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ABSTRACT

BACKGROUND AND PURPOSE: Intravenous thrombolysis and mechanical thrombectomy predominantly using stent retrievers have
been shown to effectively restore cerebral blood flow and improve functional outcome in patients with acute ischemic stroke. We sought
to determine the safety and feasibility of mechanical thrombectomy using the new ERIC retrieval device.

MATERIALS AND METHODS: We identified 36 consecutive patients from our Stroke Center registry with acute ischemic stroke who were
treated with the new ERIC retriever from September 2013 to December 2014. Patients with ischemic stroke meeting the following criteria
were eligible: onset-to-treatment time of �4.5 hours or wake-up stroke (n � 10) with relevant CT perfusion mismatch, NIHSS score of �4,
and proof of large-vessel occlusion in the anterior circulation on CT angiography. We assessed the baseline characteristics including age,
sex, comorbidities, stroke severity, site of vessel occlusion, presence of tissue at risk, and treatment-related parameters such as onset-
to-treatment time, recanalization grade, and outcome.

RESULTS: The mean age was 70 � 13 years, and the median NIHSS score on admission was 18 (interquartile range, 10 –20). Seventeen of 36
patients were on platelet inhibitors or anticoagulants before endovascular treatment (47.2%); 20 patients received intravenous thrombol-
ysis (55.5%). The ERIC was used as the sole retriever in 28 patients (77.8%) and as a rescue device in 8. Excellent recanalization was achieved
in 30/36 patients (83.3%) with TICI 3 in 19/36 and 2b in 11/36, respectively. Median procedural time in these patients was 90 minutes
(interquartile range, 58 –133 minutes). No intraprocedural complications occurred.

CONCLUSIONS: In this observational study, the new ERIC retrieval device was technically feasible, safe, and effective in acute ischemic
stroke with large-vessel occlusion.

ABBREVIATIONS: ERIC � Embolus Retriever with Interlinked Cages; IQR � interquartile range; IVT � intravenous thrombolysis; sICH � symptomatic intracerebral
hemorrhage

Early restoration of cerebral blood flow is crucial to prevent

persistent brain damage in acute ischemic stroke. Intravenous

thrombolysis (IVT) with tPA has been shown to increase recana-

lization rates1 and improve clinical outcome within 4.5 hours af-

ter symptom onset.2,3 Still, its effectiveness in large-vessel occlu-

sion is rather limited.4 In contrast, endovascular interventions, in

particular mechanical thrombectomy, have revealed high rates of

recanalization in proximal artery occlusion (reviewed by Jansen

and Rohr5). In the past decade, various devices have been intro-

duced for this purpose (reviewed by Spiotta et al6). Just recently,

new-generation stent retrievers were launched and proved to be

even more effective than previous approaches.7-9

However, even the latest devices need to be deployed for sev-

eral minutes before retrieving the thrombus and thus require pre-

cious time. Moreover, 1 device does not fit all occlusion types, and

alternative effective devices are warranted. In this pilot study, we

sought to determine the feasibility, efficacy, and safety of mechan-

ical thrombectomy in patients with acute ischemic stroke by using

the new Embolus Retriever with Interlinked Cages (ERIC; Mi-

croVention, Tustin, California) (Fig 1B).

MATERIALS AND METHODS
Patients
We identified 36 consecutive patients with acute stroke who were

treated with the new ERIC device from September 2013 to De-

cember 2014 at the Cantonal Hospital Aarau Stroke Center. Eth-

ical approval was obtained from the local ethics committee.

Patients with ischemic stroke were eligible if they met the fol-
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lowing criteria: 18 years of age or older; onset-to treatment

time of �4.5 hours or wake-up-stroke with relevant CT perfu-

sion mismatch, NIHSS score of �4, and proof of large-vessel

occlusion in anterior circulation arteries (ICA, MCA, anterior

cerebral artery) on CT angiography. As mentioned above, pa-

tients with unknown onset of symptoms (wake-up stroke) un-

derwent a CTP series, which included a time-to-peak map with

a threshold of �6 seconds and a cerebral blood volume map. A

TTP/CBV area ratio of �2 was considered a relevant CTP

mismatch.

