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New methods in diagnosis and therapy

Stroke following transcatheter aortic valve implantation. 
Is neuroprotection justified?
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A b s t r a c t

Degenerative aortic stenosis (AS) is the most frequent type of valvular heart disease. In patients with symptomatic AS surgical 
aortic valve replacement (SAVR) is a recommended treatment strategy. Due to a high risk of perioperative mortality, up to 30% of pa-
tients with AS are considered not suitable for SAVR. In the last 10 years dynamic development of transcatheter aortic valve implan-
tation (TAVI) has been observed as an alternative to SAVR in patients with AS and high risk for surgery. In the two randomized trials 
published so far and numerous registries, stroke and transient ischemic attack still remain serious periprocedural complications 
after TAVI. Because the majority of these episodes are driven by microembolization during the procedure, different neuroprotection 
devices were developed and clinically tested. Embrella and SMT are deflector devices, using a microporous membrane mounted on 
a nitinol frame, designed to cover the ostia of the brachiocephalic trunk and the left carotid artery. The Claret System is designed 
to filter cerebral blood flow within the ostia of the brachiocephalic trunk, as well as in the left common carotid artery. Randomized 
clinical data have demonstrated that TAVI is associated with more neurological events compared to SAVR. However, to date the 
efficacy of the neuroprotection systems has not been assessed in randomized trials. Before we know the results of such trials, the 
use of the devices should be limited to patients at high risk of neurological complications, such as patients with previous stroke, 
massive calcification on aortic leaflets, annulus and porcelain aorta.
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Degenerative aortic stenosis (AS) has become the most 
frequent type of valvular heart disease. In patients with 
symptomatic AS surgical aortic valve replacement (SAVR) 
is a recommended treatment strategy [1–3]. However, be-
cause of many comorbidities in adults of advanced age 
and a  high risk of perioperative mortality up to 30% of 
patients with symptomatic AS are considered unsuitable 
for SAVR [1–4]. In the last 10 years dynamic development 
of a  new treatment modality, transcatheter aortic valve 
implantation (TAVI), has been observed as an alterna-
tive to SAVR in patients with AS and high risk for surgery  
[4–7]. From 2002 to June 2013 90  000 TAVIs were per-
formed worldwide including 900 done in Poland from No-
vember 2008 to June 2013. 

Because conservative medical therapy in patients 
with severe AS is ineffective and balloon valvuloplasty 
plays only a very limited role, TAVI emerged as feasible and 
clearly beneficial therapy in inoperable or high surgical 
risk patients. Transcatheter aortic valve reduces all-cause 
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and cardiac mortality, improves quality of life and short-
ens the postprocedural rehabilitation period [8–10]. In 
the two randomized trials published so far and numerous 
registries, 30-day mortality after TAVI was 0–25% [8–10].  
Nevertheless, stroke and transient ischemic attack (TIA) 
still remain serious periprocedural complications after 
TAVI [8–10].

Transcatheter aortic valve implantation 
versus medical treatment and surgical 
aortic valve replacement

Effectiveness of TAVI versus conventional pharma
cotherapy in inoperable patients was proved in the  
randomized, multicenter PARTNER trial (cohort B). This 
study recruited 358 patients with severe symptomatic 
AS considered unsuitable for conventional surgery. Pa-
tients were randomized to transfemoral implantation of 
an Edwards-Sapien bioprosthesis or standard therapy 
supported with aortic balloon valvuloplasty in 63.7% of  
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cases [8]. The mean logistic EuroSCORE was 30.4 ±9.1% 
for all patients recruited to PARTNER B and 26.4 ±17.2% 
in the TAVI arm. After 1-year follow-up there was a 20% 
reduction of all-cause death and 24% reduction of car-
diovascular mortality in favor of patients who received 
transfemoral aortic valve replacement [8]. The compos-
ite end point of death and major stroke was also sig-
nificantly reduced in the TAVI cohort. The function of 
the implanted bioprosthesis was well preserved after 
one year. The randomized PARTNER cohort A trial com-
pared TAVI (from transfemoral or transapical approach) 
with SAVR in 699 patients with high surgical (but not 
prohibitive) risk of conventional aortic valve surgery. 
Ninety-four percent of patients were in NYHA class III or 
IV, with predicted perioperative mortality of 29% in the 
logistic EuroSCORE. The rates of death from any cause  
were 3.4% in the transcatheter group and 6.5% in the 
surgical group at 30 days (p = 0.07) and 24.2% and 26.8%, 
respectively, at 1 year (p = 0.44), a reduction of 2.6 per-
centage points in the transcatheter group (p = 0.001 for 
non-inferiority). The rates of major stroke were 3.8% in 
the transcatheter group and 2.1% in the surgical group 
at 30 days (p = 0.20), 5.1% and 2.4%, respectively, at  
1 year (p = 0.07), and 33.9% and 35% at 2 years [9–11].

