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Abstract

Background and Purpose Direct thrombus aspiration is
increasingly used as a first-line therapy in acute ischemic
stroke with large vessel occlusion. We assessed the per-
formance and safety of a novel aspiration catheter avail-
able: the 6-French AXS Catalyst catheter.

Materials and Methods We conducted a cohort study from
a prospective clinical registry of consecutive stroke
patients treated by mechanical thrombectomy between
March 2016 and July 2016. Baseline clinical and imaging
characteristics, recanalization rates, complications, and
clinical outcomes were analyzed.

Results Among the 60 patients included, 30 were treated
using aspiration alone, 14 were treated using aspiration and
then stent retriever as a rescue therapy, and 16 were treated
using aspiration combined with a stent retriever straight-
away. Successful recanalization (mTICI2b/3) was achieved
in 85% patients and functional independence in 48.3%. We
observed one intracranial perforation and one vertebral
artery dissection. Symptomatic intracranial hemorrhage
occurred in 5% and mortality in 21.7%.
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Conclusion Endovascular stroke therapy using the AXS
Catalyst catheter seems safe and effective, with similar
performance than other reperfusion catheters.
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Abbreviations

AIS Acute ischemic stroke

ADAPT A Direct Aspiration First Pass Technique
HI Hemorrhagic infarction

ICA Internal carotid artery

VT Intravenous thrombolysis

LVO Large vessel occlusion

MCA Middle cerebral artery

MT Mechanical thrombectomy

mTICI  Modified Thrombolysis In Cerebral Infarction
PH Parenchymal hemorrhage

sICH Symptomatic intracerebral hemorrhage
Introduction

Recent guidelines include mechanical thrombectomy with
stent retriever in the early management of patients with
acute ischemic stroke with large vessel occlusion (AIS-
LVO) [1]. Fewer data on safety and efficacy are available
on other endovascular techniques such as direct aspiration.
However, some authors reported high recanalization rates
using a Direct Aspiration First Pass Technique (ADAPT)
[2], based on a first-line large-bore aspiration catheter
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advanced in direct contact with the clot. Other studies
reported shorter recanalization time and reduced cost when
using ADAPT [3]. Other endovascular strategies have been
described using a combined approach with a stent retriever
and a distal aspiration catheter, such as the stent-retriever-
assisted vacuum-locked extraction (SAVE) or the aspira-
tion-retriever technique for stroke (ARTS) techniques
[4, 5]. The 6-French AXS Catalyst (Stryker Neurovascular,
Mountain View, CA, USA) is a large-bore intermediate and
aspiration catheter designed for endovascular management
of acute ischemic stroke. It combines a long rigid stainless-
steel reinforced shaft and a flexible Nitinol braided distal
part to provide enhanced push and trackability for chal-
lenging cases with unstable catheterization of tortuous
vessels. We aimed to assess the performance and safety of
the 6-French AXS Catalyst as an aspiration catheter in first-
line endovascular treatment of AIS-LVO.

Methods
Study Design

We conducted a cohort study from the prospective clinical
registry of consecutive stroke patients treated by MT in our
comprehensive stroke center. The ethical committee clas-
sified the study as observation on March 9, 2010, and the
patient’s personal data-protecting committee approved the
study on December 21, 2010 (n° 10.677). Patients and their
relatives gave their informed consent to participate.

Population

All consecutive AIS-LVO patients who underwent MT
with the 6-French AXS Catalyst catheter between March
2016 and July 2016 at a single academic comprehensive
stroke center were included for analysis. Eligibility criteria
for IV thrombolysis (IVT) and MT were previously pub-
lished [6]. Upon admission, patients underwent brain MRI
with intracranial time-of-flight MR-angiography (TOF-
MRA) as first-line imaging (or CT and CTA, if presenting a
MR contraindication). A follow-up brain MRI with con-
trast-enhanced MR-angiography (CE-MRA), or CT and
CTA, if contraindication, was routinely performed 24-36 h
after treatment.

Endovascular Procedure

MT procedures were usually performed within 8 h of
symptom onset, under conscious sedation, using a trans-
femoral approach. An initial diagnostic cerebral angiogram
was performed to assess intracranial clot location (middle
cerebral artery, intracranial internal carotid artery, or

basilar artery). A 6-French long introducer sheath (Flexor
Shuttle Select, Cook, Bloomington, Indiana, USA) was
placed in the target cervical artery (internal carotid artery
or vertebral artery). The 6-French AXS Catalyst catheter
was placed in contact with the clot in a wedge position over
a 0.021” microcatheter (Prowler Select Plus, Cerenovus, or
Headway, Microvention) and a 0.014” guidewire (Synchro,
Stryker or Radifocus, Terumo). Clot removal was per-
formed using contact aspiration as the first-line treatment
(aspiration first group) or in conjunction with a stent
retriever (aspiration and stent-retriever group) depending
on the operator’s choice. Aspiration was always performed
using a dedicated mechanical pump. During contact aspi-
ration, thrombus perforation was avoided whenever possi-
ble, and both microcatheter and guidewire were retrieved
to improve suction force. In case of tandem occlusion,
treatment of the extracranial ICA could involve balloon
angioplasty or stenting as a retrograde approach whenever
possible.