IVT with 0.9 mg/kg of body weight was started immediately in

eligible patients in-house or at the referring hospital if applicable.

Intra-arterial urokinase (1.000.000 IU/60 minutes) was used in

certain cases at the treating physician’s discretion (n � 2).

We determined baseline characteristics, including age, sex, co-

morbidities, cardiovascular risk factors, previous medication,

stroke severity, and site of vessel occlusion (Table 1).

Outcome Measures
We assessed treatment-related parameters such as onset-to-treat-

ment time (last seen normal to groin puncture), procedural time

(groin puncture to final recanalization), recanalization grade

(Thrombolysis in Cerebral Infarction score), intra-/postproce-

dural complications (eg, symptomatic intracerebral hemorrhage

[sICH]), and functional outcome at discharge (NIHSS/mRS) and

at 3 months (mRS).

Recanalization was defined as being “satisfactory” with TICI

2–3 and “excellent” with TICI 2b/3. Intraprocedural complica-

tions included vessel dissection or perforation, embolic events in

previously unaffected territories, or sICH during the procedure.10

Intraprocedural symptomatic intracerebral hemorrhage was de-

fined as proof of intracerebral hemorrhage on final tomography

in the angiography suite and a decline in the NIHSS score of �4

points. Functional outcome at 3 months was considered “favor-

able” with an mRS of �2 (independent) and “satisfactory” with

an mRS of �3 (ambulatory without help).

Endovascular Procedure
The new ERIC is formed by 3–5 interlinked cages with diame-

ters ranging from 3 to 6 mm and a resulting working length of

15– 44 mm (Fig 1). Thus, the number of working cages can be

adjusted to the required working length. The ERIC is designed

to retract the clot coaxially and prevent the captured clot from

shearing off during retraction. All procedures were performed

on an Allura Xper FD20/20 biplane angiography system

(Philips Healthcare, Best, the Netherlands) according to the

departmental protocol with intraprocedural modification if

required. Briefly, an 8F balloon-guide catheter was placed in

the distal common carotid artery. A heparinized saline solu-

tion was continuously perfused through the catheter during

the procedure. With the balloon of the guide catheter deflated,

a 0.0014-inch guidewire was advanced coaxially over a Head-

way 17 Advanced Microcatheter (MicroVention) within the oc-

cluded intracranial vessel and navigated distal to the clot. The

Headway 17 microcatheter was then advanced over the wire

FIG 1. A, MCA M1 occlusion (white arrowhead). B, ERIC retriever tip. C, MCA M1 recanalized.

Table 1: Baseline characteristics of treated patients
Characteristics

Age (mean) (yr) 70 � 13
Female sex (%) 47.2
Hypertension (%) 69.4
Diabetes (%) 13.9
Hypercholesterolemia (%) 44.4
Smoking (%) 24.5
Prior TIA/stroke (%) 8.3
Modified Charlson Index (median) (IQR) 1 (0–2)
Prior PI/OAC (%) 47.2
Baseline NIHSS (median) (IQR) 18 (10–20)
Intravenous thrombolysis (%) 55.5
Site of vessel occlusion (%)

MCA-M1 52.8
MCA-M2 25.0
ICA-T 11.1
Other 11.1

n � 36

Note:—PI indicates platelet inhibitor; OAC, oral anticoagulant; ICA-T, intracranial
internal carotid artery bifurcation.
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through the clot and the guidewire was exchanged for the embo-

lectomy device. The ERIC was advanced and deployed a few mil-

limeters distal to the clot. The balloon of the guide catheter was

inflated, and the microcatheter and the embolectomy device were

gently withdrawn under continuous proximal aspiration with a

syringe. A control angiography was performed to confirm recanali-

zation and reperfusion. Modifications of the standard procedure are

reported in On-line Table 1.

