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Abstract
Background and purpose TheAperio thrombectomy device (Aperio) is a stent retriever designed to achieve rapid and substantial
flow restoration in acute ischemic stroke due to large-vessel occlusions (LVOs). We evaluated the safety and efficacy of the
Aperio device and compared it with published data of established stent retrievers.
Methods We retrospectively analyzed institutional data of consecutive stroke procedures in patients with LVO in the anterior
circulation that were treated between January 2017 and December 2017 with the Aperio. Reperfusion rate regarding to the
extended thrombolysis in cerebral infarction scale (eTICI), procedural times, early clinical outcome, and complications were
documented.
Results Eighty-two patients were treated by using the Aperio in LVO in the anterior circulation. Median age was 77 (± 12) years
(w = 59.8%). Median Baseline National Institutes of Health Stroke Scale (NIHSS) score was 14. Fifty-three (64.6%) patients
received intravenous thrombolysis. Successful recanalization (eTICI≥2b) was achieved in 85.3%.Mean time from groin puncture
to final recanalization was 52.3 ± 34.8 min. Embolization to new territories occurred in one case. Symptomatic intracranial
hemorrhage within 24 h was observed in six patients (7.3%). Twenty-eight (41.2%) out of 68 patients available for assessment
of functional outcome at 3 months achieved favorable outcome (mRS 0–2).
Conclusion The Aperio stent retriever mechanical thrombectomy device demonstrated high rates of successful reperfusion and a
good safety profile in patients with acute ischemic stroke due to LVO in the anterior circulation.

Keywords Ischemic stroke .M1 segment occlusion . Aperio thrombectomy device . Thrombectomy . Clinical outcome

Introduction

Major acute ischemic stroke trials have demonstrated the clin-
ical benefit and superior reperfusion efficacy of endovascular
therapy using stent retriever thrombectomy devices compared
to medical treatment [1–4]. Presently, stent retrievers are

considered as the standard of care for treatment of acute
ischemic stroke secondary to large-vessel occlusion [5].
The first-generation devices for thrombectomy (TE) in-
cluded the Merci Retriever system (Stryker, Kalamazoo,
MI, USA) and the Penumbra aspiration system (Penumbra
Inc., Alameda, CA, USA). Second-generation treatment
devices included modern endovascular stent retrieval de-
vices, such as the Solitaire (ev3/Covidien, Irvine, CA,
USA) and the Trevo (Stryker), which demonstrated high
rates of successful recanalization and good neurological
outcome. The purpose of this single-center case series
was to evaluate the technical effectiveness of the Aperio
device in achieving revascularization of anterior circula-
tion large-vessel occlusions (LVOs) in comparison with
the results of the major stent retriever trials.
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Material and methods

Our study was approved by our hospital’s institutional review
board. We retrospectively analyzed our institutional
neurointerventional database to examine the radiological and
clinical outcomes in all consecutive patients with LVO in the
anterior circulation who were treated with TE using the
Aperio stent retriever between January 2017 and December
2017. Patients were informed about the approach, benefits,
and risks of the planned procedure in the emergency setting,
and the informed consent was obtained prior to intervention.
The current cohort is part of a larger study group in which
written informed consent for retrospective data analysis was
obtained from all patients or their next of kin. When patients
passed away during hospitalization, the requirement for writ-
ten informed consent was waived.

Inclusion criteria

The study enrolled adults with occlusion of the M1
segment of the middle cerebral artery (MCA), tandem
occlusion (internal carotid artery (ICA) and carotid-T or
ICA and M1/M2 occlusion), proximal M2 segment oc-
clusion, carotid T-occlusion, and intracranial ICA occlu-
sion receiving stent retriever thrombectomy as first-line
endovascular treatment; no age limit, no baseline
National Institutes of Health Stroke Scale (NIHSS)
score limit at admission, and no time limit from symp-
tom onset to treatment were applied to restrict study
inclusion. Standardized stroke imaging at our institution
included non-contrast-enhanced cranial computed to-
mography (NECCT), CT perfusion (CTP), and CT angi-
ography (CTA). If the time from symptom onset to ad-
mission was uncertain, patients were scanned with mag-
netic resonance imaging (MRI), applying diffusion-
weighted imaging (DWI), MR perfusion scanning, and
fluid-attenuated inversion recovery (FLAIR) image to
discern between salvageable and terminally infarcted tis-
sue. Patients received intravenous thrombolysis (IVT), if
eligible, according to the guidelines of the German
Society of Neurology. Extensive early ischemic signs
or hemorrhage were excluded in pre-interventional im-
aging by CT or MRI on a case-by-case basis. Treatment
of patients was not restricted in regard to ASPECTS.
Eligibility for thrombectomy, as established in CTA or
TOF-MRA, was determined individually for each patient
in consensus between neurologis ts and neuro-
interventionalists. The decision is primarily based on
the infarct-core/penumbra mismatch, stroke severity, es-
timated procedural risk, probability of recanalization by
IVT, contraindication for IVT, comorbidities, and social
and medical pre-stroke conditions. Exclusion criteria
were intracranial hemorrhage.

Interventional procedure

The interventional procedures were performed under analgesia
(1–2 g novaminsulfone as short infusion) and local anesthesia
of the groin. General anesthesia was performed in patients with
Glasgow coma scale < 8 or in case of extreme agitation. After
local anesthesia of the groin, access was performed using a long
8F sheath or additional guiding catheter positioned in the distal
ICA. Stent retriever thrombectomy (Aperio 4.5 × 40mm, 4.5 ×
30 mm, o r 3 .5 × 28 mm) comb ined wi th loca l
thromboaspiration via 5F or 6F intracranial intermediate cath-
eter (SOFIA®, MicroVention, Düsseldorf, Germany) at the
proximal occlusion site was performed. After passing the clot
with a 0.014 microwire, a microcatheter was advanced beyond
the distal end of the clot and the position was verified by an-
giographic control run via the microcatheter. The Aperio was
advanced through the microcatheter until its distal markers
were lined up beyond the occlusion. The aim was an overlap
of the stent retriever and the clot to catch the lost embolic
fragments. The Aperio was deployed by withdrawing the
microcatheter by gently pushing the stent retriever to improve
expansion into the clot. Subsequently, the stent retriever was
removed into the intracranial intermediate catheter under man-
ual local aspiration via a 20-ml syringe (termed the Solumbra
technique) [6]. A resistance during retraction of the stent re-
triever into the intermediate catheter (IMC) indicated a mis-
match between clot size and lumen of the IMC. In these cases,
the entire assembly (IMC and stent retriever with the trapped
clot as one unit) was locked and carefully withdrawn under
continuous distal and proximal manual aspiration into the long
8F sheath or guiding catheter referring to the currently de-
scribed SAVE technique [7]. Biplane follow-up angiograms
were performed to document final revascularization results. In
case of persistent thrombus, the procedure was repeated.
Arterial puncture sites were closed by vascular closure devices
(Angio-Seal™, Terumo, Tokyo, Japan).

