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Abstract
Background: Stroke remains a feared complication associated with transcatheter aortic valve implantation 
(TAVI). Embolic cerebral injury occurs in the majority of TAVI cases and can lead to cognitive dysfunction.
Aims: The PROTEMBO C Trial evaluated the safety and performance of the ProtEmbo Cerebral Protection 
System in TAVI patients.
Methods: Forty-one patients were enrolled in this single-arm study conducted at 8 European centres. The 
primary safety endpoint was the rate of VARC 2-defined major adverse cardiac and cerebrovascular events 
(MACCE) at 30 days; the primary performance endpoint was the composite rate of technical success ver-
sus performance goals (PG). Secondary endpoints included brain diffusion-weighted magnetic resonance 
imaging (DW-MRI), new lesion volume, and the rate of death or all strokes compared to historical data.
Results: Thirty-seven of 41 enrolled patients underwent TAVI with the ProtEmbo device (intention-to-treat 
[ITT] population). Both primary endpoints were met. MACCE at 30 days was 8.1% (upper limit of the 95% 
confidence interval [CI]: 21.3% vs PG 25%; p=0.009), and technical success was 94.6% (lower limit of the 
95% CI: 82.3% vs PG 75%; p=0.003). New DW-MRI lesion volumes with ProtEmbo were smaller than in 
historical data, and 87% of patients completing MRI follow-up had no single lesion >150 mm3. There was 
1 stroke in a patient in whom the device was removed prematurely before TAVI completion.
Conclusions: The PROTEMBO C Trial met its primary safety and performance endpoints compared to 
prespecified historical PGs. Patients had smaller brain lesion volumes on DW-MRI compared to prior series 
and no larger single lesions. These results warrant further evaluation of the ProtEmbo in a larger ran-
domised controlled trial (RCT).
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Complete cerebral protection during TAVI

Abbreviations
CEPD cerebral embolic protection device
DW diffusion-weighted
IQR interquartile range
ITT intention-to-treat
MACCE major adverse cardiac and cerebrovascular events
MRI magnetic resonance imaging
NIHSS National Institutes of Health Stroke Scale
PG performance goal
PP per protocol
TAVI transcatheter aortic valve implantation

Introduction
Transcatheter aortic valve implantation (TAVI) is an established 
alternative to surgical aortic valve replacement for treatment 
of severe symptomatic aortic valve stenosis1,2, with more than 
276,000 procedures performed in the United States between 2011 
and 20193. Despite the broad adoption of TAVI4, and the proce-
dure now being performed in low-risk patients5-8, stroke remains 
a major complication associated with significant mortality and 
morbidity7,9. The incidence of stroke at 30 days ranges from 3.3%1 
to 12%10 and is associated with a 6-fold increase in mortality11, 
reduced quality of life12, and significant economic burden2.

Stroke complicating TAVI primarily results from embolic debris 
released during TAVI, with embolic material consisting of choles-
terol particles, air, atherosclerotic plaque material, thrombus, and 
calcified valve material13-16. Beyond acutely symptomatic stroke, 
upward of 94% of TAVI patients have evidence of embolic ischae-
mic brain injury on diffusion-weighted magnetic resonance images 
(DW-MRI), which has been associated with long-term cognitive 
dysfunction and motor deficits1,17-21.

Cerebral embolic protection devices (CEPDs) have been devel-
oped to prevent new neuroembolic cerebral events and so-called 
silent infarctions1,22. In the United States, CEPDs are currently avail-
able in less than one-third of TAVI centres and used in only 13% 
of TAVI procedures23. The low penetration of CEPDs into clinical 
practice reflects the ongoing debate (and lack of evidence) regard-
ing the effectiveness of CEPDs in reducing stroke. Recent ran-
domised clinical trials evaluating CEPDs have demonstrated safety 
without convincing evidence of benefit in reducing stroke or total 
lesion volume on magnetic resonance imaging (MRI)9,23, whereas 
propensity-adjusted real-world data have suggested neurological 
and mortality benefits24. Results of a definitive large-scale ran-
domised trial evaluating a single CEPD are expected in late 202225.

