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Objective : Early successful reperfusion is associated with favorable outcomes in acute ischemic stroke (AIS). The purpose of this 
study was to achieve successful recanalization by a combined mechanical thrombectomy technique, the Aspiration-Retriever 
Technique for Stroke (ARTS), which is composed of a flexible large lumen distal access catheter and a retrievable stent as the first-
line strategy of mechanical thrombectomy.
Methods : We retrospectively reviewed 62 patients with AIS who underwent mechanical thrombectomy from 2018 to 2019 at 
our institute by a senior neurointerventionalist. Among them, patients who were treated using the ARTS technique with the soft 
torqueable catheter optimized for intracranial access (SOFIA®; MicroVention-Terumo, Tustin, CA, USA) as the first-line treatment 
were included. Patients who had tandem occlusions or underlying intracranial artery stenosis were excluded. The angiographic 
and clinical outcomes were evaluated. The angiographic outcome was analyzed by the rate of successful recanalization, defined 
as a Thrombolysis in Cerebral Infarction score of 2b or 3 at the end of all procedures and the rate of successfully achieving the first 
pass effect (FPE), defined as complete recanalization with a single pass of the device. The clinical outcomes included the National 
Institutes of Health Stroke Scale (NIHSS) score, modified Rankin Scale (mRS), and mortality.
Results : A total of 27 patients (mean age, 59.3 years) fulfilled the inclusion criteria. The successful recanalization rate was 96% (n=26) 
while the FPE rate was 41% (n=11). The mean post-procedural NIHSS change was -3.0. Thirteen patients (48%) showed good clinical 
outcomes after thrombectomy with the ARTS technique (mRS at 90 days ≤2). Postoperative complications occurred in seven of 25 
patients : hemorrhagic transformation in six patients (22%) and distal embolization in one patient (4%). Mortality was 15% (n=4).
Conclusion : Although the clinical outcomes using the ARTS technique with a flexible large lumen distal access catheter 
performed as the frontline thrombectomy in patients with AIS were not significantly superior than those of other studies, this study 
showed a high rate of successful endovascular recanalization which was comparable to that of other studies. Therefore, ARTS using 
the SOFIA® catheter can be considered as the first choice of treatment for AIS due to large vessel occlusion.
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INTRODUCTION

Acute ischemic stroke (AIS) is a leading cause of morbidity 

and mortality27). As the phrase “time is brain” suggests, the 

human nervous tissue is vulnerable to ischemic damage, and 

hypoperfused brain tissue requires immediate therapeutic in-

tervention19). Intravenous (IV) tissue-type plasminogen acti-

vator (t-PA) is a standard treatment for AIS to recanalize oc-

cluded cerebral vessels25). However, it has several limitations 

such as a narrow therapeutic window, certain contraindica-

tions, and a lower probability of recanalization, especially in 

cases with large vessel occlusion (LVO)5). Endovascular treat-

ment was introduced to overcome these limitations. Its clini-

cal efficacy has been established through monumental ran-

domized clinical trials1,3,6,21). As a result, guidelines for the 

early management of AIS by the American Heart and Ameri-

can Stroke Associations suggest mechanical thrombectomy as 

one of the standard treatments for certain groups of patients 

with AIS16). Since its establishment as a standard treatment, 

studies have been conducted to increase clinical efficacy, such 

as increasing the recanalization rates and reducing side effects 

of thrombectomy.

The recanalization rate of mechanical thrombectomy is 

strongly associated with improved clinical outcomes and re-

duced mortality18). The first pass effect (FPE), defined as com-

plete revascularization of the occluded large vessel and its 

downstream territory with only a single use of the device, was 

introduced as a new indicator of good clinical outcomes28). 

Moreover, failure of revascularization can lead to increased 

mortality10). Therefore, successful recanalization by first pass 

is important and closely related to the choice of technique that 

is used as the frontline.

The use of new-generation devices has made it possible to 

achieve high recanalization rates. However, in terms of the 

technique, the contact aspiration (CA) and stent retriever (SR) 

techniques have shown similar recanalization rates as the first-

line strategy thus far9). Moreover, the superiority of one tech-

nique over another in terms of the results remains controver-

sial.