The time from symptom onset to stroke imaging, to groin
puncture, and to recanalization was captured. Devices and
medication used during the interventional procedures, the du-
ration, and intraprocedural complications were evaluated from
the treatment protocols. After the intervention, patients were
admitted to the stroke unit of our hospital and treated accord-
ing to in-house standard operating procedures.

Device description

The Aperio thrombectomy device (Aperio; Acandis,
Pforzheim, Germany) is a further innovative self-expanding
thrombectomy device with a hybrid cell design aiming to fa-
cilitate a good vessel wall apposition, clot interaction, and
efficient clot retention. The repeating functional segments al-
low adapting the working length to the thrombus length with
retained functionality also in tortuous vessels (Fig. 1). The
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device has two wire markers to support the positioning of the
device and three distal device markers to indicate the distal
device end and the grade of expansion under fluoroscopy
(Fig. 2).

Imaging data

The location of the occlusion was assessed on CT or MR
angiographic images. Collateral supply of the occluded
MCA territory from pre-interventional CTA scans was scored
based on collateral grading system of Tan et al. on a scale of 0–
3 [8]. Pretreatment cerebral infarction, according to the
Alberta Stroke Program Early CT score (ASPECTS), was
assessed by CCT or according to the DWI-ASPECTS by
MRI. Posttreatment ASPECTS and intracerebral hemorrhage
(ICH), according to the European Cooperative Acute Stroke
Study classification (ECASS: not space occupying hemor-
rhagic infarction (HI1, HI2), space occupying parenchymal
hematoma (PH1, PH2)) [9], were assessed by follow-up im-
aging CCT that was routinely performed 6–24 h after
treatment.

Clinical and angiographic assessment, complications

For each patient, a neurological examination was performed at
admission by the attending neurologist in the emergency de-
partment, including detailed assessment of NIHSS, modified
Rankin Scale (mRS) scores. Postinterventional NIHSS and
mRS were assessed by the treating neurologist at discharge.
mRS at 3-month follow-up was assessed by a standardized
telephone interview by one investigator (D.W.). The time from
symptom onset to start of angiography (groin puncture) and
the time to final recanalization (TTFR) were captured.

Angiographic outcome was graded by the extended thrombol-
ysis in cerebral infarction scale (eTICI, in the following ab-
breviated as TICI) that includes TICI 2c grade referring to near
complete perfusion except for slow flow in a few distal corti-
cal vessels, or presence of small distal cortical emboli [10, 11].
Revascularization success was evaluated independently by
two experienced neuroradiologists (MGK and JC) in a blinded
imaging reading. In case of differing results, consensus read-
ing was performed. Number of device passes to successful
recanalization (TICI≥2b) and grade of revascularization TICI
2b, TICI 2c, and TICI 3 after first device pass (FP) were
obtained. Complications such as embolization in a previously
uninvolved territory on angiogram (embolization to new ter-
ritories (ENT)), symptomatic intracranial hemorrhage (sICH),
and procedure-related mortality rate were assessed.

Results

In 97 stroke patients with the predefined occlusion pat-
terns of the anterior circulation a mechanical TE was
performed between January 2017 and December 2017
with ICA occlusion in 3 (3.1%), carotid-T in 2
(2.1%), M1 in 63 (64.9%), tandem occlusion in 14
(14.4%), and proximal M2 segment occlusion in 15
(15.5%). Of 97 patients, 82 (85.6%) underwent TE
using the Aperio stent retriever. Detailed occlusion pat-
terns of patients that were treated with the Aperio are
given in Table 1. First-line intention to treat (ITT) with
the Aperio stent retriever was in 88 patients. There were
6 cases of first-line ITT with the Aperio in that the
device was not deployed. In one patient, after extracra-
nial carotid stent deployment, intracranial occlusion of

Fig. 2 Fluoroscopy image of the complete released Aperio device (with
kind permission of Acandis). Visible parts from proximal to distal are (1)
tip of the microcatheter (red frame); (2) + (3) proximal and distal transport

wire marker makes total length visible; (4) three distal device markers
indicating complete expansion

Fig. 1 The Aperio device. Photograph (with kind permission of Acandis). Functional segment (between red lines): small closed cells, large open cells;
repeating functional segments allowing adaption of working length to thrombus length
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Table 1 Baseline data, angiographic results, clinical outcome, and complications

Overall patients treated
with Aperio

Patients with
follow-up

Patients without
follow-up

Patients with failed intention to
treat with Aperio

Sample size n = 82 patients n = 68 patients n = 14 patients n = 6 patients

Age (mean ± SD) 77 ± 12 76 ± 12 78 ± 14 75 ± 12

Sex (n) w = 49, m = 33 w = 43, m = 25 w = 6, m = 8 w = 3, m = 3

Medical history, n (%)

Hypertension 66 (80.5) 54 (79.4) 12 (85.7) 5 (83.3)

Diabetes mellitus 22 (26.8) 19 (27.9) 3 (21.4) 0 (0)

Atrial fibrillation 49 (59.8) 40 (58.8) 9 (64.3) 1 (16.7)

Dyslipidemia 37 (45.1) 30 (44.1) 7 (50) 4 (66.7)

Smoking 17 (20.7) 15 (22.1) 2 (14.3) 1 (16.7)

Previous ischemic stroke/transient ischemic at-
tack

14 (17.1) 11 (16.2) 3 (21.4) 0 (0)

IVT 53 (64.6) 42 (61.8) 11 (78.6) 6 (100)

NIHSS pre, median 14 14 14 7

mRS pre, median 5 5 5 5

Prestroke imaging

CTA-collateral score (0–3), median 1 1 1 2

ICA occlusion, n (%), right/left 0 (0)/1 (1.2) 0 (0)/1 (1.5) 0 (0)/0 (0) 0 (0)/1 (16.7)

Carotid T-occlusion n(%), right/left 1 (1.2)/1 (1.2) 1 (1.5)/1 (1.5) 0 (0)/0 (0) 0 (0)/0 (0)

M1-occlusion, n (%), right/left 29 (35.4)/33 (40.2) 27 (39.7)/26
(38.2)

2 (14.3)/7 (50) 0 (0)/0 (0)

Tandem (ICA + carotid-T/M1/M2) occlusion, n
(%), right/left

5 (6.1)/4 (4.9) 5 (7.4)/4 (5.9) 0 (0)/0 (0) 4 (66.7)/0 (0)

Proximal M2 occlusion, n (%), right/left 3 (4.7)/5 (6.1) 0 (0)/3 (4.4) 3 (21.4)/2 (14.3) 0 (0)/1 (16.7)

ASPECTS, median 10 (range 6–10) 10 (range 6–10) 10 (range 7–10) 10 (range 10–10)

Procedural data

Onset to groin puncture (min), mean ± SD 204.9 ± 94.3 211.9 ± 105.3 190 ± 68.7 111.0 ± 45.5

