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Abstract

Background In acute stroke, distal cerebrovascular occlusions can be linked to severe clinical symptoms, and treatment by
mechanical thrombectomy may have an important clinical impact. When intravenous fibrinolytic therapy is firmly contrain-
dicated, it remains the only treatment option.

Methods A total of 42 patients with isolated distal arterial occlusions and absolute contraindication for intravenous fibrino-
lytic therapy were retrospectively included. Mechanical thrombectomy was performed using Penumbra 4MAX or 3MAX
aspiration catheters. When aspiration alone did not result in successful revascularization, a stent retriever was added.
Results Direct thromboaspiration was the first treatment option in all patients. 16.7% of cases required the additional use of
a stent retriever. A TICI score > 2b reperfusion at the end of the procedure was obtained in 76.2% and a Rankin Score of 2
or less at 90 days in 45.7%. Two hemorrhagic complications were observed.

Conclusions Direct thromboaspiration appears a safe technique in acute isolated distal arterial occlusions. In a cohort
of patients with absolute contraindication for intravenous fibrinolytic therapy, a significant percentage achieved good
revascularization.
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Introduction These trials used a variety of treatment approaches,

including the mandatory use of intravenous thrombolysis

In 2015, five randomized trials investigated the efficacy
of modern endovascular therapies for stroke [1-5]. They
provided strong evidence to support the use of mechanical
thrombectomy when initiated within 6 h from stroke onset,
prompting worldwide changes in the guidelines for manage-
ment of acute stroke due to large-vessel occlusion.
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before the initiation of endovascular therapy.

Consequently, American Heart Association (AHA)/
American Stroke Association (ASA) published its Scien-
tific Rationale for the Inclusion and Exclusion Criteria for
Intravenous Alteplase in Acute Ischemic Stroke [6]. Even
if some of the original exclusion criteria have proven to be
unnecessarily restrictive in clinical practice, absolute con-
traindications remain.

The occlusion of smaller arteries, such as the M2 or M3
segments of the middle cerebral artery (MCA), A2 segments
of the anterior cerebral artery (ACA) or the posterior cer-
ebral artery (PCA), sometimes causes ischemic strokes with
pronounced clinical impact on the patient [7].

The updated AHA 2018 Stroke Guidelines [8] specifically
talk about distal occlusions. Notably it is stated that the use
of mechanical thrombectomy with stent retrievers may be
reasonable for carefully selected patients with acute stroke
in whom treatment can be initiated within 6 h of symptom
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onset and who have causative occlusion of the MCA seg-
ment 2 (M2) or MCA segment 3 (M3).

Some studies have highlighted the efficacy of a direct
thromboaspiration first-pass technique (ADAPT), suc-
cessfully used to improve clinical outcome in large-vessel
occlusions [9-12], to achieve revascularization and func-
tional independence for patients with acute ischemic stroke
secondary to M2 and M3 occlusions using ADAPT [13-15].

The purpose of this study is to assess the safety and
efficacy of the Penumbra system including the 3MAX and
4MAX reperfusion catheters as frontline ADAPT therapy
for acute isolated distal arterial occlusions in a cohort of
patients with absolute contraindications for intravenous
fibrinolytic therapy.

Methods

From June 2014 to June 2017, 282 mechanical thrombec-
tomies for acute ischemic stroke were performed in our
institution.

This single-center observational and retrospective study
collected data of all consecutive patients with acute distal
cerebrovascular occlusions due to MCA (from M2), PCA
(from distal P1) and ACA (from A2) undergoing ADAPT
as the first treatment option for absolute contraindication to
intravenous fibrinolytic therapy.

Before treatment, informed consent was obtained from
the patient if conscious or a legal representative.

For each patient, we considered age, sex, risk factors,
baseline mRS, NIHSS and ASPECT score (or early signs
of ischemia in vascular territory of A2 or P1-P2), time
from symptoms onset to groin puncture, time from groin
puncture to revascularization, type of endovascular pro-
cedure (ADAPT alone vs stent retriever) and device used,
TICI score at the end of the procedure, kind of anesthesia,
ASPECT score at 24 h or signs of ischemia in vascular terri-
tory of A2 or P1, complications, NIHSS at 24 h and 30 days,
Rankin Score (mRS) at 90-days follow-up.

