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Abstract
Background The effect of endovascular therapy (EVT) on the outcome of stroke patients with a medium distal vessel
occlusion (MDVO) is unclear. We report the results of MDVO patients treated with the 3mm Trevo stent retriever (SR)
and/or the AXS Catalyst 5 distal access catheter.
Methods Data was derived from a prospective, multicenter global registry (ASSIST registry) which enrolled patients
treated with operator preferred EVT technique at 71 sites from January 2019 to January 2022. Three techniques were
assessed: SR classic, direct aspiration, and a combined approach. Additional inclusion criteria were (a) EVT performed
with the 3mm Trevo SR and/or AXS Catalyst 5 distal access catheter on the first pass and (b) an occlusion of the
M2 segment or M3 segment of the middle cerebral artery or the A1, A2 or A3 segment of the anterior cerebral artery.
The primary outcome was achieving an expanded Thrombolysis in Cerebral Infarction (eTICI) score of 2c or 3 on the first
pass, with the primary technique as adjudicated by core lab. The primary clinical outcome measure was a 90-day modified
Rankin Scale (mRS) score of 0–2.
Results A total of 155 patients (10.4% of the ASSIST population) were included. Most patients had an M2 occlusion
(93.5%). First pass eTICI reperfusion was achieved in 43.1% of the patients. No modifying effect of the frontline technique
was found. The rate of mRS 0–2 (overall 65.0%) did not significantly differ between groups.
Conclusion The data suggests that the Trevo 3mm SR and/or the AXS Catalyst 5 may be an option to treat medium distal
vessel occlusion, but more data is needed to demonstrate safety and efficacy in this patient cohort. Further improvements
are needed regarding materials and techniques to improve reperfusion results in this patient cohort in the future.
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Introduction

Endovascular therapy (EVT) significantly improves the
odds for a good functional outcome in patients with large
vessel occlusions of the internal carotid artery (ICA), the
M1 segment of the middle cerebral artery (MCA) and the
basilar artery (BA) [1, 2]. While there is some evidence
derived from a patient level meta-analysis of multiple en-
dovascular stroke trials (HERMES) that EVT might be
beneficial in patients with an occlusion of the M2 segment
(Odds ratio for modified Rankin Scale [mRS] of 2 in favour
of EVT 2.68; 95%-Confidence Interval (CI) 1.04–4.81) [3],
there is no evidence for other more distal vessel occlusions
(namely the M3 or M4 segment of the MCA, the A1, A2
or A3 segment of the anterior cerebral artery (ACA) or
the P1, P2 or P3 segment of the posterior cerebral artery
(PCA)). Current European Stroke Organisation (ESO) and
American Heart Association/American Stroke Association
(AHA/ASA) guidelines do not give clear recommendations
for or against EVT in patients with Medium Distal Vessel
Occlusion (MDVOs) [4, 5].

There are currently several large scale RCTs, such
as DISTAL (NCT05029414), DISTALS (NCT05152524),
DISCOUNT (NCT05030142), and ESCAPE-MeVO
(NCT05151172), actively recruiting participants to address
this crucial clinical question. As of now only retrospective
studies have addressed this question, showing in most cases
neutral effects of EVT on the long-term clinical outcome
or minor positive effects on certain endpoints [6–10].

In clinical practice MDVOs are increasingly identified
as a target for EVT despite limited evidence. This high-
lights the need for optimizing EVT approaches and gather-
ing data on technical efficacy and safety of different EVT
techniques. The primary focus of this paper is to present
clinical and patient characteristics, as well as efficacy and
safety outcomes, in patients who underwent EVT using the
3mm Trevo NXT or XP stent retriever and/or AXS Cata-
lyst 5 distal access catheter on the first pass for treatment
of MDVO in the ASSIST registry.

Methods

Study Design and Participants

The data for our analyses were gathered from the ASSIST
registry, a multinational and multicenter initiative to collect
data on patients with acute ischemic anterior circula-
tion large vessel occlusion strokes. Seventy-one clinical

sites across 11 countries took an active part in the reg-
istry, enrolling a total of 1492 patients. Before patient
recruitment, each site gained written approval from the
Ethics Committee/Institutional Review Board. This study
is registered on ClinicalTrials.gov (registration number
NCT03845491). The authors wrote this manuscript ac-
cording to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) cohort reporting
guidelines.

In addition to the requirement for presence of acute is-
chemic stroke (AIS) with occlusion in an intracranial an-
terior circulation vessel, interventionalists were required to
use Stryker Neurovascular approved products on the first
pass. Patients or their authorized representatives provided
informed consent before or within 48h after the procedure.

