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Abstract

Introduction: Transcatheter aortic valve implantation (TAVI) has become
a standard treatment for patients with severe aortic stenosis. However,
periprocedural cerebral embolisation remains a major complication, contrib-
uting to the risk of stroke and silent cerebral infarctions. Cerebral embolic
protection devices (CEPDs) have been developed to mitigate this risk, but
their clinical efficacy remains uncertain.

Methods: A systematic search of the PubMed/Medline, Embase, and Cochrane
library databases was conducted for randomised controlled trials (RCTs) com-
paring CEPD use versus no CEPD in patients undergoing TAVI, from inception
to 1 May 2025. The primary outcome was all-cause stroke. Risk ratios (RRs)
and mean differences (MDs) were pooled using a random-effects model.
Results: Eight RCTs comprising 11,611 patients (5956 with CEPD and 5655
without CEPD) were included. CEPD use was not associated with a signifi-
cant reduction in all-cause stroke (RR = 0.92, 95% Cl: 0.74-1.15), disabling
stroke (RR = 0.80, 95% Cl: 0.57-1.12), or non-disabling stroke (RR = 0.82,
95% Cl: 0.58-1.16). No significant differences were observed in all-cause
mortality (RR = 1.09, p = 0.70), NIHSS worsening (RR = 1.21, p = 0.41), new
ischaemic lesions (RR = 0.99, p = 0.70), or lesion volume on DW-MRI (MD =
—-78.89 mm3, p = 0.10). Similarly, no significant differences were found in the
incidence of acute kidney injury or vascular complications (p > 0.05).
Conclusions: The use of CEPDs during TAVI was not associated with a reduc-
tion in stroke, mortality, or other adverse clinical outcomes. Further research
may be needed to identify subgroups who could benefit from CEPD use.

Key words: cerebral embolic protection, transcatheter aortic valve implanta-
tion, meta-analysis, sentinel.
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Introduction

Transcatheter aortic valve implantation (TAVI)
has become a well-established therapeutic inter-
vention for patients with severe aortic stenosis.
Despite its widespread implementation and over-
all procedural success, embolisation of valve-re-
lated debris during the procedure can lead to
stroke, which remains a major complication as-
sociated with significant morbidity and mortality
[1, 2]. Stroke incidence ranges from 3.4% to 8%,
with most events occurring in the first few days
following the procedure, primarily as a result of
periprocedural embolisation [3-5]. Beyond clini-
cally apparent strokes, diffusion-weighted mag-
netic resonance imaging (DW-MRI) studies have
demonstrated a high prevalence of silent cerebral
infarctions following TAVI [6, 7].

Cerebral embolic protection devices (CEPDs)
have been developed to prevent embolic debris re-
leased during TAVI from entering the cerebral cir-
culation, hence reducing the risk of embolic stroke
and its associated complications [8]. However, the
clinical effectiveness of CEPDs remains controver-
sial. A recent analysis of the comprehensive STS—
ACC TVT (Society of Thoracic Surgeons—American
College of Cardiology Transcatheter Valve Thera-
py) registry demonstrated a borderline statisti-
cally significant reduction in both all-cause stroke
and disabling stroke associated with CEPD use [9].
Conversely, previous studies have consistently re-
ported no significant difference in the incidence
of severe stroke, disabling stroke, or mortality be-
tween patients receiving CEPDs and those in con-
trol groups [10, 11].

A recently published randomised controlled
trial (RCT), the BHF PROTECT-TAVI study, report-
ed outcomes from a cohort of 7635 randomised
patients [12]. In light of these new findings, we
conducted an updated systematic review and me-
ta-analysis to evaluate the safety, clinical efficacy,
and neuroimaging outcomes associated with the
use of CEPD in patients undergoing TAVI.

Methods

This systematic review and meta-analysis ad-
hered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guide-
lines [13]. The protocol of review is registered with
PROSPERO (CRD420251070225).