Time from groin puncture to final recanalization
(min), mean ± SD

52.3 ± 34.8 47.9 ± 35.5 65.6 ± 32.8 47.3 ± 16.3

Number of passes, mean ± SD 2.6 ± 1.7 2.6 ± 1.7 2.8 ± 1.4 NA

Number of device passes to TICI 2b-3
recanalization, median (range)

2 (1–6) 2 (1–6) 2 (1–4) NA

Rate of recanalization after stent retriever first pass:

TICI 2b, n (%) 22 (26.8) 18 (26.5) 5 (35.7) NA

TICI 2c, n (%) 4 (4.9) 4 (5.9) 0 (0) NA

TICI 3, n (%) 10 (12.2) 8 (11.8) 2 (14.3) NA

IA tPA, n (%) 25 (30.5) 22 (32.4) 3 (21.4) 2 (33.3)

Final angiographic and postprocedural imaging outcomes

TICI 0, n (%) 3 (3.7) 2 (2.9) 1 (7.1) 2 (33.3)

TICI 2a, n (%) 9 (11) 8 (11.8) 1 (7.1) 1 (16.7)

TICI 2b, n (%) 25 (30.5) 21 (30.9) 4 (28.6) 2 (33.3)

TICI 2c, n (%) 18 (21.9) 19 (27.9) 0 (0) 0 (0)

TICI 3, n (%) 27 (32.9) 18 (26.5) 8 (57.1) 1 (16.7)

ASPECTS, median 6 6 6 8

Clinical outcome

Mortality (30 days), n (%) 14 (17.1) 14 (20.5) NA 2 (33.3)

3-month mRS (median) 3 3 NA 6 (n = 5 patients available for
follow-up)

n of patients (%) of mRS ≤ 2 (at 3-month
follow-up)

28 (34.1) 28 (41.2) NA 2 (40.0)

n (%) mRS 0 11 (13.4) 11 (16.2) NA 1 (20.0)

n (%) mRS 1 9 (11.0) 9 (13.2) NA 1 (20.0)
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M1 was already recanalized; in two patients with tan-
dem occlusion, ICA was occluded over a long distance
and aspiration TE was performed as FP, resulting in full
recanalization of ICA and M1 segment occlusion; and
in two patients (one ICA occlusion, one M2 occlusion),
TE had to be terminated because supra-aortal access
failed due to anatomic and technically reasons. In one
patient, Aperio was not deployable because of kinking
of the M2 segment with small diameter. In one case, a
solitaire stent retriever was used for FP and in another
case, an ERIC stent retriever for FP of M1 segment
occlusions; in both cases, choice of the device used
was at the discretion of the operator.

In seven patients, sole aspiration was intended and per-
formed as FP, in one patient due to a long-segment extra-
and intracranial ICA occlusion without M1 occlusion, and
in six patients with M2 occlusions due to the curved ves-
sel anatomy with small vessel diameter.

Fifty-three patients (64.6%) of the stent retriever group
received intravenous tissue plasminogen activator (IVT)
prior to endovascular procedure. Mean age of the patients
was 77 years (SD ± 12); 59.8% were women. Median
baseline NIHSS was 14, and median pretreatment mRS
was 5. Baseline median ASPECTS was 10, and median
collateral score was 1. The mean time from symptom on-
set to groin puncture was 204.9 ± 94.3 min (Table 1).

There were no noticeable differences in the baseline
data of the medical history between patients with 3-
month follow-up (FU) compared to patients without FU
with exception of a higher IVT rate in patients without FU
(78.6% vs. 61.8%). Prestroke imaging revealed higher M1
occlusion rates in patients in the FU group than in patients
without FU (77.9% vs. 64.3%), but proximal M2 occlu-
sion was markedly higher in patients without FU (35.7%
vs. 4.4%). Overall baseline median collateral score was 1.

Technical success

Major revascularization (TICI≥2b) was achieved in 85.3%.
Detailed final and FP TICI recanalization grade is summarized
in Table 1. Cohen’s kappa demonstrated a high interrater reli-
ability for TICI scoring (kappa 0.9422). Overall mean time to
final recanalization (TTFR) proceeding from femoral access
to final revascularization was 52.3 ± 34.8 min. Median
ASPECTS after treatment was 6. Mean of stent retriever
passes was 2.6. FP final recanalization (TICI2b-3) was
achieved in 43.9% (36/82). In all cases, the Aperio was the
first-line stent retriever device without using more than one
stent retriever device. Aperio devices with a size of 4.5 ×
40 mm were used in 42 patients, 4.5 × 30 mm in 37 patients,
and of 3.5 × 28 mm in 3 patients.

Median of device passes to TICI 2b/3 revascularization
was 2. IA tPA rate was higher in patients with follow-up ex-
amination compared to those without (32.4% vs. 21.4%).
Final TICI≥2b rate was comparable in patients with and with-
out available FU (85.3% vs. 85.7%), but patients without FU
demonstrate a markedly higher rate of TICI 3 revasculariza-
tion (57.1% vs. 26.5%). Final TICI≥2c was achieved in
54.9%. The posttreatment median ASPECTS was 6 (Table 1).

Clinical outcome and complications

Out of 82 patients, 68 (82.9%) were available for a follow-up
after 3 months. A favorable clinical outcome according to the
mRS scale (mRS 0–2) was achieved in 41.2% (28/68) patients
(Table 1). Overall early mortality was 17% (14/82). Overall
mortality after 3 months was 22.1% (15/68). There was no
procedure-related death. Postprocedure sICH due to hemor-
rhagic infarction occurred in six patients (7.3%).
Asymptomatic hemorrhagic transformation or parenchymal
hematoma (HI1, HI2, PH1) was observed in 15 patients

Table 1 (continued)

Overall patients treated
with Aperio

Patients with
follow-up

Patients without
follow-up

Patients with failed intention to
treat with Aperio

n (%) mRS 2 8 (9.8) 8 (11.8) NA 0 (0)

n (%) mRS 3 6 (7.3) 6 (8.9) NA 0 (0)

n (%) mRS 4 13 (15.9) 13 (19.1) NA 0 (0)

n (%) mRS 5 6 (7.3) 6 (8.8) NA 0 (0)

Mortality (3-month), n (%) mRS 6 15 (18.3) 15 (22.1) NA 3 (60.0)

Complications

Emboli to new territories (ENT), n (%) 1 (1.2) 1(1.5) 0 (0) 0 (0)

sICH within 24 h, n (%) 6 (7.3) (PH Typ2) 4(5.9) (PH
Typ2)

1 (7.1) (PH Typ2) 0 (0)

Serious adverse device events, n (%) 0 (0) 0(0) 0 (0) NA

Procedure-related serious adverse events, n (%) 0 (0) 0(0) 0 (0) NA

NA not available
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(18.3%) and asymptomatic SAH in 6 patients (7.3%).
Embolization of previously unaffected territories by
fragmented or lost clots was observed in one case (1.2%). In
one patient, bleeding due to perforation of the right femoral
communicating artery after groin puncture occurred.
Temporary balloon occlusion resulted in a successful hemo-
stasis without occurrence of clinical complications. The over-
all rate of sICH was 7.3%. Patients with failed ITT had a high
rate of good clinical outcome (66.6%, [2/6]) despite a low rate
of favorable recanalization rates (TICI≥2b = 50%) due to bias
from the small sample size.

