-value df[Q] P-value I-squared
Fixed 11 0.766 0.620 0.947 -2.461 0.014 14.597 10 0.147 31.492
Random 11 0.741 0.554 0.991 -2.018 0.044 0.378 1.452 0.258 0.066
FIGURE 5 | Forest plot of the composite outcome of all stroke events during the follow-up of 30 days, using a random-effects model.

Numerous studies have reported the benefits of TAVR over
SAVR in terms of both long-term and short-term efficacy and
safety outcomes [17]. However, multiple comprehensive sys-
tematic reviews, in contrast to the findings of the present paper,
found an insignificant difference in the risk of stroke post-TAVR
and SAVR. Of these studies, most focus on a follow-up period
longer than 1 year, while there is a lack of reporting of early
stroke risk post-TAVR [18-20]. Additionally, many systematic
reviews focus mainly on RCTs and ignore the data reported in
observational studies [21, 22]. This paper is novel in that it in-
cludes all study types and all relevant data that exist comparing

early stroke risk post-TAVR and SAVR, without excluding the
valuable data collected directly from clinical settings rather than
a controlled environment. Furthermore, the present paper in-
cludes data related to stroke events collected within a 1-year
follow-up period. This paper focuses specifically on elderly pa-
tients of all risk groups with a mean age of 82 and 79 in the TAVR
and SAVR, respectively. Novelty in this paper also lies in the
analysis that was conducted to investigate the pre-existing pa-
tient characteristics that impact the stroke risk postintervention
and should be evaluated when undertaking the decision of which
modality of aortic valve replacement to undertake.
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TAVR SAVR

Study Stroke events  Total no. pts ~ Stroke events ~ Total no. pts ~ Weight Oddsratio ~ 95% CI
A Alassar 2015 1 85 1 42 0.6 0.49 [0.03, 8.00]
A Latib 2012 1 111 3 111 0.9 0.33 [0.03, 3.20]
JV Conte 2016 12 115 15 111 5.7 0.75 [0.33,1.67] ——
DH Adams 2014 88 1030 45 359 15.1 0.65 [0.46, 0.95] '.'
JJ Popma 2019 58 1475 29 684 12.6 0.92 [0.59, 1.46]
MB Leon 2016 78 1011 79 1021 17.3 1.00 [0.72,1.38] -I
HGH Thyregod 2015 4 145 6 135 2.5 0.61 [0.17,2.21]
S Rosato 2021 81 1008 129 1008 18.8 0.60 [0.44, 0.80] .
PM Wenaweser 2014 16 559 5 138 3.8 0.78 [0.28, 2.18] =
MIJ Mack 2019 3 496 11 454 2.6 0.25 [0.07, 0.88] [ T —
MJ Reardon 2017 45 864 55 796 14.18 0.74 [0.49,1.11] E1
CR Smith 2011 20 348 10 351 6.1 2.08 [0.96, 4.51] -
Pooled 407 7247 388 5210 0.77 [0.62, 0.96] ‘
Heterogeneity: tau? = 0.04, chi? = 16.91, df = 11 (p = 0.11); I* = 35% 0.01 0.1 1 10 100

Test for overall effect: Z = -2.36 (p = 0.02)

Model Effect size and 95% interval Test of null [2-tail] Prediction interval Between-study Other heterogeneity statistics
Number Point  Lower  Upper Lower  Upper
Model studies  estimate  limit limit Z-value P-value limit limit tau tauSq Q-value df[Q] P-value I-squared
Fixed 12 0761 0.655  0.884 -3.566  0.000 16908 11 0111  34.942
Random 12 0772 0.623  0.957 2361 0.018 0461  1.294 0204  0.042
FIGURE 6 | Forest plot of composite outcome of all stroke events during the follow-up of a 1-year random-effects model.
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FIGURE 7 | Meta-regression of scatter plots for prior MI % 30-day follow-up analysis.

The only systematic review that had a similar focus as our paper
compared the early stroke risk of TAVR and SAVR in patients
who were aged between 90 and 99. The paper by Azka Latif et al.
found that there was no significant difference in stroke risk
between the two interventions [23]. However, this review only
included four retrospective studies, which may reduce the re-
liability of its results. Additionally, the patient age included was
extremely limited to between 90 and 99 years old. The risk of
stroke doubles with each decade after the age of 45, which may
increase the risk of stroke even in natural settings to a degree
where differences in outcomes post-SAVR and post-TAVR be-
come diluted [24].

