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Article 

The Safety and Efficacy of Aspiration Thrombectomy 
Using Small- Bore Aspiration Catheter for Medium 
Vessel Occlusion (MeVO) 
Tadashi Sunohara 1,*, Tsuyoshi Ohta 1, Nobuyuki Ohara 2, Masaomi Koyanagi 1, Masanori Goto 1, 
Ryu Fukumitsu 1, Nobuyuki Fukui 1, Satoshi Hosoki 2, Kota Maekawa 2, Tomomi Ishikawa 1, 
Yasuhiro Yamamoto 1, Noriko Nomura 2, Kazuma Ota 2, Takateru Takamatsu 1, Masanori Tokuda 
1, Hikari Tomita 1, Mai Yoshimoto 1, and Takenori Ohga 1 

1 Kobe City Medical Center General Hospital, Department of Neurosurgery 
2 Kobe City Medical Center General Hospital, Department of Neurology 
* Correspondence: t.hal.sunohara @gmail.com; Tel.:+081-78301-4321  

Abstract 

Background/Objectives:Recent randomized controlled trials (RCTs) have not demonstrated the 
efficacy of mechanical thrombectomy (MT) for medium vessel occlusion (MeVO), partly due to 
device selection bias. Notably, small-bore aspiration catheters were not evaluated. This study aimed 
to assess the safety and efficacy of the ADAPT (A Direct Aspiration First Pass Technique) approach 
using small-bore aspiration catheters as a first-line treatment for MeVO.Methods:We conducted a 
retrospective, single-center cohort study of patients who underwent MT for MeVO between March 
2023 and April 2025. Patients were categorized based on the initial thrombectomy technique: ADAPT 
versus stent retriever (SR) or combined approaches. The primary efficacy outcome was successful 
reperfusion, defined by the expanded Thrombolysis in Cerebral Infarction (eTICI) score. The primary 
safety outcome was the incidence of device-related adverse events.Results:A total of 54 consecutive 
MeVO cases were identified, comprising 9 cases treated with ADAPT (with small-bore aspiration 
catheters used in 89% of these) and 45 cases treated with stent retriever or combined techniques. 
Successful reperfusion (eTICI ≥2b50) was achieved in 100% of the ADAPT group and eTICI ≥2b67 in 
77.8%. The ADAPT group showed a significantly higher rate of eTICI ≥2b50 (p < 0.05) and a lower 
incidence of device-related complications (odds ratio: 1.82 × 10⁻⁹; p = 0.029) compared to the 
SR/combined group.Conclusions:The ADAPT using small-bore aspiration catheters demonstrated 
high reperfusion success and a lower risk of device-related complications, suggesting it may serve as 
an effective first-line strategy for MeVO treatment. 

Keywords: Mechanical Thrombectomy; A Direct Aspiration First Pass Technique (ADAPT); RED43; 
AXS Vecta 46; medium vessel occlusion (MeVO); Aspiration thrombectomy 
 
 

1. Introduction 

Recent randomized controlled trials (RCTs), including the DISTAL and ESCAPE-MeVO trials, 
have not demonstrated a clear clinical benefit of mechanical thrombectomy (MT) for medium vessel 
occlusion (MeVO) in acute ischemic stroke (AIS)1,2. However, these studies have notable limitations, 
particularly with respect to device selection bias. In the ESCAPE-MeVO trial, the Solitaire device was 
mandated as the first-line treatment. In the DISTAL trial, a combined technique was employed in 
approximately 65% of cases, whereas stent retrievers and the A Direct Aspiration First Pass 
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Technique (ADAPT) alone were each used in about 16% of cases. Notably, small-bore aspiration 
catheters were not utilized in either trial. 

In the present study, we investigate the clinical outcomes associated with small-bore aspiration 
catheters compared to other first-line approaches. Our objective is to identify effective treatment 
strategies for MeVO by quantitatively assessing the influence of device selection on clinical outcomes. 

2. Materials and Methods 

This cohort study was conducted in accordance with the STROBE (Strengthening the Reporting 
of Observational Studies in Epidemiology) guidelines [6]. For this retrospective analysis, all patients 
had previously provided general consent for the anonymized use of their clinical data in future 
research. Institutional review board approval was obtained from the Kobe City Medical Center 
General Hospital Institutional Review Board (approval number: zn250612, date: May 13, 2025) prior 
to the initiation of the study. Informed consent was obtained using an opt-out approach via the 
hospital’s website. Patients who declined participation were excluded from the study. 

2.1. Study Design 

We conducted a retrospective analysis of consecutive patients with AIS who underwent MT at 
a single center between March 2023 and April 2025. The study period was defined based on the 
clinical introduction of small-bore aspiration catheters, which became available at our institution in 
March 2023. 

