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Abstract

Background and Aims: Cerebral embolic protection (CEP) devices are employed to
capture embolic debris and reduce the risk of stroke during transcatheter aortic
valve replacement (TAVR). Evidence is mixed regarding the safety and efficacy of
CEP. We aimed to summarize the safety and effectiveness of CEP use during TAVR.
Methods: Electronic databases, including PubMed, PubMed Central, Scopus,
Cochrane Library, and Embase, were searched using relevant search terms for
articles relating to CEP. All relevant data from 20 studies were extracted into a
standardized form. Statistical analyses were performed using Revman 5.4. Odds ratio
(OR) or mean differences (MDs) were used to estimate the desired outcome with a
95% confidence interval (Cl).

Results: Twenty studies (eight randomized controlled trials [RCTs]) involving
210,871 patients (19,261 in the CEP group and 191,610 in TAVR without the CEP
group) were included. The use of CEP was associated with a lower odds of 30-day
mortality by 39% (OR: 0.61, 95% Cl: 0.53-0.70) and stroke by 31% (OR: 0.69, 95%
Cl: 0.52-0.92). Comparing devices, benefit in terms of mortality and stroke was
observed with the use of the Sentinel device (Boston Scientific), but not among other
devices. No differences were observed in the outcomes of acute kidney injury, major
or life-threatening bleeding events, or major vascular complications between groups.
When only RCTs were included, there were no observed differences in the primary
or secondary outcomes for CEP versus no CEP use during TAVR.

Conclusions: The totality of evidence suggests a net benefit for the use of CEP,
weighted by studies in which the Sentinal device was used. However, given the RCT
subanalysis, additional evidence is needed to identify patients at the highest risk of

stroke for optimal decision-making.
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1 | INTRODUCTION

Transcatheter aortic valve replacement (TAVR) is an established
treatment method for severe symptomatic aortic stenosis. TAVR has
shown to be associated with improved clinical outcomes compared
with medical therapy and surgical aortic valve replacement (SAVR) in
patients with an elevated risk for mortality with surgery.} =3 Despite a
very high procedural success rate, cerebral ischemic events remain
unpredictable and substantially impact long-term morbidity and
mortality after TAVR.** During the TAVR, there is a possibility of
debris embolizing from the aorta and aortic valve, which may result in
cerebrovascular events (CVEs).®” Several studies have demonstrated
a high incidence of new cerebral ischemic lesions (~70%) following
TAVR, identified by diffusion-weighted magnetic resonance imaging
(DW-MRI) 210

Transcranial Doppler studies during TAVR have revealed that
embolic phenomena occur most commonly during the positioning of
the prosthetic valve and valve insertion.**~*® Approximately half of
the periprocedural CVEs become clinically apparent at least 24 h after
TAVR 4716

TAVR is shown to be associated with improved post-procedural
outcomes compared with standard medical therapy, including lower
mortality and better quality of life in surgically high-risk popula-

tion,>”

and the rate of overt stroke following TAVR is also relatively
low (~2%) in current practice.18 However, the burden of micro-
embolization and small ischemic cerebral injuries may still contribute
to cognitive decline.r?2!

Cerebral embolic protection (CEP) devices have been employed
to capture embolic debris and mitigate adverse neurological events.
Several observational and randomized controlled trials (RCTs) have
been conducted, but the safety and efficacy of using CEPs during
TAVR remain inconclusive. Thus, we have conducted this systematic
review and meta-analysis to evaluate the safety and efficacy of CEPs

during TAVR.

2 | METHODS

2.1 | Literature search strategy

This systematic review and meta-analysis followed the preferred
reporting items for systematic reviews and meta-analyses (PRISMA)
guidelines.?? Our protocol for this meta-analysis is available in the
publicly available international prospective register of systematic
reviews (PROSPERO) registry (CRD42022325385). We searched for
relevant articles from web-based medical libraries, including PubMed,
PubMed Central, Scopus, Cochrane Library, and Embase. We used
the terms “cerebral protection system,” “transcatheter aortic valve
replacement,” and “TAVR,” as the keywords for search. The reference
list of the retrieved article was then imported into Covidence
software.?®

2.2 | Selection criteria

Title and abstract screening and full-text screening were the two
initial steps applied to filter the desired papers and exclude irrelevant
articles for our study. Three independent researchers (SL, AB, and
MS) were involved in screening and conflict management. Discrep-
ancies were further resolved by mutual discussion and consensus.

We included the published articles such as RCTs, prospective and
retrospective cohort studies, and cross-sectional studies that had
compared TAVR with or without CEP through 1/9/2023.

This study did not include case reports, case series, review
articles, editorials, expert opinions, studies with poorly defined
outcomes, or meta-analyses. In addition, abstracts with no available
full text, unpublished studies, and single-arm studies whose results
had evaluated the feasibility of TAVR with only CEP were also

excluded during the full-text review.