The Aspiration-Retriever Technique for Stroke (ARTS) in-

troduced by Massari et al.13) is a combined technique that si-

multaneously uses a retrievable stent and an aspiration cathe-

ter, and this technique was adopted in our study. Several types 

of aspiration catheters have been developed since the intro-

duction of ARTS by Massari. The soft torqueable catheter op-

timized for intracranial access (SOFIA®; MicroVention-Teru-

mo, Tustin, CA, USA) is one such device that has a f lexible 

distal access catheter with a large lumen and a specific design. 

In particular, it has a soft segment composed of a braid and 

coil structure and a large diameter. To achieve early successful 

recanalization, this flexible, large-lumen distal access catheter 

was used to perform thrombectomy utilizing ARTS. This 

study was a retrospective analysis that aimed to evaluate the 

efficacy and safety of combined mechanical thrombectomy 

using the ARTS technique with the SOFIA® catheter as the 

first-line strategy of mechanical thrombectomy.

MATERIALS AND METHODS

This retrospective study was reviewed and approved by the 

Institutional Review Board and Ethics Committee of Ulsan 

University Hospital (IRB No. 2020-10-039).

Patient population and inclusion criteria
The medical records of patients with AIS and LVO who un-

derwent mechanical thrombectomy were retrospectively re-

viewed. From January 2018 to December 2019, a total of 62 

patients underwent mechanical thrombectomy by an experi-

enced neuro-interventionalist at our institute.

This study included patients with AIS and LVO who were 

only treated using a specific thrombectomy technique called 

ARTS. The exclusion criteria were as follows : 1) techniques 

other than ARTS used for endovascular treatment as the first-

line treatment, 2) if tandem occlusion, defined as occlusion of 

the ipsilateral extra- and intracranial arteries, was noted be-

fore the procedure, or 3) the presence of underlying intracra-

nial artery stenosis (ICAS).

LVO was defined as occlusion of the proximal intracranial 

anterior and posterior circulation such as the intracranial in-

ternal carotid artery (ICA), the M1 and M2 segments of the 

middle cerebral artery (MCA), the A1 and A2 segments of the 

anterior cerebral artery (ACA), intracranial vertebral artery 

(VA), basilar artery (BA), and the P1 segment of the posterior 

cerebral artery (PCA) established using computed tomo-

graphic angiography (CTA), magnetic resonance angiography 

(MRA), or digital subtraction angiography (DSA)17).
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Endovascular procedure
ARTS was performed under local anesthesia with conscious 

sedation. When an 8 Fr balloon-guiding catheter such as 

Flowgate® (Stryker, Fremont, CA, USA) or Optimo® (Tokai 

Medical Products, Aichi, Japan) was inserted to access the ce-

rebral vasculature, a 5 or 6 Fr SOFIA® intermediate catheter 

having a length of 115 cm was advanced up to the occlusive le-

sion. A micro-guidewire was used to navigate the distal por-

tion of the site of occlusion. A microcatheter such as Rebar® 

(EV3, Irvine, CA, USA) was advanced over the guidewire up 

to near the thrombus. After confirming that the thrombus 

was in the correct position using a micro-angiogram, a re-

trievable stent such as Solitaire® (Medtronic Neurovascular, 

Irvine, CA, USA) or ERIC® (MicroVention-Terumo) was de-

ployed to capture the thrombus, and then the SOFIA® catheter 

was repositioned just proximal to the thrombus. After 3 to 5 

minutes, the stent was retrieved with suction by manual aspi-

ration using a 50 mL syringe. The stent was retrieved and 

slowly withdrawn together with the intermediate catheter. 

This procedure was repeated until successful recanalization 

was achieved. The procedure is demonstrated in Fig. 1.

Outcome measures
The primary outcome of ARTS was assessed by the rate of 

successful recanalization. Successful recanalization was de-

fined as a modified Thrombolysis in Cerebral Infarction 

(mTICI) score of 2b or 3 at the final angiography after all pro-

cedures were completed. The secondary outcome was evaluat-

ed by the rate of successfully achieving FPE or modified FPE. 

FPE was defined as complete revascularization (mTICI 3) with 

a single device pass without additional treatment. Modified 

FPE was similar but with the difference of an mTICI 2b or 3. 