Search and screening of studies

Two independent reviewers conducted a sys-
tematic literature search across the PubMed/Med-
line, Cochrane library, and Embase databases. The
search included RCTs published from database
inception until 1 May 2025, focusing on studies
comparing CEPD versus no CEPD in patients un-

dergoing TAVI. Additional relevant studies were
identified by manually reviewing reference lists
of retrieved articles, prior meta-analyses, and
review papers. Duplicate studies were excluded
using Rayyan, and no language restrictions were
applied. Two reviewers independently screened
all articles by title and abstract, followed by full-
text assessment for eligibility. Discrepancies were
resolved through discussion or consultation with
a third reviewer (MA). The detailed search strategy
is provided in Supplementary Table SI.

Inclusion and exclusion criteria

Studies were included if they met the following
criteria: they were published RCTs, enrolled adult
patients (aged 18 years or older) undergoing TAVI,
compared CEPD use versus no CEPD, and reported
at least one pre-specified efficacy or safety out-
come. Studies were excluded if they were non-
RCTs, such as observational studies, case reports,
reviews, or editorials, or if they presented insuffi-
cient or irrelevant data.

Outcomes and data extraction

The primary outcome was the incidence of
all-cause stroke. Secondary outcomes included
disabling stroke, non-disabling stroke, all-cause
death, NIHSS worsening, new ischaemic lesions,
acute kidney injury (AKI), major or minor vascu-
lar complications, and lesion volume on DW-MRI.
We used maximum available follow-up for data
extraction of outcomes. Extracted data included
study characteristics (author, year, design, sample
size, and follow-up duration), patient demograph-
ics (age, sex, comorbidities), and clinical outcomes.

Bias assessment

The Cochrane Risk of Bias Tool (RoB 2) was
used to evaluate the quality of the included stud-
ies [14]. This tool assesses potential bias across
several domains, including selection bias, per-
formance bias, detection bias, attrition bias, and
reporting bias. Two reviewers independently per-
formed the quality assessment, and any disagree-
ments were resolved through consensus or by in-
volving a third reviewer.

Data analysis

Statistical analyses were conducted using
RevMan 5.4. Results were reported as risk ratios
(RR) for dichotomous outcomes and as mean
differences (MD) for continuous outcomes with
corresponding 95% confidence intervals (Cls). For-
est plots were used to visualise the results. The
DerSimonian Laird random effects model was
used for pooled analysis to account for inter-study
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variations [15]. Heterogeneity among studies was
assessed using the 2 statistic, where values of
less than 25% indicated low heterogeneity, 25%
to 75% indicated moderate heterogeneity, and
values greater than 75% indicated high hetero-
geneity. A p-value less than 0.05 was considered
statistically significant.

Results

A total of 442 studies were identified through
database searches. After removing duplicates,
371 articles were reviewed during the title and
abstract screening. Twenty-four studies under-
went full-text review, and following detailed as-
sessment, 8 studies met the eligibility criteria and
were included in this systematic review and me-
ta-analysis (Supplementary Figure S1).

Baseline characteristics and bias
assessment

The included studies [10-12, 16-20] reported
data for 11,611 patients undergoing TAVI, includ-
ing 5956 patients receiving CEPD and 5655 pa-
tients undergoing TAVI without CEPD. The mean
age of patients in the CEPD group was 80.6 years,
while it was 80.6 years in the control group. The
proportion of male patients was 59.3% in the
CEPD group and 61.3% in the control group. Stroke
definitions varied among studies, with most using
VARC-2 criteria, and some incorporating Neuro-
ARC definitions. The most commonly used CEPDs
included Sentinel and TriGuard, with one study
using the Claret Montage dual filter system. The
duration of follow-up ranged from 3 to 60 days.
Detailed baseline characteristics for each study
are summarised in Table I. Six of the included
studies had a low risk of bias while 2 (10, 19) had
some concerns mainly related to deviations from
intended intervention (Supplementary Figure S2).

Results of meta-analysis
All-cause stroke

Data for the composite outcome for stroke was
provided by all 8 studies. Out of total of 11,589
patients, CEPD group (total 5943; events 161) and
the control group (total 5646; events 150) were
analysed. The pooled analysis did not demon-
strate a statistically significant difference for all-
cause stroke among patients with CEPD and the
control group (RR =0.92, 95% Cl = 0.74-1.15, p =
0.48, Figure 1 A). No heterogeneity was observed
among studies included (/> = 0%).