Discussion

The aim of this single-center trial was to evaluate efficacy,
safety, and clinical outcome of treatment with the Aperio
thrombectomy device in stroke patients with LVO in the an-
terior circulation. In this retrospective, single-center trial, the
Aperio achieved high rates of reperfusion among patients with
LVO in the anterior circulation, with substantial reperfusion
(85% TICI2≥b) that is remarkably higher as compared with
the HERMES (71% TICI2≥b) and SEER (77% TICI2≥2b)
individual patient data pooled analyses and in line with results
of the current ASTER stent retriever arm (83% TICI2≥2b)
[12–14]. The DAWN trial, and TRACK Registry in which
Trevo devices were used, reported TICI≥2b recanalization in
84% and 80% of patients, respectively (Table 2) [15, 16]. In a
recent retrospective single-center study, Yi et al. compared the
Trevo stent retriever and the Solitaire stent retriever in 200

patients receiving neurothrombectomy. Rates of successful
recanalization (TICI2≥2b) in the Solitaire group were 82.3%
vs. 89.7 in the Trevo group [17]. Rates of successful recana-
lization in our study were also comparable with the reported
rates (84.6%) of a recent core laboratory-audited single-center
experience evaluating the performance of the EmboTrap [18].

The rate of excellent final reperfusion (TICI≥2c) achieved
in 54.8% of the cases in the present study is superior to the
outcome data of excellent reperfusion (TICI3) in the Trevo2
[19] trial (14%), and Trevo and Solitaire device retrospective
registries (TRACK [16], 45%, and SEER [13], 36%, respec-
tively) and is comparable with the stent retriever arm of the
ASTER trial (56.6% achieving final TICI≥2c) [14]. First-pass
complete recanalization rates of the EmboTrap in the recently
published ARISEII trial (51.5% TICI≥2b, 40.1% TICI≥2c)
were higher than in our study [20]. Use of a balloon guiding
catheter (BGC) was reported with a rate of 47.3% in the
TRACK registry [16]. However, compared to TRACK, we
achieved a higher rate of near complete to TICI3 revasculari-
zation (54.9%) using a local lesional aspiration technique
omitting a BGC. Mean number of passes was 2.6 and in line
with results from nonrandomized trials for Trevo (mean 2.1,
IQR 1–6) and Solitaire (mean 2.9, IQR 1–8) [17]. In no case
more than one Aperio device was used due to lack of success
with the initial one. Rescue maneuvers were not required.

There is only one non-trial case series available that evalu-
ated the Aperio device in a clinical setting. One hundred nine-
teen patients from nine centers, where 42% had the occlusion
site in the M1 segment, were treated. Rates of TICI2b-3 of
71% were slightly inferior to the present study, but rates of

Table 2 Clinical and
angiographic outcome of selected
randomized major stent retriever
trials

Study Endovascular
treatment (n)

Device Baseline
NIHSS
(Median)

TICI2b-
3 (%)

%mRS ≤ 2 Mortality
(%)

sICH
(%)

MR Clean [1] 233 Various 17 59 33 19 8

ESCAPE [12] 165 Solitaire 17 76 52 10 4

REVASCAT [12] 103 Solitaire 17 66 44 18 2

SWIFT Prime
[12]

98 Solitaire 17 88 60 12 0

EXTEND-IA
[12]

35 Solitaire 15 86 71 7 0

HERMES [12] 634 Various 17 71 46 15 4

ENDOSTROKE
[22]*

309 Various 16 77 41 27 15

NASA [23] 354 Solitaire 18.1# 72.5 42 30.2 9.9

TREVOII [19] 88 Trevo 19 68 40 29 4

ASTER [14]
(stent retriever
arm)

189 Various 16.1# 83 50 33 7

DAWN [15] 107 Trevo 17 84 49 19 6

Current study 82 Aperio 14 85.3 41.2 22.1 7.3

*Number of patients for whom TICI scoring was available
#Mean value
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TICI3 recanalization were achieved in 53% of patients and
favorable comparable to our cohort. The reported rate of stent
retriever passes (median 2, range 1–6) was similar to the pres-
ent study [21]. The rate of 3-month favorable clinical outcome
(mRS 0–2) achieved in 41.2% of our patient sample was com-
parable to Endostroke Registry [22] (41%), NASA Registry
[23] (42%), Trevo2 [19] (40%), and HERMES [12] (46%).
The rate of favorable outcome was also comparable to the
reported results of the Solitaire group (mRS 0–2, 42.1%) in
a current published non-trial stent retriever case series [17].
Higher rates of 3-month favorable outcome for the anterior
circulation are reported in the TRACK [16] Registry for the
Trevo devices with a rate of 51.4%. The SEER [13] meta-
analysis for Solitaire devices (54%) and a recent non-trial
study for the EmboTrap device reported 3-month mRS rates
of 54% and 52.8%, respectively [18]. The safety of the Aperio
device in the current study was within the range of recent stent
retriever trials. The rate of 7.3% for sICH was slightly higher
compared to 4% in the HERMES [12] data, 5% in the ARISE
II trial [20], and 2% and 4% sICH rates in SWIFT [24] and
Trevo2 [19], respectively. The risk of clot fragment emboliza-
tion to previously unaffected territories appears low as report-
ed in the literature and occurred in one patient in our study [1].
The all-cause mortality rate at 90 days was 22.1%, which is
comparable with the HERMES data [12], the ASTER (19%)
[14], and DAWN (19%) [15] trials and was lower compared to
Endostroke (27%), NASA [23], and Trevo2 [19] at 30.2% and
29%, respectively. These safety results support an acceptable
benefit–risk profile for the device. The major limitations of
this study are the non-randomized retrospective nature, a miss-
ing reference group, and the relatively small sample. A further
limitation is the lost to FU rate of 17.1%, which harbors a
potential bias. To attain homogeneity in the procedure, (i)
we only used Aperio stent retrievers and (ii) thrombectomies
were performed by five neurointerventionalists. Three
interventionalists had an experience of 4 years. Two
interventionalists had an experience of 1 year each and per-
formed thrombectomies under the supervision of a
neurointerventionalist with more than 15 years of experience;
(iii) the same local aspiration techniques for clot retrieval de-
scribed above were used.

The hybrid design of the Aperio with small closed cells to
attain a good vessel wall apposition and improve expansion
into the clot, and large open cells with integrated anchoring
elements to assure efficient clot retention are the features of
the device that are supposed to result in favorable recanaliza-
tion rates. In the present study, a local aspiration technique
with stent-retriever retrieval was used; however, a combina-
tion also of BGC or aspiration have been shown to facilitate
stent-retriever retrieval in addition to Bonly^ BGC or Bonly^
distal aspiration [25, 26]. It is conceivable that the additional
use of the Aperio with BGC combined with lesional local
aspiration techniques might increase the rate of excellent

reperfusion after first device pass [27]. This again might result
in an increased rate of good functional outcome and needs to
be proven in further studies.

