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OPINION

Cerebral Embolic Protection: Point–Counter Point
Alexandra Lansky, MD

Division of Cardiovascular Medicine, Department of Internal Medicine, Yale School of Medicine, New Haven, Connecticut, USA

Background

Transcatheter Aortic Valve Replacement (TAVR) has revolu-
tionized the treatment of patients with severe symptomatic
aortic stenosis. TAVR gained initial market approval in
Europe in 2007 and 4 years later in the United States for
patients considered too sick or at high-risk to undergo stan-
dard surgical valve replacement (SAVR). In 2016, the indica-
tion was expanded to patients at intermediate surgical risk.
Globally, TAVR procedure volumes are expected to reach
300,000 annually. This rapid adoption of TAVR is spurred
by the rigorous evidence of mortality benefit in inoperable
patients, comparable outcomes to surgical aortic valve repla-
cement (SAVR) in operative candidates, and clear patient
preference for a less invasive alternative.

Stroke: an inconvenient reality

Early clinical trials of TAVR brought iatrogenic stroke under
scrutiny: high-risk operative candidates randomized to TAVR
in the original PARTNER trial had a substantially increased
risk of stroke or transient ischemic attack compared with
SAVR at 30 days (5.5% vs. 2.4%)1; the rate was 6.7% among
inoperable patients. The majority of these events were dis-
abling strokes,2 and over 50% were directly procedure-related.
3 In the 8 years since the first PARTNER trial enrollment,
TAVR has evolved significantly, and more recent comparisons
generally find a similar or lower stroke risk in TAVR com-
pared with SAVR, likely due to increased operator experience
and lower-profile devices.4,5 However, neurological events
continue to affect a substantial proportion of patients, with
30-day stroke rates generally in the range of 3–6% in recent
randomized trials including intermediate risk patients,4,5 and
growing evidence demonstrates that neurological events are
underreported in clinical trials. When systematic neurologic
evaluation by a neurologist and neuroimaging are performed,
early stroke rates range from 9% up to 28% after both SAVR
and TAVR.6–8

Routine neuroimaging studies reveal that ischemic cerebral
infarction caused by showers of cerebral emboli during valve
instrumentation and placement affect virtually all patients
undergoing TAVR. The total volume of ischemic brain infarc-
tion quantified after TAVR in these imaging studies range

from 1.5 cm3 to 4.3 cm3 of brain damage; equivalent to a
staggering cell death of approximately 2 million neurons and
1 billion synapses.9 These imaging findings are corroborated
in the recent SENTINEL trial by the capture of embolic debris
in 99% of patients, with recovery of calcium, thrombus, valve
leaflet, arterial wall and even catheter material from the TAVI
system, with more than 80% of debris measuring 0.15–0.5 cm
and < 5% of debris > 1 cm.10 We cannot turn a blind eye to
this inconvenient reality.

Clinical relevance: patient-physician disconnect

The clinical consequences of peri-procedural stroke are devas-
tating. Stroke not only carries a high mortality risk, but it is
the severity and permanence of a life-altering disability that
differentiates stroke as a fate worse than death for most
patients, particularly as they get older.11 As such, stroke can-
not be equated to a peri-procedural bleeding complication or
even a myocardial infarction. The facts are that not only do
disabling strokes after TAVR carry a 3- to 9-fold increased
risk of mortality—40% of survivors are permanently depen-
dent and 80% face social isolation and significant financial
strain.12,13 While patients rate stroke as being 50−250% worse
than death in a survey of 785 patients, cardiologists view the
death of a patient as being worse than his stroke.11 Should
patient perception not prevail?

The clinical consequences of peri-procedural cerebral
embolization are generally unpredictable and highly variable
ranging from acutely symptomatic in 9–28% (disabling in up
to 4%) to acutely subclinical in 72–91% or “covert.” Large
population-based evidence links acutely “subclinical” strokes
to significant subsequent cognitive decline, subsequent
dementia, and risk of future stroke.14,15 Although these
longer-term clinical and cognitive consequences remain lar-
gely unexplored in the context of iatrogenic cerebral emboli-
zation from cardiac procedures, they are generally considered
cumulative effects and should not be dismissed.

Building evidence and expanding definitions

The true magnitude of neurologic impairment and cognitive
decline after TAVR has until recently received relatively little
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attention, as the large TAVI randomized trials and registries have
focused on only the most severe neurologic outcomes. In contrast
to the relatively circumscribed VARC-2 stroke definition,16 the
2017 Neurologic Endpoints in Cardiovascular Trials Consensus
(NeuroARC)17 provides a pragmatic framework for symptom-
driven stroke evaluation applicable to procedures with known
iatrogenic cerebral embolic risk, as well as imaging-driven stroke
evaluation for devices designed to prevent cerebral embolization
and stroke. To close the knowledge gap linking procedural embo-
lization on the totality of neurologic deficits over time, more
sensitive and comprehensive assessment methods of both neuro-
logic and cognitive impairment are necessary. Improvements in
our ability to fully evaluate the effectiveness of devices designed to
mitigate clinically meaningful neurologic deficits are particularly
critical given that TAVR indications will likely continue to
broaden to lower risk patients in coming years. As TAVR indica-
tions extend to intermediate and low risk populations with greater
functional capacity, in which cognitive impairment become more
relevant and potentially disabling, reducing the risk of neurologi-
cal events and the cumulative embolic burden to the brain become
even more critical in optimizing TAVR as the uncontested pro-
cedure of choice.

The staggering evidence of near ubiquitous cerebral embo-
lization raises a number of questions for TAVR and cardiac
interventions in general. One important question that will be
addressed in this point-counterpoint is: How much evidence do
we have, and how much should be required, for adoption of
adjunctive devices to reduce cerebral embolization, and what is
the appropriate balance of pre- and post-market data collec-
tion? Is conclusive evidence of a reduction in clinically appar-
ent neurological events required to conclude that such devices
have a favorable benefit: risk profile, or are demonstrated safety
and potential benefits sufficient to justify cautious adoption,
accelerating patient access while generating additional data?
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