Disabling stroke

Data from 8 studies were used to assess the
incidence of disabling stroke between the two

controlled trials

groups. Out of 11,588 patients, the CEPD group
(Total = 5943; Events = 66) and the control group
(Total = 5645; Events = 77) were analysed. The
pooled analysis did not demonstrate a statistically
significant difference in the incidence of disabling
stroke between the two groups (RR = 0.80, 95% Cl
= 0.57-1.12, p = 0.18, Figure 1 B). No heterogene-
ity was observed among included studies (1> = 0%).

Non-disabling stroke

Data from 7 studies were used to assess the
incidence of non-disabling stroke between the
two groups. Among 3993 participants, the CEPD
group (Total = 2146; Events = 68) and the control
group (Total = 1847; Events = 63) were analysed.
The pooled analysis did not demonstrate a statis-
tically significant reduction in the risk of non-dis-
abling stroke between the two groups (RR = 0.82,
95% Cl = 0.58-1.16, p = 0.26, Figure 1 C). No het-
erogeneity was observed among included studies
(> = 0%).

All-cause death

Data from 8 randomised controlled trials was
used to assess all-cause mortality between the
two groups. Among 11,593 patients, the CEPD
group (Total = 5946; Events = 48) and the control
group (Total = 5647; Events = 39) were included.
The pooled analysis did not show a statistically
significant difference in all-cause mortality be-
tween the two groups (RR = 1.09, 95% Cl = 0.71-
1.67, p = 0.70, Figure 2 A). No heterogeneity was
observed (2 = 0%).

NIHSS worsening

A total of 5 randomised controlled trials, in-
cluding 595 patients, contributed to the NIHSS
worsening outcome. The CEPD group (Total = 331;
Events = 41) and the control group (Total = 264;
Events = 28) were analysed. The pooled analysis
did not show a statistically significant difference
in NIHSS worsening between the two groups (RR
=1.21,95% Cl = 0.77-1.91, p = 0.41, Figure 2 B).
No heterogeneity was observed (2 = 0%).

New ischaemic lesions

Data from 5 studies were used to evaluate
the incidence of new ischaemic lesions between
the two groups. The CEPD group (Total = 308;
Events = 265) and the control group (Total = 250;
Events = 221) were analysed. The pooled analysis
showed no statistically significant difference in
the incidence of new ischaemic lesions between
the two groups (RR = 0.99, 95% Cl = 0.95-1.04,
p = 0.70, Figure 2 C). No heterogeneity was ob-
served (12 = 0%).
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A

Study CEPD No CEPD Weight Risk ratio, IV, Risk ratio, IV,

or subgroup Events Total Events Total (%) random, 95% ClI random, 95% ClI

BHF PROTECT TAVI 81 3795 82 3799 542 0.99[0.73, 1.34] --

CLEAN-TAVI 4 50 50 2.8 1.00[0.26, 3.78] —_—

DEFLECT 11l 2 46 2 39 1.4 0.85[0.13, 5.74]

MISTRAL-C 0 32 2 33 0.6 0.21[0.01, 4.13]

PROTECTED TAVR 34 1501 43 1499 253 0.79[0.51, 1.23] —a

REFLECT | 14 131 4 59 4.4 1.58 [0.54, 4.59] R B —

REFLECT Il 13 157 3 57 3.4 1.57 [0.47, 5.32] T

Sentinel 13 231 10 110 8.0 0.62[0.28, 1.37] ———

Total (95% Cl) 5943 5646 100.0  0.92[0.74, 1.15] ¢

Total events 161 150

Heterogeneity: 12 = 0.00, ¥?> = 4.33,df =7 (p = 0.74); > = 0% | } } |

Test for overall effect: Z= 0.70 (p = 0.48) 0.01 0.1 1 10 100

Favours [CEPD] Favours [No CEPD]

