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Endovascular thrombectomy is now the standard of 
care for eligible patients with acute ischemic stroke 
secondary to large vessel occlusion (LVO).40 Endo-

vascular thrombectomy owes much of its success to the 
development of newer-generation devices, including stent 
retrievers and specialized aspiration catheters.4,28,34 It has 
equally benefitted from the establishment of hospital stroke 
networks and transfer protocols that have reduced the time 
from symptom onset to reperfusion.2,3,29,33,45 Improved di-
agnostic imaging techniques have also helped to more ac-
curately identify eligible patients who might benefit from 
the procedure.4,7,28,34 Together, these efforts delivered im-
proved functional outcomes in 5 seminal randomized tri-
als.5,7,9,19,24,43,48,54 Despite these groundbreaking advances 
in endovascular stroke therapy, successful revasculariza-
tion, as defined by Thrombolysis in Cerebral Infarction 
(TICI) Grade 2b/3, is not always feasible and procedural 
complications are not uncommon.1,6,15,38,53 In addition to 
endovascular thrombectomy technique modifications, sev-
eral device improvements and novel technologies have re-
cently been introduced to improve revascularization suc-
cess while reducing complication rates. Note that because 
these devices are new, supporting evidence for some of the 

claims that these devices advertise is the focus of ongoing 
research and is not yet available in the literature.

Stent Retriever Devices
Stent retriever thrombectomy devices work primarily 

by self-expanding into the surrounding vessel occlusion 
and integrating the thrombotic material into the stent’s 
struts. Commonly used stent retrievers that are currently 
available include the Trevo ProVue (Stryker Neurovascu-
lar) and the Solitaire FR (Medtronic Neurovascular). They 
are deployed across an occluding thrombus by unsheath-
ing an overlying microcatheter. As the stent retriever un-
folds to engage the thrombus, it applies a radial force that 
compresses the thrombus against the vessel wall and im-
mediately restores partial reperfusion of the distal vascula-
ture. After allowing 2–5 minutes for the stent struts to ade-
quately engage the thrombus, careful retraction of the stent 
and microcatheter as a single unit, under balloon guide 
catheter (BGC) occlusion or distal aspiration, removes the 
clot. The rate of TICI Grade 2b/3 achieved with the cur-
rent stent retriever technology ranges from 59% to 86%, 
and 90-day modified Rankin Scale (mRS) scores of 0–2 
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range from 33% to 71%.7,9,19,24,43 The novel stent retrievers 
described below are designed to improve these rates and 
to reduce procedural complications.

MicroVention Embolus Retriever With Interlinked Cages 
Stent Retriever

The Embolus Retriever with Interlinked Cages (ERIC) 
stent retriever (MicroVention) was designed to reduce 
the amount of time needed for thrombus integration and, 
therefore, improve procedural time and efficiency. In 
contrast to traditional stent retriever thrombectomy, little 
or no time is required for thrombus integration with the 
ERIC device. The manufacturer suggests that the unique 
stent design with high intraluminal metal coverage allows 
for immediate retrieval into the guide catheter after de-
ployment.

As the name suggests, the ERIC stent retriever is com-
posed of spherical wire cages that are linked together in 
a linear array. The manufacturer offers several sizes, with 
diameters ranging from 3 mm to 6 mm and the number of 
linked spheres ranging from 3 to 5. Therefore, a range of 
working lengths is available (from 15 mm to 44 mm). The 
number of deployed cages can also be adjusted based on 
the position of the microcatheter introducer sheath. The 
ERIC device was also designed with parallel struts to re-
duce the stent surface area in contact with the vessel wall, 
and therefore has the potential to reduce endothelial in-
jury. Furthermore, the stent retriever’s cross-section is de-
signed so that stent processes span the intraluminal space, 
acting as a filter of sorts, with the potential to minimize 
distal embolization during the retrieval process.

A pilot study case series of 36 patients treated for acute 
ischemic stroke with the ERIC device achieved a reperfu-
sion of TICI Grade 2b/3 in 83.3% of cases and, at 90 days, 
33.3% of patients had an mRS score of 0–2.27 Symptom-
atic intracerebral hemorrhage (ICH) occurred in 3 patients 
(8.3%), which is similar to the rate reported in the Multi-
center Randomized Clinical Trial of Endovascular Treat-

ment for Acute Ischemic Stroke in the Netherlands (MR 
CLEAN).7 A separate case series of 34 patients reported 
a similar TICI Grade 2b/3 revascularization rate of 79.4% 
and a 90-day mRS score of 0–2 in 48.4% of patients.41 
None of these patients experienced symptomatic ICH 
within 24 hours of the procedure. These case series were 
both conducted in Europe, where the ERIC stent retriever 
is available for clinical use. Clinical trials with the device 
have yet to begin in the US and, therefore, it has not yet 
obtained US FDA approval (Table 1).