Conclusion

This single-center experience demonstrated that the Aperio
device achieved high rates of successful reperfusion in LVO
in the anterior circulation with local aspiration techniques in
the setting of acute stroke. Absence of device-related proce-
dural complications demonstrated an adequate safety profile.
These promising results should be confirmed by further ran-
domized trials.
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The New Fully Radiopaque Aperio Hybrid Stent Retriever: Efficient and Safe? An Early
Multicenter Experience

Marius Kaschner1, Thorsten Lichtenstein2, Daniel Weiss1, Bernd Turowski1, Lukas Goertz2,3, Claudia Kluner4,
Marc Schlamann2, Christian Mathys1,4,5, Christoph Kabbasch2

-OBJECTIVE: To investigate the visibility, safety, and
efficacy of the full-length radiopaque Aperio Hybrid stent
retriever (APH) in mechanical thrombectomy of large
vessel occlusions.

-METHODS: Multicentric retrospective analysis of
patients with stroke, treated with the APH due to an acute
ischemic stroke by large vessel occlusions in the anterior
or posterior circulation, was performed. We focused on
technical and angiographic parameters including device
visibility, perfusion results (modified thrombolysis in
cerebral infarction scale [mTICI]), procedural times, peri-
procedural complications, and favorable clinical outcome
(modified Rankin Scale, 0e2) at discharge and after 90
days.

-RESULTS: A total of 48 patients (male: n [ 22, 45.8%,
mean age 73 years [standard deviation (SD), �15],
median baseline National Institutes of Health Stroke Scale:
15 [2e36], n [ 25, 52.1% received additional intravenous
thrombolytics) were treated with the APH with a mean
number of 2 device passes (SD, D3) in APH-only cases
(n [ 41). The median time from groin puncture to the final
mTICI was 54 minutes (SD, D33). In 46 patients (95.8%),
mTICI 2be3 was achieved (mTICI 2c, 12.5%; mTICI 3, 47.9%).

Favorable outcome (modified Rankin Scale <2) was
achieved in 15 (32.6%) patients at discharge and in 11 of the
30 (36.7%) patients available for 90-day follow-up. Symp-
tomatic intracranial hemorrhage was recorded in 3 of 48
cases (6.3%). Difficulties during device delivery and/or
deployment occurred in 6.3% (3 of 48). APH-related adverse
events did not occur. APH radiopacity was rated as good
and very good in 97.9% (47 of 48).

-CONCLUSIONS: Mechanical thrombectomy with the
APH appeared feasible, efficient, and safe. Full-length de-
vice radiopacity may facilitate thrombectomy or support to
adapt the course of action during retrieval, if required.

INTRODUCTION

Mechanical thrombectomy (MT) in acute ischemic stroke
treatment caused by large vascular occlusions (LVO)
has evolved into the gold standard of care.1,2

Mechanical retrieval of the vessel occluding clot may lead to
reliable and fast vessel recanalization. The superiority of stent-
retrieverebased thrombectomy over intravenous thrombolysis
(IVT) alone was demonstrated in numerous large, randomized,
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- Recanalization
- Stent retriever
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multicenter studies,3-7 in particular when a certain clot length is
exceeded.8 Furthermore, recent studies have shown that, in
specific circumstances, even in an extended time window of up
to 16 or 24 hours after symptom onset, mechanical
recanalization may lead to an improved outcome compared with
sole conservative care.9,10

In addition, stent retrievers with enhanced radiopacity
characteristics as the Trevo ProVue (Stryker Neurovascular, Fre-
mont, California, USA) and the Solitaire Platinum (Medtronic,
Minneapolis, Minnesota, USA) could demonstrate a positive
influence on the intervention procedure.11,12

The first-generation Aperio stent retriever (Acandis, Pforzheim,
Germany) has been available since 2011 and proved to be efficient
and safe.13 A successor version, the Aperio Hybrid stent retriever
(APH), recently obtained European CE mark approval. The APH
offers full-length visibility through embedded radiopaque drawn
filled tubing (DFT) wires that aim to achieve better assessment of
stent-retriever positioning and interaction with the clot and vessel
wall under fluoroscopy.
In this multicenter study, we report on our early experience with

the full-length radiopaque APH and focus on its safety and efficacy.

MATERIALS AND METHODS

In this observational study, the data of the first 48 consecutive
patients with stroke from 3 university neurovascular centers
treated with the APH due to an acute stroke by LVO in the anterior
(carotid-T, M1, M2) or posterior circulation (basilar artery) were
evaluated. Anonymized data were retrospectively evaluated; pa-
tient files and radiological imaging from the acute phase until
hospital discharge were analyzed.

Primary endpoints were first-pass excellent and first-pass
favorable recanalization rate, defined as the modified thrombol-
ysis in cerebral infarction (mTICI) scale score of �2c and �2b,
respectively. The secondary outcome parameters contained final
excellent and favorable reperfusion rate, favorable clinical
outcome (modified Rankin Scale [mRS], 0e2) at discharge and at
90 days, symptomatic intracranial hemorrhage (sICH) with
neurological deterioration (National Institutes of Health Stroke
Scale [NIHSS] worsening >4) within 24 hours after intervention,
periprocedural subarachnoid hemorrhage (SAH), embolisms into
new territories, dissections, and material defects as well as eval-
uation of technical practicability, for example, pushability and
deployment.

Aperio Hybrid Stent Retriever
The APH is a further development of its predecessor, the Aperio
stent retriever. Like its predecessor, the APH is self-expanding
and made of nitinol. Furthermore, it exhibits a hybrid cell
design that should allow effective interaction with the clot,
reliable clot recovery, and good vessel wall apposition (Figure 1).
The APH is designed in repetitive functional segments, to enable
adaptation of the working length to the thrombus length even in
tortuous vessels, while maintaining the functionality. In
addition, the APH offers improved full-length visibility under
fluoroscopy due to embedded radiopaque DFT made of a nitinol
tube and a highly radiopaque platinum core. The APH is
delivered through a 0.02100 microcatheter and is available
in working lengths from 30 to 50 mm and diameters from 3.5
to 6 mm.
Competing stent retrievers have also been developed with the

intention to improve radiopaque visibility. By integration of

Figure 1. The Aperio Hybrid device (photograph
provided by Acandis). Functional segment: small closed
cells, large open cells; repeating functional segments
allowing adaption of working length to thrombus
length. (The small closed cells may attain a good vessel

wall apposition and expansion into the clot, and large
open cells with integrated anchoring elements aim to
assure efficient clot retention and are supposed to
result in favorable recanalization rates.)
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platinum wires into the existing nitinol stent struts, the Trevo
ProVue aims to visualize the complete working length, whereas
the Solitaire Platinum only exhibits evenly spaced single platinum
markers added every 10 mm (Figure 2).