Another comprehensive study of note, by Zhag et al., found
similarities within the same follow-up periods defined in this
paper, although they reported only RCTs and the composite
outcome of all-cause mortality or disabling stroke together [25].
They found that TAVR had significantly reduced risk at both 30-
day and 1-year follow-up periods.

For both the 30-day and the 1-year follow-up, a pre-existing
pacemaker was found to reduce the favourability of TAVR over
SAVR in terms of stroke risk. Multiple studies found that, in fact,
TAVR increases the risk of permanent pacemaker implantation
postintervention [22, 26, 27]. Previous studies found that self-
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FIGURE 8 |

Meta-regression of scatter plots for prior PCI % 30-day follow-up analysis.
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FIGURE 9 |

expanding valve deployment strategies increase the likelihood of
conduction abnormalities due to the increased radial force
exerted and first-generation stent designs, both contributing to
cardiac tissue inflammation [28]. Our findings suggest that pa-
tients with previous pacemaker implantations are less likely to
benefit from the reduced stroke risk post-TAVR. Patients with
pre-existing pacemakers are likely to represent a cohort with
a higher burden of structural heart disease and conduction
deficits, often associated with increased atrial arrhythmia
prevalence and overall cardiovascular comorbidity [29]. The
association resulting from the meta-regression analysis may

Meta-regression of scatter plots for prior pacemaker % 30-day follow-up analysis.

therefore reflect an underlying risk substrate rather than a direct
mechanistic effect of the pacing itself. Similarly, our meta-
regression analysis illustrated that patients with prior MIs
demonstrated attenuation of the stroke risk advantage of TAVR
at both 30-day and 1-year follow-up, while prior PCI was sig-
nificant only in the 30-day period.

Itis important to mention that this study included both RCTs and
observational studies. In the sensitivity analysis restricted to
RCTs, no statistically significant difference in stroke risk between
TAVR and SAVR was observed at either 30days or 1year;

Journal of Interventional Cardiology, 2026

11 of 15

8518017 SUOWILLIOD BAIER1D) 3|gedl|dde 3y} Aq pausenob 8e ss[ole O '8N J0 S3IN 10y A%eiq 1T 3UIIUO AB]IM UO (SUO R IPUOD-PUe-SWLISYW00" A | 1M ARe.q)1 BUTJUO//StY) SUORIPUOD pue SWie | 83 89S *[9202/70/62] Uo AfiqiTauliuo AB|Im ‘Ariq1 uewsson|D O/ Aq 6720585/210//SSTT OT/I0p/W00 A8 | M A1q 1[eulJUo//:SdnY WOl papeoiumod ‘T ‘9202 ‘0r0S



TABLE 6 | Univariate random-effects meta-regression of study-level
covariates for 30-day stroke risk (TAVR vs SAVR). f represents the
change in log odds ratio per unit increase in study-level prevalence of the
covariate.

Covariate (slfpe) 95% CI vall)ue
NYHA > 11 (%) 0.009 —0.005-0.023 0.218
Prior MI (%) 0.056  0.007-0.104  0.024
Prior AF (%) 0.035 —0.007-0.077 0.101
Prior PCI (%) 0.054 0.011-0.096  0.013
Prior CABG (%) 0.027  —0.003-0.059 0.079
Diabetes mellitus (%) 0.046  —0.011-0.111 0.111
Peripheral arterial disease  0.020 —0.006-0.046 0.132
(%)
Hypertension (%) 0.003  —0.014-0.021 0.700
Pre-existing pacemaker 0.113 0.041-0.185  0.002
(%)

Abbreviations: AF, atrial fibrillation; CABG, coronary artery bypass grafting; CI,
confidence interval; MI, myocardial infarction; NYHA, New York Heart Associa-
tion; PCI, percutaneous coronary intervention.

however, a consistent trend towards lower stroke risk with TAVR
was noted. The wider CIs likely reflect reduced statistical power
due to the smaller number of included studies and participants.
The observational studies contributed a substantial proportion of
the available real-world data and improved the precision of the
pooled estimates. Regardless, the consistency of the direction of
effect across the analyses supports the robustness of the overall
findings.