Three techniques of thrombectomy are of interest: stent
retriever (SR) with a balloon guide catheter (BGC), a stent
retriever combined approach (CA) and direct aspiration
without stent retriever (DA). A dedicated independent core
laboratory evaluated baseline imaging to identify the initial
occlusion site and evaluated angiograms to assess reperfu-
sion grades after each pass and the final pass. See Gupta
et al. 2024 for additional information on study design and
outcomes for the ASSIST Registry [11].

In this analysis patients were included if they (a) were
included in the ASSIST registry, (b) were treated with the
3mm Trevo NXT or XP stent retriever in combination tech-
nique or AXS Catalyst 5 alone on the first pass and (c) had
a core lab reported primary occlusion of the M2 segment
or M3 segment of the MCA or the A1, A2 or A3 segment
of the ACA.

Device Specifications

The 3mm Trevo NXT is an SR with a 3mm diameter,
32mm labeled length (stent length of 36mm) and over-
all device length of 200cm with a 0.01500 wire. Platinum
markers at the distal end allow fluoroscopic visualization.
In addition, the shaped section is also radiopaque. The Re-
triever has a hydrophilic coating to reduce friction during
use. The Retriever has a shaft marker to indicate proximity
of Retriever tip relative to Microcatheter tip.

AXS Catalyst is a distal access catheter with inner diam-
eter of 1.47mm (0.05800), designed with an outer diameter
of 1.86mm (0.07300) on its proximal end, tapering to an
outer diameter of 1.76 (0.06900) on the distal end. Its ef-
fective length, depending on the version, varies from 115
to 132cm and on its overall length from 120 to 137cm.
The AXS Catalyst 5 Distal Access Catheter is a single-
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lumen, variable-stiffness catheter designed for use in fa-
cilitating the insertion and guidance of appropriately sized
interventional devices into the neurovascular system. The
catheter shaft has a hydrophilic coating to reduce friction
during use. The catheter includes a radiopaque marker on
the distal end for angiographic visualization and a luer hub
on the proximal end allowing attachments for flushing and
aspiration.

Table 1 Baseline data

Overall
(n= 155)

SR plus BGC
(n= 5)

Direct Aspiration
(DA) (n= 34)

Combined Approach
(CA) (n= 116)

Demographics, Medical history, Medications

Age (years), mean (SD) 68.9 (14.4) 60.6 (14.9) 68.6 (12.5) 69.4 (14.8)

Female, n (%) 71 (45.8) 3 (60.0) 14 (41.2) 54 (46.6)

Hypertension, n (%) 109 (73.2) 3 (60.0) 24 (70.6) 82 (74.5)

Congestive heart failure, n (%) 11 (7.7) 2 (40.0) 4 (12.1) 5 (4.8)

Coronary artery disease, n (%) 35 (24.3) 0 (0.0) 6 (18.2) 29 (27.4)

Atrial fibrillation, n (%) 46 (30.7) 1 (20.0) 8 (23.5) 37 (33.3)

Previous history of known ICAD, n (%) 9 (6.4) 0 (0.0) 5 (14.7) 4 (3.9)

Extracranial carotid artery disease, n (%) 11 (7.6) 0 (0.0) 2 (5.9) 9 (8.6)

Diabetes mellitus, n (%) 30 (20.7) 2 (40.0) 9 (26.5) 19 (17.9)

Dyslipidemia, n (%) 67 (47.5) 3 (60.0) 17 (50.0) 47 (46.1)

Smoking Status, n (%)

Never 75 (60.0) 1 (25.0) 14 (50.0) 60 (64.5)

Current 25 (20.0) 2 (50.0) 6 (21.4) 17 (18.3)

Past 25 (20.0) 1 (25.0) 8 (28.6) 16 (17.2)

IV tPA, n (%) 72 (46.5) 2 (40.0) 13 (38.2) 57 (49.1)

Taking anti-platelets at admission, n (%) 54 (34.8) 4 (80.0) 11 (32.4) 39 (33.6)

Taking anti-coagulants at admission, n (%) 35 (22.6) 2 (40.0) 7 (20.6) 26 (22.4)

Pre-stroke mRS ≥3, n (%) 11 (7.5) 2 (40.0) 3 (9.1) 6 (5.6)

Mean NIHSS (SD) 10.4 (6.4) 13.0 (5.6) 10.0 (5.1) 10.4 (6.8)