Neuravi EmboTrap Stent Retriever
The EmboTrap Revascularization Device (Neura-

vi Ltd.) simultaneously creates a reperfusion channel 
through the center of the thrombus and ensnares the oc-
cluding material into its struts. The unique design of the 
EmboTrap device includes an inner stent with a high radial 
force and an outer petal-shaped meshwork with a lower 
radial force (Fig. 1A). When deployed, the device’s inner 
stent is designed to create a robust patent channel through 
the occlusion, which restores blood flow to the ischemic 
penumbra immediately and reduces the pressure gradient 
present on either side of the occlusion, an effect that has 
the potential to facilitate thrombectomy efforts. Although 
traditional stent retrievers are able to create a central chan-
nel through the thrombus, the procedure is only success-
ful part of the time. The EmboTrap’s outer meshwork is 
designed to have large inlets to maximize the amount of 
thrombus entrapped within the stent.

The EmboTrap II device, the successor to the original 
model, has an outer diameter (OD) of 5 mm and is avail-
able with a working length of 21 mm or 33 mm. It has 
an articulated body designed to flex and maintain apposi-
tion with the vessel walls as the device is retracted around 
challenging vasculature and into larger-diameter vessels.

The EmboTrap devices have obtained European ap-
proval, but have yet to be cleared by the FDA. The Analysis 
of Revascularization in Ischemic Stroke with EmboTrap 

TABLE 1. Device approvals and indications for cerebrovascular procedures

Device FDA Approved FDA-Approved Indication Supporting Evidence for FDA Approval

MicroVention ERIC No NA* NA
Neuravi EmboTrap II No NA* Prospective, single-arm, multicenter—ongoing
Stryker Baby Trevo Yes Thrombectomy Substantially equivalent
Medtronic Mindframe Capture Yes Thrombectomy Substantially equivalent
Penumbra ACE68, Aspiration System Yes Thrombectomy Prospective, single-arm, multicenter—completed
Walk Vascular ClearLumen No NA† Substantially equivalent
Stryker AXS Catalyst 6 Yes Intracranial access Substantially equivalent
MicroVention Sofia Plus Yes Intracranial access Substantially equivalent
Medtronic Arc Yes Intracranial access Substantially equivalent
MIVI Neuroscience Mi-Axus Yes Intracranial access Substantially equivalent
DePuy Synthes Envoy DA Yes Intracranial access Substantially equivalent
BGCs Yes Intracranial access Substantially equivalent
Medtronic Lazarus Effect Cover No NA NA

NA = not applicable.
* Approved for cerebrovascular thrombectomy in Europe.
† FDA approved for thrombectomy in the coronary vasculature.
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(ARISE) clinical trial, based in Europe, is an ongoing pro-
spective observational study that is investigating the per-
formance characteristics and clinical outcomes associated 
with the device. The ARISE-II trial, a safety and efficacy 
trial based in the US and Europe, is concurrently ongoing 
to seek FDA device approval.

These trials were inspired by a pilot study case series 
of 40 patients.26 Following deployment, the EmboTrap 
system was able to create a patent channel within the oc-
clusion, during the allotted thrombus integration time, 
in 73% of cases. A TICI 2b/3 grade of reperfusion was 
achieved in 95% of cases, although 28% of these re-
quired the subsequent use of another device. Long-term 
follow-up was available for 23 patients and revealed that 
35% had an mRS score of 0–2 at 90 days. There was 1 
symptomatic intracranial hemorrhage complication in this 

case series (2.5%), and 2 other patients (5%) experienced 
procedure-related dissection of the internal carotid artery, 
echoing rates that were reported in previously published 
studies.1,6,7,9,15,24,38,43,53 A subsequent abstract publication 
that included 42 patients, with overlap from the above-
mentioned study, elaborated on the long-term follow-up 
and found that 62% had an mRS score of 0–2 and 18% 
had died at 90 days.46

Stryker Neurovascular Trevo XP ProVue 3 × 20–mm Stent 
Retriever

The Trevo XP ProVue 3 × 20–mm stent retriever (“Baby 
Trevo,” Stryker Neurovascular) was specifically designed 
to address the need for a smaller and gentler device to treat 
occlusions in more distal branches with a better safety pro-