An additional sensitivity analysis focusing on newer generation
transcatheter valves demonstrated an increased reduction in
early stroke risk compared with the overall pooled analysis. This
result is plausible, as newer valve systems incorporate improved
delivery mechanisms, enhanced sealing skirts and refined de-
ployment techniques [30]. However, at 1year, no statistically

significant difference in stroke risk between TAVR and SAVR
was observed, although a trend towards lower stroke risk with
TAVR was noted; importantly, the consistent direction of effect
supports the relevance of the findings in contemporary practice.

Another important consideration is the potential influence of the
TAVR access route and its effects on stroke outcomes. Trans-
femoral access is currently the preferred approach and has been
associated with lower procedural morbidity compared with al-
ternative routes such as transapical or trans-subclavian ap-
proaches [31]. Several of the included studies enrolled patients
using mixed access routes, and as such, the stroke risk may vary
depending on the degree of aortic manipulation and invasiveness
of the procedure. Due to the patient-level data stratified by access
route not being consistently reported across trials, we were
unable to perform route-specific subgroup analyses, which
represents an important limitation of the study.

Moreover, there are many possible reasons for the favourability
of TAVR over SAVR for stroke risk reduction. Some major
considerations include TAVRS’ less invasive nature, new ad-
vancements in TAVR devices and faster patient recovery times.
TAVR reduces stroke risk by avoiding open-heart surgery, which
lessens embolic complications from direct heart manipulation.
Popma et al. showed that TAVR’s minimally invasive approach is
beneficial for high-risk elderly patients [32]. Recent advances in
TAVR devices, including the use of embolic protection devices
like the Sentinel Cerebral Protection System, further lower the
risk of stroke by filtering debris that could cause embolic strokes.
Studies such as the CLEAN-TAVI trial indicate that such devices
can significantly reduce the number of brain lesions post-TAVR,
contributing to better neuroprotective outcomes compared to
SAVR [33]. Finally, TAVR allows for quicker recovery, which is
critical for elderly patients who face higher risks during pro-
longed recovery periods common in SAVR, as demonstrated by
Mack et al. [3].

The apparent attenuation of effect at longer follow-up despite
a clear reduction in early stroke risk should be discussed. Early
cerebrovascular events following valve replacement are

Regression of log odds ratio on TAVR prior MI %
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FIGURE 10 | Meta-regression of scatter plots for prior MI % 1-year follow-up analysis.
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FIGURE 11 | Meta-regression of scatter plots for prior pacemaker % 1-year follow-up analysis.

TABLE 7 | Univariate random-effects meta-regression of study-level
covariates for 1-year stroke risk (TAVR vs SAVR). ff represents the change
in log odds ratio per unit increase in study-level prevalence of the
covariate.

Covariate (slfpe) 95% CI valljue
NYHA > 111 (%) 0.004 —0.007-0.016 0.459
Prior MI (%) 0.045 0.003-0.087  0.036
Prior AF (%) 0.032  —0.005-0.068 0.089
Prior PCI (%) 0.022  —0.004-0.047 0.091
Prior CABG (%) 0.002  —0.008-0.013 0.660
Diabetes mellitus (%) 0.030 —0.004-0.064 0.084
Peripheral arterial disease  0.013  —0.007-0.034 0.189
(%)
Hypertension (%) 0.003  —0.013-0.019 0.672
Pre-existing pacemaker 0.102 0.036-0.168  0.002
(%)

Abbreviations: AF, atrial fibrillation; CABG, coronary artery bypass grafting; CI,
Confidence Interval; MI, myocardial infarction; NYHA, New York Heart Associ-
ation; PCI, percutaneous coronary intervention.

predominantly procedural in nature, associated with aortic
manipulation, embolisation and device deployment. Therefore,
improvements in device design and operator experience play
a significant role in the early outcomes [34]. In contrast, stroke
events occurring in the long term are more likely driven by
patient risk factors, such as atrial fibrillation, age-related ath-
erosclerotic burden and many other comorbidities. Over time,
these individual-level risk factors may mitigate the early pro-
cedural advantage observed with TAVR, resulting in conver-
gence of stroke rates between TAVR and SAVR in the longer
term [35].