In addition, National Institutes of Health Stroke Scale (NI-

HSS) scores at admission, day 1, and day 7 were serially mea-

sured to assess clinical efficacy. Adverse events included any 

complications related to the endovascular procedure itself 

such as distal embolism in a new vascular territory, or brain 

hemorrhage detected via a computed tomography (CT) scan 

of the brain performed within 24 hours of the procedure.

RESULTS

Baseline characteristics
Between January 2018 and December 2019, 62 patients un-

derwent mechanical thrombectomy at our institute. Among 

62 patients, 37 patients (60.0%) were treated with ARTS, other 

17 patients with CA, and none of patient with SR as the first-

line treatment. One of 62 patients (1.6%) was treated by only 

intra-arterial thrombolytic agents, other seven patients only 

attempted trial of thrombectomy. In trial group, there was no 

case due to inaccessibility of the distal access catheter near the 

thrombus. There were two cases of approach failure due to 

lack of access route. Five patients of them received only cere-

bral angiography because distal f low was recovered after t-PA 

administration or chronic vascular occlusion was noted on 

initial angiography.

Seven of the 37 patients in the ARTS group had underlying 

tandem lesion or ICAS, another patient had two distinct oc-

clusive lesions (M1 and A3), and two others had a distal occlu-

Fig. 1. Angiograms of the ART for right proximal M1 occlusion. A : Pre-treatment angiogram (antero-posterior view) shows the occlusion of right 
proximal M1 segment. B : A Solitaire stent retriever was deployed within the right M1 segment. Arrow indicates the distal marker of Solitaire stent. 
Arrowhead points the location of the large bore distal access catheter for aspiration. C : The balloon catheter was inflated for proximal flow arrest (lateral 
view). D : After mechanical thrombectomy, angiogram shows complete recanalization without distal thrombus migration (Thrombolysis in Cerebral 
Infarction grade 3).

A B C D
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sive lesion (M3). Therefore, a total of 27 patients met the study 

criteria.

The mean age was 59.3 years (range, 18–90). There were 15 

men and 12 women (44%). The mean baseline NIHSS score 

was 15.3 (range, 3–27). IV t-PA at the initial stage was admin-

istered to only 11 patients (41%) because of unclear onset time 

or previously taking anti-thrombotic agents. The median time 

was 235 minutes from symptom onset to femoral puncture 

(range, 100–830 minutes), 136 minutes from door to femoral 

puncture (range, 77–537 minutes), and 52 minutes from fem-

oral puncture to reperfusion (range, 23–134 minutes). The 

baseline angiographic and clinical characteristics are shown in 

Table 1.

Radiological and clinical outcomes
The occlusion sites were identified with 22 cases in the ante-

rior circulation and five cases in the posterior circulation. M1 

(n=13) was the most frequent occlusion site, followed by M2 

(n=5), BA (n=4), distal ICA (n=4), and P1 (n=1).

After mechanical thrombectomy using ARTS, the rate of 

Table 1. Details in baseline characteristics (n=27)

Value

Age (years) 59.3±15.7

Women 12 (44.0)

Medical history

Hypertension 8 (30.0)

Atrial fibrillation 7 (22.0)

Diabetes mellitus 6 (22.0)

Hyperlipidemia 5 (19.0)

History of cerebrovascular disease 4 (15.0)

History of coronary artery disease 6 (22.0)

Antithrombic medication

Antiplatelet 5 (19.0)

Anticoagulant 4 (15.0)

Mean initial NIHSS score 15.3±5.9

Intravenous t-PA 11 (41.0)

Times of (minutes)

From symptom onset to femoral puncture 235 (168.4, 100–830)

From door to femoral puncture 136 (91.6, 77–537)

From femoral puncture to reperfusion 52 (30.0, 23–134)

Values are presented as mean±standard deviation (SD), median (SD, 
range), or number (%). NIHSS : National Institutes of Health Stroke Scale, 
t-PA : tissue plasminogen activator

Table 2. Details in angiographic outcomes

ARTS with SOFIA® (n=27)

Location of thrombus

Internal carotid artery 4 (15.0)

M1 segment of middle cerebral artery 13 (48.0)

M2 segment of middle cerebral artery 5 (19.0)