Baseline ASPECT score, median [25th, 75th per-
centile]

8.5 [7.0, 9.0] 6.0 [6.0. 9.0] 8.0 [7.0, 9.0] 9.0 [8.0, 9.0]

General anesthesia, n (%) 71 (45.8) 1 (20.0) 13 (38.2) 57 (49.1)

Occlusion location, n (%)1

M2 145 (93.5) 5 (100.0) 32 (94.1) 108 (93.1)

M3 8 (5.2) 0 (0.0) 2 (5.9) 6 (5.2)

A1 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.9)

A2 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.9)

Time metrics

Wake-up stroke, n (%) 29 (19.2) 2 (40.0) 7 (20.6) 20 (17.9)

Time last known well to treating hospital admission
(hours), median [p25, p75]2

3.8 [1.6,7.2] 3.9 [3.7,5.2] 4.2 [2.6,10.4] 3.4 [1.4,7.1]

Time last known well to imaging (hours), median
[p25, p75]

3.1 [1.3,6.8] 4.0 [3.8,5.6] 4.5 [2.0,9.9] 2.7 [1.1,6.6]

Time last known well to groin puncture (hours),
median [p25, p75]

4.5 [3.0,8.6] 5.1 [4.3,6.9] 5.8 [3.8,11.4] 4.3 [2.7,8.3]

Time from groin puncture to end of procedure
(minutes), median [p25, p75]

31.0
[21.0,45.0]

32.0
[28.0,36.0]

28.5 [17.0,45.0] 31.0 [22.0,48.0]

1 Core lab reported, except for where core lab reported CICA or was missing. In those cases, site-reported was used, 2 If admitted to 2nd hospital,
time is calculated from time of admission to 2nd hospital. Otherwise admission to 1st hospital date/time is used. If subject already in hospital
when they started showing symptoms, time was set to missing

Primary Endpoint

The primary procedural endpoint was the proportion of pa-
tients achieving an expanded thrombolysis in cerebral in-
farction (eTICI) score of 2c or 3 on the first pass to treat the
target occlusion with the primary technique as adjudicated
by the independent core lab.
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Secondary Endpoints

Secondary procedural outcomes include the proportion of
patients achieving a final eTICI score of 2c or 3, a first
pass eTICI score of 2b or better and the number of passes.
Other secondary outcomes of interest are favorable out-
come at 90 days (mRS 0–2) as well the National Insti-
tute of Health Stroke Scale (NIHSS) Score at 24h. Safety
outcomes included the proportion of patients with a symp-
tomatic intracranial hemorrhage (sICH) within 48h, device
and/or procedure related serious adverse events (SAEs) at
90 days, and all-cause mortality at 90 days.

Statistical Methods

Frequencies and percentages are presented for categorical
variables and means and standard deviations are presented
for continuous variables. P-values were generated using
generalized linear mixed models with a random effect for
continuous variables and chi-square tests adjusted for clus-
tering for categorical variables to account for clustering
within center. In cases where the algorithm would not con-
verge, an unadjusted Fisher Exact test was used. P< 0.05
is considered statistically significant. SAS 9.4 (Cary, NC)
was used for all analyses.

Table 2 Procedural and patient outcomes

Overall
(n= 155)

SR+ BGC
(n= 5)

Direct aspiration
(DA) (n= 34)

Combined approach
(CA) (n= 116)

p-value comparing
DA and CA

First pass eTICI ≥2b50, n (%) 107 (69.9) 3 (60.0) 25 (75.8) 79 (68.7) 0.42

First pass eTICI ≥2c, n (%) 66 (43.1) 2 (40.0) 12 (36.4) 52 (45.2) 0.30

First pass eTICI= 3, n (%) 35 (22.9) 2 (40.0) 7 (21.2) 26 (22.6) 0.89

Final pass eTICI ≥2b50, n (%) 144 (93.5) 5 (100.0) 32 (94.1) 107 (93.0) 0.76

Final pass eTICI ≥2c, n (%) 92 (59.7) 3 (60.0) 19 (55.9) 70 (60.9) 0.67

Final pass eTICI= 3, n (%) 46 (29.9) 2 (40.0) 11 (32.4) 33 (28.7) 0.80

Number of passes for treatment of
target occlusion, n (%)

– 0.06

1 93 (60.0) 4 (80.0) 18 (52.9) 71 (61.2) –

2 40 (25.8) 0 (0.0) 7 (20.6) 33 (28.5)