4.1 | Implications for Clinical Practice

Our meta-analysis bears significant utility in informing patients
and enhancing clinical practice in the management of severe
symptomatic AS, particularly in elderly patients. These findings
could support evidence-based decision-making regarding patient
selection and risk stratification during multidisciplinary team
discussions, aiding patient outcomes. Stroke remains among the
most feared complications of TAVR, underscoring the impor-
tance of holistic research to support clinical reasoning, which
may necessitate the use of protective devices, such as cerebral
embolic protection and an optimal anticoagulant regimen, to
mitigate the risk of stroke in patients.

4.2 | Study Limitations

Our study limitations primarily stem from the heterogeneity
among the included studies. Variations in patient populations,
procedural protocols, including anticoagulation regimens, and
device types could lead to inconsistent findings and complicate
the direct comparison of stroke risk between TAVR and SAVR.
Additionally, differences in how early strokes are defined and
detected across studies, whether through clinical diagnosis or
imaging, may introduce reporting bias. Moreover, the inclusion
of both randomised controlled trials and observational studies
introduces the potential for confounding factors. Valve genera-
tion was not consistently reported across the studies included,
and several trials included mixed device platforms. Therefore,
analyses restricted to newer generation valves should be con-
sidered exploratory, as they were limited in size. Additionally,
heterogeneity in the access route approaches across the included
studies may have influenced stroke outcomes and could not be
accounted for in the pooled analyses. These factors demonstrate
the need for further well-designed, large-scale studies with
consistent methodologies to clarify the relative stroke risks of
TAVR and SAVR.
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4.3 | Future Directions

Future research should focus on high-quality, prospective studies
with standardised definitions and reporting of stroke outcomes to
improve comparability between TAVR and SAVR. Studies that
include broader and more diverse patient populations would help
clarify stroke risks across varying demographics and comorbidity
profiles. Differences in the use of anticoagulation regimens and
embolic protection devices need to be further established to
determine which options provide favourable outcomes to stroke
patients. Lastly, the further improvement of advanced imaging
techniques, such as intraoperative transcranial Doppler and
MRI, may improve early detection of microembolic events and
allow for real-time monitoring of stroke risk during the
procedures.

5 | Conclusion

In conclusion, results from the present meta-analysis are sug-
gestive that in elderly patients with severe symptomatic AS, TAVR
contrasted with SAVR is associated with a decreased incidence of
stroke. These data underscore the advantages of TAVR’s less
invasive nature, which is particularly well-suited for the patient
demographic of interest, as well as the implications that recent
technological advancements have in reducing stroke risk. How-
ever, it is imperative that we isolate certain patient characteristics,
including prior MI and pacemaker implantation, that demonstrate
attenuated benefits from TAVR in terms of stroke risk reduction.
Investigations forthcoming should focus on large-scale, pro-
spective studies with uniform terminological standards and
reporting criteria for stroke outcomes. The findings of this analysis
should be interpreted alongside sensitivity analyses limited to
RCTs, which demonstrated no statistically significant association
at either timepoint, although consistent trends towards lower
stroke risk with TAVR were noted, as well as analyses restricted to
newer generation valves, which demonstrated a significant re-
duction in 30-day stroke risk but no statistically significant as-
sociation at 1year, despite a similar trend. Ongoing efforts are
essential to refine the current protocol and develop strategies for
aortic valve replacement in elderly patients as we optimise
treatment and work to diminish postoperative risk.

Author Contributions

All authors made substantial contributions to the conception or design of
the work or the acquisition, analysis or interpretation of data; drafted the
work or revised it critically for important intellectual content.

Funding

The authors did not receive support from any organisation for the
submitted work.

The authors have no relevant financial or nonfinancial interests to
disclose.

Disclosure

Part of this work was previously presented as an oral presentation at the
European Society of Cardiology (ESC) Congress and is available online
via ESC365 [36]. All authors approved the version to be published and
agreed to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Ethics Statement

This is a systematic review, so ethical approval is not required.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All the data used in this article are available online and publicly
accessible.