All patients underwent unenhanced CT to exclude hem-
orrhage and CT angiography to detect cerebrovascular
occlusions. In case of uncertain onset of the symptoms (i.e.,
wake-up stroke), patients were considered eligible for treat-
ment when salvageable brain parenchyma was depicted by
perfusion CT mismatch. All patients were evaluated by a
stroke-dedicated neurologist.

Two blinded neuroradiologists with 8 and 23 years of
experience in interventional neurovascular procedures (DGR
and SB) reviewed all imaging data and assessed ASPECT
score from the baseline CT scan and the TICI scores after
intervention. They also reviewed the imaging data for com-
plications of emboli to new territory, vessel dissection,
vasospasm, vessel perforation and ICH.

Symptomatic ICH was defined by any evidence of a bleed
from head CT at 24 h after the procedure and an increase
of >4 points on the NIHSS score.

Technical approach

Endovascular approach was performed using a large guide
catheter, advanced into the internal carotid artery as distally
as possible to reach the cervical or proximal petrous segment
of the internal carotid artery or V1 tract of vertebral artery
(in posterior cerebral artery occlusions).

Then, based on the location of the clot, a 4AMAX (Penum-
bra, Alameda, California, USA) aspiration catheter (for
M2 division and P1) or a coaxial system with a large bore
catheter (ACE 0.60 or ACE 0.64) and a 3MAX (Penumbra,
Alameda, California, USA) aspiration catheter for distal clot
(for M2 branches and A2) were used.

The catheter was advanced in front of the thrombus, over
a 0.014 in. microwire. Then, aspiration was applied through
a high-vacuum aspiration pump (PMX220). As soon as the
absence of flow was noted within the aspiration system, the
catheter was slowly advanced to ensure solid engagement
with the thrombus. Aspiration was left for approximately
60-90 s (Fig. 1). When aspiration alone did not result in
successful revascularization, a stent retriever was added.
The number of attempts was guided by TICI score after
aspiration.

Technical success was defined as recanalization of the
target vessel according to TICI score > 2b.

Statistical analysis

Continuous parameters were compared using the Student’s
t test for normally distributed data or the Mann—Whitney
U test for not normally or ordinally distributed data. A p
value of 0.05% or lower was considered to be statistically
significant.

Results

We retrospectively included 42 consecutive patients with
acute ischemic stroke from distal arterial occlusions and
absolute contraindication to fibrinolytic therapy for the fol-
lowing reasons: current use of anticoagulant with INR> 1.7
or PT> 15 s (n=13), platelet count < 100 000/mm? [1], after
4.5 h time window (n=28).

Patients with wake-up stroke were 11/42.

All patients were treated in our hospital with throm-
boaspiration as first intention using the Penumbra reperfu-
sion catheter.

Target vessel occlusions were: M2 (n=46), P1 (n=4),
A2 (n=2).
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Fig. 1 Male patient, 72 y.o with
right M2 parietal branch occlu-
sion (a, b), ACE 64 reperfusion
catheter was advanced over a
3MAX aspiration catheter into
the right MCA to the site of
occlusion and left at the face of
the thrombus (¢, d), aspira-
tion was applied resulting in
successful revascularization 4 h
after symptom onset (e, f)

57.1% were female (n=24). Mean age was 75.2 years (SD
11.9, range 35-93.8), and 38.1% were older than 80 years
old (n=16).

Median baseline mRS was 0-2 in 88.10% (n=37).

Median baseline NIHSS was 18 (range 2—-27), and median
baseline ASPECT score was 10 (range 0-27) and > 6 in
97.6% (n=41).

Characteristics of the study population are shown in
Table 1.
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Mean time from symptoms onset to groin puncture
was 259 min (SD 69.5) in 31 patients with clear onset of
symptoms.

All the patients performed ADAPT as first interventional
step. In 16.7% (n=7), a stent retriever was used as second
device.