FIG. 1. Depictions of the devices reviewed in this study. A: Neuravi EmboTrap II Revascularization Device. Note that it is an inves-
tigational device that is not yet approved by the FDA. Copyright Neuravi Ltd. Published with permission. B: Stryker Trevo Provue 
3 × 20–mm (inset), 4 × 20–mm, 4 × 30–mm, and 6 × 25–mm devices. Images used courtesy of Stryker. C: Penumbra ACE68 
aspiration catheter. Image used with permission from Penumbra, Inc. D: Stryker AXS Catalyst 6 intermediate catheter (arrow). 
Image used courtesy of Stryker. E: Sofia Plus intermediate catheter. Image used with permission from MicroVention, Inc.
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file. Endovascular thrombectomy of the distal intracranial 
vasculature risks injury to the vessel wall and is limited by 
the larger size and high radial force of the currently avail-
able stent retrievers. As the name implies, the Baby Trevo 
device is smaller than the previous models, which include 
4 × 20–mm, 4 × 30–mm, and 6 × 25–mm stent retriev-
ers (Fig. 1B). The smaller diameter increases the expan-
sion of the cells that compose the stent system and may 
allow for improved embolus integration.21 The Baby Trevo 
is reported by the manufacturer to have a softer tip and a 
lower radial force across all vessel diameters than its larger 
counterparts, which may translate to a reduced likelihood 
of vessel injury, especially in vessels of smaller caliber. Its 
slender 3-mm diameter allows it to be delivered through 
a smaller, 0.017-in microcatheter and reach second- and 
third-degree arteries.

A small case series of 8 patients demonstrated that the 
Baby Trevo can retrieve distal vessel occlusions and down-
stream emboli, with reperfusion scores of TICI Grade 
2b/3 in 75% of cases.21 Vasospasm was common (63.5%), 
although all cases resolved completely with intraarterial 
vasodilator treatment. Parenchymal hematomas occurred 
in 2 patients (25%), who remained asymptomatic. No oth-
er complications were noted, including vessel perforation, 
arterial dissection, or subarachnoid hemorrhage. Two of 
7 (28.6%) patients had an mRS score of 0–2 at 90-day 
follow-up.

A subsequent, larger case series of 35 patients reported 
a TICI Grade 2b/3 reperfusion score in 85.7% of patients.31 
No instances of significant vasospasm requiring intraarte-
rial treatment occurred. Asymptomatic parenchymal he-
matomas formed in 2 of 35 patients (5.7%), a rate more 
consistent with previously published data.20,31 A 90-day 
mRS score of 0–2 was achieved in 56.5% of patients. The 
Baby Trevo stent retriever is available in the US and is 
FDA approved for thrombectomy.

Medtronic Mindframe Capture LP Stent Retriever
The Mindframe Capture LP (Medtronic) is another 

stent retriever specifically designed to treat occlusions in 
arteries of small caliber. With an OD of 3 mm, the Mind-
frame Capture stent retriever is as small as the Baby Trevo, 
discussed above. It can be delivered through a 0.017-in mi-
crocatheter and, therefore, has the potential to reach distal 
branches and may also be useful when treating LVOs in 
pediatric patients.44 A slightly larger model with an OD 
of 4 mm is available. The Mindframe Capture was ap-
proved for thrombectomy by European regulators in 2012, 
but only recently gained approval from the FDA (in 2015).

In an industry-sponsored Phase II clinical trial called 
Percutaneous Recanalization in Ischemic Stroke Manage-
ment (PRIISM; NCT00810095), 40 patients with LVO 
underwent revascularization with the Mindframe Capture 
device (https://clinicaltrials.gov/ct2/show/NCT00810095). 
Revascularization to TICI Grade 2/3 was achieved in 
82.5% of cases, although a TICI Grade 2 breakdown was 
not specified. Intracranial hemorrhage occurred in 6 pa-
tients (15%), although it was not specified what proportion 
of these were symptomatic. At 90-day follow-up, 47.5% of 
patients had an mRS score of 0–2 and 20% had died.