References

1. M. B. Leon, C. R. Smith, M. J. Mack, et al., “Transcatheter Aortic Valve
Implantation for Aortic Stenosis in Patients Who Cannot Undergo
Surgery,” New England Journal of Medicine 363, no. 17 (2010): 1597-1607,
https://doi.org/10.1056/NEJMo0a1008232.

2. M. B. Leon, C. R. Smith, M. J. Mack, et al., “Transcatheter or Surgical
Aortic-Valve Replacement in Intermediate-Risk Patients,” New England
Journal of Medicine 374, no. 17 (2016): 1609-1620, https://doi.org/
10.1056/NEJMoal514616.

3. M. J. Mack, M. B. Leon, V. H. Thourani, et al., “Transcatheter Aortic-
Valve Replacement With a Balloon-Expandable Valve in Low-Risk Pa-
tients,” New England Journal of Medicine 380, no. 18 (2019): 1695-1705,
https://doi.org/10.1056/NEJMoa1814052.

4. A. Al-Abdouh, S. Upadhrasta, O. Fashanu, et al., “Transcatheter Aortic
Valve Replacement in Low-Risk Patients: A Meta-Analysis of Ran-
domized Controlled Trials,” Cardiovascular Revascularization Medicine
21, no. 4 (2019): 461-466, https://doi.org/10.1016/j.carrev.2019.08.008.

5. M. Barbanti, F. Tomai, C. Pellegrini, et al., “Stroke After Transcatheter
Aortic Valve Implantation: A Systematic Review and Meta-Analysis,”
European Heart Journal 36, no. 24 (2015): 1505-1516, https://doi.org/
10.1093/eurheartj/ehv146.

6. C. R. Smith, M. B. Leon, M. J. Mack, et al., “Transcatheter Versus
Surgical Aortic-Valve Replacement in High-Risk Patients,” New England
Journal of Medicine 364, no. 23 (2011): 2187-2198, https://doi.org/
10.1056/NEJMo0al1103510.

7. S. L. Swift, T. Puehler, K. Misso, et al., “Transcatheter Aortic Valve
Implantation Versus Surgical Aortic Valve Replacement in Patients With
Severe Aortic Stenosis: A Systematic Review and Meta-Analysis,”
BMJ Open 11, no. 12 (2021): e054222, https://doi.org/10.1136/bmjopen-
2021-054222.

8. G. Witberg, U. Landes, A. Lador, D. Yahav, and R. Kornowski, “Meta-
Analysis of Transcatheter Aortic Valve Implantation Versus Surgical
Aortic Valve Replacement in Patients at Low Surgical Risk,” Euro-
Intervention 15, no. 12 (2019): e1047-e1056, https://doi.org/10.4244/eij-d-
19-00663.

9. M. J. Page, J. E. McKenzie, P. M. Bossuyt, et al., “The PRISMA 2020
Statement,” BMJ (2021): n71, https://doi.org/10.1136/bmj.n71.

10. Prospero, “Loneliness and Social Isolation as Determinants of Health:
A Systematic Review,” PROSPERO (2024): http://www.crd.york.ac.uk/
PROSPERO/.

11. Covidence, “Better Systematic Review Management,” Covidence
(2024): https://www.covidence.org/.

12. R. L. Sacco, S. E. Kasner, J. P. Broderick, et al., “An Updated Defi-
nition of Stroke for the 21st Century,” Stroke 44, no. 7 (2013): 2064-2089,
https://doi.org/10.1161/STR.0b013e318296aeca.

13. Cochrane Collaboration, RoB 2: A Revised Cochrane Risk-of-Bias Tool
for Randomized Trials (Cochrane, 2019), https://methods.cochrane
.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-
trials.