The ProtEmbo Cerebral Protection System (Protembis GmbH) 
is a novel CEPD with a 60 µm pore size designed to protect all 
3 cerebral vessels. It is the only left radial access device currently 
under development. The ProtEmbo was shown to be safe and fea-
sible in the first-in-human PROTEMBO SF Trial (ClinicalTrials.
gov: NCT03325283)26. The objective of the PROTEMBO C Trial 
(ClinicalTrials.gov: NCT04618718) was to evaluate the safety 
and performance of the ProtEmbo for embolic protection dur-
ing TAVI.

Methods
TRIAL DESIGN AND OVERSIGHT
The PROTEMBO C Trial is an international, multicentre, single-
arm, non-inferiority study designed to evaluate the safety and perfor-
mance of the ProtEmbo System in patients with severe symptomatic 
native aortic valve stenosis undergoing TAVI (Supplementary 
Appendix 1). The study was performed in compliance with the 
Declaration of Helsinki and was approved by the ethics committee 
of each contributing centre. Each patient provided informed con-
sent. Data collection and monitoring were performed independently 
by a clinical research organisation (MAXIS Medical). An independ-
ent data and safety monitoring board of 2 interventional cardiolo-
gists, 1 cardiac surgeon, and 1 neurologist oversaw the safe conduct 
of the study and adjudicated all clinical events.

PATIENT POPULATION
Patients with severe symptomatic calcified native aortic valve 
stenosis who met approved indications for TAVI with commer-
cially available transcatheter aortic valves by transfemoral access 
were eligible for the study. Patients were excluded if TAVI was 
planned using access other than transfemoral access or had any 
of the following: a previously implanted heart valve; evidence of 
acute myocardial infarction, transient ischaemic attacks, or cere-
brovascular accidents within the prior 6 months; blood dyscrasias; 
contraindications to aspirin, heparin, antiplatelet/anticoagulant 
therapy, or device materials; renal or hepatic insufficiency; par-
ticipation in other trials; or any other planned permanent cardiac 
implant within 30 days of the index procedure. Other exclusion 
criteria were neurological impairments, a contraindication to MRI, 
excessive vascular tortuosity or severe peripheral arterial disease, 
an abnormal aortic arch angulation or anatomy or an inner diam-
eter of the aortic arch <25 mm. Patients meeting all eligibility 
criteria who signed informed consent and who received a base-
line MRI were considered enrolled in the study (Supplementary 
Appendix 1-Supplementary Appendix 11).

PROTEMBO DEVICE AND TRIAL PROCEDURES
The ProtEmbo device is a temporary, single-use, intra-aortic 
embolic deflection filter used as an adjunct device during TAVI 
that is the only available device that can be positioned through 
a 6 Fr left radial access sheath. The ProtEmbo is inserted at the 
beginning of the procedure, after administration of heparin with an 
adequate activated clotting time (ACT) level above 250 seconds, 
prior to the TAVI device, and removed following the completion of 
the TAVI procedure. The device consists of (1) a heparin-coated, 
60 µm pore size mesh (currently the smallest pore size of CEPDs), 
(2) a self-expanding nitinol frame that measures 38×70 mm when 
expanded to ensure sufficient coverage with radiopaque mark-
ers for fluoroscopic visualisation and precise device placement, 
and (3) a delivery unit. The device is delivered unexpanded and 
deployed by unsheathing the self-expanding filter to cover the 
orifice of all 3 cerebral vessels (brachiocephalic trunk, left com-
mon carotid, and left subclavian arteries) (Central illustration). 
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CENTRAL ILLUSTRATION ProtEmbo and summary of results.
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A) The ProtEmbo deployed in the aortic arch showing the delivery over radial access and coverage of 3 main cerebral vessels with the 
TAVI catheter, deflecting embolic debris. B) Illustration of the functional parts of the ProtEmbo without handle. The ProtEmbo met (C) 
the primary safety outcome and (D) the primary performance outcome compared with historical performance goals. E) The secondary 
efficacy analysis (death or all stroke at 30 days) compared to 9.9% of the SENTINEL trial control arm (N=111)30 and 7.0% in the 
REFLECT II trial control arm (N=57)2. F) The supra-threshold lesion volume analysis for the ProtEmbo. DW-MRI: diffusion-weighted 
magnetic resonance imaging; ITT: intention-to-treat; PP: per protocol; TAVI: transcatheter aortic valve implantation