Basilar artery 4 (15.0)

P1 segment of posterior cerebral artery 1 (4.0)

Side

Left 11 (41.0)

Right 12 (44.0)

Number of stent passage 2.5 (1–9)

TICI grade

0 & 1 & 2a 1 (4.0)

2b 4 (15.0)

3 22 (81.0)

First pass effect 11 (41.0)

Modified first pass effect 13 (48.0)

Values are presented as mean (range) or number (%). ARTS : Aspiration-
Retriever Technique for Stroke, TICI : Thrombolysis in Cerebral Infarction

Table 3. Details in clinical outcomes

ARTS with SOFIA® (n=27)

Postop image findings

Hemorrhagic transformation 6 (22.0)

Procedure-related complication

Distal embolization 1 (4.0)

Vessel dissection 0 (0.0)

Vessel rupture 0 (0.0)

Vasospasm 0 (0.0)

Mortality 4 (15.0)

Clinical outcomes at 3 months

Good (mRS ≤2) 13 (48.0)

Poor (mRS >2) 14 (52.0)

mRS=3 3 (11.0)

mRS=4 6 (22.0)

mRS=5 2 (7.0)

mRS=6 4 (15.0)

NIHSS score

At post-procedure 12.3±8.4 (0–29)

At 7 days 11.3±9.9 (0–37)

Values are presented as mean±standard deviation (range) or number (%). 
ARTS : Aspiration-Retriever Technique for Stroke, mRS : modified Rankin 
Scale, NIHSS : National Institutes of Health Stroke Scale
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successful recanalization defined as a TICI score of 2b or 3 

was 96% (n=26), and the rate of complete reperfusion (mTICI 

3) was 81% (n=22). The rate of FPE was 41% (n=11) and that of 

modified FPE was 48% (n=13). An average 2.5 passes of the 

device (range, 1–9; median, 2) were required for reperfusion.

The average NIHSS score at admission was 15.3 (range, 

3–27; median, 17), the NIHSS score at 24 hours was 12.3, the 

mean change in the NIHSS score between admission and 24 

hours was -3.0 (range, -17 to +9; median, -2), the NIHSS score 

at 7 days was 11.3 (range, 0–37; median, 11), and the mean 

change between admission and 7 days was -4.1 (range, -17 to 

+19; median, -5). Good clinical outcomes at 3 months (mRS 

≤2) were seen in 13 patients.

Six patients (22%) presented with intracranial hemorrhage 

on the follow-up CT within 24 hours of the procedure, three 

patients (11%) underwent decompressive craniectomy due to 

increased intracranial pressure (ICP), one patient (4%) from 

our study group had distal emboli and exhibited slightly ag-

gravated motor weakness.

Two patients who underwent decompressive surgery 

showed neurological improvement or stability relative to their 

pre-treatment neurological statuses; one patient, however, 

died. A total of four patients (15%) managed using ARTS died, 

including two from increased ICP and two from other medi-

cal conditions that were less relevant to the procedure.

The angiographic and clinical results of the inclusion group 

are summarized in Tables 2 and 3.

DISCUSSION

In this study, although the clinical outcomes using the 

ARTS technique with a flexible large lumen distal access cath-

eter performed as first-line thrombectomy in patients with 

AIS were not significantly superior than those of other stud-

ies, a high rate of successful endovascular recanalization 

which was comparable to that of other studies was seen.

ARTS, the technique used in our study, was introduced by 

Massari et al.13) in 2016. It was designed for effective removal 

of the thrombus, prevention of distal migration of the frag-

ments, and reduction of revascularization time. Massari et 

al.13) suggested that ARTS was a fast, safe, and effective tech-

nique that could compete with conventional techniques. 

Newer devices for mechanical thrombectomy are being devel-

oped every day. Massari et al.13) used the 5Max ACE® catheter 

(Penumbra, Alameda, CA, USA), but owing to the availability 

of advanced devices, we performed ARTS using the SOFIA® 

catheter, the next-generation intermediate catheter which has 

some advantages, one of them being a large diameter.

SOFIA® was initially developed for use as a guiding catheter, 

but is also widely used as an aspiration catheter nowadays12). 