14. A.E. Ades, G. Lu, and J. P. T. Higgins, The Interpretation of Random-
Effects Meta-Analysis in Decision Models (Medical Decision Making,

14 of 15

Journal of Interventional Cardiology, 2026

85U8017 SUOWWOD SAIR.D 3(geddde ay) Aq pausenob o sejoie YO ‘8N JO S9N 10} AIq1T BUIUQ A8]IAA UO (SUOIPUCD-PUE-SWLS)W00 A8 |1 Afe.d1|BulUoy/:SdnL) SUONIPUCD pue swie 1 8y} 88S *[9202/70/62] Uo Akeiqiauliuo A&[IM ‘AriqiT uewsyon|9 0/0 Aq 6720S85/210//SSTT 0T/10p/L00 A8 1M Areiq Ul juD//:Sdny Woly pepeojumod ‘T ‘9202 ‘0v0S


http://doi.org/10.1056/NEJMoa1008232
http://doi.org/10.1056/NEJMoa1514616
http://doi.org/10.1056/NEJMoa1514616
http://doi.org/10.1056/NEJMoa1814052
http://doi.org/10.1016/j.carrev.2019.08.008
http://doi.org/10.1093/eurheartj/ehv146
http://doi.org/10.1093/eurheartj/ehv146
http://doi.org/10.1056/NEJMoa1103510
http://doi.org/10.1056/NEJMoa1103510
http://doi.org/10.1136/bmjopen-2021-054222
http://doi.org/10.1136/bmjopen-2021-054222
http://doi.org/10.4244/eij-d-19-00663
http://doi.org/10.4244/eij-d-19-00663
http://doi.org/10.1136/bmj.n71
http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
https://www.covidence.org/
http://doi.org/10.1161/STR.0b013e318296aeca
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials

2005), https://www.scopus.com/record/display.uri?eid=2-s2.0-
27944450011%260rigin=inward%26txGid=0ecdb125eel648fa6caf3ade
625f1ee0.

15. M. Borenstein, Comprehensive Meta-Analysis Software (Wiley, 2022),
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119099369.ch27.

16. J. J. Deeks, J. P. T. Higgins, and D. G. Altman, “Analysing Data and
Undertaking Meta-Analyses. Cochrane Handbook,” (2019), https://onli
nelibrary.wiley.com/doi/abs/10.1002/9781119536604.Ch10.

17. Y. K. Sa, B. H. Hwang, W. B. Chung, et al., “Real-World Comparison
of Transcatheter Versus Surgical Aortic Valve Replacement,” Journal of
Clinical Medicine 12, no. 2 (2023): 571, https://doi.org/10.3390/
jcm12020571.

18. Y. Sakurai, Y. Yokoyama, T. Kuno, et al., “Transcatheter Versus
Surgical Aortic Valve Replacement for Stenotic Bicuspid Aortic Valve,”
JTCVS Open 13 (2023): 75-94, https://doi.org/10.1016/j.xjon.2022.11.012.

19. J. A. Siordia, J. M. Loera, M. Scanlon, J. Evans, and P. A. Knight,
“Three-Year Survival Comparison Between Transcatheter and Surgical
Aortic Valve Replacement,” Innovations 13, no. 3 (2018): 153-162,
https://doi.org/10.1097/imi.0000000000000507.

20. G. Talanas, A. Laconi, D. J. Kereiakes, et al., “Long-Term Outcomes
of Transcatheter vs Surgical Aortic Valve Replacement,” JSCAI 3, no. 7
(2024): 102143, https://doi.org/10.1016/.jscai.2024.102143.

21. J. Llerena-Velastegui, C. Navarrete-Cadena, F. Delgado-Quijano,
et al., “Frequency of Stroke in Intermediate-Risk Patients Undergoing
TAVR vs SAVR,” Current Problems in Cardiology 49, no. 1 (2024): 102099,
https://doi.org/10.1016/j.cpcardiol.2023.102099.

22. B. Kheiri, M. Osman, H. Abubakar, et al., “Transcatheter Versus
Surgical Aortic Valve Replacement in Low-Risk Patients,” Cardiovas-
cular Revascularization Medicine 20, no. 10 (2019): 838-842, https://
doi.org/10.1016/j.carrev.2018.12.023.

23. A. Latif, M. J. Ahsan, N. Lateef, et al., “Outcomes of Surgical Versus
Transcatheter Aortic Valve Replacement in Nonagenarians,” Journal of
Community Hospital Internal Medicine Perspectives 11, no. 1 (2021):
128-134, https://doi.org/10.1080/20009666.2020.1843235.