In a subsequent case series of 10 patients treated for oc-

clusion of the distal cerebral vasculature, thrombectomy 
with the Mindframe Capture was able to achieve TICI 
Grade 2b/3 in 90% of patients.14 All 10 patients had pre-
sented with an occlusion in either a secondary or tertiary 
branch, and 3 of these were due to distal embolization re-
sulting from prior proximal thrombectomy attempts or fi-
brinolysis. Long-term follow-up was not performed in this 
study, although 80% of patients demonstrated an improve-
ment in National Institutes of Health Stroke Scale score 
following the procedure. Three patients (30%) experi-
enced a periprocedural ICH, 1 of which was symptomatic 
and eventually proved fatal.

In a third, recent case series of 9 patients who under-
went revascularization with the Mindframe Capture de-
vice, 89% achieved TICI Grade 2b/3.10 Of these patients, 
6 had M2 occlusions and 5 occlusions were located in 
vessels smaller than 2 mm in diameter. No long-term 
follow-up was performed, although the median National 
Institutes of Health Stroke Scale score at discharge was 1. 
There were no intraprocedural or periprocedural compli-
cations, including no instances of ICH.

Aspiration Devices
Aspiration catheters offer an alternative strategy for 

achieving thrombus removal. They achieve vascular re-
perfusion by applying suction at the proximal portion of 
the occlusion and drawing it into the catheter lumen. As-
piration thrombectomy has developed an important role 
in acute ischemic stroke intervention and, as a part of A 
Direct Aspiration First Pass Technique (ADAPT), is an ef-
fective first-line therapy.50,51 The ADAPT method, which 
focuses on engaging the thrombus and removing it entirely 
intact, differs from previous techniques that used a separa-
tor wire to disrupt the thrombus at the tip of the catheter 
lumen.50 Furthermore, distal aspiration through interme-
diate catheters, in conjunction with stent retrievers, has 
been shown to reduce procedure times and decrease the 
number of passes needed for reperfusion.23 Balloon guide 
catheters can be used to halt anterograde blood flow in 
the affected vascular territory and serve to reduce distal 
embolization during thrombectomy attempts, although 
their utility is currently debated.12,35,37,47,52 In addition, 
BGCs have been reported as a primary means for aspi-
ration thrombectomy in proximal occlusions.17 Currently, 
the Penumbra aspiration catheters (Penumbra, Inc.) are the 
only catheters approved by the FDA for aspiration throm-
bectomy, and their use has resulted in TICI Grade 2b/3 in 
57%–84% of cases.16,30,42,49–51

ACE68 Penumbra Aspiration Catheter
Several Penumbra aspiration catheters have been devel-

oped for aspiration thrombectomy, including the 5MAX 
ACE (inner diameter [ID] 0.060 in) and the ACE64 (ID 
0.064 in). Each of these catheters is compatible with the 
Penumbra continuous aspiration pump. With the release of 
each new catheter system, the ease and speed with which 
aspiration can be performed improves, as does the track-
ability of the newer catheters. Recently, the ACE68 (ID 
0.068 in) aspiration catheter was introduced, which offers 
a larger orifice, greater aspiration strength, and is suggest-
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ed to have improved trackability in challenging anatomy 
(Fig. 1C). Reports of its use have yet to surface in the med-
ical literature. The large-bore ACE68 has the potential to 
accelerate procedure times and improve both radiological 
and functional outcomes for patients. The ACE68 is avail-
able in the US and is approved by the FDA for aspiration 
thrombectomy.

Walk Vascular ClearLumen Aspiration Catheter
The ClearLumen aspiration catheter (Walk Vascular) 

adapts technology that exists for the treatment of coronary 
artery occlusions to ischemic stroke thrombectomy. The 
ClearLumen device combines thrombus aspiration and 
fragmentation by means of a high-pressure saline jet in-
side the catheter tip.8 The design aims to provide continu-
ous aspiration while maintaining patency of the device. An 
initial case series of 20 patients undergoing thrombectomy 
for myocardial infarction demonstrated successful throm-
bus aspiration in 95% of patients. Distal embolization oc-
curred in 1 case (5%). Further trials and applications to the 
intracranial vasculature are warranted to investigate this 
device’s potential. The ClearLumen aspiration catheter 
has FDA approval for use in the coronary and peripheral 
vasculature, but has yet to be adapted and approved for 
cerebrovascular applications.

Intermediate Aspiration Catheters
Intermediate catheters, typically used to deliver stent 

retrievers to distal branches, can also be used as aspiration 
catheters for thrombus removal. Several of these catheters 
have recently come to market, including the AXS Catalyst 
6 (“Cat 6,” Stryker Neurovascular), Sofia Plus (MicroVen-
tion), Arc (Medtronic Neurovascular), Mi-Axus (MIVI 
Neuroscience), and Envoy DA (DePuy Synthes). Although 
each of these devices has FDA approval for use in the 
intracranial vasculature, aspiration thrombectomy with 
these intermediate catheters is an off-label use.