However, the results of PARTNER cohort A also show
ed an almost two-fold increase in the risk of stroke or 
TIA in patients who underwent TAVI in comparison to 
surgically treated patients: 5.5% vs. 2.4% after 30 days, 
8.7% vs. 4.3% after 1 year and 11.2% vs. 6.5% after  
2 years [9], TAVI vs. SAVR, respectively for all. In cohort 
B of the PARTNER trial TIA and stroke rates were also 
increased in the TAVI group [8]. Both cohort A  and B  
of the PARTNER trial and Core Valve Expanded Evaluation 
Registry reported that 30% to 50% of strokes occurred 
between the second day and 30 days after TAVI [8–12]. 
However, the majority of neurological episodes occurred 
during the first 24 h after the procedure [13].  

Pathophysiology of cerebral  
hypoperfusion during transcatheter aortic 
valve implantation 

Pathophysiology of new cerebral perfusion abnormal-
ities after TAVI is multifactorial. The predictors of TIA and 
stroke are advanced patient’s age (> 80 years), previous 
stroke, atrial fibrillation, bulky aortic wall and aortic valve 
calcifications and left ventricular dysfunction. Also old 
and periprocedurally formed thrombi and air bubbles may 
be a source of brain embolization during TAVI. Transient 
cerebral hypoperfusion may also be a result of catheter 
manipulations, cardiac arrhythmias, rapid right ventric-
ular pacing during balloon valvuloplasty and prosthesis 
implantation and periprocedural hypovolemia. However, 
none of these has been clinically proven yet [14–19]. 

Several studies with magnetic resonance imaging (MRI) 
suggest that subclinical cerebral perfusion abnormalities 

occurred much more frequently than TIA or stroke and 
were detected in 66–84% of patients who underwent 
TAVI [14–20]. This observation supports the hypothesis 
that TIA and strokes after TAVI are caused by emboliza-
tion.

There is no correlation of the rate of cerebral defects 
in MRI and access site nor with clinically overt stroke. 
Acute stroke on the other hand is a devastating phenom-
enon and correlates with increased 1-year mortality and 
leads to cognitive impairment. The role of subclinical MRI 
cerebral defects remains unclear, but some surgical data 
suggest an association between the number of peripro-
cedural MRI defects and cognitive impairment in late fol-
low-up [14–24]. 

A study utilizing transcranial Doppler ultrasound dur
ing TAVI demonstrated the occurrence of cerebral micro-
emboli in the majority of patients, mainly during direct 
manipulation of the diseased valve and crushing of the 
leaflets during implantation (41%), manipulations within 
the aortic arch and introduction of the stent-bioprosthe-
sis assembly into the native aortic valve (37%) and bal-
loon postdilatation (22%). The rate of embolization epi-
sodes and the number of emboli did not differ in relation 
to the route of TAVI access (transapical vs. transfemoral) 
[25, 26]. None of these patients suffered from clinical 
stroke or TIA [25–27]. 

Clinical evidence for neurologic 
complications during transcatheter aortic 
valve implantation

In a cohort of 214 patients after Core Valve implanta-
tion presented by Nuis et al., periprocedural stroke was 
diagnosed in 19 (9%) and the risk factors of acute stroke 
were recent onset of atrial fibrillation and significant 
aortic valve incompetence diagnosed before the proce-
dure [28]. In a much larger analysis of 1061 patients the 
rate of cerebrovascular episodes (CVE) was 5% during 
the first 30 days after the procedure, with balloon post-
dilatation, prosthesis embolization and recent onset of 
atrial fibrillation as the strongest predictors of CVE. Af-
ter 12 months in this group late CVE were diagnosed in 
35 patients (3.3%) and the predictors were new onset 
atrial fibrillation and significant aortic regurgitation pre-
ceding TAVI [29]. In a  metaanalysis of 53 studies with 
over 10  000 patients the risk of stroke or TIA during/
after TAVI was 3.3% in 30-day follow-up, with the lowest 
rate of 2.7% after transapical access [30]. In all of these 
studies major stroke was associated with a higher 30-
day mortality rate [28–30].