24. M. Kelly-Hayes, “Influence of Age and Health Behaviors on Stroke
Risk,” Journal of the American Geriatrics Society 58, no. 2 (2010):
$325-S328, https://doi.org/10.1111/j.1532-5415.2010.02915.x.

25. X. Zhang, T. Wang, R. Lan, et al, “Meta-Analysis Comparing
Transcatheter Versus Surgical Aortic Valve Replacement Outcomes,”
The American Journal of Cardiology 125, no. 3 (2020): 449-458, https://
doi.org/10.1016/j.amjcard.2019.10.057.

26.J. Y. Levett, S. B. Windle, K. B. Filion, V. C. Brunetti, and
M. J. Eisenberg, “Meta-Analysis of Transcatheter Versus Surgical Aortic
Valve Replacement in Low-Risk Patients,” The American Journal of
Cardiology 125, no. 8 (2020): 1230-1238, https://doi.org/10.1016/
j-amjcard.2020.01.017.

27. D. Zhang, X. Mao, D. Liu, J. Zhang, G. Luo, and L. Luo, “Trans-
catheter vs Surgical Aortic Valve Replacement Systematic Review,”
Clinical Cardiology 43, no. 12 (2020): 1414-1422, https://doi.org/10.1002/
clc.23454.

28. D. Erkapic, S. De Rosa, A. Kelava, R. Lehmann, S. Fichtlscherer, and
S. H. Hohnloser, “Risk for Permanent Pacemaker After Transcatheter
Aortic Valve Implantation,” Journal of Cardiovascular Electrophysiology
23, mno. 4 (2012): 391-397, https://doi.org/10.1111/.1540-
8167.2011.02211.x.

29. K. Lakshminarayan, D. C. Anderson, C. A. Herzog, and A. I. Qureshi,
“Clinical Epidemiology of Atrial Fibrillation and Cerebrovascular
Events,” Stroke (2008): https://pubmed.ncbi.nlm.nih.gov/18469671/
Available from.

30. Y. G. Ko, “Sapien 3 Versus Sapien XT Balloon-Expandable Valve
Outcomes,” Journal of Interventional Cardiology (2020): https://pmc.ncbi
.nlm.nih.gov/articles/PMC7515759/Available from.

31. W. Abusnina, A. Machanahalli Balakrishna, M. Ismayl, et al.,
“Comparison of Transfemoral Versus Transsubclavian/Transaxillary
Access for TAVR. IJC Heart and Vasculature,” (2022), https://pubmed.
ncbi.nlm.nih.gov/36471671/Available from.

32. M. J. Reardon, N. M. Van Mieghem, J. J. Popma, et al., “Surgical or
Transcatheter Aortic-Valve Replacement in Intermediate-Risk Patients,”
New England Journal of Medicine 376, no. 14 (2017): 1321-1331, https://
doi.org/10.1056/NEJMo0al1700456.

33. S. Haussig, N. Mangner, M. G. Dwyer, et al., “Effect of a Cerebral
Protection Device on Brain Lesions Following TAVR: CLEAN-TAVI
Randomized Clinical Trial,” JAMA 316, no. 6 (2016): 592-601, https://
doi.org/10.1001/jama.2016.10302.

34. O. De Backer, J. H. Butt, Y. H. Wong, et al., “Early and Late Risk of
Ischemic Stroke After TAVR,” Clinical Research in Cardiology (2020):
https://pubmed.ncbi.nlm.nih.gov/31667622/Available From.

35. P. A. Davlouros, V. C. Mplani, I. Koniari, G. Tsigkas, and G. Hahalis,
“Transcatheter Aortic Valve Replacement and Stroke: A Comprehensive
Review,” Journal of Geriatric Cardiology (2018): https://pubmed.ncbi.
nlm.nih.gov/29434631/Available From.

36. European Society of Cardiology, “Comparative Analysis of Early
Stroke Risk in Transcatheter Versus Surgical Aortic Valve Replacement
in Elderly Patients,” ESC365 (2026): https://esc365.escardio.org/person/
1250841Available at.