2.3 | Data extraction

We extracted variables under sub-headings including baseline char-
acteristics (participant number, mean age, male population, and other
comorbid medical and surgical conditions), procedural characteristics
(TAVR site, valve type, CEP type, procedural time, imaging assessment
time frame, and neurocognitive assessment). Primary endpoints were
30-day all-cause mortality and 30-day stroke. Secondary endpoints
were related to imaging evidence of emboli after TAVR, as measured by
DW-MRI, acute kidney injury (AKI), significant or life-threatening
bleeding, and major vascular complications. Imaging endpoints included
the number of patients with new ischemic lesions, the total volume of

lesions (TVL), and the number of new lesions.

2.4 | Data analysis

Data were analyzed using RevMan 5.4.2* Random/fixed-effects models
were used to determine the pooled odds ratio (OR) to estimate the
outcome with a 95% confidence interval (Cl) based on heterogeneity. We
used the mean difference (MD) for DW-MRI findings for the volume of
lesions and the number of new lesions. The median and standard
deviations were calculated using the median and interquartile range, if
those values were not provided in the studies.?> A forest plot was used to

represent the degree of variation between studies.

2.5 | Assessment of risk of bias in included studies

Risk of bias assessment was performed using the Cochrane Risk of
Bias (ROB) 2.0 tool for RCTs, shown in the (Supporting Information:
Figure S1). We used the Joanna Briggs Institute critical appraisal

checklist for non-RCT studies (Supporting Information: Table 1).2¢27
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RevMan 5.4 was used to summarize biases for RCTs using the
Cochrane ROB 2.0 tool.

2.6 | Assessment of heterogeneity
The I-squared (I?) test was employed to assess heterogeneity, and
interpretation was done based on the Cochrane Handbook for

Systematic Reviews of Interventions.

2.7 | Subgroup analyses and sensitivity analysis

Subgroup analyses were performed between RCTs and observational
studies and between types of CEP devices to evaluate their impact
on the overall result. A sensitivity analysis was performed by
excluding studies with fewer than 50 patients in a particular group

to omit the skewed result based on the shared weight in the result.

3 | RESULTS

3.1 | Study selection and study population

A total of 1057 studies were identified after the databases were
searched. After removing 125 duplicates, the title and abstract of 932
studies were screened, and 106 studies were eligible for full-text
review. A total of 86 records were excluded for reasons described in
Figure 1. We included 20 studies for our quantitative synthesis, as
represented in the PRISMA flow diagram (Figure 1).

Among 20 studies, 8 RCTs and 12 cohort studies were included
comparing the efficacy of CEP with no CEP in patients undergoing
TAVR. These studies included a total of 210,871 patients, with
19,261 undergoing TAVR with CEP and 191,610 undergoing TAVR
without CEP. 53.3% were male.

Baseline characteristics of the participants in the included studies are
shown in Table 1. Procedural and outcome details are shown in Table 2.

4 | QUANTITATIVE SYNTHESIS

ORs were used to measure outcome estimation for 30-day all-cause
mortality and stroke as co-primary outcomes. DW-MRI findings
(number of patients with new lesions, volume of lesions, and number
of new lesions) and other complications (AKI, significant/life-
threatening bleeding, and major vascular complications) were

secondary outcome variables.

4.1 | Thirty-day all-cause mortality

Pooling data using a fixed effect model from 20 studies demonstrated
a 39% lower odds of 30-day mortality amongst patients undergoing

_Wl LEYM

TAVR with CEP (OR: 0.61, 95% Cl: 0.53-0.70; n = 202,189; I? = 2%).
Analysis including only RCTs did not show a significant difference
(OR: 1.04, 95% CI: 0.51-2.10; n = 4029; I? = 0%). Thirty-day mortality
was significantly lower among patients undergoing TAVR with CEP

Health Science Reports

Open Access

group compared with patients undergoing TAVR without CEP when
only observational real-world studies were included (OR: 0.60, 95%
Cl: 0.52-0.69; n = 198,160; I? = 18%; Figure 2).

4.2 | Thirty-day stroke events

Overall analysis using random effect models demonstrated a
significant reduction in the occurrence of stroke at 30 days in TAVR
with the CEP group in comparison to TAVR only (OR: 0.69, 95% CI:
0.52-0.92; n=202,251; I>°= 51%). However, when only RCTs were
included, there was no significant benefit of CEP over no CEP (OR:
0.84, 95% Cl: 0.60-1.19; n = 4025; > = 0%; Figure 3).

4.3 | Sensitivity analysis
A sensitivity analysis excluding studies with fewer than 50 patients
demonstrated a lower odds of mortality in TAVR with CEP group
compared to those without CEP, however when only RCTs were
included, this became nonsignificant (Supporting Information: Figure 2).
Excluding studies with fewer than 50 patients, there was a reduction
in stroke when CEP was used with TAVR versus no CEP (OR: 0.72, 95%
Cl: 0.53-0.98; n=201,368; I? = 60%). When only RCTs were included,
this finding did not reach significance (OR: 0.86, 95% Cl: 0.60-1.22;
n = 3845; 2 = 0%; Supporting Information: Figure 3).

