EDITORIAL

Cerebral embolic protection during TAVI: the game is not over
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Cerebrovascular accidents (CVA), mainly stroke, are still one
of the Achilles’ Heels of transcatheter aortic valve implantation
(TAVI) procedures; however, clinically evident strokes are not the
only concern. TAVI procedures have also been associated with
covert cerebral emboli captured on transcranial Doppler as high-
intensity transient signals (HITS) and ultimately defined as silent
brain infarcts, as documented on diffusion-weighted imaging mag-
netic resonance imaging (DWI-MRI)!?. Notably, the incidence of
silent brain infarcts is very much higher (up to 90%)' than that of
clinically evident strokes, which ranges from 0% to 2.3-2.5% at
30 days”.

The risk of periprocedural cerebrovascular complications
in patients undergoing TAVI has led to the development of
cerebral embolic protection devices (CEPD). In this issue of
Eurolntervention, Kroon et al® report the results of an observa-
tional study investigating the amount, size and heterogeneity of
debris captured (filtered) by the SENTINEL™ CEPD (Boston
Scientific, Marlborough, MA, USA) among patients undergoing

TAVI with three different TAVI devices. A total of 328 patients
underwent protected TAVI with either the EVOLUT™ R/PRO
(n=123; Medtronic, Minneapolis, MN, USA), SAPIEN 3 (n=113;
Edwards Lifesciences, Irvine, CA, USA) or Lotus™ valve (n=92;
Boston Scientific).
Article, see page 1141

Debris was captured in 98% of patients and no significant dif-
ferences were observed in terms of the presence of collagen and
thrombus. The mechanically expandable Lotus valve resulted in
less debris derived from the aortic valve (Lotus 58% vs SAPIEN 3
69% and EVOLUT R/PRO 81%), but more calcific material (33%
vs 12% and 24%), as well as endothelial (49% vs 30% and 16%)
and myocardial tissue (19% vs 11% and 2%). Foreign material
was most commonly found with use of the Lotus valve (62% vs
40% and 47%), whereas calcified and foreign material were less
frequently found with the balloon-expandable SAPIEN 3 valve,
and myocardial and endothelial tissue was less frequently captured
with use of the self-expanding EVOLUT R/PRO valves.
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Differences in debris captured by the dual-filter
CEPD based on the type of TAVI device

Seeger et al® showed that the proportion of patients with large debris
(>1,000 um) was higher among individuals receiving the SAPIEN 3
valve compared to those treated with EVOLUT R or Lotus valves.
The amount of debris was significantly lower with the Lotus valve
compared with the EVOLUT R and SAPIEN 3 valves. Pooled data
from two prospective studies (SENTINEL [Cerebral Protection
in Transcatheter Aortic Valve Replacement] trial, n=100 and
SENTINEL-H [Histopathology of Embolic Debris Captured During
Transcatheter Aortic Valve Replacement] trial, n=146) showed that
debris was captured in 99% of patients and 53% had at least one
particle of debris >1 mm’. In contrast to the above-mentioned find-
ings, individuals receiving EVOLUT R or Lotus valves presented
with a greater number and size of particles captured by the CEPD
relative to those receiving the SAPIEN valve’. Importantly, this
study also found, after multivariate analyses, that the TAVI type
was the only variable associated with the amount of debris captured
(p<0.01)".

The study of Kroon and colleagues’ is very informative from the
clinical and mechanistic perspectives and is in line with the work
of Schmidt et al discussed above’. Indeed, the authors showed
larger debris (>1,000 pm) mostly captured after TAVI with the
Lotus valve (36% of patients) and least with the SAPIEN 3 valve
(19%). Moreover, in multivariable analysis, the Lotus valve showed
the highest risk of dislodging particles >1,000 um (OR 2.44,
95% CI: 1.14-5.24), while the EVOLUT R/PRO and SAPIEN 3 were
comparable (OR 1.04, 95% CI: 0.46-2.33). Interestingly, valve repo-
sitioning during TAVI was associated with greater amounts of debris
captured by the SENTINEL CEPD (OR 2.96, 95% CI: 1.42-6.16),
whereas there was no association with larger particles (OR 1.35,
95% CI: 0.77-2.39). Notably, Kroon et al® also showed that the pres-
ence of a functional bicuspid aortic valve significantly increased
the risk for larger particles being captured by the CEPD (OR 2.91,
95% CI: 1.20-7.03).