RESULTS
Baseline Data
Patient baseline characteristics are presented in detail in Table 1.

The mean age was 70 � 13 years, and 47.2% were female patients.

The median NIHSS score on admission was 18 (interquartile

range [IQR], 10 –20). Twenty-five patients had hypertension, 16

had hypercholesterolemia, and 5 had diabetes mellitus, and 9 were

active cigarette smokers. In addition, the modified Charlson In-

dex as a measure of comorbidities showed a light-to-moderate

burden with a median modified Charlson Index of 1 (IQR, 0 –2).

Strokes of 36 patients were considered wake-up with undeter-

mined onset of symptoms.

Procedural Data
CT angiography on admission revealed the following occlusion

types: MCA M1 segment (n � 19), MCA M2 segment (n �9),

terminal carotid-T (n �4), tandem (intracranial internal carotid

artery bifurcation–MCA, n � 3), and combined MCA M1 and

anterior cerebral artery (n � 1) (Table 1).

In 20 patients, intravenous tPA was started before mechanical

thrombectomy. Intra-arterial urokinase was administered in an-

other 2 patients without prior intravenous thrombolytic therapy.

ERIC was used as the single retriever in 28 patients (77.8%) and as

a rescue device in 8. Excellent recanalization was achieved in 30 of

36 patients (83.3%) with TICI 3 in 19/36 and 2b in 11/36, respec-

tively. Median procedural time was 90 minutes (IQR, 58 –133

minutes) in these patients. General anesthesia was required in

13/36 patients, whereas 23/36 procedures were performed with

the patient under conscious sedation. No intraprocedural switch

from conscious sedation to general anesthesia was necessary, and

no intraprocedural complications occurred. The median time

from symptom onset to groin puncture was 4 hours 57 minutes

(IQR, 3 hours 36 minutes to 7 hours 47 minutes).

Clinical Outcome
The median NIHSS score at discharge was 9 (IQR, 2–16), corre-

sponding to a decrease of 9 points compared with the median

NIHSS score on admission (Table 2). One-third of patients

achieved favorable outcome (mRS �2) at 90 days after the isch-

emic event. Satisfactory outcome (mRS �3) was achieved in

14/36 when leaving the hospital, with an increase to 21/36 (58%)

3 months later.

Three sICHs (8.3%) were documented in the early course of

hospitalization, all in patients with successful recanalization. No

intraprocedural intracerebral hemorrhage occurred.

There was a 19.4% in-hospital mortality (7/36) due to the

development of fulminant cerebral edema despite successful re-

canalization in 3 patients (all TICI 3), followed by decompressive

surgery in 2 of them and sICH in 1 of the latter. A fourth patient

had vessel reocclusion on the same day after incomplete recana-

lization (TICI 2a) and developed a large MCA infarct. Because of

considerable pre-stroke comorbidities with metastatic lung can-

cer and multiple myeloma, the latter patient’s relatives and the

treating physicians agreed to not extend diagnostic and therapeu-

tic procedures according to the patient’s presumed decision, with

death on day 3. Accordingly, 3 patients with severe systemic in-

fections (pneumonia in 2 and unidentified focus in 1) during

hospitalization were continued on palliative care due to severe

neurologic deficits, advanced age, and the poor prognosis. No

intraprocedural deaths occurred.

During the 3-month follow-up, mortality further increased to

27.8% (10/36). One patient died 54 days after stroke during reha-

bilitation, with bacterial pneumonia and septicemia resulting in

multiorgan failure. In the other 2 patients, therapeutic procedures

were terminated in agreement with the patient’s relatives and the

patient’s presumed decision due to age, stroke severity, and fatal

prognosis.