Procedure Description
Thrombectomies were performed either under general anesthesia
or conscious sedation at the discretion of the neuro-
interventionalist operator. As standard, a triaxial system was used
via a femoral access. At first, a short 8F sheath was inserted to
place an 8F guide catheter (e.g., Vista brite tip; Johnson &
Johnson, New Brunswick, New Jersey, USA) into the internal
carotid artery or a short 6F sheath to navigate a 6F catheter (e.g.,
Envoy MPC; Codman Neurovascular, Raynham, Massachusetts,
USA) into the vertebral artery, respectively. Afterward, the
occluded intracranial artery was visualized by contrast injection.
The large majority of procedures were performed on a biplanar
angiography suite using the “Solumbra technique,” in which the
stent retriever is usually retracted into an aspiration catheter
placed proximal to the clot.14 Under the guidance of a standard
0.01400 microguidewire, a microcatheter (Neuroslider 21, Acandis
[n ¼ 33]; Rebar 18, Medtronic [n ¼ 15]) was placed distal to the
clot and a large bore aspiration catheter (e.g., 6F Sofia Plus
aspiration catheter in the anterior, or Sofia 5F in the posterior
circulation; Microvention, Tustin, California, USA) was placed as
proximal as possible to the thrombus. Afterward, the
microguidewire was replaced by the APH. The size of the APH

was determined considering the length and the cross-section of
the thrombus and vessel, respectively. After deployment of the
APH, the microcatheter was removed to maximize suction lumen
inside the aspiration catheter. Correct deployment was confirmed
under fluoroscopy until the APH was fully expanded. A 60 mL
vacuum pressure syringe (VacLok; Merit Medical, South Jordan,
Utah, USA) was attached to the aspiration catheter. Under
continuous fluoroscopy and manual suction, the APH and
thrombus were withdrawn into the large bore catheter. An
example case is shown in Figure 3. Afterward, a control
angiography was performed, and if necessary, the thrombectomy
maneuver was repeated. If the recanalization attempts remained
insufficient (<mTICI2b), a rescue device was used at the
discretion of the treating physician.

Patient Selection
An ethical approval and patient consent were waived by the local
ethics committees of the respective Faculties of Medicine for this
retrospective observational study.
Inclusion criteria were as follows: the APH as the first-line

device, LVO, and no evidence of intracranial bleeding in the
initial magnetic resonance imaging or computed tomography (CT)
examination. Furthermore, only patients with an Alberta Stroke
Program Early CT Score (ASPECTS) �5 and an NIHSS �5 (unless
they suffered from aphasia) were included. There was no age limit
and no upper time limit between onset and expected groin
puncture as long as the above criteria were met. No other

Figure 2. Image (provided by Acandis) demonstrating
enhanced visibility of the Aperio Hybrid stent retriever
(B) under fluoroscopy compared with the precursor

device Aperio (C) and the Solitaire Platinum (A) stent
retriever.
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exclusion criteria existed. IVT was administered according to the
guidelines of the German Neurological Society.

Clinical and Radiological Data
Basic demographics (age and sex) and pre-existing conditions (e.g.,
previous strokes, high blood pressure, atrial fibrillation, diabetes)
as well as premedications were derived from the routinely collected
patient data. In addition, specific data on the acute stroke
event itself were extracted: NIHSS and mRS at admission and
discharge, 90-day mRS (which was available for 2 of the 3 partici-
pating centers), time of stroke or in case of unknown onset, the time
when the patient was last well seen, the time of admission to
hospital, and the time of initial imaging. In addition, it was docu-
mented if and when IVT was administered. Clinical data and scores
were evaluated by a consultant neurologist.
From the radiological image documentation, the affected side,

the affected vessel, the ASPECTS before and after intervention, the
diameter of the affected vessel, the time of the inguinal puncture,
the first and last attempt of recanalization, the number of
thrombectomy maneuvers, and final perfusion result (mTICI) were
evaluated. It was documented whether a rescue stent retriever was
used, if supplementary intra-arterial lysis was administered and if
any complications occurred during angiography or further clinical
course. In particular, the number and severity of subarachnoid and
intraparenchymal hemorrhages, and the number of embolisms
into new territories, of periprocedural dissections, and of material
defects (e.g., stent retriever fails to open, breaks, tears) were
evaluated. The type (diameter and length) of the APH used was
also documented. All image-based outcome was collected by
blinded review of images by board-certified neuroradiologists at
each site.

Questionnaire
A questionnaire about the technical performance of the APH,
which was routinely issued by the manufacturer as part of the
product launch, was completed by the operators for all cases. The
following aspects were evaluated: transfer of the APH into the
microcatheter, pushability into the microcatheter, positioning,
device deployment, resheathing into the microcatheter and
introducer, and visibility of the markers and the device itself.
Therefore, a 5-point Likert scale from e (poor) to þþ (very good)
was used. In addition, the operators had the opportunity to make
individual comments. In particular, they were asked to comment if
they had replaced the stent retriever due to the improved visibility,
whether the improved visibility helped to evaluate the interaction
of the device with the clot, and whether they could observe a
deformation of the stent during the retraction of the stent
retriever. Devices were compared with the ones routinely used at
each institution (Solitaire Platinum and Aperio, respectively). The
MT procedures were conducted by board-certified neuroradiolo-
gists with an experience ranging between 2 and 15 years in
endovascular stroke treatment.

RESULTS

Patients
A total of 48 patients with acute stroke (26 women, 22 men,
mean age: 73 � 2 years) were treated by MT in 3 university neu-
rovascular centers, between May 2019 and July 2019 with the
following occlusion patterns: carotid-T in 8 (16.7%), M1-segment
in 31 (64.6%), M2-segment in 4 (8.3%), and basilar artery in 5
(10.4%) cases. The incidence of carotid-T occlusion was
significantly higher (P ¼ 0.03) in the rescue group (3 of 7; 42.9%)

Figure 3. Images illustrate the case of a patient with a basilar artery
occlusion. (A) Digital subtraction angiography shows the initial finding of a
proximal basilar artery occlusion (mTICI 0). CTA (not shown) reveals
long-sectioned thrombus load within the BA. (B) A nonsubtracted
angiography shows the completely released 4.5 � 50 mm Aperio Hybrid
stent retriever from the right posterior cerebral artery to the basilar artery
origin. The Aperio Hybrid exhibits superior radiopacity; visibility is ensured

not only at the proximal tip of the retriever and the 3 distal device markers
(black arrows), but also within full length of the device due to integrated
radiopaque drawn filled tubing wires. The tapering of the stent retriever at
the level of the thrombus is clearly visible (white arrow). (C) Complete
recanalization of the occlusion after first pass (mTICI 3). BA, basilar artery;
CTA, computed tomography angiography; mTICI, modified thrombolysis in
cerebral infarction.
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compared with the APH-only group (5 of 41; 12.2%) (Table 1). The
mean diameter of the occluded vessels was 2.8 � 0.1 mm.
Before thrombectomy, 25 of 48 patients (52.1%) received IVT
according to the guidelines of the German Neurological Society
(Table 1).