Journal of Interventional Cardiology, 2026

15 of 15

8518017 SUOWILLIOD BAIER1D) 3|gedl|dde 3y} Aq pausenob 8e ss[ole O '8N J0 S3IN 10y A%eiq 1T 3UIIUO AB]IM UO (SUO R IPUOD-PUe-SWLISYW00" A | 1M ARe.q)1 BUTJUO//StY) SUORIPUOD pue SWie | 83 89S *[9202/70/62] Uo AfiqiTauliuo AB|Im ‘Ariq1 uewsson|D O/ Aq 6720585/210//SSTT OT/I0p/W00 A8 | M A1q 1[eulJUo//:SdnY WOl papeoiumod ‘T ‘9202 ‘0r0S


https://www.scopus.com/record/display.uri?eid=2-s2.0-27944450011&origin=inward&txGid=0ecdb125ee1648fa6caf3a9e625f1ee0
https://www.scopus.com/record/display.uri?eid=2-s2.0-27944450011&origin=inward&txGid=0ecdb125ee1648fa6caf3a9e625f1ee0
https://www.scopus.com/record/display.uri?eid=2-s2.0-27944450011&origin=inward&txGid=0ecdb125ee1648fa6caf3a9e625f1ee0
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119099369.ch27
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119536604.Ch10
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119536604.Ch10
http://doi.org/10.3390/jcm12020571
http://doi.org/10.3390/jcm12020571
http://doi.org/10.1016/j.xjon.2022.11.012
http://doi.org/10.1097/imi.0000000000000507
http://doi.org/10.1016/j.jscai.2024.102143
http://doi.org/10.1016/j.cpcardiol.2023.102099
http://doi.org/10.1016/j.carrev.2018.12.023
http://doi.org/10.1016/j.carrev.2018.12.023
http://doi.org/10.1080/20009666.2020.1843235
http://doi.org/10.1111/j.1532-5415.2010.02915.x
http://doi.org/10.1016/j.amjcard.2019.10.057
http://doi.org/10.1016/j.amjcard.2019.10.057
http://doi.org/10.1016/j.amjcard.2020.01.017
http://doi.org/10.1016/j.amjcard.2020.01.017
http://doi.org/10.1002/clc.23454
http://doi.org/10.1002/clc.23454
http://doi.org/10.1111/j.1540-8167.2011.02211.x
http://doi.org/10.1111/j.1540-8167.2011.02211.x
https://pubmed.ncbi.nlm.nih.gov/18469671/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7515759/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7515759/
https://pubmed.ncbi.nlm.nih.gov/36471671/
https://pubmed.ncbi.nlm.nih.gov/36471671/
http://doi.org/10.1056/NEJMoa1700456
http://doi.org/10.1056/NEJMoa1700456
http://doi.org/10.1001/jama.2016.10302
http://doi.org/10.1001/jama.2016.10302
https://pubmed.ncbi.nlm.nih.gov/31667622/
https://pubmed.ncbi.nlm.nih.gov/29434631/
https://pubmed.ncbi.nlm.nih.gov/29434631/
https://esc365.escardio.org/person/1250841
https://esc365.escardio.org/person/1250841

	Comparative Analysis of Early Stroke Risk in Transcatheter Versus Surgical Aortic Valve Replacement in Elderly Patients
	1. Introduction
	1.1. Background
	1.2. Clinical Significance of Early Stroke in Valve Replacement
	1.3. Recent Systematic Reviews and Meta-Analyses
	1.4. Objective and Scope of the Review

	2. Methodology
	2.1. Search Strategy
	2.2. Eligibility Criteria
	2.3. Study Selection
	2.4. Data Extraction
	2.5. Risk of Bias (RoB)
	2.6. Statistical Analysis

	3. Results
	3.1. Study Selection
	3.2. RoB
	3.3. Publication Bias
	3.4. Quantitative Results
	3.4.1. Analysis of 30-Day Stroke Risk
	3.4.2. Analysis of 1-Year Stroke Risk
	3.4.3. Sensitivity Analysis—RCT
	3.4.4. Sensitivity Analysis—Newer Generation Valves
	3.4.5. Meta-Regression


	4. Discussion
	4.1. Implications for Clinical Practice
	4.2. Study Limitations
	4.3. Future Directions

	5. Conclusion
	Author Contributions
	Funding
	Disclosure
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement




