Update on Cerebral
Embolic Protection

in TAVI

A review of existing cerebral embolic protection devices used in TAVI and their

clinical trial status.
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ranscatheter aortic valve implantation (TAVI)

is now an established treatment option for

patients with aortic stenosis who are at high risk

for surgery, and the evidence supporting its safe-
ty and effectiveness in other patient groups is increasing.’
Although TAVI is less invasive, leads to faster recovery,
and is associated with less morbidity than surgical valve
replacement, there are potential major complications,
including access site vascular injury, stroke, and death.

Stroke is an important but unpredictable complica-
tion associated with TAVI; it will become an even more
important concern to patients and health care funders as
TAVI is used to treat more patients, both as the propor-
tion of older people increases in the population and as
TAVI is used to treat younger patients at lower risk for
surgery.2 TAVI patients report that maintaining indepen-
dence is a more important treatment goal than prevent-
ing death, and other studies show that patients may
regard stroke as a worse health state than death.?

There are multiple causes for stroke in this patient
group, but most procedure-related strokes are ischemic
and thought to be due to embolism of the valve and
other materials into the cerebral circulation. Most occur
early after TAVI (within 24-48 hours). TAVI-associated
stroke leads to a prolonged hospital stay, a reduced
chance of returning to independence, and a near sixfold
increased risk of death within 30 days.* Stroke increases
the cost of the index hospitalization and doubles rehospi-
talization costs. Reducing the risk of stroke during TAVI,
therefore, has important implications for improving
patient outcomes and decreasing health care resources.

AVAILABLE EMBOLIC PROTECTION
SYSTEMS

Several cerebral embolic protection (CEP) devices are
currently being evaluated, at different stages of devel-
opment and with varying evidence available (Table 1) .
In broad terms, the devices reduce the risk of embolic
debris reaching the brain by positioning mesh across
the cerebral blood vessels to either capture or deflect
the material destined for the brain circulation. Access
site, sheath, mesh pore size, and extent of cerebral cir-
culation protection vary across the devices. The ideal
device would offer protection of the entire cerebral
circulation, with ease of delivery and positioning, stabil-
ity through the procedure, and association with clinical
effectiveness and safety without the risk of damage to
the cerebral vessels and access site.

The evidence supporting the use of CEP devices in

TAVI is based on three broad lines of investigation.

1. Proof-of-principle studies have confirmed that
debris is retrieved from most CEP devices when
they are examined after TAVI, suggesting that
these devices reduce embolic debris reaching
the brain®

2. Imaging studies using MRI to identify brain injury
have confirmed that nearly 75% of patients had
new brain lesions after TAVI and that use of CEP
devices may be associated with reduced lesions.
The significance of these clinically “silent” lesions
in the TAVI population remains uncertain, but
they have been associated with cognitive decline
and dementia in other studies.®
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TABLE 1. CEP DEVICES WITH ONGOING CLINICAL TRIALS

Access gihzza(tl?) AR ?I?uprr(:::; : tl.jl;tllil(?n/ United States) CUEIREE
Sentinel Right radial | 6 140 CE Mark/FDA approved Eﬂ(lzTFI’EI::(ITEE&AT\{LFVI
TriGuard 3 Femoral 8 115/145 CE Mark/investigational REFLECT
ProtEmbo Leftradial | 6 60 Investigational/investigational PROTEMBO SF
Emblok Femoral 12 125 Investigational/investigational EMBLOK in TAVR
Emboliner Femoral 9 150 Investigational/investigational SafePass 2
:;(::i.r;t-Guard UEEER D Femoral 10 105 Investigational/investigational CENTER
Abbreviations: CEP, cerebral embolic protection.
Adapted from Saadi EK, Saadi RP, Tagliari AP, Taramasso M. Routine use of cerebral protection devices during transcatheter aortic valve implantation:
what does the evidence say? Vessel Plus. 2020;4:41. doi: 10.20517/2574-1209.2020.54

3. Clinical evidence from randomized trials (described
in the following sections) were based on brain
imaging surrogate endpoints but also gathered
clinical outcomes, clinical case series and registry
reports, and systematic reviews. Importantly, these
studies have focused on surrogate endpoints, were
not powered for hard clinical endpoints, have
reported outcomes at different times after TAVI,
and include a range of CEP devices.