A handle provides a simple user interface for preparation, deliv-
ery, deployment, and removal of the device. The device is loaded 
into a commercially available delivery catheter and placed into 
the aortic arch using a commercially available guiding sheath via 

the left radial or brachial artery. TAVI procedures were performed 
according to institutional standards. Clinical evaluations included 
assessments at baseline, post-procedure, before discharge, and at 
30 days.
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Brain DW-MRI scans were acquired at baseline (at least 5 days 
after any diagnostic cardiac catheterisation) and 2-7 days after 
TAVI. The timing and acquisition of 1.5 Tesla DW-MRI was 
standardised across all study centres based on a detailed acquisi-
tion protocol. All MRIs were analysed by an independent core lab-
oratory (Buffalo Neuroimaging Analysis Center) using established 
methods for assessments of ischaemic lesions.

ENDPOINTS AND OUTCOME MEASURES
The primary safety endpoint was major adverse cardiac and cer-
ebrovascular events (MACCE) at 30 days: defined as a composite 
of all-cause mortality, all stroke, life-threatening or disabling bleed-
ing, major vascular complications in the access vessels or aorta, 
or acute kidney injury (stage 2 or 3), all according to the Valve 
Academic Research Consortium-2 (VARC-2) criteria27. Secondary 
safety endpoints included stroke severity, quantified acutely using 
the National Institutes of Health Stroke Scale (NIHSS) score 
(NeuroARC)28, and the occurrence of other serious adverse events 
reported up to 30 days.

The primary performance endpoint was the rate of techni-
cal success: defined as the ability to safely deliver, deploy, and 
remove the device; the ability to secure and stabilise the position 
of the device throughout the procedure; and to deflect embolic 
material, defined by coverage of the 3 cerebral vessels without 
impeding blood flow. Adequate stability and coverage of the 3 cer-
ebral vessels in the aortic arch was assessed by means of angio-
graphic review by the investigator at each site. Mild-to-moderate 
interactions (no device displacement) were deemed acceptable, 
while severe interaction (displacement of the device to the ascend-
ing or descending aorta) was considered technical failure.

Secondary efficacy endpoints included a composite of death or 
VARC-2-defined strokes at 72 hours and 30 days compared to his-
torical data and the median total new lesion volume assessed by 
brain DW-MRI at 2 to 7 days compared to historical data. The 
total new lesion volume was defined as the sum of all diffusion-
positive new cerebral lesions in the post-procedural DW-MRI rela-
tive to the pre-TAVI DW-MRI.

Histological analysis of the ProtEmbo device was conducted by 
an independent core laboratory (CVPath Institute) to assess the 
haemocompatibility of the ProtEmbo device surface and to char-
acterise debris captured by the device.

STATISTICAL ANALYSIS
The study prespecified 3 populations for analysis. The safety 
cohort comprised patients with signed informed consent and 
completed baseline DW-MRI assessment. The intention-to-
treat (ITT) cohort included patients in the safety cohort who 
met the eligibility criteria with an attempt to use the ProtEmbo 
(device passed through the skin). The per protocol (PP) cohort 
included patients in the ITT cohort who received treatment with 
the ProtEmbo device in accordance with the protocol and com-
pleted both MRIs (baseline and follow-up at 2-7 days). The pri-
mary safety and performance endpoints were assessed in the ITT 

cohort and the secondary efficacy endpoints were assessed in the 
PP cohort.