B

Study CEPD No CEPD Weight Risk ratio, IV, Risk ratio, IV,

or subgroup Events Total Events Total (%) random, 95% ClI random, 95% ClI

BHF PROTECT TAVI 47 3795 53 3799 748 0.89[0.60, 1.31]

CLEAN-TAVI 0 50 0 50 Not estimable

DEFLECT 1l 1 46 0 39 1.1 2.55[0.11, 60.95]

MISTRAL-C 0 32 2 33 0.3 0.21[0.01, 4.13]

PROTECTED TAVR 8 1501 20 1499 17.1 0.40[0.18, 0.90] —

REFLECT | 4 131 0 59 1.3 4.09[0.22, 74.78]

REFLECT Il 4 157 1 57 2.4 1.45[0.17,12.72]

Sentinel 2 231 1 109 2.0 0.94[0.09, 10.30]

Total (95% Cl) 5943 5645 100.0 0.80[0.57, 1.12] ‘

Total events 66 77

Heterogeneity: 2 = 0.00, 32 = 5.87, df = 6 (p = 0.44); I = 0% f f f !

Test for overall effect: Z=1.33 (p = 0.18) 0.01 0.1 1 10 100

Favours [CEPD] Favours [No CEPD]

C

Study CEPD No CEPD Weight Risk ratio, IV, Risk ratio, IV,

or subgroup Events Total Events Total (%) random, 95% ClI random, 95% ClI

CLEAN-TAVI 4 50 4 50 6.8 1.00[0.26, 3.78]

DEFLECT 1lI 1 46 2 39 2.2 0.42[0.04, 4.50]

MISTRAL-C 0 32 0 33 Not estimable

PROTECTED TAVR 34 1501 43 1499 613 0.79[0.51, 1.23] -

REFLECT | 10 129 3 59 7.7 1.52 [0.44, 5.34] —_—t—

REFLECT Il 8 157 2 57 5.2 1.45[0.32, 6.64] _—

Sentinel 11 231 9 110 16.7 0.58[0.25, 1.36] —_—

Total (95% Cl) 2146 1847 100.0  0.82[0.58, 1.16] <

Total events 68 63

Heterogeneity: 12 = 0.00, 2 = 2.52, df = 5 (p = 0.77); = 0% i i i i
0.01 0.1 1 10 100

Test for overall effect: Z= 1.14 (p = 0.26)

Favours [CEPD] Favours [No CEPD]

Figure 1. Forest plots for all-cause stroke (A), disabling stroke (B), and non-disabling stroke (C)

Acute kidney injury

Data from 8 studies assessed the incidence of
AKI associated with the procedure between the
two groups. Out of 10,833 patients, the CEPD
group (Total = 5560; Events = 152) and the control
group (Total = 5273; Events = 126) were analysed.
The pooled analysis did not reveal a statistically
significant difference in AKI incidence between
the groups (RR = 1.19, 95% Cl = 0.94-1.50, p =
0.15, Figure 3 A). No heterogeneity was observed
(2 = 0%).

Major or minor vascular complications

A total of 7 randomised controlled trials includ-

ing 7731 patients were used to assess major or
minor vascular complications related to TAVI. The
CEPD group (Total = 3996; Events = 182) and the
control group (Total = 3735; Events = 133) were
analysed. The pooled analysis did not show a sta-
tistically significant difference between the two
groups (RR = 1.19, 95% Cl = 0.73-1.63, p = 0.66,
Figure 3 B). Moderate heterogeneity was observed
(2 = 43%).
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A

Study CEPD No CEPD Weight Risk ratio, IV, Risk ratio, IV,

or subgroup Events Total Events Total (%) random, 95% ClI random, 95% ClI

BHF PROTECT TAVI 29 3795 26 3799 664 1.12[0.66, 1.89] —i—
CLEAN-TAVI 0 50 1 50 1.8 0.33[0.01, 7.99]

DEFLECT 11l 1 46 2 39 33 0.42[0.04, 4.50]

MISTRAL-C 1 32 3 33 3.8 0.34[0.04, 3.13]