A TICI score >2b at the end of the procedure was
observed in 76.2% (TICI=2b in 15.4% and TICI=3 in
61.8%) in 27 cases (64.3%) in the ADAPT-alone group and
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Table 1 Characteristics of the study population at baseline

Age range (mean) 35-93.8 (75.2)

Male/female (n) 18/24

No risk factors, 1 (%) 24.7)
Atrial fibrillation, n (%) 20 (47.6)
Coronary artery disease, n (%) 5(11.9)
Heart failure, n (%) 6(14.3)
Diabetes, n (%) 10 (23.8)
Hypertension, n (%) 30 (71.4)
Hypercholesterolemia, n (%) 15 (35.7)
Cancer, n (%) 24.7)
Smoking habit, n (%) 6(14.3)
Valvular heart disease, n (%) 3(7.1)
TIA or stroke last 3 months, n (%) 24.7)
NIHSS median (range) 18 (2-27)
Minutes from symptoms onset to groin puncture, 259 (69.5)

mean (SD)

in 32 cases (76.2%) in the ADAPT plus stent retriever group,
respectively.

Mean number of passages was 1.85 (SD 0.96).

Hemorrhagic complications were observed in two cases;
in both cases, it was symptomatic (both in the ADAPT-alone
group).

Complications of vessel perforations or dissections were
not observed.

In 30 cases (71.4%), the procedure was performed under
general anesthesia, in seven cases (16.7%) in conscious seda-
tion and in five (11.9%) without any kind of anesthesia (only
local anesthesia at groin site of puncture).

Median ASPECT score at 24 h was 7.5 (range 1-10),
median NIHSS at 24 h was 11.5 (range 1-18) and median
NIHSS at 30 days was 6.2 (range 1-8).

Rankin Score of 2 or less at 90 days resulted in 45.7%
(n=19).

Mean time from groin puncture to revascularization was
48.4 min (SD 30.1); in particular, in ADAPT-alone group,
mean time was 42 min (SD 22.3) while in ADAPT plus stent
retriever group was 83 min (SD 41.5) (p <0.05).

Discussion

Distal strokes are less frequent than large-vessel occlusions
[16], but they can lead to severe disability in up to 50%
of the cases [17]. For this reason, treatment by mechanical
thrombectomy may have an important clinical impact.

Notably the recommendation for mechanical thrombec-
tomy for M2/M3 occlusions does not change substantively
from the 2015 AHA/American Stroke Association-focused
update.

A post hoc analysis of the STAR, SWIFT and SWIFT-
PRIME studies [16] showed that the use of a stent retriever
in M2 occlusion had similar results compared with those
with M1 occlusions in terms of successful reperfusion (85%
vs. 82%).

Most recently, primary stent retriever and direct aspira-
tion showed similar efficacy [17] and it was suggested that
the 3MAX reperfusion system is safe and effective in achiev-
ing successful revascularization and functional independ-
ence for patients with acute ischemic stroke secondary to M2
and M3 occlusions using ADAPT, either as frontline mono-
therapy, or in combination with adjunctive devices [18].

Intravenous fibrinolysis represents the gold standard for
acute distal occlusions [8].

In fact, the ischemic penumbra volume of distal occlu-
sions tends to be smaller and can also lessen the benefit of
endovascular thrombectomy.

However, when contraindicated (for the high risk of hem-
orrhagic complications or beyond the therapy time window),
mechanical thrombectomy remains the only treatment option
to reduce the risk that important eloquent areas could be
affected despite limited vascular territory involvement.

In our study, a good technical endpoint was reached in
76.2% of the cases; in particular, in 64.3% after ADAPT
only.

A good clinical endpoint was reached in 45.7% of the
cases, most of which after ADAPT only.

In Table 2 (modified from Chen et al.), a comparison
between our results and previous works is presented. [19].

Park et al. [20] and Altenbernd et al. [14] achieved 84%
and 100% of successful reperfusion using Penumbra 4AMAX
and Penumbra 3MAX reperfusion catheters, respectively.

Mokin et al. [17] performed a multicenter retrospective
analysis of consecutive patients with acute MCA M2 seg-
ment occlusion who underwent thrombectomy with stent
retrievers or primary aspiration thrombectomy. Authors
found no differences in terms of efficacy between direct
thromboaspiration and primary stent retriever thrombec-
tomy. In 29% of cases in which direct thromboaspiration
was performed, a stent retriever was subsequently used.

In our population, the percentage of use of a stent
retriever is 16.7%: This lower result could be justified by
operator’s comparable technical expertise in a single-center
study.

Kim et al. [18] achieved substantially the same clini-
cal outcome in the treatment of M2 occlusions using stent
retriever versus thromboaspiration, with slightly less com-
plications in the last.