Operator Evaluation of Aperio Hybrid Performance
In an ordinal rating scale, the device was rated “good” and “very
good” in terms of transfer into a required 0.02100 microcatheter in
all cases (100%), pushability in a microcatheter (93.8%),
positioning of a stent retriever (98.0%), device deployment
(97.9%), marker visibility (100%), and device contour visibility
(97.9%). If necessarily performed, all procedures of resheathing
into the microcatheter as well as resheathing into the introducer
sheath were effortless and rated as good or very good.
In 2 of 48 (4.2%) cases, pushability of the device was rated as

“poor” or “very poor” and positioning of the APH was rated “poor”
in 1 of 48 cases (2.1%) due to increased force to advance the device
within the microcatheter.

Technical Success
Overall favorable revascularization (mTICI � 2b) was achieved in
95.8% (46 of 48) including a first-pass recanalization rate
(mTICI > 2b) of 60.4% (29 of 48). Final mTICI � 2c was achieved
in 29 of 48 procedures (60.4%). Regarding the total number of 48
procedures, a recanalization rate of mTICI � 2b was achieved in
83.4% (40 of 48), final mTICI � 2c in 52.1% (25 of 48), first-pass
recanalization mTICI � 2b in 52.1% (25 of 48), and first-pass
mTICI � 2c in 31.3% (15 of 48) when the APH was used as
an exclusive device (Table 1). The overall mean number of stent-
retriever passes was 3 � 3. The mean number of passages for
additional devices was 1 � 0 after a mean of 3 � 1 passes with the
APH before switching. Whenever the APH was used exclusively,
the mean number of maneuvers accounted to 2 � 3.
The overall mean time to final recanalization from femoral

access to final revascularization was 54 � 5 minutes. Intra-arterial
recombinant tissue plasminogen activator was administered in a
single case (2.1%). The post-treatment median ASPECTS in
follow-up CT after 16e24 hours was 6 (0e10) (Table 1).
In all 48 cases, the APH was the first-line stent-retriever device

using sizes of 4.5 � 50 mm in 7 patients, 4.5 � 40 mm in 32
patients, and 4.5 � 30 mm in 9 patients. In 7 procedures (14.6%),
a rescue stent retriever was used at the discretion of the individual
neurointerventionalist due to primary insufficient results with the
APH. In 5 cases, stent retrievers from other manufacturers (NeVa
M1 4 � 30 mm [n ¼ 1], Vesalio, Lake Forest, California, USA;
pREset LITE 3 � 20 mm [n ¼ 1], Phenox, Bochum, Germany;
Solitaire Platinum 4 � 40 mm [n¼ 2], Medtronic, Dublin, Ireland;
Trevo XP ProVue 4 � 30 mm [n ¼ 1], Stryker Neurovascular) were
applied. In 2 procedures, the operator switched from the APH to a
conventional predecessor Aperio 4.5 � 40 and 3.5 � 28 mm
(Acandis) due to anticipated increased pushability. In case of
rescue maneuver, final mTICI � 2b could be achieved in 85.7% (6
of 7) of the patients. In one case of basilar artery occlusion, PTA
and stent implantation after MT were necessary due to a high-
grade atheriosclerotic stenosis.

Safety, Complications, and Clinical Outcome
No clinically relevant device-related procedural complications were
encountered (Table 1). Angiographically apparent SAH did not
occur. Periprocedural embolization into previously unaffected
territories by fragmented or lost clots did not appear. In follow-
up CT or magnetic resonance imaging 16e24 hours after MT,
asymptomatic hemorrhagic transformation or parenchymal he-
matoma (HI-1, HI-2, PH-1) was observed in 6 patients (12.5%) and
asymptomatic, mild SAH, Fisher 1, in 3 patients (6.3%). Three
(6.3%) parenchymal hematomas (PH-2), as a result of a reperfu-
sion injury, were symptomatic, and conductance of a craniectomy
was required in 1 case. There were no device-related adverse
events. Forty-six patients (95.8%) were available for follow-up at
discharge; 2 were lost to follow-up (4.3%). A favorable clinical
outcome at discharge according to the mRS (0e2) was achieved in
32.6% (15 of 46) and in 36.7% (11 of 30) of the patients available for
90-day follow-up (Table 1). Overall mortality during hospital stay
was 21.7% (10 of 46). Procedure-related deaths did not occur.

DISCUSSION

The aim of this multicentric trial was to evaluate the efficacy,
safety, and clinical outcome of the APH for the treatment of LVO
in the anterior and posterior circulation in patients with acute
ischemic stroke. The device was designed to achieve improve-
ments in visibility by implementing radiopaque DFT wires that
allow full-length visibility of the device. This quality may increase
control during the procedure and reflect thrombus position within
the stent frame itself during the retrieval. This new visibility
concept was combined with the proven hybrid design13 of the
established predecessor Aperio. In this retrospective,
multicentric trial, an overall mTICI 2be3 revascularization rate
was achieved in 95.8%. The rate of final favorable reperfusion
(mTICI � 2b) accounted already for 83.4% (40 of 48) when the
APH was used exclusively. These results compare favorably with
data from the TRACK registry in which Trevo devices were used
with reported mTICI � 2b recanalization in 68.8% of patients
for the only use of the Trevo device15 and with the reported
rates of 71.1% for the sole use of EmboTrap in a recent core
laboratory-audited single-center experience or a previous
EmboTrap multicenter series with 73% recanalization rate.16,17

The rate of excellent final reperfusion (mTICI � 2c) by the
exclusive use of the APH was 52.1% in the present study and is
slightly inferior to the outcome data of excellent reperfusion
(mTICI � 2c) in the Analysis of Revascularization in Ischemic
Stroke with EmboTrap (ARISE II) study (64.7%) where EmboTrap
was used.18 First-pass recanalization rate mTICI � 2b for
procedures in which the APH was used solely was achieved in
52.1% and was comparable with EmboTrap in the recently
published ARISE II trial (51.5%) and was higher compared with
Trevo (40.8%) and Solitaire (32%) in a nonerandomized
controlled trial (RCT), whereas the rate of excellent first-pass
recanalization (mTICI � 2c) was slightly lower in our study
compared with EmboTrap in ARISE II (33.4% vs. 40.1%).18,19

The mean number of passes (mean, 3.0 � 3) with the APH was
in line with results from a recent nonrandomized comparative trial
for Trevo (mean, 2.1; interquartile range, 1e6) and Solitaire
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Table 1. Baseline Data, Angiographic Results, Clinical Outcome, and Complications

Overall Patients Aperio Hybrid Only Patients with Rescue

Sample Size N ¼ 48 Patients N ¼ 41 Patients N ¼ 7 Patients

Age, mean (�SD) 73 (�15) 74 (�16) 72 (�8)