PROTECTED TAVR 8 1501 4 1499 129 2.00[0.60, 6.62] o
REFLECT | 2 131 0 59 2.04 2.27[0.11, 46.62]

REFLECT II 4 157 1 57 3.9 1.45[0.17, 12.72] —
Sentinel 3 234 2 111 5.9 0.71[0.12, 4.20] _—
Total (95% Cl) 5946 5647 100.0 1.09 [0.71, 1.67]

Total events 48 39 | | |

Heterogeneity: 12 = 0.00, 2 = 3.70,df =7 (p = 0.81); > = 0%

Test for overall effect: Z = 0.39 (p = 0.70) 0.01 0.1 1 10 100
Favours [CEPD] Favours [No CEPD]

B

Study CEPD No CEPD Weight Risk ratio, IV, Risk ratio, IV,

or subgroup Events Total Events Total (%) random, 95% CI random, 95% Cl

CLEAN-TAVI 11 44 11 45 391 1.02 [0.50, 2.11] —

DEFLECT 11l 2 42 3 35 6.8 0.56 [0.10, 3.14] —_—

MISTRAL-C 0 29 1 23 21 0.27[0.01, 6.26]

REFLECT | 14 117 5 56 21.8 1.34[0.51, 3.54] —

REFLECT Il 14 99 8 105 302 1.86[0.81, 4.23] T

Total (95% Cl) 331 264 1000  1.21[0.77,1.91]

Total events 41 28 . . r . ,

Heterogeneity: 1> = 0.00, ¥? = 2.94,df = 4 (p = 0.57); I’ = 0% f I I I 1

Test for overall effect: Z= 0.83 (p = 0.41) 0.01 0.1 1 10 100

Favours [CEPD] Favours [No CEPD]

C

Study CEPD No CEPD Weight Risk ratio, 1V, Risk ratio, 1V,

or subgroup Events Total Events Total (%) random, 95% Cl random, 95% ClI

CLEAN-TAVI 48 49 44 45 62.2 1.00 [0.94, 1.06]

DEFLECT 1ll 19 26 23 26 3.0 0.83[0.63, 1.08]

MISTRAL-C 16 22 13 15 2.1 0.84[0.61, 1.16]

REFLECT | 97 111 51 58 15.8 0.99[0.88, 1.12]

REFLECT Il 85 100 90 106 16.8 1.00[0.89, 1.12]

Total (95% ClI) 308 250 100.0 0.99 [0.95, 1.04]

Total events 265 221 . . . ,
ty: 12 = 2 _ — — .2 = N9 I T T T 1

Heterogeneity: 1> = 0.00, ¥? = 2.90, df = 4 (p = 0.57); I = 0% 0.01 o1 ] 10 100

Test for overall effect: Z=0.38 (p = 0.70)

Favours [CEPD] Favours [No CEPD]

Figure 2. Forest plots for all-cause death (A), NIHSS worsening (B), and new ischaemic lesions (C)

Lesion volume on DW-MRI

A total of 814 patients from 6 randomized con-
trolled trials were included to assess differences
in lesion volume on diffusion-weighted MRI. The
CEPD group included 448 patients, while the
control group included 366 patients. The pooled
analysis did not show a statistically significant dif-
ference in lesion volume between the two groups
(Mean Difference = -78.89, 95% Cl = —=172.29 to
14.50, p = 0.10, Figure 3 C). Substantial heteroge-
neity was observed (12 = 96%).

Discussion

Our meta-analysis of 8 RCTs, with data for
11,611 patients, demonstrated that the use of
CEPDs during TAVI was not associated with an
improvement in clinical outcomes. CEPDs were

developed to mitigate periprocedural cerebral
embolisation, aiming to capture or deflect embol-
ic debris during valve deployment [21]. Although
earlier studies confirmed the presence of debris
captured by these devices, clinical trials have been
largely underpowered to detect meaningful differ-
ences in neurological outcomes [8, 21]. Our up-
dated meta-analysis sought to resolve this uncer-
tainty by incorporating data from the largest and
most recent RCT to date (the BHF PROTECT-TAVI
trial), resulting in a pooled cohort of 11,611 pa-
tients across eight RCTs [12].