Cerebral protective devices
Despite the recent advances in TAVI technology, e.g. 

downsizing of TAVI device systems, periprocedural neu-
rologic complications remain an important and still unre-
solved issue. Because the majority of these episodes are 
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driven by microembolization during the procedure, dif-
ferent neuroprotection devices were developed and clin-
ically tested. There are published data on three emboli 
protection systems dedicated to TAVI: Embrella (Edwards 
Lifesciences, Irvine, CA, USA), Montage System (Claret 
Medical, Inc., Santa Rosa, CA, USA), and SMT (SMT Re-
search and Development, Herzliya Pituach, Israel) [31–33].

Both Embrella and SMT are deflector devices, using 
a  microporous membrane mounted on a  nitinol frame, 
designed to cover the ostia of the brachiocephalic trunk 
(and its right carotid branch) and the left carotid artery 
originating directly from the transverse aorta, thereby de-
flecting emboli away from the cerebral circulation. The 
Claret Montage System, based on the filter concept used 
for carotid angioplasty, is designed to filter cerebral blood 
flow within the ostia of the brachiocephalic trunk and its 
right carotid branch, as well as in the left common carot-

id artery, both originating directly from the aortic arch 
[31–34].

The SMT device (Figure 1) is a biocompatible filter, im-
planted in a  transcatheter procedure, through a needle 
puncture in either common femoral artery, and is located 
under fluoroscopy in the aortic arch. The SMT device con-
sists of 5 functional parts:
1) �a dual wire nitinol frame that anchors the device in the 

desired location in the aortic arch, 
2) �a  thin nitinol mesh designed to allow blood flow 

through, while diverting clinically significant emboli 
towards the descending aorta, 

3) �and 4) two stabilizers that facilitate the positioning of 
the filter; they lock into position by retrograde traction 
and gradually release from the delivery shaft; the filter 
is anchored in the aortic arch by the upper stabilizer 
in the innominate artery ostium which prevents filter 
retrograde migration and by the lower stabilizer that 
pushes the filter in apposition with the upper wall of 
the aortic arch,

5) �the tail end (distal from the heart) of the SMT filter is 
a connection by which the SMT filter remains securely 
attached to the plunger (“pusher”) during the proce-
dure.
While the filter does not block or decrease normal 

blood flow to the brain via the aortic branches and ver-
tebral artery, it diverts emboli and particulate matter 
downstream, where they can be treated effectively or 
probably cause less harm, although the clinical impact 
on kidney and other end-organ function has to be fur-
ther established. The SMT device is made of nitinol wires 
and can be crimped into an 8 Fr or 9 Fr sheath, the latter 
providing the possibility to use simultaneously a 6 Fr pig-
tail through the same sheath, hence avoiding additional 
groin punctures. Upon deployment the filter unfolds and 
regains its original shape [34]. 

The Embrella Embolic Deflector (Figure 2) is designed 
to cover the ostia of the brachiocephalic trunk (and its 
right carotid branch) and the left carotid artery originat-
ing directly from the transverse aorta, thereby deflecting 
emboli away from the cerebral circulation. Deflecting pet-
als consist of a heparin-coated polyurethane membrane 
with 100-μm-sized pores. This membrane is mounted on 
a nitinol frame, which itself is attached to a 110-cm long, 
0.035-inch (0.09 cm) nitinol shaft. When deployed, the 
petals of the device extend over a length of 58 mm with 
a width of 25 mm. Three radiopaque markers help flu-
oroscopy-guided deployment: one at the outer point of 
each petal, and one on the distal shaft. The entire sys-
tem can be delivered through a 6-Fr delivery sheath intro-
duced from the right arm [32].