The primary safety endpoint of 30-day MACCE with the 
ProtEmbo was compared with a performance goal (PG) of 25% 
derived from historic data. A sample size of 60 patients would pro-
vide 85% power to reject the null hypothesis (the upper limit of the 
95% confidence interval [CI] of 30-day MACCE with the ProtEmbo 
using the Wilson Method was less than the PG) assuming a 30-day 
MACCE with the ProtEmbo of 10% and a 1-sided alpha=0.02529.

The primary performance endpoint for the ProtEmbo was com-
pared to an historic PG of 75%. A sample size of 42 patients would 
provide 85% power to reject the null hypothesis (the lower limit 
of the 95% CI with the ProtEmbo using the Wilson method was 
greater than the PG) assuming a success rate for the ProtEmbo of 
89% and a 1-sided alpha=0.02529. Study success requires both pri-
mary endpoints to be met.

The secondary efficacy MRI endpoints are summarised using 
descriptive statistics28, using median values when not normally 
distributed30. A multi-threshold, lesion-wise analysis for each 
patient investigated the supra-threshold new lesion volumes above 
incremental thresholds from >100 to >1000 mm3, where lesions 
below the respective thresholds were excluded from the mean and 
compared with historical data.

The study was terminated early (with enrolment of 41/60 
planned patients) after meeting the primary safety and perfor-
mance endpoints. Bootstrapping using Stata (StataCorp) was 
conducted and reviewed by the independent data and safety 
monitoring board to ensure that the conclusions of the trial were 
fully justified for both primary endpoints. The bootstrapping 
analysis for each primary endpoint was performed on 5,000 sim-
ulated 60-patient samples and was used to generate the lower 
95% CI of the performance endpoint and the upper 95% CI of 
the safety endpoint, since these are the key determinants of the 
non-inferiority test.

Results
PATIENT AND PROCEDURAL CHARACTERISTICS
A total of 56 patients were screened for the procedure, and 
41 patients were enrolled in the study (safety cohort); 37 patients 
underwent TAVI using the ProtEmbo device (ITT cohort), of which 
31 were treated according to protocol and underwent DW-MRI (PP 
cohort). Patients were 46% male with a mean Society of Thoracic 
Surgeons (STS) score of 2.81±1.36%, and 22% were treated with 
self-expanding valves (Table 1, Table 2).

TAVI was successful in all 37 patients in the ITT cohort using 
either the Medtronic Evolut R or PRO, Edwards SAPIEN 3, or 
Meril Myval; 1 patient required 2 TAVIs due to a residual large 
paravalvular leak. The use of the ProtEmbo was attempted in 
37 patients and was successful in 94.6% (35/37). The average time 
for device deployment was 4.5±4.9 minutes, the average device 
dwell time in the blood stream was 30.2±13.4 minutes (range 
16 to 79 minutes), the amount of mean additional contrast used 
was 5.9±16.7 mL (the majority of patients [27/37] received no 
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additional contrast for the use of the ProtEmbo), and the additional 
fluoroscopy time was 4.3±4.5 minutes (Table 2).