≥3 22 (14.2) 1 (20.0) 9 (26.5) 12 (10.3)

Rescue, n (%)1 24 (15.5) 0 (0.0) 11 (32.4) 13 (11.2) 0.06

Device malfunction, n (%) 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.9) 0.991

NIHSS at 24h, mean (SD) 5.9 (6.4) 6.8 (3.3) 5.8 (6.7) 5.9 (6.4) 0.84

90 days mRS, n (%)

0–2 93 (65.0) 3 (60.0) 20 (64.5) 70 (65.4) 0.93

0–1 77 (53.9) 3 (60.0) 18 (58.1) 56 (52.3) 0.57
1 P-value adjusted for site could not be calculated due to zero cell count. Unadjusted p-value using Fisher’s Exact Test are presented. Interpret
with caution, as unadjusted p-values are smaller (more significant) than adjusted p-values

Results

From the initial 1492 patients 155 met the inclusion criteria
for this analysis. The baseline characteristics are summa-
rized in Table 1. Mean age was 68.9 (SD 14.4) years, and
71 patients (46%) were female. The most common comor-
bidities were hypertension (73%), dyslipidemia (48%) and
atrial fibrillation (31%).

Mean NIHSS at presentation was 10.4 (SD 6.4) and
92.5% of the patients were functionally independent (mRS
≤2) prior to the stroke. Patients were admitted to the treat-
ing hospital on median 3.8h after last seen well (LSW)
(25th, 75th percentile 1.6, 7.2) and received baseline imag-
ing 3.1 (25th, 75th percentile 1.3, 6.8) hours after LSW.
Occlusion location was the M2 in 145 case (93.5%), the M3
in 8 cases (5.2%) and the A1 and A2 in 1 case respectively
(0.6%). Median baseline Alberta Stroke Program early CT
score (ASPECTS) was 8.5 (25th, 75th percentile 7, 9).

Of the 155 patients included in our analysis, 116 (74.8%)
were treated with CA, 34 (21.9%) with DA and 5 (3.2%)
with a SR plus BGC. Forty-three 43 (27.7%) subjects had
both a Trevo (XP or NXT) 3mm device and a Catalyst 5
used on the 1st pass. Due to the low number of patients in
the SR plus BGC arm, all further analysis was only carried
out within the CA and DA arm. Intravenous lysis was used
in 13 cases of the DA group (38.2%) and in 57 (49.1%) of
the CA group.

Procedural and patient outcomes are summarized in
Table 2. The primary endpoint (first pass eTICI of 2c or 3)
was achieved in 66 (43.1%) of the patients in the overall
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Table 3 Safety outcomes

Overall
(n= 155)

SR plus BGC
(n= 5)

Direct Aspiration
(DA) (n= 34)

Combined approach
(CA) (n= 116)

p-value compar-
ing DA and CA

All-cause Mortality at 90 days
(±14 days), n (%)

14 (9.0) 0 (0.0) 4 (11.8) 10 (8.6) 0.55

In-hospital mortality, n (%) 3 (1.9) 0 (0.0) 1 (2.9) 2 (1.7) 0.67

Device and/or procedure related SAEs
at 90 days (±14 days), n (%)

9 (5.8) 0 (0.0) 2 (5.9) 7 (6.0) 0.98

Any intracranial hemorrhage, n (%) 45 (30.0) 1 (20.0) 7 (20.6) 37 (33.3) 0.01

Symptomatic ICH up to 48h post-pro-
cedure, n (%)

2 (1.3) 0 (0.0) 1 (2.9) 1 (0.9) 0.38

cohort. Rate of first pass eTICI 2c or 3 was not significantly
different between DA (36.4%) and CA (45.2%; p= 0.30).

Final eTICI score of 2c or 3 (55.9% in the DA group
vs 60.9% in the SRC group; p= 0.67) and first pass eTICI
score of 2b or better (75.8% in the DA group vs 68.7% in
the CA group; p= 0.42) was also not significantly differ-
ent between groups. The proportion of patients achieving
favorable outcome (mRS 0–2) was 65.0% in the overall
cohort and 64.5% in the DA group and 65.4% in the CA
group. The mean NIHSS at 24h did not differ significantly
between the groups, with mean 5.9 (SD 6.4) in the overall
cohort and 5.8 (6.7) in the DA group and 5.9 (6.4) in the
CA group.