Patients were eligible for inclusion if they were 18 years or older and had AIS caused by 
occlusion of large or medium-sized vessels confirmed by computed tomography angiography (CTA) 
or magnetic resonance angiography (MRA). MeVO were defined as occlusion of the M2 or M3 
segments of the middle cerebral artery, the A1 or A2 segments of the anterior cerebral artery, or the 
P1 or P2 segments of the posterior cerebral artery. 

Patients were treated within 6 hours from last known well, or between 6 and 24 hours if 
advanced neuroimaging demonstrated the presence of salvageable brain tissue. Institutional review 
board approval was obtained prior to study initiation. Informed consent was provided through an 
opt-out process posted on our institution’s website; no patients opted out and thus none were 
excluded. 

2.2. Treatments 

Endovascular treatment was performed at the discretion of the treating physician using any approved 
device or combination of devices. All patients received standard-of-care therapy in accordance with the Japanese 
guidelines for the management of acute stroke. Treatment included intravenous thrombolysis with alteplase 
when indicated, stroke unit care, early rehabilitation, etiological investigations, secondary stroke prevention, 
and management of vascular risk factors. 

2.3. Clinical Assessment and Outcomes 

Demographic data, medical history, laboratory findings, and stroke characteristics, including symptom 
severity, were collected at the time of presentation. The primary outcome was the occurrence of device-related 
adverse events. Technical success of endovascular thrombectomy (EVT) was assessed using the expanded 
Thrombolysis in Cerebral Infarction (eTICI) scale (range, 0–3; higher scores indicate greater reperfusion). As no 
consensus exists regarding the definition of successful reperfusion for MeVO, both eTICI ≥2b67 and eTICI ≥2b50 
were evaluated. For safety outcome, device-related adverse events were evaluated, which included 1) 
embolization in previously unaffected territory of treated vessel, 2) intracranial hemorrhage of 
treated vessel. 

2.4. Statistical Analysis 
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Statistical analyses were performed using JMP version 18 (JMP Statistical Discovery LLC). A p-value of 
<0.05 was considered statistically significant. Multivariate logistic regression analysis adjusted for age and sex 
was used to assess whether the use of ADAPT as the first-line technique was independently associated with the 
incidence of device-related adverse events compared to other approaches. 

3. Results 

3.1. Patients 

Between March 2023 and April 2025, a total of 259 patients underwent MT for AIS at a single 
institution. Of these, 57 cases were identified as MeVO, including 3 cases with tandem lesions. 
Ultimately, 54 patients with isolated MeVO were included in the present analysis. Patients were 
categorized into two groups according to the first-line technique used: the ADAPT group and the 
stent retriever (SR) or combined technique group (Figure). 

 
The median age was 80 years (interquartile range [IQR], 77.5–86) in the ADAPT group and 82 

years (IQR, 74.5–87) in the SR/Combined group. Female patients accounted for 66.7% in the ADAPT 
group and 60.0% in the SR/Combined group. 

The median National Institutes of Health Stroke Scale (NIHSS) score at admission was 5.5 (IQR, 
0.25–16) in the ADAPT group and 10.5 (IQR, 5–20.5) in the SR/Combined group. Regarding pre-stroke 
functional status, 44 patients (81.5%) had a modified Rankin Scale (mRS) score of 0 to 2, while 10 
patients (18.5%) had an mRS score of 3 or 4. 

The median time from last known well to initial diagnostic imaging was 241 minutes (IQR, 97.5–
649) in the ADAPT group and 196 minutes (IQR, 63.8–459.3) in the SR/Combined group. Overall, 
64.8% of patients presented within 6 hours from symptom onset. 
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The most common occlusion site identified on baseline CT or MR angiography was the M2 segment 
of the middle cerebral artery (85.2%), followed by the A2 segment of the anterior cerebral artery 
(5.6%) and the P1 segment of the posterior cerebral artery (5.6%). Intravenous thrombolysis was 
administered in 40.7% of cases. 

There were no statistically significant differences between the ADAPT and SR/Combined groups 
in terms of demographics, stroke severity, occlusion site, or time metrics (Table 1). 

Table 1. Baseline Characteristics of the Participants. 