SAFETY OUTCOME
MACCE at 30 days in the ITT cohort was 8.1% (3/37), meeting 
the predefined PG for the safety endpoint (upper limit 95% CI: 
21.3% vs PG 25%; p=0.009) (Central illustration). There were no 
deaths and no device-related adverse events in this trial. Table 3 
summarises MACCE events, which included a cardiac tamponade 
unrelated to the ProtEmbo, a thalamic cerebral infarct that devel-
oped 12 hours after the TAVI procedure in which the ProtEmbo 
was retrieved prematurely due to interaction between the TAVI 
catheter and the ProtEmbo, and an acute kidney injury (stage 3) 
requiring dialysis in a patient with chronic renal insufficiency prior 
to TAVI. There was no significant worsening of NIHSS in any of 
the patients with complete follow-up. Vascular access site-related 
complications in the radial or brachial artery occurred in 5 of the 
37 patients enrolled in the ITT cohort, of which 2 were asymp-
tomatic and 8.1% (3 of the 37 patients) were symptomatic (for 
2 events, conservative management was sufficient, and for 1 event, 
the bleeding was stopped by applying a peripheral balloon).

PERFORMANCE OUTCOME
Technical success was achieved in 94.6% (35 of 37) patients in the 
ITT cohort, which met the prespecified endpoint compared with the 
PG (lower 95% CI: 82.3% vs PG 75%; p=0.003) (Central illustra-
tion). Complete cerebral vessel coverage was adequate in 94.6% of 
treated patients, and the ProtEmbo was stable for the duration of 
the TAVI procedure. Interference with the TAVI procedure by the 
ProtEmbo device was considered minimal (Table 2).

Histopathological analysis indicated that the majority of the 
heparin-coated mesh surface remained free of debris, and the fil-
ter pores were completely open (thrombus formation score=0). 
Scanning electron microscope image analysis did not reveal any 
damage of the heparin coating on the mesh surface, and there was 
no evidence of device-related thrombogenicity or any significant 
embolic deposition or accumulation on the device surface. The 
median area of the ProtEmbo device surface containing debris was 
0.121 mm2, which comprises <0.006% of the filter area (total sur-
face area equals 2,184 mm2).

EFFICACY OUTCOME
In the PP cohort there were no deaths or strokes (Central illustra-
tion). The median total new lesion volume among patients receiv-
ing treatment with the ProtEmbo device was 210 mm3 [137, 456] 
(Table 4). The largest single lesion volmues in each patient were 
all <500 mm3; the largest single lesion volume detected in any of 
the patients was 402 mm3; 87% of patients were free of single 
lesions >150 mm³; and 97% were free of single lesions >350 mm³. 
Supra-threshold lesion volume analysis at lesion volume thresh-
olds of >100 mm3, >200 mm3, and >500 mm3 compared favour-
ably with historical data from the control arm of a previous 
randomised controlled trial of a CEPD2.

Discussion
The PROTEMBO C Trial demonstrated that the ProtEmbo System 
performed as intended, meeting both primary safety and perfor-
mance endpoints, and can be used safely as an adjunct to TAVI 
with minimal interaction. The primary safety rate was low in com-
parison to precedent CEPD studies and in the context of early fea-
sibility studies, with no serious adverse events being adjudicated 
related to the use of the ProtEmbo. The histopathological evalu-
ation further supported the safety and haemocompatibility of the 
ProtEmbo for use during TAVI.

The ProtEmbo device was easy to use with a minimal learn-
ing curve across 10 different operators performing the investiga-
tional device procedure and achieving a high technical success 
rate of 94.6% in this study, suggesting that the device can eas-
ily be adapted into the normal workflow of TAVI procedures. The 
additional contrast media and fluoroscopy time needed for the 
use of the ProtEmbo device was negligible. The time to place the 
device and its stability once in place was without reported undue 
interference with the TAVI procedure except in 1 patient, in whom 
the investigational device was shifted during TAVI; however, this 
did not prolong the TAVI procedure. In addition, the use of the 

Table 1. Baseline demographics, clinical presentation, and 
procedure details.