One patient (patient 29, On-line Table 1) with successful re-

canalization and considerable clinical benefit, with an improve-

ment from NIHSS 19 on admission to NIHSS 2 (and mRS 3) at

discharge, underwent aortic arch replacement due to an inciden-

tal aortic arch aneurysm 10 weeks later. Perioperatively, he devel-

oped new focal neurologic deficits with proof of new ischemic

infarcts on cranial CT, resulting in an mRS score of 5 at 3-month

follow-up.

DISCUSSION
Retrieving thrombi with the new ERIC device was technically fea-

sible, effective, and safe in this pilot study of acute ischemic stroke

with large-vessel occlusion in anterior circulation arteries. The

ERIC is designed to adapt to different vessel diameters and throm-

bus lengths and is thus available in diameters ranging from 3 to 6

mm and a working length of 15– 44 mm with 3–5 spheres. The

minimal required microcatheter internal diameter is 0.017 inches

for all ERIC types. Proximal vessel occlusions, such as carotid-T

occlusions, could be reached as easily as M2 branch occlusions in

this pilot study.

Satisfactory recanalization with TICI grades 2–3 was demon-

strated in 94.4%, being excellent in 83.3% (TICI 2b–3). Addi-

tional thrombus aspiration at the end of the procedure further

enhanced recanalization efficacy in 1 patient (patient 8). These

high rates of successful recanalization also resulted in a substantial

proportion of patients with an independent outcome (mRS �2,

33.3%). Of note, as many as 21 patients were ambulatory without

help (mRS �3, 58.3%) 3 months after the index event. These

findings are in line with the recently published Multicenter Ran-

domized Clinical Trial of Endovascular Treatment for Acute Isch-

emic Stroke in the Netherlands (MR CLEAN) trail,11 predomi-

nantly using the Solitaire stent retriever (Covidien, Irvine,

California) (mRS 2, 33%; mRS 3, 51%), and they are close to the

results of the Spanish multicenter Endovascular Revasculariza-

tion with Solitaire Device versus Best Medical Therapy in Anterior

Circulation Stroke within 8 Hours (REVASCAT) trial12 (mRS 2,

44%; mRS 3, 62%). The higher rates of favorable functional out-

come in the Endovascular Treatment for Small Core and Anterior
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Circulation Proximal Occlusion with Emphasis on Minimizing

CT to Recanalization Times (ESCAPE) trial,13 Extending the

Time for Thrombolysis in Emergency Neurological Deficits–In-

tra-Arterial (EXTEND-IA) trial,14 and Solitaire With the Inten-

tion For Thrombectomy as PRIMary Endovascular Treatment

(SWIFT PRIME) trial15 are most likely attributable to a shorter

time from stroke onset to mechanical thrombectomy (difference

median, �60 minutes).

Overall, the median NIHSS score decreased from 18 points

on admission to 9 points at discharge. The median NIHSS

score on admission was 20 (range, 16 –27) in patients who died

during the 3-month follow-up period compared with 15 points

(range, 5–21) in survivors. A high NIHSS score on admission is

a known predictor of poor outcome,16 and despite the small

numbers currently studied, our data further support this find-

ing. Less than one-third of patients (10/36) died before the end

of the 3-month follow-up period. None of those deaths could

be directly attributed to the endovascular procedure or the

retrieval device. The fulminant development of cerebral edema

with or without sICH during hospitalization and the conse-

quences of stroke severity and advanced age during follow-up

explained the reported deaths. Moreover, the mortality rate

was in line with previously published data of mechanical

thrombectomy studies by using the Merci retriever (Concen-

tric Medical, Mountain View, California), Penumbra System

(Penumbra, Alameda, California), Revive device (Codman

Neurovascular, Raynham, Massachusetts), or Trevo device

(Stryker, Kalamazoo, Michigan), and it tended to slightly ex-

ceed mortality rates reported in many trials using the Solitaire

stent retriever (compare On-line Table 2). However, until re-

cently, these trials lacked power and were not designed to show

the superiority of one device or the other. In particular, the

study designs were very heterogeneous among those trials;

small numbers were studied in most of the trials; and regarding

the present observational single-arm study, more than one-

third of the patients were treated in an extended time window,

even beyond 6 hours from symptom onset based on CT

mismatch.