Sentinel Cerebral Protection System

With three published randomized trials, the
Sentinel cerebral protection system (Boston Scientific
Corporation) is the most widely studied CEP system
available. The SENTINEL trial included 363 patients
with a primary endpoint of new lesion volume on MRI
scans. The study was neutral for an effect of CEP on the
imaging endpoint, but it did demonstrate a numerical
trend toward stroke reduction, with 9.1% in the con-
trol arm versus 5.6% in the device arm (P = .25) 7 The
CLEAN-TAVI trial included 100 patients with a primary
endpoint based on MRI. There was a reduction in new
lesions and volume of lesions in the CEP group but
no reduction in neurologic events (10% minor stroke
in both groups).2 The MISTRAL-C trial included 65
patients and had an imaging-based primary endpoint.
There was a reduction in the proportion of patients
with new lesions in the protected areas from 55% with-
out CEP to 20% in the CEP group. This was associated
with a numerical reduction in major stroke from 7%
without CEP to 0% in the CEP group.’

A patient-level pooled analysis combining an obser-
vational series and data from the randomized SENTINEL
and CLEAN-TAVI trials (N = 1,306) using propensity
matching allowed comparison of 533 patients who
underwent TAVI with CEP to 533 without CEP. In
patients undergoing TAVI with CEP, there was evidence
of a reduction in stroke at 72 hours after TAVI (10/533
[1.88%] vs 29/533 [5.44%]; odds ratio [OR], 0.35; 95%
Cl, 0.17-0.72; relative risk reduction, 65%; P = .0028),
as well as a reduction in the combination of 72-hour
mortality and stroke (11/533 [2.06%)] vs 32/533 [6%];
OR, 0.34; 95% Cl, 0.17-0.68; relative risk reduction, 66%;
P =.0013)." These studies suggest a clinical effect of
CEP in reducing early stroke with a number needed to
treat of approximately 25 (ie, treating 25 TAVI patients
will reduce one stroke). However, caution is needed in
interpreting these results because of the heterogeneity
in the included studies.

Recently published registry-level data are consistent
with a beneficial effect of Sentinel. In the Society of
Thoracic Surgeons/American College of Cardiology
Transcatheter Valve Therapy Registry, the rate of in-hos-
pital stroke was not significantly lower when the Sentinel
device was used according to an instrumental variable
analysis (1.39% vs 1.54%; relative risk (RR) = 0.90; 95%

Cl, 0.68-1.13). However, secondary propensity-weighted
analysis of the data showed a small reduction in the rates
of in-hospital stroke (1.30% vs 1.58%; RR = 0.82; 95%

Cl, 0.69-0.97), in-hospital death or stroke (2.1% vs 2.5%;
RR = 0.84; 95% Cl, 0.73-0.98), 30-day stroke (1.9% vs 2.2%;
RR = 0.85; 95% Cl, 0.73-0.99), and 30-day death (1.7% vs
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2.2%; RR = 0.78; 95% Cl, 0.64-0.95) in patients receiving
Sentinel." A propensity-weighted analysis of the National
Inpatient Sample showed that Sentinel use was associat-
ed with a lower risk of in-hospital ischemic stroke (1% vs
3.8%; OR = 0.24; 95% Cl, 0.09-0.62) and in-hospital death
(0% vs 1%; P = .036).”

TriGuard 3 CEP Device

The DEFLECT IlI study of the TriGuard HDH embolic
deflection device (Keystone Heart, a Venus Medtech
company) was an exploratory study using MRI that
included 85 patients. With CEP, there was a reduction
in the number of new lesions (21% in the control group
vs 11.5% in the CEP group), a numerical reduction of
in-hospital stroke (5% in the control group vs 2% in
the CEP group), and better performance on a delayed
memory task at hospital discharge.’ The device has
changed from a 250- to 130-pm pore size.

The REFLECT trial studied the TriGuard device,
and the next-generation TriGuard 3 was studied in
REFLECT I1. Results have been presented in abstract
recently, showing the safety of TriGuard 3 but not dem-
onstrating superiority for the MRI efficacy endpoint.™
Further studies are planned to investigate the clinical
efficacy of this device.