Despite this expanded dataset, our analy-
sis found no statistically significant reduction in
all-cause stroke among patients receiving CEPD
compared with those undergoing TAVI without
protection. Furthermore, the use of CEPDs did not
translate into improvements in neurocognitive
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A

Study CEPD No CEPD Weight Risk ratio, IV, Risk ratio, IV,
or subgroup Events Total Events Total (%) random, 95% ClI random, 95% ClI
BHF PROTECT TAVI 137 3414 113 3417 912 1.21[0.95, 1.55] .
CLEAN-TAVI 1 50 5 50 1.2 0.20[0.02, 1.65] —
DEFLECT 11l 1 46 0 39 0.5 2.55[0.11, 60.95]

MISTRAL-C 0 32 1 33 0.5 0.34[0.01, 8.13]

PROTECTED TAVR 8 1501 7 1499 53 1.14[0.41, 3.14] —_—t
REFLECT | 0 129 0 59 Not estimable

REFLECT Il 4 157 0 57 0.6 3.30[0.18, 60.42]

Sentinel 1 231 0 119 0.5 1.55 [0.06, 37.80]

Total (95% Cl) 5560 5273 100.0 1.19 [0.94, 1.50]

Total events 152 126 . . ,

Heterogeneity: t? = 0.00, 3? = 4.09, df = 6 (p = 0.66); I* = 0%

Test for overall effect: Z=1.45 (p = 0.15) 001 0.1 1 10 100
Favours [CEPD] Favours [No CEPD]

B

Study CEPD No CEPD Weight Risk ratio, IV, Risk ratio, IV,

or subgroup Events Total Events Total (%) random, 95% Cl random, 95% Cl

BHF PROTECT TAVI 109 3337 92 3378 335 1.20[0.91, 1.58] 1=

CLEAN-TAVI 5 50 6 50 9.6 0.83[0.27, 2.55] I —

DEFLECT 11l 8 46 8 39 135 0.85[0.35, 2.05] —_—

MISTRAL-C 12 32 19 33 23.2 0.65[0.38, 1.11] —=T

REFLECT | 16 130 1 59 3.6 7.26[0.99, 53.48] —

REFLECT Il 11 157 0 57 1.9 8.44[0.51, 141.00] >

Sentinel 21 244 7 119 14.7 1.46 [0.64, 3.34] i

Total (95% ClI) 3996 3735 100.0 1.09 [0.73, 1.63]

Total events 182 133 . . . ,

Heterogeneity: 1> = 0.00, ¥? = 10.55, df = 6 (p = 0.10); /> = 43% ! ! ! ! !

0.01 0.1 1 10 100

Test for overall effect: Z = 0.44 (p = 0.66)
Favours [CEPD] Favours [No CEPD]

C

Study CEPD No CEPD Weight Mean difference, Mean difference,

or subgroup Mean SD Total Mean SD Total (%) IV, random, 95% CI IV, random, 95% CI

CLEAN-TAVI 498 1045 49 900 234.7 45 15.8 -402.00 [-476.55, -327.45] ——

DEFLECT 1ll 588 525 33 683 438 26 174 —-9.50 [-34.08, 15.08]

MISTRAL-C 114.25 71.31 22 2535 1241 15 16.1 -139.25[-208.76,-69.74] -

REFLECT | 284 168.6 141 258.75116.34 63 17.1 25.25[-14.75, 65.25] -

REFLECT Il 280 159 112 220 116 119 17.2 60.00 [23.92, 96.08] -

Sentinel 360.9 207.05 91 396.1 217.7 98 16.4 —-35.20 [-95.76, 25.36] -t

Total (95% Cl) 448 366 100.0 -78.89 [-172.29, 14.50] .