First of all, since it was developed as a guiding catheter, it is 

cheaper than penumbra’s aspiration catheter. It has a length of 

115 or 125 cm, an outer diameter of 5 or 6 F, an inner luminal 

diameter of 0.068 or 0.070 inches, and a straight tip. Accord-

ing to Long et al.11), SOFIA® achieved a higher vacuum flow 

rate (4.42 mL/s) than the 5MAX ACE® (4.27–4.36 mL/s). The 

hybrid braid/coil design increases navigability of the distal 

vasculature, even in tortuous vessels. Additionally, the soft 

distal shaft prevents traumatic vessel access. Its navigability 

provides adequate stability for microcatheter to select vessels, 

such as the distal ICA, M1, or M2 segments. Furthermore, its 

large inner diameter generates sufficient aspiration force and 

contact area for clot retrieval22,23,26).

CA thrombectomy with SOFIA® reportedly revealed a 

higher reperfusion rate and shorter procedure time than those 

with Penumbra® without any significant complications8,12,14,15). 

Additionally, SOFIA® achieved impressive outcomes and 

showed potential as the primary aspiration catheter for CA 

thrombectomy on a recent study2). For these reasons, we ex-

pected SOFIA® to yield better outcomes than other catheters. 

Our study reported a successful recanalization rate of 96% 

and a modified FPE rate of 41%. These results are similar with 

the outcomes reported by Massari et al.13) (97.6% and 43%, re-

spectively). However, the good clinical outcome rate in our 

study was 48% which was lower than that observed by Massa-

ri et al.13) (65.7%). In addition, our results showed a relatively 

higher reperfusion rate and greater safety than those seen in 

other studies that used a similar technique but different aspi-

ration catheters (Table 4)4,7,13).

Our results were not inferior to those of other large-scale 

studies. Rather, our study showed better outcomes in terms of 

the recanalization rate (Table 5)9,20,24). The Direct Aspiration 

First Pass Technique For Acute Stroke Thrombectomy 

(ADAPT FAST) (n=192) study reported that the CA technique 

alone achieved successful recanalization (mTICI score 2b/3) in 

78% of cases. According to the Contact Aspiration versus 

Stent Retriever for Successful Revascularization (ASTER) tri-
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al, the successful revascularization rate (mTICI score 2b/3) 

was 85.4% in the CA group and 83.1% in the SR group, and 

the complete revascularization rate (mTICI 3) was 37.5% in 

the CA group and 38.6% in the SR group. The Solitaire Flow 

Restoration Device versus the Merci Retriever in patients with 

acute ischemic stroke (SWIFT) study showed that the revas-

cularization rates were similar with 75.9% for an mTICI score 

of 2b/3 and 75.9% for an mTICI score of 3.

According to previous studies, a higher recanalization rate 

and FPE were associated with good clinical outcomes10). How-

ever, the good angiographical results in our study did not lead 

to good clinical outcomes corresponding to the high reperfu-

sion rate. This may be due to several reasons. First, the portion 

of posterior circulation was different compared with other 

studies. The proportion of posterior circulartion in our study 

was 19%. The rate of those cases was 23.5% (8/34) in Massari’s 

study, 0% in Delago’s and Hesse’s studies (Table 4), 0% in AS-

TER trial, 5% (5/100) in ADAPT FAST trial, 3.4% (3/89) in 

SWIFT trial (Table 5). It seemed meaningful to separate the 

outcomes of anterior circulation from those of posterior cir-

culation. Nevertheless, the results from anterior circulation 

could not present better clinical outcome (Tables 4 and 5). 

Second, some patients with AIS who presented related symp-

toms for more than 6 hours were included in our study. The 

rates of those patients in the entire group and anterior circula-

tion group were 30% (8/27) and 32% (7/22), respectively. 