4.4 | Subgroup analysis

Thirty-day mortality based on CEP device: We performed a subgroup
analysis to compare individual CEP devices. Thirteen studies used the
Sentinel (Boston Scientific) device, 4 studies used Triguard (Keystone
Heart) device and the rest used the Embrella (Edwards Lifesciences)
and Embol-x systems (Edwards Lifesciences). In subgroup analysis
performed based on the device used, using fixed effect model from
13 studies, 4 RCTs and 9 non-RCTs, we noted a 39% lower odds of
30-day mortality in the TAVR with CEP group when the Sentinel
device was used as the CEP while comparing TAVR without CEP (OR:
0.61, 95% Cl: 0.53-0.70; n=201,515; I* = 21%). However, analysis
performed only on the four RCTs showed no significant difference.
The analysis on other devices showed no significant difference.
(Supporting Information: Figure 4).

A subgroup analysis using a random effect model from the 13
studies using the Sentinel device showed a 37% lower odds of 30-day
stroke in TAVR with the CEP group where the Sentinel device was
used as the CEP while comparing TAVR without CEP (OR: 0.63, 95%
Cl: 0.46-0.87; n=201,577; 2=61%; Supporting Information:
Figure 5).
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FIGURE 1 PRISMA flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses; RCT, randomized controlled

trial.
4.5 | DW-MRI assessment
451 | Patients with new lesions

DW-MRI was performed in seven studies, five RCTs and two non-
RCTs that included a total of 586 patients. The overall incidence of a
patient with a new lesion was 85.1% (274/322) with the use of CEP
and 86.7% (229/264) in patients without the use of CEP. The
statistical analysis showed no difference in the number of new lesions

(MD: 0.79, 95% Cl: 0.49-1.28; n = 586; studies = 7; I> = 0%; Support-

ing Information: Figure 6).

452 | Total volume of lesions

The TVL was 88-511 mm?® in patients with CEP and 168-942 mm? in
patients without CEP. The use of CEP during TAVR was not
associated with lower total volume of lesions (MD: -76.03, 95% ClI:



Health Science Reports

SHRESTHA ET AL

_Wl LEY_Kﬂ

Open Access

(senunuo))

%00T [elowdjsues]

|eJowajsues |

|eJowdysues |

%00T [eJowdjsuel ]

|eJowaysuel |

|eJowdysuel |

|eJowaysues |

%/'6 |eJowajsuel|

%ESE
|eoidesued |

‘%LY"96
|eJowaysuel |

%00T dl3ioesuel |

9IS S5922€8 YAVL

cee/e9
082/9¢
€€/9
Ce/9

LE/S
ST/€

G69°GE/S6TY
§¢S/09

8¢9 011
/081°0T

96£T1/€5CT
€€/S

81/8

6TT/L
vve/LT

6g/L
9v/9
91/¢€
YT/

(VIL ‘@jons)
and o/H

[4474%)
08z/81
€e/T1
ce/6

06001
/T1€€

¥9ST/vL1
LE/E
ST/T
1174
/9

G69'GE
/01€8

§CS/S8

£59°0TT
/€6L'ST

86£CT
/650€

€e/1T
8T/€
6T1/81

vve/Le

6€/S
9v/9
91/9
¥1/8
and

CeSe/0e€ TTS/081
08¢/991 08¢/18
€€/C
Ce/T -
06001 06001
/82561 /0081
¥9S1/2¢8  ¥9ST/S¥
L€/SC
S1/8 -
11/8 11/9
v/ve ¥/81
G69'GE G69°'GE
/S69% /S89'TT
GCS/S9  §CS/S9T
€¢e/LT €€/cC
8T/0T 81/0T
6T1/99
Yve/LTT
6€/8 6€/0T
ov/9 ov/TT
91/9
- v1/9
avo @D

€€/€C
ce/1e

060°0Y
/LEV'ST

¥9S1/5€6
LE/TT
ST/8
11/01
v/9¢€

G69'GE
/5056

G¢S/S0T

6€/8¢C
ov/LE

NL1H

(44757
08¢/¥8
€€/6
(457474

060°0%
/600°€T

¥9ST/6€S
LE/6
ST/S
11/8
14744

G69'GE
/06S°€T

G¢s/01¢

€€/8
8T/¢€
611/SY
v¥2/T8

6€/6
9%/0T

na

¢TS8/99¢C
08¢/8CT
€€/L1
CE/LT

060°0Y
/8LL°8T

¥9St/TeL
LE/TT
ST/8
11/8
v/61

G69'GE
/STT6T

G2S/08¢

LLLOTT
/TLS'09

60T
/T¥EL

€E/VT
81/8
611/19
Yre/ETT

6€/61
9¥/0C
91/8
14744

(ojew) xas

T9%508

09F908
(98-£4) 28
(¥8-6£) Z8

c09F¥1'18

9€'9%¢9'08
(¥8-8£) 18
(£8-€£) ¥8
(68-87) ¥8
(98-6£) €8

(98-5/) 18
(£8-94) 18

88F 6L

68F0'6L
(8T F26)
(TT+LT6)
a8

8'¢8

(09+¥€¢8)
(5§9%528)
(Tv+128)
(05%0°18)