Safety cohort 
(N=41)

Age, years 79±5.7

Male sex, % 46.3 (19)

Body mass index, kg/m2 28.3±3.9

STS score for mortality, % 2.81±1.36

EuroSCORE II, % 2.79±1.65

Heart failure, % 61.0 (25)

NYHA II, % 22.0 (9)

NYHA III, % 39.0 (16)

Myocardial infarction, % 12.2 (6)

Atrial fibrillation, % 24.4 (10)

Diabetes, % 26.8 (11)

Pulmonary hypertension, % 12.2 (6)

Chronic obstructive pulmonary disease, % 9.8 (4)

Renal insufficiency, % 19.5 (8)

Peripheral vascular disease, % 2.4 (1)

Aortic valve function

Mean aortic valve gradient, mmHg 42.2±10.7*

Maximum aortic valve gradient, mmHg 68.0±18.1¶

Left ventricular ejection fraction, % 60.2±8.8

Admission medications

Anticoagulant, % 36.6 (15)

Antiplatelet agent, % 65.9 (27)

Values are mean±standard deviation or % (numbers). *Data missing for 
1 patient; ¶data missing for 2 patients. EuroSCORE: European System 
for Cardiac Operative Risk Evaluation; NYHA: New York Heart 
Association; STS: Society of Thoracic Surgeons
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Table 3. Safety outcomes at 30 days.

ITT cohort 
(N=37)

Any major adverse cardiovascular or cerebrovascular 
events 8.1% (3)

All-cause mortality 0% (0)

Stroke 2.7% (1)

Acute kidney injury (stage 2 or 3) 2.7% (1)

Life-threatening or disabling bleeding 2.7% (1)

Major vascular complication 0% (0)

Values are % (n). ITT: intention-to-treat 

Table 4. Secondary efficacy analysis: diffusion-weighted magnetic 
resonance imaging results.

PP cohort 
(N=31)

Time following transcatheter aortic valve 
replacement, days 4.9±1.4

Total new DW-MRI lesion volume, mm3 210 [137, 456]

Total new DW-MRI lesion volume, mm3 376±363

Average new DW-MRI lesion volume, mm3 34 [24, 45]

Single new DW-MRI lesion volume, mm3 24 [15, 42]

Number of new lesions 8 [3, 16]

Freedom from brain lesions >150 mm3 87% (27)

Freedom from brain lesions >350 mm3 97% (30)

Values are mean±standard deviation, % (n), or median [first quartile, 
third quartile]. DW-MRI: diffusion-weighted magnetic resonance 
imaging; PP: per protocol

Table 2. Procedure and device performance.

ITT cohort 
(N=37)

TAVI procedure details
Successful valve deployment 100 (37)

General anaesthesia 49 (18)

Valve-in-valve procedures 1

Number of different THV technologies 3

Number of different operators 10

Self-expanding THV* 22 (8)

Balloon-expandable THV† 78 (29)

Balloon predilatation 51 (19)

Balloon post-dilatation 19 (7)

TAVI procedure time, min 59.3±32.3‡

ProtEmbo procedure characteristics
Time to place device, min 4.5±4.9§

Vascular access used Distal radial 13.5 (5)

Proximal radial 78.4 (29)

Brachial 8.1 (3)

Dwell time of the device, min 30.2±13.4  
(16, 79)§

Additional contrast use for use of ProtEmbo, mL 5.9±16.7

As percentage of total contrast use for TAVI 3.6%

Additional fluoro time for use of ProtEmbo, min 4.3±4.5

As percentage of total fluoro time for TAVI 19.4%

ProtEmbo technical performance
Technical success (composite) 94.6 (35)

Delivery to target position 100 (37)

Deployment in aortic arch 97.3 (36)$

Stability and coverage of cerebral vessels 94.6 (35)¶

Removal from aortic arch 100 (37)

ITT cohort 
(N=37)

ProtEmbo technical performance
Coverage of side 
branch vessels

Excellent 86.1 (31/36)

Good 11.1 (4/36)

Poor 2.8 (1/36)

Interaction with 
pigtail

None 88.8 (32/36)

Mild 8.3 (3/36)

Moderate 2.8 (1/36)

Severe 0

Not applicable –

Interaction with 
balloon catheter

None 69.4 (25/36)