 ADAPT 

(n = 9) 

SR or Combined 

(n = 45) 

P value 

Characteristics    

Age    

  Median(IQR) – yr 80 (77.5 - 86) 82 (74.5 – 87) 0.57 

Female sex – no.(%) 6 (66.7%) 27 (60%) >0.99 

Modified Rankin Scale score  

before stroke – no./total no. 
  0.92 

  0 or 1 6 34  

  2 1 3  

  3 or 4 2 8  

Median NIHSS score at 

 admission(IQR) 
9 (4.5 – 22) 10.5 (4.3 – 17) 0.63 

Occlusion location – no.(%)   0.81 

  M2 segment 8 38  

  M3 segment 0 0  

  A1 segment   0 1  

  A2 segment 1 2  

  P1 segment 0 3  

  P2 segment 0 1  

Intravenous thrombolysis  

therapy – No.(%) 
5 (55.6%) 18 (40.0%) 0.48 

Median ASPECTS score at admission(IQR) 10 (7.5 - 10) 10 (9.0 - 10) 0.76 

Interval between time that participant was 

last seen to be well and imaging (IQR) - min 95 (81.2 – 381.8) 240 (82.5 – 542.5) 0.36 

Interval between time that participant was 

last seen to be well and arterial puncture 

(IQR) - min 
187.5 (131.5 – 476.3) 240 (120 – 581) 0.76 

3.2. Efficacy Outcomes 
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Successful reperfusion, defined as an eTICI score of ≥2b50, was achieved in 100% of cases, and 
eTICI ≥2b67 in 77.8% of cases in the ADAPT group. In contrast, in the SR/combined group, eTICI 
≥2b50 was achieved in 80.0% of cases, and eTICI ≥2b67 in 71.1%. 

Multivariate logistic regression analyses adjusted for age and sex were performed separately for 
eTICI ≥2b50 and eTICI ≥2b67. The ADAPT group demonstrated a significantly higher rate of 
successful reperfusion for eTICI ≥2b50 compared to the SR or combined technique group. However, 
there was no significant difference between groups in the rate of reperfusion defined as eTICI ≥2b67 
(Table 2). 

Table 2. Multivariate logistic regression analysis for eTICI≥2b50 and eTICI≥2b67, adjusted by Age and Sex. 

 ADAPT 

(n = 9) 

SR or Combined 

(n = 45) 
OR 95%CI P value 

eTICI≥2b50 100%(9/9) 80.0%(36/45) 4.56x108 1.0578 – ne  0.045 

eTIC≥2b67 77.8%(7/9) 71.1%(32/45) 1.5496 0.3130 – 11.5601 0.609 

(Legend of Table2. Quote) Total successful reperfusion rate was 83.3% (45/54) based on >eTICI2b50 and 72.2% 
(39/54) based on >eTICI2b67 overall in this study. ADAPT for MeVO was statistically not inferior to stent 
retriever or combined technique for >eTICI2b67 and significantly higher for >eTICI2b50.Abbreviations: OR = 
odds ratio; CI = confidence interval; ne = not estimable due to absence of events in the ADAPT group. 
(Legend of Table2. Quoted). 

3.3. Safety Outcomes 

Device-related adverse events were analyzed using age-adjusted logistic regression. The 
incidence of device-related adverse events was significantly lower in the ADAPT group compared 
with the SR or combined technique group (odds ratio, 1.818 × 10⁻⁹; 95% confidence interval, not 
estimable – 0.766; p = 0.0293; Table 3). 

Details of device-related adverse events are presented in Table 4. The incidence of adverse events 
was 0% in the ADAPT group, 21.4% in the SR group, and 25.8% in the combined technique group. 
Notably, all cases of arterial perforation occurred exclusively in the combined technique group. 

Information on the specific aspiration catheters used in the ADAPT group, along with detailed 
patient data, is provided in Table 5. Except for one case of MeVO with dominant M2 occlusion, 88.9% 
of ADAPT as 1st line was performed with small-bore aspiration catheter.  

Table 3. Multivariate logistic regression analysis for Device-Related Adverse Events. 

Variable OR 95%CI P value 

Age 0.986 0.9261 – 1.0551 0.673 

Sex (F vs M) 0.361 0.0876 – 1.3869 0.138 

ADAPT vs SR /Combined 1.82x10-9 ne – 0.7662 0.029* 

(Legend of Table3. Quote) Abbreviations: OR = odds ratio; CI = confidence interval; ne = not estimable due to 
absence of events in the ADAPT group.(Legend of Table3. Quoted). 

Table 4. Detailed Device-Related Adverse Events by 1st line strategy. 

 ADAPT 

(n=9) 

SR 

(n =14) 

Combined technique 

(n=31) 

Total number of adverse events related to 

device(%) 
0(0%) 3(21.4%) 8(25.8%) 
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Embolization in previously unaffected territory 0 1 1 

Intracranial hemorrhage    

  Subarachnoid hemorrhage 0 2 4 

Arterial perforation 0 0 3 

Table 5. Aspiration catheter used in ADAPT and demographics. 