(s1eaA)
a8e uean

¢08/¢ts
¢08/08¢
G9/€€
§9/T¢

¥S9'TY
/06001

YS9'TY
/7951

¢S/LE
¢S/ST
¢S/11
1474574

0zT'9e
/569°GE

02z'9€/52S

981°€CT
/LLLOTT

981°€CT
/60T

16/€€
16/81
€9€/611
€9€/v¥C

G8/6¢€
S8/9%
0€/91
0E/¥T

N

‘uoizeindod papn|aul 3y} JO S21ISIISIOEIEYD dUldSE]

d3D oYM
d3D0 yum
d3D oYM

d3d YIMm

d3D INoyIMm

d3D YuMm
d3D oYM

d3D YiM
d3D noynm

d3d YyiMm

d3D oYUM

d3d YIM

d3D oYM

d30 yum
d3D oYUM
d3D yum
d3D Ioynm

d3d M

d3D oYM
d3D yum
d3D Inoynm

did M

UOIJUAIRU|

Apnjs aA1309dsoud

12d

Apnis
9A1309ds0.19Y

Apnis

9A1109ds0.19Y

Apnis "y'N 10]id

Apnis
9AI1329ds0.19Y

Apnis
9AI329ds0419y

Apnis

9AID3ds0419y

104

12d

104
Apnis jo adA )

£10C

910C

11404

S10C

¥10¢

0c0c

114014

[440]4

£10C

ST0C

S10C

Jea)

gc'1€ 30 198935

16(0-TVHLSIW)

‘|e 32 waysalN uep

o518 32 UOYOEIS

oo [8 39 wiwes

»e(D-IAVLO¥d)
‘e 39 neqeD-sppoy

ce|B 39 Ale3ay

¢ & 32 eleng

18 39 pun
0e(1ANILN3S)
‘[e 12 eipedey|
(Il 1237430)

‘le 3@ Ajsue]

gz(X-109W3)
‘(€ 39 JpUIM

Apms

T 314avl



SHRESTHA ET AL.

OpenAccess

6of 14 _Health Science Reports
WILEY P

|eJowajsues |

|eJowdysuel |

|eJowaysuel |
[e1yoe.g “[eipeg

|esowajsuel |

%00T [elowdjsuel]

|eJowasuel |

|eJowasuel |

(v) 1e1y2eIq

(S€) lepey

|eJowaysues |

9)IS SS9208 YAVL

T6¥1/2CT

96¥T/¥1T

LEOT/8ET

¢081/98¢€
6L/6
8//€T
C9/L
LET/BT
LS/€
LST/LT
861/S1
€12/91
0s/¢€
0S/T
417414
6€/C
706/€8
C6/T1

(VIL ‘jo43s)
dAd O/H

18¥1/291

¥8¥1/991

6L/9¢C
8//8C
65/8
YET/ST
LS/TT
§ST/0C
861/61
€1e/LT
0s/¥
0s/¢

aAd

€611/088

€611/058

LEOT/YLT

¢08T/¥ve

861/LT1
€rC/eet
05/5¢
05/9¢
cse/Tet
6€/€C
¥06/50S
C6/€S
avo

LEOT/EY

¢081/Sy

¢9/11
9€T/LT
LS/LT
LST/9€

05/6€
0S/€y

@aid

L6V1
/CIET

00ST
/90€T

LEOT/8Y6

08T
/1191

6L/6S
8£/09

861/SLT
€12/681
0S/Ly
0S/vy

¥06/60L
¢6/08
NL1H

66¥1/2CS

TOST/T0S

LEOT/6LE

¢081/8L9
61/9C
8//SC
€9/0C
or1/09
LS/€T
9ST/19
861/59
€1¢/TL
06/S¢
06/0C

06/20C
¢6/1C
Na

66V1/€€6

TOST/0L8

LEOT/18S

¢08T/180T
61/9¢€
8//EV
y0oc/cy
1¥1/08
LS/S€
LST/98
861/86
€1¢/811
05/¢¢
05/1¢
C¢SE/VLT
6€/81
06/2S¥
C6/LE

(91ew) xag

8/LF68L

08%6'8L

S'6F208

V6¥9'8L
V*¥8
V+v8

TL+S18

€LF86L

61'8+50'8L
€LLFTE08

8'9F 08

L'9F¥08

Tv+€6L

T5¥08

CLFS6L

€LFT6L

S'9F008

¥'9%008

(s1eaA)
aS8e ueay

000€/6671

000€/T0ST

6€8¢/LE0T

6£82/208T
LST/6L
LST/8L
¥0¢/€9
¥0C/Tv1T
Y1¢/LS
¥1¢/LST
TTv/861
TTv/€1¢
00T/0S
00T/0S
16€/25¢€
T6E/6€
966/706
966/26
N

SdD INOYHM

SdO YiM

SdD INOYIM

SdD YHM
SdD INOYM
SdD YHM
d3D Ioynm
d3D yum
d3D oYM
d3D yum
d3D oYM
d3D Yum
d3D oYM
d3D yum
d3D noynm
d3D0 yum
d3D oYUM

d3d YM

UOIJUSAIRU|

124

Apnjs 110yod
9AI1309ds0.19Y

Apn3s aA30adsoud

104

123

Apnjs aA1329dsoud

12

Apnis

9AI1302ds0.19Y

Apnis aA130adsoud

Apnis jo adA)