The Claret System (Figure 3) consists of two filters. 
The proximal filter consists of a nitinol frame designed to  
allow apposition within vessels measuring 9–15 mm in di
ameter and containing a polyurethane filter with 140 μm  

Fig. 1. SMT. The SMT device consists of 5 functional 
parts: a dual wire nitinol frame (white arrow), a thin 
nitinol mesh (asterisk), an upper and lower stabi-
lizer (black arrows) and the tail end (dotted arrow)

Fig. 2. The Embrella device consists of a porous 
membrane, a nitinol frame and a nitinol shaft 
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diameter pores. The frame is radiopaque and will expand 
to oppose and seal against the vessel wall when un-
sheathed. The proximal filter is attached to a  100 cm 
long catheter, and following insertion, the proprietary 
proximal filter is deployed in the brachiocephalic artery, 
followed by the delivery of a second filter to the left com-
mon carotid artery (Figure 4). The entire system can be 
delivered through a 6 Fr sheath introduced through either 
the brachial or radial artery of the right arm. The system 
is deployed immediately prior to passage of the TAVI de-
livery catheter through the aortic arch and into the native 
valve during the TAVI procedure, and is removed after re-
moval of the TAVI delivery catheter [33].

The stroke conundrum associated with TAVI is not 
trivial, especially if this technology would shift to lower 
risk and younger patient populations with AS and pa-
tients with degenerated aortic bioprosthesis after previ-
ous SAVR [35–39]. Also an increasing number of centers 
want to offer TAVI to their patients. Recently published 
data on TAVI emphasized the issue of clinically silent ce-
rebral defects and their possible future influence on cog-
nitive and motor functions [21–24].

The first human experience with embolic 
protection systems during transcatheter 
aortic valve implantation

Onse et al. published the first human experience with 
an SMT device [34]. In 15 patients with severe AS under-
going transfemoral or transapical aortic valve implanta-
tion, the SMT Embolic Deflection Device was advanced 
utilizing the contralateral femoral artery access using  
a 9 Fr delivery sheath. Brain diffusion weighted (DW)-MRI 
was obtained in 10 patients before and at 4 days after the 
procedure and retrospectively compared to 20 patients 
previously undergoing TAVI without a protection device. 
Successful placement of the embolic protection device 
was achieved in all patients. Additional procedural time 
due to the use of the device was 7 min (±2 min). There 
were no procedural complications. No patient developed 
new neurological symptoms or clinical findings of stroke  
except 1 patient who suffered from a  transient isch-
emic attack (TIA) two days after the procedure. DW-MRI 
showed 3.2 new cerebral lesions per patient, compared 
to 7.2 new lesions per patient in the group without an 
SMT filter [34].

Naber et al. published first-in-man use of the Claret 
Filer system [33]. Patients scheduled for TAVI were pro-
spectively enrolled at three centers. The Claret CE Pro™ 
(Claret Medical, Inc. Santa Rosa, CA, USA) cerebral pro-
tection device was placed via the right radial/brachial ar-
tery prior to TAVI and was removed after the procedure.  
The primary endpoint was technical success rate. Sec-
ondary endpoints encompassed procedural and 30-day 
stroke rates, as well as device-related complications. 
Deployment of the Claret CE Pro™ cerebral protection 

device was intended for use in 40 patients; 35 devices 
were implanted into the aortic arch. Technical success 
rate with delivery of the proximal and distal filter was 
60% for the first generation device and 87% for the sec-
ond-generation device. Delivery times for the first-gen-
eration device were 12.4 ±12.1 min and 4.4 ±2.5 min for 
the second-generation device (p < 0.05). The quantity of 
contrast used related to the Claret CE Pro System was 
19.6 ±3.8 ml. Captured debris was documented in at least  
19 of 35 implanted devices (54.3%). No procedural transient 
ischemic attacks, minor strokes or major strokes occurred. 
Thirty-day follow-up showed one minor stroke occurring 
30 days after the procedure, and two major strokes both 
occurring well after the patient had completed TAVI [33].