Safety outcomes are summarized in Table 3. The rate of
all-cause mortality at 90 days was 9% and sICH up to 48h
post procedure was 1.3% and did not differ significantly
between groups. Device and/or procedure related SAEs at
up to 90 days were also not significantly different between
both groups (5.9% in the DA group vs 6.0% in the CA
group; p= 0.98). One perforation was observed in the CA
Group.

Discussion

In this paper we present the results of the ASSIST registry,
in patients treated for a distal occlusion with the Trevo 3mm
device and/or with the Catalyst 5 on the first pass. In con-
trast to the analysis of the full ASSIST data set we were
not able to find a modifying effect of the chosen frontline
technique on reperfusion results [11]. However, our analy-
sis was not powered to detect such an effect and therefore
the results must be interpreted with caution. It is noteworthy
that the observed rate of first pass eTICI 2 c or 3 (43.1%) in
this cohort did not appear to differ from the rate observed in
the full dataset (42.4%). They are also in line with recently
reported results from a randomized controlled trial evalu-
ating the pRESET (43.7%) and Solitaire device (44.3%)
in large vessel occlusions, which is encouraging [12]. The
safety data with a low rate of sICH (1.3%) and device/
procedure-related SAEs (6%) is encouraging and suggest

that the Trevo 3mm and/or the Catalyst 5 aspiration catheter
are suitable devices for MDVOs in a sample comprised of
patients with distal occlusions, primarily in the M2 location.

To our knowledge the only other data set containing core
lab adjudicated reperfusion results for M2 occlusions stems
from the HERMES collaboration. They only included the fi-
nal modified thrombolysis in cerebral infarction (mTICI) 2b
or better score and reported a rate of 59.2%, which was
lower than the 96.2% reported in the initial ASSIST data
set. While these results suggest potential improvements in
techniques and materials, compared to the 2015 random-
ized-controlled trials it must be interpreted with caution as
in the ASSIST registry enrollment could have happened up
to 48h post procedure (i.e., patients with poor results may
not have been enrolled, thus with the possibility of selec-
tion bias). A recent meta-analysis using unadjudicated ret-
rospective papers has reported a rate of first pass eTICI 2c
or 3 of 42.5% in 220 patients with primarily distal occlu-
sions, which is comparable to the 43.1% observed in our
cohort [13]. Comparison with other retrospective cohorts
is complicated as the reperfusion results were physician-
self reported and not core lab evaluated and thus could be
associated with reperfusion rate overestimation.

Reperfusion success at the first pass (defined as an
eTICI 2c or above) is correlated with improved clinical
outcomes and reduced complications [14]. While the ob-
served rate of 43.1% is encouraging, there is clearly room
for advancements which could be driven either by im-
proved techniques for the treatment of MDVOs, but also by
superior materials dedicated to the treatment of MDVOs.

Possible improvements could stem from using smaller
and softer materials (i.e., aspiration catheter and micro-
catheter), which could be associated with less straightening
of the vessels. This is important from a safety standpoint
as perforations are more likely to happen during EVT of
MDVOs than LVOs and this is a possible mechanism for
a vessel perforation [15]. Technical aspects which could im-
prove reperfusion are the use of the QUATTRO technique
which uses a quadriaxial approach and allows for the en-
trapment of the clot prior to its extraction on “large bore
aspiration catheter” similar to the SAVE technique [16].
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Possible advantages over the blind mini-pinning technique
[17], those derive from the creation of multiple “joints” in
the quadriaxial thrombectomy system and are: the reduc-
tion of the need for oversizing the aspiration catheter, the
prevention of vessel straightening, avulsion of small perfo-
rators and limiting the collapse of smaller arteries. In theory
this should be associated with less complications, however
this has to be shown in prospective trials addressing this
issue specifically in MDVOs.

The study has diverse limitations which are intrinsic to
a subgroup-analysis and are associated with the limitations
of the main ASSIST paper. Briefly, the most important lim-
itations are (a) patients were not randomized to a strategy
but it was chosen based on the preference of the treating
center, (b) some patients and their legally authorized rep-
resentatives may have been consented retrospectively after
completion of the procedure, leading possibly to a selection
bias, and (c) the main study was not powered for this anal-
ysis and therefore the absence of an effect could be due to
insufficient statistical power.

Conclusion

The data suggests that the Trevo 3mm SR and/or the AXS
Catalyst 5 may be an option to treat medium distal vessel
occlusion, but more data is needed to demonstrate safety
and efficacy in this patient cohort. Further improvements
are needed regarding materials and techniques to improve
reperfusion results in this patient cohort in the future.
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