Mechanistic insights behind differences in
debris captured after TAVI

A pioneer study by Kahlert et al® showed that most HITS identified
on transcranial Doppler were detected during the valve implanta-
tion step. From that report onwards, the findings of Kroon et al’
as well as those presented by Schmidt and colleagues’ are consist-
ent from a device-related mechanistic and procedural perspective.
Greater debris was captured in the CEPD of patients receiving
Lotus and EVOLUT R/PRO devices since they both need a step-
wise implantation technique, including more often balloon pre-
dilation. Hence, there is greater intervention/manipulation on the
aortic valve/annulus before releasing the transcatheter valve, as
opposed to the SAPIEN 3 valve that usually takes a simple shot.
The same fundamentals apply for recapturing and repositioning
the former two transcatheter valves and this is supported by the
findings of Kroon et al’. In addition, data from the SENTINEL
trial® already showed that participants who received the SAPIEN 3

valve had a smaller volume of acute lesions detected on DWI-MRI
compared with EVOLUT R counterparts.

Debris capture and clinically apparent
neurological impairment after TAVI

Kroon et al’ report a 1.2% rate of stroke (assumed to be in-hos-
pital). This low rate is similar to other selected populations who
underwent protected TAVI but also to a recent large registry where
the in-hospital rate of stroke was less than 2%?*. Several analyses
have been published thus far showing ambiguous results. This is
mainly due to the heterogeneity of the data with regard to def-
initions of stroke, the time frame for its diagnosis and whether
the clinical adjudication of stroke was carried out independently
by a neurologist'™'2. Even though there is an interesting concep-
tual background for the use of CEPD, the SENTINEL dual-filter
CEPD does not protect the posterior territory while other CEPDs,
also known as deflectors, do?. Therefore, since embolic lesions
are often multiple and affect both cerebral hemispheres and dif-
ferent vascular territories'®, the ascertainment of strokes related
to unprotected, protected, or anterior versus posterior territories
is still under debate. In addition, the use of CEPD should pro-
tect against procedure-related cerebral embolism; therefore, the
clinical adjudication of stroke at 7 or 30 days"'*!" does not reflect
such a period, where, for instance, the impact of atrial fibrillation
and the periprocedural/discharge management of anticoagulation
would also play a role.

The use of CEPD during TAVI has been consistently associated
with the capture of debris that is otherwise en route to the brain.
However, there is still a lack of correlation with clinically evi-
dent strokes and other neurological outcomes such as cognitive
impairment. This issue may be explained by the decrease in stroke
rates with newer-generation TAVI devices*!!, but also by the lack
of systematic neurologic assessment and a dedicated/standardised
battery for longitudinal cognitive function assessment'2,

In summary, the results of Kroon et al’ highlight the fact that
there are specific TAVI-type mechanistics that will certainly
inspire future decision making. Despite a large randomised con-
trolled trial with the SENTINEL CEPD being underway (https://
clinicaltrials.gov/ct2/show/NCT04149535), the randomisation will
not consider TAVI types, hence it will not be powered to pro-
vide a definitive answer to this relevant question. Furthermore,
one major uncertainty that still remains, perhaps the most rele-
vant, is the lack of a preprocedural prediction model to help iden-
tify patients who would benefit the most from protected TAVI.
Hence, there seems to be a long road ahead before the routine use
of CEPD (if ever) during TAVI.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. Bagur R, Solo K, Alghofaili S, Nombela-Franco L, Kwok CS, Hayman S,
Siemieniuk RA, Foroutan F, Spencer FA, Vandvik PO, Schiufele TG,



Mamas MA. Cerebral Embolic Protection Devices During Transcatheter Aortic
Valve Implantation: Systematic Review and Meta-Analysis. Stroke. 2017;48:
1306-15.

2. Teitelbaum M, Kotronias RA, Sposato LA, Bagur R. Cerebral Embolic
Protection in TAVI: Friend or Foe. Interv Cardiol. 2019;14:22-5.