The Cat 6 was designed to balance diameter, stiffness, 
and support to result in trackability and adequate distal 
access (Fig. 1D, arrow). It has an ID of 0.060 in at its tip 
and a 14-cm flexible distal zone, which the manufacturer 
suggests provides good trackability in tortuous anatomy 
while maintaining high aspiration strength. No reports of 
its use for thrombectomy, either alone or in combination 
with stent retrievers, are available to date.

The Sofia Plus has a large ID of 0.070 in for aspiration 
thrombectomy or stent retriever delivery (Fig. 1E). In a 
small case series of 9 patients, the Sofia Plus catheter was 
used for aspiration thrombectomy both with and without 
concurrent use of a stent retriever.11 A reperfusion score 
of TICI Grade 2b/3 was achieved in all but 1 patient, and 
no procedural complications were encountered. Previous 
models of the Sofia catheter, with a smaller ID, have also 
been used successfully in aspiration and combined stent 
retriever thrombectomy.25

The Arc intracranial support catheter has the potential 
to be used alone for aspiration thrombectomy or in com-
bination with a stent retriever to provide distal aspiration 
during retrieval.32 It has a distal ID of 0.061 in, with a high 
distal ID/OD ratio to allow for better trackability in tortu-

ous anatomy and greater tip flexibility. A small case series 
of 3 patients in whom the Arc catheter was used for distal 
aspiration during stent retriever thrombectomy reported 
TICI Grade 2b/3 in all 3 cases.32

The Mi-Axus is yet another novel intermediate cathe-
ter. It has a tapered design; its proximal portion has a 6-Fr 
lumen and the distal portion has a 5-Fr opening, which 
the manufacturer suggests increases distal trackability. 
Although there are no reports of its use in the literature to 
date, this catheter shows promise for both direct aspiration 
and combined stent retriever thrombectomy.

The Envoy DA guiding catheter, with an ID of 0.071 in, 
has the largest lumen currently available in its class, which 
therefore provides the greatest available aspiration force 
for thrombectomy.22 Although it is marketed as a guiding 
catheter, it has the potential to be used for manual aspira-
tion of thrombus, especially occlusions in vessels of larger 
caliber (e.g., terminal internal carotid artery). No reports 
of its use in thrombectomy have been published in the lit-
erature to date.

Accessory Devices
Lazarus Effect Cover for Distal Embolization Protection

The Lazarus Effect Cover (Medtronic Neurovascular), 
a device with a funnel-shaped nitinol mesh at its distal 
end, was designed to surround the stent retriever and the 
entangled thrombus in a protective sheath during its re-
traction to prevent fragmentation and distal embolization. 
Following deployment of the stent retriever, the Lazarus 
Effect Cover is positioned at the proximal end of the stent 
retriever.36 Retraction of the stent retriever against the de-
vice causes it to invert, roll over the outside of the stent 
retriever, and protect the thrombus against fragmentation 
and distal embolization. The Lazarus Effect Cover is com-
patible with any thrombectomy device that is delivered 
through a catheter smaller than 0.027 in, giving it wide 
applicability to both current and future devices.

In vitro experimentation has shown that the Lazarus 
Effect Cover reduces the rate of distal embolization in 
comparison with conventional guide catheter and BGC 
techniques.18,36 Although it has yet to be described, the 
combination of distal aspiration and the antiembolic de-
vice may have a synergistic benefit in the prevention of 
distal emboli.13 The feasibility and effectiveness was re-
cently investigated in vivo with a small case series of 20 
patients, in whom TICI Grade 2b/3 was achieved in 95% 
of cases.39 There were no instances of vascular injury or 
distal embolization to new vascular territories. The Laza-
rus Effect Cover shows promise for improving revascular-
ization rates both alone and in combination with current 
aspiration technology. The Lazarus Effect Cover is avail-
able in Europe for clinical use, but has not begun clinical 
trials in the US or obtained FDA approval.

Conclusions
The novel stent retrievers, aspiration catheters, and dis-

tal embolus protection devices discussed here represent 
the next generation of technology designed to improve 
the success of endovascular thrombectomy. These tech-
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nologies have the potential to reach thrombi in more distal 
locations, reduce procedure times, improve revasculariza-
tion rates, and translate to better functional outcomes for 
patients.
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