In fact, given the promising results in terms of favorable and

satisfactory outcome with the new ERIC retrieval device (mRS

�2, 33.3%; mRS �3, 58.3% at 90 days), even in the light of a

comparatively longer onset-to-treatment time by using advanced

imaging protocols, the new ERIC adds a great asset to the existing

armamentarium of recanalization devices. In addition, it further

encourages research dealing with the use of advanced imaging

techniques for patient selection.

Also in terms of safety, the ERIC appeared to be reliable and

was free of intraprocedural complications. The rate of sICH

(8.3%) during hospitalization was comparable with that in previ-

ously reported trials using mechanical thrombectomy devices

(On-line Table 2). Most interesting, all 3 sICHs in our pilot study

occurred after the intervention and were associated with intrave-

nous thrombolysis, successful recanalization, massive edema for-

mation, and the need for decompressive surgery, indicating a

common mechanism with underlying blood-brain barrier

disruption.

Conscious sedation was chosen if possible. General anesthesia

was required in 13/36 patients due to persisting vomiting, agita-

tion, or impaired consciousness. However, the best anesthesiol-

ogy management in endovascular stroke therapy is not known to

date and is being investigated in a large randomized controlled

trial (https://www.clinicaltrials.gov/; Sedation vs. Intubation for

Endovascular Stroke TreAtment [SIESTA], NCT 02126085).

Our pilot study certainly has some limitations: the retrospec-

tive monocenter single-arm design, a rather small number of pa-

tients, and the lack of formally independent assessment of TICI

score and procedural complications. Thus, the results should be

interpreted with caution.

However, to our knowledge, this is the first report on consec-

utive patients with stroke treated with the new ERIC retrieval

device. Our findings support the safety and effectiveness of me-

chanical thrombectomy in terms of vessel recanalization and

show a clinical benefit. Moreover, despite the rather extended

period from stroke onset to intervention and the lower rate of

IVT, our results are promising and in line with previously pub-

lished data by using other recanalization devices with a shorter

time to treatment and higher rates of IVT.

After the stunning results of the Interventional Management

of Stroke (IMS) III trial, SYNTHESIS expansion, and Mechanical

Retrieval and Recanalization of Stroke Clots Using Embolectomy

(MR RESCUE) trials,17-19 showing no benefit of endovascular

treatment compared with standard care including IVT, the news

from the latest trials, ie, MR CLEAN,11 ESCAPE,13 EXTEND-

IA,14 SWIFT PRIME,15 and REVASCAT, 12 clearly demonstrated

the safety and effectiveness of an intra-arterial approach for acute

stroke treatment in selected patients within the first hours of

symptom onset.

CONCLUSIONS
The new ERIC retrieval device appears to be technically safe and

effective in removing thrombi in large-vessel occlusion. More-

over, despite substantial focal neurologic deficits on admission

and an onset-to-treatment time of, on average, �6 hours (mean,

6 hours 13 minutes; median, 4 hours 57 minutes), almost one-

third of patients achieved an independent functional outcome

Table 2: Procedural and outcome characteristics of treated
patients

Characteristics
LSN to GP (median) (IQR) 4 hr 57 min (3 hr 36 min to 7 hr 47 min)
Procedural time (TICI 2b/3)

(median) (IQR)
90 min (58–133 min)

Postprocedural TICI (%)
2b/3 83.3
2a 11.1
1 5.5

NIHSS at discharge (median)
(IQR)

9 (2–16)

mRS at discharge (%)
0–2 27.8
0–3 38.9
6 19.4

mRS at 3 mo (%)
0–2 33.3
0–3 58.3
6 27.8

sICH (%) 8.3

Note:—LSN to GP indicates time from last seen normal to groin puncture.
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and almost 60% were ambulatory without help 90 days after the

ischemic event.
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