Nietlispach et al. described initial human experience 
with a novel Embrella cerebral embolic protection device 
[32]. With right radial artery access, the embolic protec-

Fig. 3. The Claret System consists of two filters: 
proximal within a  nitinol frame to be expanded 
into the brachiocephalic trunk, and distal to pro-
tect the left common carotid artery

Fig. 4. The Claret CE Pro™ System consists of a pro
ximal filter which is fixed within a flexible nitinol 
frame. The frame is radiopaque and will expand 
to oppose and seal to the vessel wall when un-
sheathed. Following first filter expansion, the sys-
tem enables the delivery of the distal filter to the 
left common carotid artery 

Handle

Steering

Flush-ports

Steerable 
tip

Distal, left-sided 
filter

Proximal, 
right-sided filter



Postępy w Kardiologii Interwencyjnej 2013; 9, 4 (34)

Maciej Dąbrowski et al. Stroke following transcatheter aortic valve implantation. Is the neuroprotection justified?

380

tion device was advanced into the aortic arch. The device 
was used in 4 patients (mean age 90 years) with severe 
aortic stenosis undergoing aortic balloon valvuloplasty  
(n = 1) or transcatheter aortic valve implantation (n = 3). 
Correct placement of the embolic protection device was 
achieved in all patients. Continuous brachiocephalic and 
aortic pressure monitoring documented equal pressures 
without evidence of obstruction to cerebral perfusion. 
Additional procedural time due to the use of the device 
was 13 min. There were no procedural complications. 
Pre-discharge cerebral MRI found no new defects in any 
of 3 patients undergoing TAVI and a new acute cortical 
infarct in 1 asymptomatic patient after balloon valvu-
loplasty alone. No patient developed new neurological 
symptoms or clinical findings of stroke [32].

The SMT Embolic Deflection Device probably provides 
the most complete protection of the brain, covering the 
ostia of all major arteries originating from the aortic arch 
and avoiding manipulations in the left common carotid 
artery and brachiocephalic trunk. However, because of 
the large diameter the device can be introduced to the 
arterial system using an 8 Fr or 9 Fr delivery sheath [34]. 

The Claret Filter System and Embrella can be intro-
duced using a  transradial approach and a 6 Fr delivery 
sheath. Stiffness of this device and the manipulations 
during both proximal and distal filter introduction into 
the brachiocephalic trunk and left common carotid artery 
may provoke spasm and other vascular complications 
and embolization. Also the left vertebral artery (originat-
ing from the left subclavian artery) is not protected with 

Fig. 5. Representative examples of TAVI-induced liberation of debris. Representative specimens were retrieved 
within the proximal (right, brachiocephalic filter) and distal filters (left, carotid filter) verifying successful bilat-
eral reduction of embolic burden with the Claret CE Pro™ system during TAVI

Fig. 6. Diffusion weighted MRI of the brain. Cerebral images, including the cerebellum and brainstem, before (A) 
and after (B) the transcatheter aortic valve implantation procedure. This patient had one, large new cerebral infarct

A B
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the Claret device and may be a potential source of cere-
bral defects during TAVI. 

The experience at the Institute  
of Cardiology in Warsaw

At the Institute of Cardiology in Warsaw we perform
ed the first two Polish TAVI procedures using the Claret 
Filter System. In 1 patient it was not possible to fully ex-
pand the distal filter on the left common carotid artery 
because of unusual anatomy (bovine arch). In both filters 
embolic material was found after the successful comple-
tion of TAVI (Figure 5) and in DW-MRI there were no new 
acute cerebral defects. A second Claret device had to be 
used in this case to achieve full cerebral protection. In 
the second patient we observed minor stroke with par-
tial amaurosis in the right eye. In DW-MRI a new acute 
ischemic focus was found in the territory corresponding 
to the left vertebral artery (Figure 6). 

Conclusions
Since randomized clinical data have demonstrated that 

TAVI is associated with more neurological events com-
pared to SAVR, every effort should be made to reduce 
such devastating complication as stroke, which dramati-
cally impact on a patient’s quality of life. The best tool we 
have to understand the true impact of embolic protection 
devices in preventing TAVI related strokes and to evalu-
ate whether these devices would justify the additional 
cost as well as risk they probably add to the procedure 
is to perform carefully designed randomized clinical tri-
als. Before we know the results of these trials, today the 
use of cerebral protection devices should be limited to 
patients at high risk of neurological complications, such 
as patients with previous stroke, massive calcification on 
aortic leaflets and annulus and porcelain aorta. Postpro-
cedural atrial fibrillation is another important issue that 
seems to be associated with neurological events after 
TAVI and warrants careful documentation and appropri-
ate therapeutic action [40].
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