Notably aspiration catheters offer an alternative strat-
egy for achieving thrombus removal by applying suction
at the proximal portion of the occlusion and drawing it
into the catheter lumen. Several Penumbra aspiration cath-
eters have been developed for aspiration thrombectomy
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Table2 A comparison between previous studies and the current study (table modified from Chen et al. [19])

Population Mean age (y.0) Median IV rt-PA, N (%) Technique TICI2b-3% mRS 0-2% sICH Duration,
NIHSS at 90 days median
(baseline) (min)
Flores et al. 65 66 16 35 (54%) Stent retriever 71 51 9 -
Coutinho et al. 50 71 13 36 (72) Stent retriever 68 60 2 29
Kim et al. 41 72 13 20 (49) Stent retriever, 78 80 2 -
FAST
Protto et al. 22 69.8 14 9(41) Stent retriever 77 50 - -
Sarraj et al. 288 66 16 172 (60) Stent retriever, 78 63 6 41
aspiration
Park et al. 32 70.1 10,9 28 (88) Aspiration 84 78 0 -
Mokin et al. 117 67 15 52 (44) Stent retriever, 85 56 - -
ADAPT, others
Present study 42 75.2 18 0 ADAPT (stent 76.2 45.7 2 40
retriever)
including 4MAX and 3MAX. Each of these catheters Conclusions

is compatible with the Penumbra continuous aspiration
pump. The Penumbra reperfusion catheter has a highly
navigable flexible tip, and it could help to overcome
impedance with the use of a coaxial system (0.021 in.
microcatheter and 0.014 in. microwire).

Some authors found that successful or unsuccessful rep-
erfusion was associated with the location of the thrombus
and the tortuosity between M1 and M2 [18].

In the present study, a good clinical endpoint was
obtained in 45.7%. The smaller percentage of successful
outcome was explained by the inclusion criteria (patients
with absolute contraindication for intravenous fibrino-
lytic therapy) and clinical characteristics of our popula-
tion (moderate to severe stroke with a mean NIHSS score
of 18).

The duration of the endovascular treatment (time from
groin puncture to reperfusion) was significantly lower in
patients who underwent ADAPT alone because a stent
retriever was used in case of failure of ADAPT. Nonethe-
less, switching to other techniques might provide better
angiographic outcomes in cases with unsuccessful rep-
erfusion after a few attempts with the ADAPT technique.

General anesthesia (used in 71.4% of cases), keeping
the patient motionless, allows a safer procedure when deal-
ing with a small intracranial vessel occlusion and permits
the operator to concentrate on the procedure.

Procedural or anesthetic complications did not occur in
the present study.

The risk profile for symptomatic bleeding was similar
to that in recently reported controlled clinical trials [1-5].

Main limitations of this paper are the lack of randomi-
zation and the fact that it is a single-center, retrospective
and observational study over a long period.

@ Springer

In a cohort of patients with absolute contraindication for
intravenous fibrinolytic therapy, a significant percentage
achieved good revascularization.

Direct thromboaspiration appears a safe technique in
acute isolated distal arterial occlusions. In case of failure, a
stent retriever was used as adjunctive treatment.

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interest.

Ethical approval This article does not contain any studies with animals
performed by any of the authors.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA,
Lingsma HF, Yoo AJ, Schonewille WJ, Vos JA, Nederkoorn PJ,
Wermer MJ, van Walderveen MA, Staals J, Hofmeijer J, van Oost-
ayen JA, Lycklama a Nijeholt GJ, Boiten J, Brouwer PA, Emmer
BJ, de Bruijn SF, van Dijk LC, Kappelle LJ, Lo RH, van Dijk EJ,
de Vries J, de Kort PL, van Rooij WJ, van den Berg JS, van Has-
selt BA, Aerden LA, Dallinga RJ, Visser MC, Bot JC, Vroomen
PC, Eshghi O, Schreuder TH, Heijboer RJ, Keizer K, Tielbeek AV,
den Hertog HM, Gerrits DG, van den Berg-Vos RM, Karas GB,
Steyerberg EW, Flach HZ, Marquering HA, Sprengers ME, Jen-
niskens SF, Beenen LF, van den Berg R, Koudstaal PJ, van Zwam
WH, Roos YB, van der Lugt A, van Oostenbrugge RJ, Majoie CB,
Dippel DW, MR CLEAN Investigators (2015) A randomized trial
of intraarterial treatment for acute ischemic stroke. N Engl J Med
372(1):11-20