Clinical Data Collection

Basic demographic characteristics, including vascular risk
factors and vascular history, were prospectively collected.
The National Institutes of Health Stroke Scale (NIHSS)
was evaluated by stroke neurologists upon admission and
24 h after recanalization attempt. Times of symptom onset,
IVT, groin puncture, and recanalization were recorded. The
etiology of stroke was determined using the TOAST clas-
sification [7]. Symptomatic intracerebral hemorrhage
(sICH) was defined according to ECASS-2 criteria [8].
Scores on the modified Rankin scale (mRS) were assessed
at 3 months by a stroke neurologist through formal,
structured in-person interviews [9]. For patients who did
not undergo the visit with the neurologist, a mRS score was
obtained by telephone contact with the patient or the
closest caregiver.

Imaging Data Collection

All images were reviewed by neuroradiologists blinded to
clinical data. The extent of ischemia was estimated using
DWI-ASPECT (or CT-ASPECT) scores on baseline.
Intracerebral hemorrhage (ICH) on day-1 imaging was
analyzed according to the ECASS criteria adapted to MRI
[8, 10]: hemorrhagic infarction (HI-1 or HI-2) and
parenchymal hematoma (PH-1 or PH-2). Recanalization
was rated on the basis of findings on post-procedural
conventional angiography using the modified Thromboly-
sis In Cerebral Ischemia (MTICI) scale. Successful
recanalization was defined as a grade of 2b (50-99%
reperfusion), 2¢ (near-complete reperfusion with remnant
distal cortical vascular defect), or 3 (complete reperfusion)
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on the mTICI scale [11]. First-pass effect was defined as a
complete mTICI3 recanalization of the downstream terri-
tory after a single pass of a device and no use of rescue
therapy. Procedure-related adverse events were recorded.
Anatomical difficulties (tortuosity, loops) and clot location
(MI-MCA, M2-MCA, intracranial ICA or basilar artery)
were assessed on conventional angiography images and
reports. Extracranial tortuosity was defined as the presence
of tortuosity (S- or C-shaped elongation), kinking (acute
angulation of the ICA < 60°), or coiling (exaggerated
S-shaped curve or a circular configuration) [12]. The
presence of cavernous ICA tortuosity was assessed sub-
jectively on DSA.

Outcomes

The primary outcomes were the rate of successful
recanalization of the target intracranial artery defined as a
mTICI score of 2b, 2¢ or 3, and the incidence of procedure-
related complications within 24 h after the procedure.
Secondary outcomes were the rate of functional indepen-
dence at three mounts (mRS 0-2): parenchymal hematoma,
sICH, and mortality.

Statistics

Continuous variables were expressed as mean (standard
deviation, SD) or as median (interquartile range, IQR) in
case of non-normal distribution. Normality of distributions
was assessed using histograms and the Shapiro—Wilk test.
Categorical variables were expressed as frequencies (per-
centages). Statistical analyses were performed using SPSS
version 25 (SPSS Inc., Chicago, IL, USA).

Results
Population

During the study period, among the 89 patients eligible for
inclusion, 29 were excluded: 14 patients with target artery
catheterization failure, 12 patients treated with another
thrombectomy device, and three patients treated by ICA
angioplasty/stenting without intracranial thrombectomy. A
total of 60 consecutive patients treated initially with the
6-French AXS Catalyst catheter were included for analysis.
Patients’ demographics and basic clinical baseline char-
acteristics are reported in Table 1. Overall, the mean age
was 69 years (SD 17.5), 60% were female (36/60), and
mean initial NIHSS was 17 (SD 6.2). The intracranial
occlusion site was M1 middle cerebral artery (M1-MCA) in
37/60 (61.7%), M2 middle cerebral artery (M2-MCA) in
7/60 (11.7%), intracranial carotid artery (ICA) in 10/60
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Table 1 Patients’ demographics and baseline characteristics