Emblok Embolic Protection System

The Emblok embolic protection system (Innovative
Cardiovascular Solutions, LLC) contains a pigtail and
filter that sit in the arch to protect all major cerebral
vessels. A first-in-human study has been published, con-
firming that the device can be successfully positioned
so that debris can be captured. The device is safe to use
and feasible."™ Larger trials are planned.

ProtEmbo Cerebral Protection System

The ProtEmbo cerebral protection system
(Protembis GmbH) is delivered by the left radial
approach and is a deflection device that protects all
major cerebral vessels. The PROTEMBO SF trial is a
safety and feasibility study that has been completed
but is not yet published.

Emboliner

The results of the SafePass 2 safety and technical per-
formance study of the Emboliner (Emboline, Inc.) have
been presented in abstract. The device was delivered
successfully in all 31 patients, and debris was captured
in all patients. In two-thirds of patients, there was at
least one particle > 1 um in size, and between 250 and
300 particles > 150 pm were detected. There were no
safety concerns raised.

NEXT STEPS FOR MORE EVIDENCE

For CEP to be routinely used in clinical treatment,
we need further robust data confirming a reduction
in clinical stroke and safe, cost-effective improvement
in health outcomes. These devices can remove debris
and limit it reaching the brain, as well as reduce brain
lesions on MRI, but there remains an important clinical
discrepancy between the incidence of clinical stroke
and what is seen on the MRI scan. The ascertainment
of clinical stroke is another important confounder, with
variation in stroke rates depending on whether there is
routine neurologic assessment or self-reporting.

Two large clinical outcome trials testing the effect of
CEP on clinical stroke using the Sentinel cerebral pro-
tection system are now underway: PROTECTED TAVR
and the British Heart Foundation (BHF) PROTECT
TAVL.6T

Clinical trials are designed based on the incidence
of the proposed primary endpoint and the antici-
pated treatment effect to determine the sample size.
Although the published evidence is highly suggestive of
a beneficial effect of CEP devices on clinical outcomes,
these observational studies are limited by self-reported
and nonadjudicated events or by the finding of a high
incidence of stroke ascertained by routine pre- and
postassessment by dedicated stroke assessors. Both
ongoing large clinical endpoint randomized trials dif-
fer in the approach used for stroke ascertainment and
therefore have different predicted baseline stroke rates;
they also differ in the proposed treatment effect.

PROTECTED TAVR Study

The primary endpoint is all-cause stroke through
72 hours post-TAVI procedure or discharge (which-
ever comes first), as adjudicated by an independent
clinical events committee (CEC) and using Neurologic
Academic Research Consortium definitions. In this
study, there is a formal assessment of neurology before
and after for each patient. The incidence of stroke is
assumed to be 4%, and the effect size is 50% relative
risk reduction, giving an anticipated stroke rate of 2%
in the treatment group, or 2% absolute risk reduc-
tion. The calculated sample size for this study is 3,000
patients. The study is underway with centers in the
United States and Europe. Planned completion is 2022,
with a planned adaptive design and interim analysis at
2,100 patients.

BHF PROTECT TAVI Study

The primary endpoint for this study is all-cause
stroke through 72 hours post-TAVI procedure or dis-
charge (whichever comes first), as adjudicated by an
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independent CEC. In this study, there is active ascer-
tainment of the stroke outcome using a structured
questionnaire, then triggering formal assessment of neu-
rology if an event is suspected. The incidence of stroke
is assumed to be 3%, and the effect size is 33% relative
risk reduction, giving an anticipated stroke rate of 2% in
the treatment group, or 1% absolute risk reduction. The
calculated sample size for this study is 7,730 patients.
The study is underway in the United Kingdom. Planned
completion is 2025, with planned interim analysis at
3,826 and 5,360 patients. This study includes a formal
cost-effectiveness analysis based on the United Kingdom
health care system costings.

SUMMARY

The incidence of clinical stroke associated with TAVI
remains an unpredictable and concerning complication.
Intuitively, CEP devices should reduce the risk of stroke
and improve outcomes. The evidence from mechanistic
studies and registry data is supportive of the clinical effec-
tiveness of CEP. Large-scale clinical trials focused on hard
clinical outcomes are now underway to provide patients
and clinicians with the evidence they need to understand
the impact of CEP on outcomes after TAVI. &
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