La radiologia medica (2019) 124:408-413

413

Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM,
Albers GW, Cognard C, Cohen DJ, Hacke W, Jansen O, Jovin TG,
Mattle HP, Nogueira RG, Siddiqui AH, Yavagal DR, Baxter BW,
Devlin TG, Lopes DK, Reddy VK, du Mesnil de Rochemont R,
Singer OC, Jahan R, SWIFT PRIME Investigators (2015) Stent-
retriever thrombectomy after intravenous t-PA vs. t-PA alone in
stroke. N Engl J 372:2285-2295

Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L,
Yassi N, Yan B, Dowling RJ, Parsons MW, Oxley TJ, Wu TY,
Brooks M, Simpson MA, Miteff F, Levi CR, Krause M, Har-
rington TJ, Faulder KC, Steinfort BS, Priglinger M, Ang T, Scroop
R, Barber PA, McGuinness B, Wijeratne T, Phan TG, Chong W,
Chandra RV, Bladin CF, Badve M, Rice H, de Villiers L, Ma H,
Desmond PM, Donnan GA, Davis SM, EXTEND-IA Investigators
(2015) Endovascular therapy for ischemic stroke with perfusion-
imaging selection. N Engl J Med 372(11):1009-1018

Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thorn-
ton J, Roy D, Jovin TG, Willinsky RA, Sapkota BL, Dowlatshahi
D, Frei DF, Kamal NR, Montanera WJ, Poppe AY, Ryckborst KJ,
Silver FL, Shuaib A, Tampieri D, Williams D, Bang OY, Baxter
BW, Burns PA, Choe H, Heo JH, Holmstedt CA, Jankowitz B,
Kelly M, Linares G, Mandzia JL, Shankar J, Sohn SI, Swartz RH,
Barber PA, Coutts SB, Smith EE, Morrish WF, Weill A, Subra-
maniam S, Mitha AP, Wong JH, Lowerison MW, Sajobi TT, Hill
MD, ESCAPETriallnvestigators (2015) Randomized assessment
of rapid endovascular treatment of ischemic stroke. N Engl ] Med
372(11):1019-1030

Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA,
Rovira A, San Roman L, Serena J, Abilleira S, Ribé M, Millan
M, Urra X, Cardona P, Lépez-Cancio E, Tomasello A, Castafio C,
Blasco J, Aja L, Dorado L, Quesada H, Rubiera M, Hernandez-
Pérez M, Goyal M, Demchuk AM, von Kummer R, Gallofré M,
Davalos A, REVASCAT Trial Investigators (2015) Thrombectomy
within 8 hours after symptom onset in ischemic stroke. N Engl J
Med 372(24):2296-2306

Demaerschalk BM, Kleindorfer DO, Adeoye OM, Demchuk
AM, Fugate JE, Grotta JC, Khalessi AA, Levy EI, Palesch YY,
Prabhakaran S, Saposnik G, Saver JL, Smith EE, American Heart
Association Stroke Council and Council on Epidemiology and
Prevention (2016) Scientific rationale for the inclusion and exclu-
sion criteria for intravenous alteplase in acute ischemic stroke: a
statement for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 47(2):581-641
Sheth SA, Yoo B, Saver JL, Starkman S, Ali LK, Kim D, Gonzalez
NR, Jahan R, Tateshima S, Duckwiler G, Vinuela F, Liebeskind
DS, UCLA comprehensive Stroke Center (2015) M2 occlusions
as targets for endovascular therapy: comprehensive analysis of
diffusion/perfusion MRI, angiography, and clinical outcomes. J
Neurointerv Surg 7(7):478-483

Powers W], Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis
NC, Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B,
Jauch EC, Kidwell CS, Leslie-Mazwi TM, Ovbiagele B, Scott PA,
Sheth KN, Southerland AM, Summers DV, Tirschwell DL, Ameri-
can Heart Association Stroke Council (2018) 2018 guidelines for
the early management of patients with acute ischemic stroke: a
guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke 49(3):e46—e110
Romano DG, Cioni S, Vinci SL, Pero G, Comelli C, Comai A,
Peschillo S, Mardighian D, Castellan L, Resta F, Piano MG,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Comelli S, Barletta L, Puliti A, Leonini S, Bracco S (2017)
Thromboaspiration technique as first approach for endovascular
treatment of acute ischemic stroke: initial experience at nine Ital-
ian stroke centers. J Neurointerv Surg 9(1):6-10