Overall
Characteristics (n = 60)
Demographics and medical history
Age [years, mean (IQR)] 68 (59-80)
Female 35 (58%)
Hypertension 37 (62%)
Diabetes 7 (12%)
Hypercholesterolemia 23 (38%)
Former or current smoking 16 (27%)
Current stroke event
Admission NIHSS [mean (SD)] 17 (6.43)
ASPECTS [median (IQR)] 8 (5-9)
Intracranial occlusion site
MI1-MCA 37 (61.7%)
M2-MCA 7 (11.7%)
Intracranial ICA 10 (16.7%)
Basilar artery 6 (10.0%)
Tandem occlusion 9 (15%)
Stroke etiology
TOAST 1 (atherosclerosis) 7 (11.7%)
TOAST 2 (embolism) 28 (46.7%)
TOAST 3 (other known cause) 1 (1.7%)
TOAST 4 (unknown) 24 (40.0%)
Revascularization procedures
IV thrombolysis prior MT 42 (70%)
Conscious sedation 60 (100%)

Onset to groin puncture [min, median (IQR)] 213 (216-289)

Values are number (%), mean (SD) or median (IQR)

ICA internal carotid artery, IVT intravenous thrombolysis, MT
mechanical thrombectomy, MCA middle cerebral artery, IQR
interquartile range

(16.7%), and basilar artery in 6/60 (10%) patients. Out of
60 patients, 9 (15%) presented with tandem occlusions. IV
thrombolysis was administered to 42/60 (70%) patients
prior to MT.

Patient Outcome

At 3 months, 29/60 (48.3%) patients achieved functional
independence (mRS 0-2), and 13/60 (21.7%) patients died.
Hemorrhagic transformation occurred in 27/60 (%)
patients: eight HI-1, eight HI-2, six PH-1, four PH-2.
Symptomatic intracranial hemorrhage (SICH) occurred in
3/60 (5%) patients.
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Endovascular Procedure

Out of 60 patients, 44 (73.3%) were treated using 6-F
Catalyst aspiration as first line, achieving successful
recanalization in 39/44 patients (88.6%) in a mean proce-
dural time of 30 min.

Among these patients, 30/44 were treated using aspira-
tion alone achieving successful recanalization in 83.3%,
with a 60% first-pass effect, in a mean procedural time of
22 min.

However, a stent retriever was required as a rescue
device in 14/44 patients, achieving successful recanaliza-
tion in all cases in a mean procedural time of 42 min.

Out of 60 patients, 16 (26.7%) were treated using
aspiration combined with a stent retriever straightaway,
achieving successful recanalization in 12/16 patients
(75%), with a 25% first-pass effect, in a mean procedural
time of 43 min.

Overall, successful recanalization (mTICI > 2b) was
achieved in 86.7% (52/60) of patients and complete
recanalization (mTICI 3) in 31/60 (51.7%) patients. The
6-F AXS Catalyst was successfully advanced in contact
with the clot in 95.0% (57/60). It crossed the ophthalmic
segment of the ICA in 96.3% (53/55) of patients with
anterior circulation occlusion. Tortuosity of the extracra-
nial or intracranial vessels was observed in 55.0% (33/60)
of patients. The median time from symptom to groin
puncture was 224 min (IQR 150-286), median time from
groin puncture to clot (when achieved) was 15 min (IQR
10-23), and median time of procedure was 32 min (IQR
20-50). Table 2 shows angiographic outcomes.

Complications

No erratic embolus in a new territory was detected on the
final angiograms. A perforation of a distal M2 branch
requiring coil embolization occurred in one patient (pre-
senting major vascular tortuosity). One vertebral artery
dissection was evidenced on DSA.

Discussion

Our general results are in accordance with the previously
published literature which reported similar success rate,
especially with the aspiration group. In the ASTER trial,
Lapergue et al. reported 85.4% of successful recanalization
with the same technique [2]. However, we observed a
slightly lower success rate in the aspiration and stent-re-
triever group where successful revascularization was
achieved in only 75% of patients versus 86.2% in the
ASTER trial. This difference may be explained by the
small sample size in this group and the higher prevalence

of ICA occlusions than in the direct aspiration group
(37.5% vs 9.1%), which may be considered as more chal-
lenging cases.

The Hermes meta-analysis [13] reported 29% of failed
recanalization (mTICIO-2a). In our study, among the 9/60
(15%) patients who did not achieve TICI2b/3, four had a
pre-stroke mRS > 2 and one patient was recovering from a
recent stroke (mRS = 2). The operators might have treated
these patients with less commitment knowing the pre-
dictable poor outcome as pre-stroke mRS has been shown
as a marker of poor prognosis [14]. Amid the four other
patients, one suffered from intracranial perforation which
resulted in arterial coiling. Moreover, recent studies have
reported poor recanalization rates with fibrin-rich or cal-
cified clots [15, 16]. We supposed that such challenging
clots could be responsible for most recanalization failures.