L(IAVL
-Q3.12310¥d)
zeoe ‘|e 39 elpedey|
zeoe oy 1€ 39 1e305]
zeoe o 1€ 30 dway
wp(l 1D3143Y)
1202 ‘e 19 Axysue
el LD3143Y)
1202 ‘e 39 JizeN
zeoe 2 1€ 39 euoQ
{IAVL Nv3T1D)
910C ‘|e 33 BissneH
6102 oy 1€ 39 SSOA
6c(ANOdSTY)
020z ‘e 32 193335
SLCYN Apmis
(PenUUOD) T 374dVL



Health Science Reports

SHRESTHA ET AL

_Wl LEY—m

Open Access

(senunuo))

€€/9

ce/0

1174%

v/S

611/L

vve/1e

9v/8

9v/8

suoned
-1[dwod
Je[naseA
Jofen

€e/T

¢e/0

v/€

111/0

1€2/1

ov/T

DV

€€/S

[4 74"

v/€

6€/€

9v/C

3uipa9|q
Sujuajealyy-a4

€€/T

ze/0

LE/O

ST/0

11/0

v/€

616201
/2T

789'11/91¢C

€€/01

8T/C

0T1/0T

T€C/ET

6€/T

9v/T

9043 HAAO

€€/€

[474"

LE/O

G1/0

11/0

v/€

££8°T0T
/62T

8G9'T1/29T

219744

81/0

122744

vE€T/E

6€/T
ov/T
VN

VN

Ajjerow
asnes-||y

SjuaAe Aep-og

%SL'E6

%001

%001

%00T

%0€°L6

%06'96

%001

%001

%0176

%0688

%007

ss320Ns
|eanpasoud

G69°GE/0E

§¢S/0

6€/9

ov/L

suones||dwod
JejnaseA Jofeln

06007
/L68C

¥9S1/€C1

€e/t

81/C

6€/0

9v/T

(m/n
agess) DIV

858'80T/808Y

99T'C1/16¥

€e/LT

8T/L

6€/T

9v/T

suones|dwod
Suipas)q Jofepy

060°0Y/618

¥9ST/vv

LE/O

ST/0

G69°'GE/0C6

§¢S/S

LLLOTT
/9TLT

60¥'CT/8ST

6€/T
9v/T
0
0

aous |Iy

060°07/€€0T

(lendsoy
u) $95T/08

569°GE/0TS

(leyidsoy
ul) 62S/0

LLL°0TT
/LIET

60'CT/66

6€/T
ov/T
0

0

Ayijeriow
asnes-||y

jpuRUaS

w3)sAS

J03342Q

dlloqu3
CIECME]

Jopayeq
aloqw
ejl2iquig

jpunuss

jpunuas

€ plendl]

jpunuas

paenou |

X-109nW3

d3D 40 adAL

‘€-N31dvS
‘IX-N3IdVS

1X N3IdVS
spJemp3
‘DA[BA

9102 21UOAIPIIA

1X-N3ldvsS

uaideg
‘OA[BARI0D

gs uaides
‘InjoA3
QA[BARI0D

Y-njoA3
‘9ABARI0D)
‘€-N3IdVS

‘IX-N3IdVS

SA[BARIOD
‘IX-N3IdVS

1X-N3IdVS

1X-N3IldvsS

9AJeA Jo adA |

d3D oYM

d3d YUm

d3D oYM

d3d YUm

d3D oYM

d3d YUm

d3D oYUM

d3d YUMm

d3D oYM

d3d YUm

d3D oYM

d3d Y¥m

d3D MoyIMm

d3d Y¥m

d3D oYM

d3d YUm

d3D oYM

d3d M

d3D oYUM

d3d YUm

uoluUAAIRI|

16(0-TVILSIN)
‘e 32 WwaysalN Uep

o¢18 39 uoyoeis

o B 32 Wiwes

4e(D-IAV.LOYd)
‘e 32 neqeD-spoy

ec B 39 Ale3ajN

2¢1€ 39 ejeng

1B 39 pur

o0e(TINILN3S)
‘|e 12 elpedey|

&(lll 1237143Q)
‘[e 39 Ajsueq

ez(X-108W3)
‘e 39 1pUaM

Apms

"d3D INOYHM JO YiM YAVL 4O Swodno [edud  Z 374V L



SHRESTHA ET AL.