Heterogeneity: 1 = 12878.53, 4 = 136.81, df = 5 (p < 0.00001); I = 96% I f f /

Test for overall effect: Z = 1.66 (p = 0.10) -1000 -500 0 500 1000

Favours [CEPD] Favours [No CEPD]

Figure 3. Forest plots for acute kidney injury (A), major or minor vascular complications (B), and lesion volume (C)

on DW-MRI

function or neuroimaging endpoints, including the
presence of new ischaemic lesions or total lesion
volume on diffusion-weighted MRI. Importantly,
CEPD use did not lead to increased risk of pro-
cedural complications, such as vascular injury or
acute kidney injury. It is important to mention that
the included trials varied in follow-up duration
(3 to 60 days) and stroke definitions, with most
using VARC-2 criteria and some adopting Neu-
roARC definitions. While we used the maximum
available follow-up for each trial to capture the
broadest outcome data, the shorter follow-up in
some studies may have underestimated delayed
stroke events. Despite these differences, the con-
sistency of our findings across outcomes, reflect-
ed by an 12 of 0% for all stroke endpoints, suggests

that this definitional and temporal heterogeneity
did not meaningfully influence the pooled esti-
mates.

A recent meta-analysis that included both ran-
domised trials and observational studies found
a reduction in the incidence of all strokes [22].
However, this benefit was primarily observed in
the nonrandomised studies and was not evident
when the analysis was limited to RCTs. Further-
more, a study involving over 400,000 patients from
the STS/ACC TVT registry reported a statistically
significant decrease in both all strokes and dis-
abling strokes [23]. These findings raise the ques-
tion of whether methodological or execution-re-
lated differences in RCTs might be obscuring the
stroke reduction benefits of CEPD observed in re-
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al-world settings. From a trial design perspective,
declining stroke rates after TAVI in recent years,
currently around 1.6% to 2.3% at 30 days, make
it increasingly difficult to detect significant benefit
unless extremely large sample sizes are used [24].
Notably, the BHF PROTECT-TAVI trial was appropri-
ately powered with a planned enrolment of over
7000 patients, but it still failed to demonstrate
a clear benefit in the primary endpoint of stroke
prevention. However, the non-significant findings
should be interpreted with caution because they
may reflect insufficient statistical power rather
than a true absence of effect, particularly given the
declining periprocedural stroke rates in contem-
porary TAVI practice (1.6-2.3% at 30 days), which
substantially increase the sample size required to
detect clinically meaningful treatment differences.

Multiple factors may explain the limited ben-
efit observed with CEPDs. Patient-related factors
such as advanced age, female sex, chronic kidney
disease, and prior cerebrovascular disease may in-
dependently increase stroke risk and may not be
fully addressed by embolic protection alone [6, 25,
26]. Additionally, delayed postprocedural events
such as new-onset atrial fibrillation, valve throm-
bosis, or plague embolisation may not be prevent-
able by devices used only during the procedure
[27-29]. Furthermore, anatomical constraints
such as tortuous vasculature or inadequate ac-
cess can preclude CEPD use in patients who might
benefit most.

Device-related limitations also warrant consid-
eration. Current filter-based systems like sentinel
typically cover only the brachiocephalic and left
common carotid arteries, leaving the left verte-
bral artery unprotected [12, 22]. While deflection
devices such as TriGuard aim to offer full cerebral
coverage, they suffer from challenges including
incomplete deployment, interference with TAVI
delivery systems, and larger sheath sizes, limiting
their utility [30]. In the REFLECT I trial, for instance,
full cerebral coverage was achieved in only 57%
of cases, and delivery interference occurred in 9%
[19]. Beyond technical deployment challenges, the
included trials evaluated mechanistically distinct
devices with differing degrees of cerebral cover-
age: the Sentinel provides filter-based protection
of two vessels, TriGuard offers deflection-based
full cerebral coverage, and the Claret Montage
employs a dual-filter three-vessel design. These
differences in mechanism and coverage repre-
sent an important source of clinical heterogeneity,
and the pooled estimate should be interpreted as
a class-level summary rather than a reflection of
any individual device’s efficacy.