The performance of the aspiration catheter in the aspi-
ration and stent-retriever group is difficult to analyze since
the performance of each device cannot be separated. The
recanalization could be strongly correlated to the presence
of a stent retriever. Moreover, since no randomization was
performed, this study is exposed to selection bias.

The 6-F AXS Catalyst catheter has a distal inner
diameter of 0.060 in. (1.52 mm) and is then considered as a
large-bore catheter. It provides with a distal inner diameter
similar to the ACE 68 reperfusion catheter (Penumbra) and
the Sofia Plus (Microvention) that have, respectively, a
distal inner diameter of 0.068” (1.73 mm) and 0.070”
(1.78). This difference in diameter is probably responsible
for a slight decrease in suction force which did not translate
into lower recanalization rate. Its distal part is reinforced
with Nitinol wiring which gives it more push and tracka-
bility. A classical challenge when performing contact
aspiration is to successfully bypass the ophthalmic artery
which was achieved in 96.3% patients in this study.

As found in the literature, we recorded quicker
recanalization time using aspiration only as a first-line
treatment. We observed several hemorrhagic complications
in our cohort: 10/60 (16.7%) patients had a PH-1 or PH-2
on day-1 MRI. This finding might be explained by the
small sample size and the ICH rating on MRI [17] which
might overrate HI-2 to PH-1. Moreover, we observed
similar rate of symptomatic ICH than in the published lit-
erature. In the Hermes pooled data meta-analysis, Goyal
et al. reported 4.4% sICH in the intervention group versus
5% in this study [18]. Further, the occurrence of ICH has
been shown to be higher in patients with tandem occlusions
or large infarct core, which were not considered as exclu-
sion criteria in our analysis [19]. Five percent of patients
developed a sICH, whereas Mocco et al. [20] in the therapy
trial observed 9.3% in a group treated with aspiration and
thrombolysis. In terms of mortality, 21.7% of our patients
were found dead at three months which did not differ in
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Table 2 Procedural characteristics and angiographic outcomes

Overall Aspiration Aspiration then stent Aspiration Aspiration and
only retriever required (all) stent retriever
Population 60 30 (50%) 14 (31.8%) 44 (73.3%) 16 (26.7%)
Occlusion sites
MI-MCA 37 (61.7%) 21 (70%) 9 (64.3%) 30 (68.2%) 7 (43.8%)
M2-MCA 7 (11.7%) 5 (16.7%) 1 (7.1%) 6 (13.6%) 1 (6.3%)
Intracranial ICA 10 (16.7%) 1 (3.3%) 3 (21.4%) 4 (9.1%) 6 (37.5%)
Basilar artery 6 (10%) 3 (10%) 1 (7.1%) 4 (9.1%) 2 (12.5%)
Outcomes
mTICI 3 31 (51.7%) 21 (70.0%) 6 (42.9%) 27 (61.4%) 4 (25%)
mTICI 2¢-3 35 (58.3%) 22 (73.3%) 6 (42.9%) 28 (63.6%) 7 (43.8%)
mTICI 2b-2¢-3 51 (85%) 25 (83.3%) 14 (100%) 39 (88.6%) 12 (75%)
Time of procedure (min) 31 (20-48) 22 (17-31) 42 (36-56) 30 (19-42) 43 (29-56)
First-pass effect 21 (35%) 18 (60%) NA NA 4 (25%)

Values are number (%) or median (IQR)

ICA internal carotid artery, MCA middle cerebral artery, IQR interquartile range, mTICI Modified Thrombolysis In Cerebral Infarction

comparison with the ADAPT trial, where mortality rate
was 20% [21].

We observed one distal M2-MCA perforation. Two
steps could be responsible: distal guidewire perforation and
contact aspiration with a large-bore 6-F catheter in a distal
M2-MCA artery. The vertebral artery dissection occurred
while attempting to reach the clot with the 6-F Catalyst
catheter via a hypoplastic vertebral artery. In a recently
published article, Sallustio et al. [22] reported a distal
perforation and an embolus using the 6-F Catalyst for first-
line aspiration mechanical thrombectomy. We observed no
embolus in a different territory, which is probably due to
the small sample size, but this also gives insight into the
performance and safety of this device.

As described in the literature, we observed a reduced
time of procedure in the aspiration only group with a
median time of 22 min per procedure versus 43 min in the
aspiration and stent-retriever group; Turk et al. manage to
obtain mTICI2b/3 recanalization in a mean time of 37 min
in an aspiration only group with another catheter (3).

This study is mainly limited by its observational design
and by its sample size leading to an exposure to strong
selection bias.

Conclusion
Endovascular stroke therapy with the 6-French AXS Cat-
alyst catheter seems safe and effective. It provided

recanalization rates similar to other reperfusion catheters in
competitive procedural times.
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