OpenAccess

8of 14 _Health Science Reports
WILEY P

6S/T

0€T/9T

£LS/0

LST/TT

0s/9

0S/S

suoned
-1j[dwod
Je[naseA
Jofen

65/0

621/0

LS/0

LST/Y

0s/5

0s/T

VN

DV

65/0

0€T/¥

£S/0

LST/6

0s/T

0s/T

VN

Suipsalq
Suiuageaayy-ayn

6S/v

1E€T/¥v1

£L5/€

LST/€T

0s/¥

0s/v

706/1€

c6/T

9043 HAAO

6L/T
82/0
65/0

1€1/C

LS/T
LST/Y

861/C¢

€1¢/61

0s/T

Ajjeriow
asnes-||y

SJUaAS Aep-og

%0066

%07'€6

%09°L9

%L'88

%06

%0616

%816

ss320ns
|eanpasoud

€9/1

/91

LS/0

LST/TT

¢s€e/6

6E/1T

ces/61

08¢/S

suopesijdwod
Jejnasea Jolen

6L/9
8L/€
€9/0

¥1/0

£S/0

LST/Y

TSE/6E

6€/€

¢es/L

08¢/¢

(m/n
ageis) v

€9/0

194744

£S/0

LST/6

¢se/TT

6€/T

ces/ie

08¢/

suonesldwod
Buipas)|q Jolepy

6L/
82/0
€9/v

PT/€T

£L5/€
LST/ET

861/€T

€1¢/S

0s/S

08/S

¥06/0€
c6/1T

ces/ee

6L/T
82/0
€9/0

v1/0

LS/T
LST/Y
861/1

(lendsoy
un) €1/T

[44-74%"

(dn
-Moj|o}

08z/v  Aep-£) 08z/¢C

2joas IV

Ayjeriow

asnes-||y

pue
93p3 smo7
uojsog
‘09N
3je1nddy
|aunuas uojsog

9A|BADIOD)
HQH paenopL uo.npaN

N3IdVS
spJemp3
CIEIN
€ pJENDLI| 340D DIUOAPIN

lsunuag

wa1sAS
13314 |eng
a8ejuoln SAlBA
19Je)) 940D JIUOCJIPIIA

EINEI
¢ uaideg
spiemp3

‘OAleARI0D
[ENIEISSEN o) JIUOJIPIN
SAJBA SNJO|
adAy
|aunuas
SAleA
[enp 3a.e5
0213404
‘uonese|ip
uoojjeg
‘QNeARI0D)
2IUOJIPIN

d3D Jo adA| SAJeA JO 3dA)

SdD INOYUM
SdD yIM
d3D oYM

d3d YUm

d3D oYM
d3D YIM

43D Inoyum

d3d YBIMm

d3D MoyIM

d3d YUm

d3D oYUM
d3D yIm
d3D oYM
d3D YIMm

d3D Moym

d3d YUm

uofuaAIau|

o832 dway|

will L23143Y)
‘le 39 Ajsueq

eplll 1D3143Y)

‘e 39 yizeN

2,18 30 BUOQ

wlAVL
Nv312)
‘le 32 SissneH

o518 32 SSOA

+c(ANOdS3Y)
‘[e 39 498995

NRE] 193935

Apms

(penupuod) z 374VL



SHRESTHA ET AL

_Wl LEY—m

Health Science Reports

(Continued)

TABLE 2

30-day events

Major

vascular
compli-

Life-threatening

Overt stroke bleeding

All-cause

Procedural
success

Major vascular

complications

AKI (Stage

/1)

Major bleeding
complications

All-cause

cations

AKI

mortality

All stroke

mortality

Type of valve Type of CEP

Intervention

Study

Medtronic

evolut R

8/1802

2/1802

2/1802 8/1802

Sentinel

With CPS

Isogai et al.*

15/1037

8/1037

15/1037

8/1037

Without CPS

94.4%

8/1501

8/1501 34/1501

Sentinel

With CPS

Kapadia et al.

7/1499

43/1499

4/1499

Without CPS

(PROTECTED-
TAVR)*”

Open Access

-169.44 to 17.38; n = 765; studies = 8; 1> = 69%; Supporting Informa-
tion: Figure 7).

453 | Number of new lesions per patient
Meta-analysis of the number of new lesions per patient among those
treated with CEP with TAVR versus TAVR only showed no statistical
difference between the two (MD: -0.26, 95% Cl: -2.08 to 1.56;
n = 728; studies = 7; I? = 80%;Supporting Information: Figure 8).

4.6 | Major complications

4.6.1 | Acute kidney injury

There was no statistical difference in the odds of AKI among those
treated with CEP with TAVR versus TAVR only (OR: 1.06, 95% Cl:
0.89-1.27; n=47,101; studies = 13; I* = 0%: Supporting Information:
Figure 9).

4.6.2 | Major or life-threatening bleeding

The odds of major or life-threatening bleeding on Day 30 did not
differ between the two groups (OR: 0.86, 95% Cl: 0.70-1.06;
n = 123,073; I? = 3%; Supporting Information: Figure 10).

4.6.3 | Major vascular complications

There was no difference in the odds for developing major vascular
complications among those treated with CEP with TAVR versus TAVR
only (OR: 1.08, 95% CI: 0.59-1.95; n=38,488; studies=10;
12 = 30%; Supporting Information: Figure 11).

4.7 | Publication bias
Publication bias of included studies was assessed using Egger's funnel
plots (Supporting Information: Figures 12 and 13).