The substantial heterogeneity observed in le-
sion volume analyses (2 = 96%) probably reflects
differences in CEPD type (Sentinel vs. TriGuard
vs. Claret Montage), variability in the timing of

post-procedural DW-MRI acquisition across trials,
and differences in lesion volume quantification
methods, all of which can significantly influence
measured lesion volumes and limit the interpret-
ability of pooled estimates. Although CEPDs did
not significantly reduce new ischaemic lesions or
lesion volume on DW-MRI, the clinical significance
of these silent cerebral infarctions remains debat-
ed. While silent lesions are frequently detected
post-TAVI, their correlation with overt stroke out-
comes is inconsistent because they may reflect
subclinical embolic burden without immediate
neurological consequences [31]. However, emerg-
ing evidence suggests that cumulative silent in-
farctions may contribute to long-term cognitive
decline and dementia, highlighting the need for
trials with extended neurocognitive follow-up to
fully evaluate the clinical impact of CEPDs beyond
periprocedural stroke prevention [32]. It is import-
ant to note that clinical stroke and DW-MRI end-
points are conceptually distinct: DW-MRI lesions
reflect acute procedural embolic burden, while
clinical stroke additionally integrates delayed
postprocedural mechanisms, such as new-onset
atrial fibrillation and valve thrombosis, that lie
beyond the scope of intraoperative embolic pro-
tection. This distinction may explain the observed
discordance between neuroimaging and clinical
outcomes across CEPD trials.

Although our pooled analysis showed no over-
all benefit of CEPDs, it is plausible that selected
high-risk subgroups such as patients with severe
aortic atheroma, prior cerebrovascular disease, or
those undergoing valve-in-valve procedures may
still derive meaningful neuroprotective benefit
from embolic protection. However, the included
trials were not individually powered for subgroup
analyses, and patient-level data were unavailable,
precluding definitive conclusions regarding differ-
ential treatment effects. Future adequately pow-
ered trials with pre-specified subgroup analyses
targeting high-risk populations are needed to de-
termine whether a personalised approach to CEPD
use during TAVI may be warranted.

This meta-analysis has several limitations. First,
the number of available RCTs remains limited, and
although inclusion of the BHF PROTECT-TAVI trial
enhances power, a definitive conclusion remains
elusive. Second, the included trials varied in device
type and follow-up duration, contributing to het-
erogeneity, especially in procedural complication
rates. Third, one trial (REFLECT I) was terminated
early due to device discontinuation; however, no
inter-study heterogeneity was observed in pooled
analysis. Fourth, although a random-effects mod-
el was used to account for between-study differ-
ences, residual heterogeneity may persist due
to variations in TAVI techniques, antithrombotic
regimens, patient comorbidities, and endpoint
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definitions across trials. Furthermore, as neuro-
imaging endpoints were derived from a subset of
studies and patients based on site availability and
eligibility criteria, these findings may be subject
to selection bias beyond the limitation of reduced
sample size, which may restrict their generalisabil-
ity to the broader TAVI population. The pooling of
outcomes across trials with substantially different
follow-up durations (3 to 60 days) is an addition-
al limitation; studies with shorter follow-up may
underestimate delayed stroke events, and while
the 12 of 0% suggests no statistical heterogeneity
from this variation, residual clinical heterogene-
ity cannot be excluded. This reduced sample size,
compared to the clinical stroke endpoints, increas-
es the risk of type Il error and limits the ability to
draw definitive conclusions regarding the effect of
CEPDs on subclinical cerebral embolisation.

In conclusion, our updated meta-analysis,
which incorporates over 11,000 patients in-
cluding data from the largest RCT to date (BHF
PROTECT-TAVI), demonstrates that the use of
CEPDs during TAVI is safe but does not significantly
reduce the risk of all-cause stroke or improve neu-
rocognitive or neuroimaging outcomes. As newer
technologies evolve, the efficacy of comprehen-
sive embolic protection remains a promising yet
unproven strategy. Until more definitive evidence
becomes available, the decision to employ CEPD
during TAVI should be individualised, weighing po-
tential benefits against device-specific limitations,
patient anatomy, and procedural complexity.
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