Table 4. Comparison of outcomes with other studies using combined techniques

ARTS,  
ours

ARTS,  
anterior

ARTS,  
Massari et al.13)

Solumbra, Delgado 
Almandoz et al.4)

Combined, 
Hesse et al.7)

Case No. 27 22 42 55 184

Catheter SOFIA SOFIA ACE ACE ACE, SOFIA, 
CATALYST

TICI 2b/3 26 (96.0) 21 (95.0) 41 (98.0) 46 (84.0) 159 (86.0)

TICI 3 22 (81.0) 17 (77.0) 23 (55.0) - 69 (38.0)

FPE 11 (41.0) 6 (27.0) - - 47 (26.0)

mFPE 13 (48.0) 8 (36.0) 18 (43.0) - -

ICH at 24 hours 6 (22.0) 6 (27.0) 2 (5.0) 2 (4.0) 13 (9.0)

Mortality at 90 days 4 (15.0) 3 (14.0) 6 (14.0) 16 (29.0) -

Onset to puncture time, mean (minutes) 288 255 360 267 -

Puncture to reperfusion time, mean (minutes) 57 60 - - 52

Values are presented as number (%) unless otherwise indicated. ARTS : Aspiration-Retriever Technique for Stroke, TICI : Thrombolysis in Cerebral 
Infarction, FPE : first pass effect, mFPE : modified first pass effect, ICH : intracranial hemorrhage

Table 5. Comparison of outcomes with previous large-scale studies

ARTS, ours ARTS, anterior ASTER9) CA ASTER6) SR ADAPT FAST24) SWIFT20)

Case No. 27 22 192 189 100 89

TICI 2b/3 26 (96.0) 21 (95.0) 164 (85.0) 157 (83) 95 (95.0) 75.9

TICI 3 22 (81.0) 17 (77.0) 72 (38.0) 73 (38.6) 51 (51.0) -

Change in NIHSS score at  
24 hours, mean

-3.0 (-17 to 9) -3.2 (-17 to 9) -4.8 (-6.1 to -3.6) -5.2 (6.5 to -3.9) -9.9 -

ICH at 24 hours 6 (22.0) 6 (27.0) 87 (46.3) 85 (46.0) 0 (0.0)

Mortality at 90 days 4 (15.0) 3 (14.0) 35 (19.3) 35 (19.0) 15 (19.0) 17

Onset to puncture time,  
mean (minutes)

288 255 217 235 510

Values are presented as number (%) unless otherwise indicated. ARTS : Aspiration-Retriever Technique for Stroke, CA : contact aspiration, SR : stent 
retrieval, TICI : Thrombolysis in Cerebral Infarction, NIHSS : National Institutes of Health Stroke Scale, ICH : intracranial hemorrhage
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Third, some included patients had severe morbidity. Four pa-

tients had an initial mRS score of 3 or higher, and three pa-

tients suffered cancer in the advanced stage. It contributed 

unfavorable outcomes unrelated to AIS, such as an aggravated 

general condition in an advanced cancer patient or tumor lysis 

syndrome in a lymphoma patient.

Our study has several limitations. This study was retrospec-

tive analysis conducted in a single center and had a paucity of 

inclusion data. Multi-centered, randomized clinical trials will 

be needed to support our results. In addition, we selected only 

those cases where the ARTS technique was used. The exclu-

sion of certain cases such as those using CA for proximal ICA 

occlusion and those frequently requiring rescue therapy due 

to underlying stenosis affected our results. Nevertheless, the 

results of our study were useful in demonstrating that the re-

sults with ARTS were non-inferior to those of previous large-

scale studies. In future, studies such as the ongoing ASTER II 

trial, would provide more valid and specific outcomes for the 

combined technique.

We performed mechanical thrombectomy with a combina-

tion of previously invented devices. The development of the 

device is also important, but it is necessary to consider how to 

use it. New techniques should continue to be studied.

CONCLUSION

This study demonstrated the procedural and clinical effica-

cy of the ARTS technique using the SOFIA® intermediate 

catheter. Although the results of this study were not superior 

in terms of clinical outcomes and safety than those of other 

established clinical trials, ARTS using the SOFIA® catheter 

achieved high recanalization and FPE rates. Previous studies 

have shown a correlation between FPE and the recanalization 

rate and favorable clinical outcomes, which supports the use-

fulness of our findings. The low cost, better aspiration force 

and navigability of the SOFIA® catheter would attract other 

neurointerventionalists to use this catheter when performing 

thrombectomy. Therefore, this approach could be a good al-

ternative in terms of high reperfusion rate and cost-effective-

ness. In future, large-scale and randomized studies using the 

combined technique and the same type of aspiration catheter 

may be necessary to validate our results.
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