5 | DISCUSSION

The transcatheter approach to aortic valve replacement reduces
cardiac symptoms, hastens recovery time, and has been shown to
reduce the 1-year mortality rate by 20% in patients at high surgical
risk.2 However, the risk of stroke remains a substantial concern, with
rates of stroke around 5% in RCTs comparing TAVR with SAVR in
high-risk patients.’? Thus, the CEP was developed to diminish the
risk of CVEs, shorten the length of stay, and improve the overall
survival rate.32333842 This meta-analysis investigated the safety and
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CEP no CEP Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fixed, 95% CI
1.1.1RCTs
Haussig, 2016. 0 a0 1 a0 0.2% 0.33[0.01,8.21] ¢
Kapadia, 2017. 3 234 2 111 0.4% 0.71[0.12, 4.30]
Kapadia, 2022. (1) 8 1501 4 1499 0.6% 2.00 [0.60, 6.66) 7
Lansky, 2015 1 46 2 39 0.3% 0.41 [0.04, 4.71]
Lansky, 2021. 2 131 0 59 0.1% 2.30[0.11, 48.60)
Nazif, 2021. 4 157 1 57 0.2% 1.46[0.16,13.39)
Yan Mieghem, 2016. 1 32 3 33 0.5% 0.32[0.03,3.29)
Wendt, 2015. 0 14 0 16 Mot estimahle
Subtotal (95% CI) 2165 1864 2.5% 1.04[0.51,2.10] B
Total events 19 13
Heterogeneity: Chi*=3.70,df=6(P=0.72); F=0%
Test for overall effect: Z= 010 {P=0.92)
1.1.2 non RCTs
Butala, 2021. 162 11658 2297 102877 74.2% 0.62[0.53,0.72) [ |
Dona, 2022. 19 213 32 198 4.9% 0.51 [0.28, 0.93] e
Isogai, 2022. (2) 2 1802 8 1037 1.6% 0.14 [0.03, 0.67)
Kemnp, 2022. 0 78 2 79 0.4% 0.20[0.01,4.18] *
Lind, 2022. 0 18 4 33 0.5% 0.181[0.01, 3.48] *
Megaly, 2020. (3) 0 525 510 35695 2.4% 0.07 [0.00,1.05]) +
Rodés-Cabau, 2014, 3 41 0 11 01% 2.09[0.10,43.51]
Samim, 2015. 0 15 0 37 Mot estimable
Seeger, 2017. {(4) 2 280 11 522 1.2% 0.33[0.07,1.52) —
Seeger, 2020 0 92 0 904 Mot estimahle
Stachon, 2021. {(5) 30 1564 1033 40090 12.2% 0.74 [0.51,1.07) -
Voss, 2019, 0 39 0 352 Mot estimahle
Subtotal (95% CI) 16325 181835 97.5%  0.60[0.52, 0.69] ¢
Total events 218 3897
Heterogeneity: Chi*=9.77, df=8 (P=0.28); F=18%
Test for overall effect: Z=7.10 (P < 0.00001)
Total (95% CI) 18490 183699 100.0%  0.61[0.53, 0.70] ¢
Total events 237 3810
Heterogeneity: Chi*=15.34, df=15{P=0.43); F= 2% 01'05 042 é 2%0

Test for overall effect: Z=7.01 (P < 0.00001)

Testfor subgroup differences: Chi*= 223, df=1 {P=0.14), F=551%

Footnotes

(1) In hospital mortality
(2) In hospital mortality
(3) In hospital mortality
(4) 7 day follow up

(5) In hospital mortality

e

Favours CEP Favours no CEP

FIGURE 2 Forest plot showing 30-day mortality comparing patients undergoing TAVR only versus those undergoing TAVR with CEP using a
fixed effect model. CEP, cerebral embolic protection; TAVR, transcatheter aortic valve replacement.

efficacy of CEP use during TAVR. Our analysis showed overall 39%
lower odds in 30-day mortality (OR: 0.61, 95% Cl: 0.53-0.70), and
31% lower odds of stroke at 30 days (OR: 0.69, 95% Cl: 0.52-0.92).
In our subgroup analysis, these findings were weighted by the
findings from the Sentinel CEP; however, four RCTs including
Sentinel devices did not reach significance. These findings are
congurent with previous results of Butala et al. which study described
lower odds of mortality and lower trend in stroke in national inpatient
registry-based data.®2 Giustino et al. previously did not observe any
significant reduction in clinically overt stroke or all-cause mortality.*®

We believe that the differences between our findings and Giustino

et al. can be explained by inclusion of only four RCTs with total
population of 252.

Despite similar stroke rates with and without the use of CEP,
disabling stroke is thought to occur less commonly among the CEP
group.*’” CEP devices are designed to primarily protect the carotid
arterial system and current studies are inconclusive about the stroke
distribution and stroke size. Further RCTs that compare stroke
distribution and stroke severity should be conducted to assess
the potential benefit of CEP devices.