3. Waksman R, Rogers T, Torguson R, Gordon P, Ehsan A, Wilson SR,
Goncalves J, Levitt R, Hahn C, Parikh P, Bilfinger T, Butzel D, Buchanan S,
Hanna N, Garrett R, Asch F, Weissman G, Ben-Dor I, Shults C, Bastian R,
Craig PE, Garcia-Garcia HM, Kolm P, Zou Q, Satler LF, Corso PJ. Transcatheter
Aortic Valve Replacement in Low-Risk Patients With Symptomatic Severe
Aortic Stenosis. J Am Coll Cardiol. 2018;72:2095-105.

4. Carroll JD, Mack MJ, Vemulapalli S, Herrmann HC, Gleason TG, Hanzel G,
Deeb GM, Thourani VH, Cohen DJ, Desai N, Kirtane AJ, Fitzgerald S, Michaels J,
Krohn C, Masoudi FA, Brindis RG, Bavaria JE. STS-ACC TVT Registry of
Transcatheter Aortic Valve Replacement. J Am Coll Cardiol. 2020;76:2492-516.
5. Kroon H, von der Thusen J, Ziviello F, van Wiechen M, Ooms J, Kardys I,
Schipper M, van Gils L, Daemen J, de Jaegere P, Van Mieghem N. Heterogeneity
of debris captured by cerebral embolic protection filters during TAVI.
Eurolntervention. 2021;16:1141-7.

6. Seeger J, Virmani R, Romero M, Gonska B, Rottbauer W, Wohrle J.
Significant Differences in Debris Captured by the Sentinel Dual-Filter Cerebral
Embolic Protection During Transcatheter Aortic Valve Replacement Among
Different Valve Types. JACC Cardiovasc Interv. 2018;11:1683-93.

7. Schmidt T, Leon MB, Mehran R, Kuck KH, Alu MC, Braumann RE,
Kodali S, Kapadia SR, Linke A, Makkar R, Naber C, Romero ME, Virmani R,

Cerebral protection during TAVI

Frerker C. Debris Heterogeneity Across Different Valve Types Captured by
a Cerebral Protection System During Transcatheter Aortic Valve Replacement.
JACC Cardiovasc Interv. 2018;11:1262-73.

8. Kahlert P, Al-Rashid F, Dottger P, Mori K, Plicht B, Wendt D, Bergmann L,
Kottenberg E, Schlamann M, Mummel P, Holle D, Thielmann M, Jakob HG,
Konorza T, Heusch G, Erbel R, Eggebrecht H. Cerebral embolization during
transcatheter aortic valve implantation: a transcranial Doppler study. Circulation.
2012;126:1245-55.

9. Kapadia SR, Kodali S, Makkar R, Mehran R, Lazar RM, Zivadinov R,
Dwyer MG, Jilaihawi H, Virmani R, Anwaruddin S, Thourani VH, Nazif T,
Mangner N, Woitek F, Krishnaswamy A, Mick S, Chakravarty T, Nakamura M,
McCabe JM, Satler L, Zajarias A, Szeto WY, Svensson L, Alu MC, White RM,
Kraemer C, Parhizgar A, Leon MB, Linke A; SENTINEL Trial Investigators.
Protection Against Cerebral Embolism During Transcatheter Aortic Valve
Replacement. J Am Coll Cardiol. 2017;69:367-77.

10. Seeger J, Kapadia SR, Kodali S, Linke A, Wohrle J, Haussig S, Makkar R,
Mehran R, Rottbauer W, Leon M. Rate of peri-procedural stroke observed with
cerebral embolic protection during transcatheter aortic valve replacement:
a patient-level propensity-matched analysis. Eur Heart J. 2019;40:1334-40.
11. Alkhouli M, Algahtani F, Harris AH, Hohmann SF, Rihal CS. Early
Experience With Cerebral Embolic Protection During Transcatheter Aortic
Valve Replacement in the United States. JAMA Intern Med. 2020;180:783-4.
12. Bagur R, Sposato LA. Cardiocerebral continuum in cognitive function after
transcatheter aortic valve implantation. Eurolntervention. 2020;15:e1555-7.

m
c
=
=
=
=
(1]
-
<
(1]
=
=
o
=
N
o
N
=
=
[
=
—_
N
w
-
—_
N
(3]