Romano DG, Cioni S, Leonini S, Gennari P, Vallone IM, Zan-
donella A, Puliti A, Tassi R, Casasco A, Martini G, Bracco S
(2016) Manual thromboaspiration technique as a first approach for
endovascular stroke treatment: a single-center experience. Interv
Neuroradiol 22(5):529-534

Vargas J, Spiotta A, Fargen K, Turner R, Chaudry I, Turk A (2017)
Long term experience using the ADAPT technique for the treat-
ment of acute ischemic stroke. J Neurointerv Surg 9(5):437-441
Delgado Almandoz JE, Kayan Y, Young ML et al (2016) Compar-
ison of clinical outcomes in patients with acute ischemic strokes
treated with mechanical thrombectomy using either Solumbra or
ADAPT techniques. J Neurointerv Surg 8:1123-1128

Premat K, Bartolini B, Baronnet-Chauvet F, Shotar E, Degos V,
Muresan P, Di Maria F, Gabrieli J, Rosso C, Pistocchi S, Chiras J,
Sourour N, Alamowitch S, Samson Y, Clarencon F (2017) Single-
center experience using the 3MAX reperfusion catheter for the
treatment of acute ischemic stroke with distal arterial occlusions.
Clin Neuroradiol 28:553-562

Altenbernd J, Kuhnt O, Hennigs S, Hilker R, Loehr C (2017)
Frontline ADAPT therapy to treat patients with symptomatic M2
and M3 occlusions in acute ischemic stroke: initial experience
with the Penumbra ACE and 3MAX reperfusion system. J Neu-
rointerv Surg 10:434-439

Sarraj A, Sangha N, Hussain MS, Wisco D, Vora N, Elijovich
L, Goyal N, Abraham M, Mittal M, Feng L, Wu A, Janardhan
V, Nalluri S, Yoo AJ, George M, Edgell R, Shah RJ, Sitton C,
Supsupin E, Bajgur S, Denny MC, Chen PR, Dannenbaum M,
Martin-Schild S, Savitz SI, Gupta R (2016) Endovascular therapy
for acute ischemic stroke with occlusion of the middle cerebral
artery M2 segment. JAMA Neurol 73(11):1291-1296

Coutinho JM, Liebeskind DS, Slater LA, Nogueira RG, Baxter
BW, Levy EI, Siddiqui AH, Goyal M, Zaidat OO, Davalos A,
Bonafé A, Jahan R, Gralla J, SaverJL PereiraVM (2016) Mechani-
cal thrombectomy for isolated M2 occlusions: a post hoc analysis
of the STAR, SWIFT, and SWIFT PRIME studies. AJNR Am J
Neuroradiol 37(4):667-672

Mokin M, Primiani CT, Ren Z, Kan P, Duckworth E, Turner RD
4th, Turk AS, Fargen KM, Dabus G, Linfante I, Dumont TM,
Brasiliense LBC, Shallwani H, Snyder KV, Siddiqui AH, Levy
EI (2017) Endovascular treatment of middle cerebral artery M2
occlusion strokes: clinical and procedural predictors of outcomes.
Neurosurgery 81(5):795-802

Kim YW, Son S, Kang DH, Hwang YH, Kim YS (2017) Endo-
vascular thrombectomy for M2 occlusions: comparison between
forced arterial suction thrombectomy and stent retriever thrombec-
tomy. J Neurointerv Surg 9(7):626-630

Chen CJ, Wang C, Buell TJ, Ding D, Raper DM, Ironside N,
Paisan GM, Starke RM, Southerland AM, Liu K, Worrall BB
(2017) Endovascular mechanical thrombectomy for acute middle
cerebral artery M2 segment occlusion: a systematic review. World
Neurosurg 107:684-691

Park JS, Kwak HS (2016) Manual aspiration thrombectomy using
penumbra catheter in patients with acute M2 occlusion: a single-
center analysis. J Korean Neurosurg Soc 59(4):352-356

@ Springer



	Single-center experience using the 3MAX or 4MAX reperfusion catheter for the treatment of acute ischemic stroke with distal arterial occlusions in patients not eligible for intravenous fibrinolysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Technical approach
	Statistical analysis

	Results
	Discussion
	Conclusions
	References