Mild 5.5 (2/36)

Moderate 0

Severe 0

Not applicable 25.0 (9/36)

Interaction with TAVI None 75.0 (27/36)

Mild 13.9 (5/36)

Moderate 8.3 (3/36)

Severe 2.8 (1/36)

Not applicable –

Evidence of impeded blood flow to brain 0

Devices retrieved intact 100 (37)

Values are mean±standard deviation, mean±standard deviation 
(minimum, maximum), n, or % (n/N). *Medtronic Evolut valve 
prosthesis; †Edwards SAPIEN 3 and Meril Myval valve prostheses; 
‡procedure time was calculated based on 36 patients, as the device 
could not be placed successfully in 1 patient; §times were collected for 
35 patients; $one device not deployed in the aorta – therefore, coverage 
and interaction is given for 36 patients; ¶stability success was defined as 
none to moderate interaction (severe would have been a fail), coverage 
success was defined as excellent or good coverage (poor would have 
been a fail). ITT: intention-to-treat; TAVI: transcatheter aortic valve 
implantation; THV: transcatheter heart valve

left radial artery for vascular access seems favourable in compar-
ison with transfemoral CEPDs because interaction between the 
ProtEmbo and the TAVI procedure was minimal using 3 different 
transcatheter heart valve (THV) technologies. Adequate coverage 
of all 3 cerebral vessels was achieved in 94.6 % of patients treated 
with the ProtEmbo, which may have led to the low new lesion 
burden observed in patients in this study.

The efficacy results compare favourably with results from 
patients in the control groups of randomised controlled trials 
such as the REFLECT II trial of the TriGuard device2 (Keystone 
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Heart) and the SENTINEL trial30. Although trial-to-trial com-
parisons should be interpreted with caution, in the REFLECT II 
trial, patients who did not receive embolic protection had a mean 
total new lesion volume of 508 mm3 compared with 376 mm3 in 
patients treated with the ProtEmbo. Furthermore, in our series with 
the ProtEmbo, no patient had a DW-MRI lesion >500 mm3 (maxi-
mum lesion size was 402 mm3), which compares favourably to 
the unprotected control patients in REFLECT II and SENTINEL. 
In the SENTINEL trial, the median total new lesion volume in all 
territories was 310 mm3 (interquartile range [IQR] 106-860). The 
median total new DW-MRI lesion volume in patients treated with 
the ProtEmbo was 210 mm3 (IQR 137-456). The favourable per-
formance of the ProtEmbo compared to other CEPDs evaluated in 
other clinical trials should be interpreted with caution; however, 
these comparisons are encouraging and provide a useful starting 
point for the design and analysis of future clinical studies.

Limitations
The PROTEMBO C Trial was a non-randomised, single-arm 
study, and the results of a relatively small study cannot be directly 
compared to a randomised control group but do provide initial evi-
dence for the safety and performance of the ProtEmbo device. The 
comparison with historical data may be affected by bias related to 
baseline and procedural characteristics of patients in different cen-
tres and at different times.

Conclusions
The PROTEMBO C Trial demonstrated that use of the ProtEmbo 
device during TAVI is safe and that it performs as intended com-
pared to historical PG. The volume of new MRI lesions in patients 
treated with the ProtEmbo was low compared with historical 
series. A future randomised controlled trial is planned to evaluate 
the safety and efficacy of cerebral embolic protection when the 
ProtEmbo device is used during TAVI.

Impact on daily practice
Despite advancements in TAVI devices and implantation tech-
niques, embolic stroke remains the most frequent ischaemic 
complication after TAVI. It is associated with significant mor-
bidity and mortality. The ProtEmbo is a novel deflection filter 
device and the only CEPD that can be used through the left 
arm arteries. A larger randomised controlled trial is merited to 
further evaluate the safety and efficacy of the ProtEmbo device 
when used for cerebral protection during TAVI.
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