Age SEX Occluded Artery Firstline device 

76 M A2 Vecta46 

84 F M2 Vecta46 

79 F M2 Vecta46 

75 F Dominant M2 RED62 

89 F M2 RED43 

79 M M2 RED43 

88 F M2 RED43 

84 M M2 RED43 

80 F M2 RED43 

4. Discussion 

Recent randomized controlled trials, such as DISTAL and ESCAPE-MeVO, investigating the 
efficacy of MT for MeVO in AIS, have failed to demonstrate a definitive clinical benefit1,2. However, 
these studies have several methodological limitations, particularly concerning device selection. For 
instance, the ESCAPE-MeVO trial mandated the Solitaire device as the first-line approach, while in 
the DISTAL trial, a combined technique was predominantly used (approximately 65% of cases), with 
stent retrievers and the ADAPT used alone in only about 16% of cases each. Notably, small-bore 
aspiration catheters were not incorporated into the protocol of either trial. 

Small-bore aspiration catheters (e.g., AXS Vecta 46, RED 43) are specifically designed to access 
more distal cerebral vessels. The RED 43 has an outer diameter of 0.060 inches (1.52 mm), whereas 
the AXS Vecta 46 has an outer diameter of 0.056 inches (1.43 mm) at the tip. In contrast, conventional 
intermediate aspiration catheters (e.g., AXS Catalyst 6, RED 62, RED 72), previously employed in 
MeVO studies, have tip diameters ranging from 1.80 mm to 2.16 mm. 

Anatomically, the diameter of M2 vessels has been reported to range from 1.1 to 2.1 mm (MRA 
based study3), M3 from 1.1 to 1.5 mm (CTA based study/ cadaveric studies3–5), A1 from 1.7 to 1.9 mm 
(DSA based study6), A2 from 1.6 to 1.7 mm (DSA based study6), P1 1.8 ± 0.54 mm (CTA based study7), 
P2 1.7 ± 0.3 mm (cadaveric studies8), and P3 1.7 ± 0.2 mm (cadaveric studies8). These anatomical 
considerations suggest that small-bore aspiration catheters are well-suited for medium-sized vessels, 
allowing for distal advancement without excessive stress on the intraluminal vascular wall. 
Moreover, the improved flexibility of these catheter tips facilitates distal navigability.  

Additionally, the vascular distance and tortuosity along the access route are generally greater 
and more pronounced in MeVO compared to large vessel occlusion (LVO). These anatomical 
challenges hinder successful reperfusion, particularly in MT using stent retrievers 3,9. Vessel 
tortuosity not only impairs reperfusion rates but also increases the risk of complications. Specifically, 
tortuosity of the M1 segment has been associated with a higher incidence of intracranial hemorrhage 
(ICH) following MT with stent retrievers for M2 occlusion10. According to a report from the Japanese 
Registry of Neuroendovascular Therapy (JR-NET), which analyzed 2,394 MeVO cases, the overall 
incidence of ICH after MT was 12.6%, with symptomatic ICH accounting for 31.5% of these cases ⁹. 
Importantly, ICH after endovascular therapy for MeVO was associated with worse clinical outcomes, 
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regardless of whether the hemorrhage was symptomatic or asymptomatic 11. Notably, small-bore 
aspiration catheters were not utilized in this JR-NET study.  

The efficacy of RED 43 and AXS Vecta 46 has previously been reported in individual single-arm 
retrospective studies12,13. However, to our knowledge, this is the first retrospective comparative study 
to comprehensively evaluate both devices collectively as small-bore aspiration catheters in the 
treatment of medium vessel occlusion. 

Our findings demonstrate a low incidence of ICH and device-related complications, suggesting 
that MT using small-bore aspiration catheters may offer a safer and more anatomically tailored 
strategy for treating MeVO. Taken together with prior studies, our data support the clinical value of 
this emerging technique and highlight its potential to overcome some of the limitations observed in 
earlier randomized trials. 

5. Conclusions 
Small-bore aspiration catheters using the ADAPT were associated with high reperfusion success 

and fewer device-related complications compared to SR or combined techniques. Small bore 
aspiration catheter was not enrolled in the previous RCT negative for the effectiveness of MT for 
MeVO. Our findings promise the potential role of ADAPT by small bore aspiration catheter as an 
effective first-line strategy for MeVO. 

Limitation 
Several limitations of this study should be considered. First, the retrospective design introduces 

inherent methodological constraints, especially selection bias. Second, safety and efficacy outcomes 
were not assessed through centralized adjudication. Third, vessel diameter was not independently 
verified, raising the possibility that some included cases may have fallen outside the defined MeVO 
range (0.75–2 mm). Finally, although this study suggests the safety and efficacy of small-bore 
aspiration catheters for MeVO, the absence of a control group treated with medical therapy alone 
limits our ability to determine the definitive role of MT in this patient population. 
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