In this study, the secondary outcomes of imaging-based
embolic phenomena did not show significant differences between
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CEP no CEP Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.21RCTs
Haussig, 2016. 4 50 4 50 3.3% 1.00[0.24, 4.24) ———
Kapadia, 2017. 13 23 10 110 7.1% 0.60[0.25,1.41)
Kapadia, 2022. (1) 34 1501 43 1499 13.0% 0.78[0.50,1.24) T
Lansky, 2015 2 46 2 39 1.9% 0.84 [0.11, 6.26)
Lansky, 2021. 14 131 4 59 4.7% 1.65[0.52,5.23) —l———
MNazif, 2021. 13 157 3 57 4.0% 1.63 [0.45,5.93) N B —
Yan Mieghem, 2016. 0 32 2 33 0.8% 0.19[0.01, 4.20] *
Wendt, 2015. 0 14 0 16 MNot estimable
Subtotal (95% Cl) 2162 1863 34.8% 0.84 [0.60, 1.19] R
Total events a0 68
Heterogeneity: Tau®= 0.00; Chi*=3.93, df=6 (P=0.69); F=0%
Test for overall effect: Z=0.97 (P =0.33)
1.2.2 non RCTs
Butala, 2021. 216 11682 2224 102919 18.4% 0.85([0.74,0.98) H
Dona, 2022. (2) L 213 13 198 5.4% 0.34[0.12,0.98) ——
Isogai, 2022. (3) 8 1802 15 1037 71% 0.30[0.13,0.72) —_—
Kemp, 2022. (4) 0 78 5 79 0.9% 0.09 [0.00,1.59] ¢
Lind, 2022. 2 18 10 33 2.7% 0.29 [0.06, 1.49] —_—
Megaly, 2020. (5) 5 525 920 35695 6.9% 0.36 [0.15, 0.88) E—
Rodés-Cahau, 2014. 3 41 0 11 0.9% 2.09[0.10,43.51)
Samim, 2015. 0 15 0 37 Mot estimahle
Seeger, 2017. (6) 4 280 22 522 5.2% 0.33[0.11,0.87) —
Seeger, 2020 1 92 N 904 1.9% 0.31 [0.04, 2.29]
Stachon, 2021. (7) 44 1564 849 40090 15.8% 1.34[0.98,1.82) =
Voss, 2019, 0 39 0 352 Mot estimahle
Subtotal (95% Cl) 16349 181877 65.2% 0.55 [0.36, 0.85] <
Total events 288 4089
Heterogeneity: Tau®= 0.20; Chi*= 28.90, df=9 (P = 0.0007), IF= 69%
Test for overall effect: Z=2.72 (P =0.007)
Total (95% Cl) 18511 183740 100.0% 0.69 [0.52, 0.92] E 3
Total events 368 4157

i 2 . i®= - —_ R = il 1 1 1
Heterogeneity: Tau®=0.11; Chi*=32.78, df= 16 (P = 0.008); F=51% 002 01 10 a0

Test for overall effect: Z= 2.50 (P = 0.01)

Test for subgroup differences: Chi*=2.25,df=1 {P=0.13), F=55.6%
Footnotes

(1) In hospital

(2) In hospital

(3) In hospital

(4) In hospital

(5) In hospital

(6) 7 day follow up

(7) In hospital

Favours CEP Favours no CEP

FIGURE 3 Forest plot demonstrating 30-day stroke event rates for patients undergoing TAVR only versus TAVR with CEP, using a
random-effect model. CEP, cerebral embolic protection; TAVR, transcatheter aortic valve replacement.

patients treated with or without CEP during TAVR. Among prior
studies, only Haussaig et al.** described a statistically significant
decrease in the volume of lesions, while all other studies failed to
show differences.28:30:34.35.37.43.44 Vo5t RCT studies have used
3T DW-MRI brain imaging, aside from a study by Wendt et al.?®
that used 1.5 T DW-MRI, which is maybe less sensitive. Studies
consistently obtained postprocedure MRIs at 7- and 30-day post-
TAVR; some studies were limited by not having access to
preprocedural MRIs.2?

We did not observe any differences in the odds of major or

life-threatening bleeding, acute kidney injury, or major vascular

complications. Our findings can be compared with the results of

Ndunda et al. for AKI and major vascular complications.*’

5.1 | Limitations

Inclusion of only randomized studies failed to show a reduction in
mortality or stroke when CEP was used in conjunction with TAVR
versus TAVR alone. It is possible that the findings are due to
insufficient total sample size and are not powered adequately enough

to show significant differences. The relative infrequency of clinically
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evident strokes and also heterogeneity among the studies may have
contributed to this lack of differences. Included studies used real-
world data and included different CEP devices, which may differ in
their design and efficacy. Also, included studies did not analyze the
neurocognitive outcome of patients due to the limited availability
of data.

6 | CONCLUSIONS

This meta-analysis suggests that the use of CEP is associated with
lower odds of 30-day mortality only when non-randomized studies
were pooled with data from RCTs. There was no overall reduction in
stroke when CEP was used with TAVR compared with patients
treated only with TAVR. Our subanalysis suggests that outcomes
were more compelling when the Sentinel CEP device was used.
Operators will need to determine CEP use based on clinical judgment
until new iterations of the device are available, or additional studies

compel more or less utilization.
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