Sex, n (%) f ¼ 26 (54.2), m ¼ 22 (45.8) f ¼ 21 (51.2), m ¼ 20 (48.8) f ¼ 5 (71.4), m ¼ 2 (28.6)

Medical history

Hypertension, n (%) 40 (87.0) 31 (84.6) 7 (100.0)

Diabetes mellitus, n (%) 6 (13.0) 4 (10.3) 2 (28.6)

Atrial fibrillation, n (%) 23 (47.9) 18 (46.2) 5 (71.4)

Previous stroke, n (%) 11 (23.9) 10 (25.6) 1 (14.3)

ASA, n (%) 10 (23.3) 8 (22.2) 2 (28.6)

Clopidogrel, n (%) 1 (2.3) 1 (2.8) 0 (0.0)

Phenprocoumon, n (%) 4 (9.3) 4 (11.1) 0 (0.0)

DOAC, n (%) 7 (16.3) 6 (16.7) 1 (14.3)

IVT, n (%) 25 (52.1) 21 (51.2) 4 (57.1)

NIHSS pre, median, n (%) 15 (2e36) 14 (2e36) 18 (16e20)

mRS pre, median, n (%) 5 (2e5) 5 (2e5) 5 (5e5)

Prestroke imaging

Hemisphere, n (%) r ¼ 24 (50.0), l ¼ 19 (39.6), v ¼ 5
(10.4)

r ¼ 21 (51.2), l ¼ 15 (36.6), v ¼ 5 (12.2) r ¼ 3 (42.9), l ¼ 4 (57.1), v ¼ 0 (0.0)

T-type occlusion, n (%) 8 (16.7) 5 (12.2) 3 (42.9)

M1 occlusion, n (%) 31 (64.6) 27 (65.9) 4 (57.1)

M2 occlusion, n (%) 4 (8.3) 4 (9.8) 0 (0.0)

Basilary occlusion, n (%) 5 (10.4) 5 (12.2) 0 (0.0)

Vessel diameter, mean (�SD) 2.8 (�0.8) 2.8 (�0.8) 3.1 (�0.9)

ASPECTS, median 9 (2e10) 9 (2e10) 8 (5e10)

Procedural data

Onset-to-needle time (minutes),
mean (�SD)

124 (�90) 132 (�94) 72 (�28)

Door-to-needle (minutes), mean
(�SD)

70 (�175) 74 (�188) 46 (�33)

Onset-to-groin puncture (minutes),
mean (�SD)

221 (�112) 224 (�117) 200 (�72)

Door-to-groin puncture (minutes),
mean (�SD)

99 (�151) 99 (�154) 96 (�112)

Onset-to-recanalization (minutes),
mean (�SD)

273 (�119) 275 (�127) 256 (�54)

Door-to-recanalization (minutes),
mean (�SD)

149 (�163) 148 (�167) 159 (�128)

Groin-to-recanalization (minutes),
mean (�SD)

54 (�33) 51 (�33) 69 (�31)

Number of passes, mean (�SD) 3 (�3) 2 (�3) 3 (�2)

Number of device passes to
TICI2b/3 recanalization, mean
(�SD)

3 (�3) 2 (�3) 3 (�2)

Continues
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Table 1. Continued

Overall Patients Aperio Hybrid Only Patients with Rescue

IA tPA, n (%) 1 (2.1) 1 (2.8) 0 (0.0)

Rate of Recanalization After Stent-
retriever First Pass

TICI 0, n (%) 8 (16.7) 7 (17.1) 1 (14.3)

TICI 1, n (%) 3 (6.3) 3 (7.3) 0 (0)

TICI 2a, n (%) 8 (16.7) 6 (14.6) 2 (28.6)

TICI 2b, n (%) 13 (27.1) 10 (24.4) 3 (42.9)

TICI 2c, n (%) 4 (8.3) 3 (7.3) 1 (14.3)

TICI 3, n (%) 12 (25.0) 12 (29.3) 0 (0)

Final Angiographic and
Postprocedural Imaging Outcomes

Percentage on Overall Sample
(N ¼ 48)

TICI 0, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

TICI 1, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

TICI 2a, n (%) 2 (4.2) 1 (2.4) 1 (2.1) 1 (14.3)

TICI 2b, n (%) 17 (35.4) 15 (36.6) 15 (31.3) 2 (28.6)

TICI 2c, n (%) 6 (12.5) 4 (9.8) 4 (8.3) 2 (28.6)

TICI 3, n (%) 23 (47.9) 21 (51.2) 21 (43.8) 2 (28.6)

ASPECTS, median 6 (0e10) 7 (0e10) 6 (1e8)

Clinical outcome (N ¼ 46) (N ¼ 39) (N ¼ 7)

Number of patients (%) of mRS
�2 (at discharge)

15 (32.6) 15 (38.5) 0 (0)

mRS 0, n (%) 3 (6.5) 3 (7.7) 0 (0)

mRS 1, n (%) 9 (19.6) 9 (23.1) 0 (0)

mRS 2, n (%) 3 (6.5) 3 (7.7) 0 (0)

mRS 3, n (%) 3 (6.5) 3 (7.7) 0 (0)

mRS 4, n (%) 8 (17.4) 5 (12.8) 3 (42.9)

mRS 5, n (%) 10 (21.7) 8 (20.5) 2 (28.6)

Mortality (discharge), mRS 6, n
(%)

10 (21.7) 8 (20.5) 2 (28.6)

NIHSS discharge 7 (0e42) 5 (0e42) 16 (7e42)

Number of patients (%) of mRS
�2 (at 90-day FU)

11 (36.7) 10 (41.7) 1 (16.7)

mRS 0, n (%) 4 (13.3) 3 (12.5) 1 (16.7)

mRS 1, n (%) 6 (20.0) 6 (25.0) 0 (0)

mRS 2, n (%) 1 (3.3) 1 (4.2) 0 (0)

mRS 3, n (%) 1 (3.3) 1 (4.2) 0 (0)

mRS 4, n (%) 3 (10.0) 1 (4.2) 2 (33.3)

mRS 5, n (%) 6 (20.0) 4 (16.7) 2 (33.3)

Mortality (90-day FU), mRS 6, n
(%)

9 (30.0) 8 (33.3) 1 (16.7)

SD, standard deviation; ASA, acetylsalicylic acid; DOAC, new oral anticoagulants; IVT, intravenous thrombolysis; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale;
ASPECTS, Alberta Stroke Program Early Computed Tomography Score; IA tPA, intra-arterial tissue plasminogen activator; TICI, thrombolysis in cerebral infarction; FU, follow-up; SAH,
subarachnoid hemorrhage; sICH, symptomatic intracranial hemorrhage.
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(mean, 2.9; interquartile range, 1e8),19 with Trevo from the
TRACK registry (mean, 1.9 � 1.2) or EmboTrap from ARISE II
(average, 2.6; range, 1e10).15,18,19

If MT with the APH was regarded as unsuccessful and aborted,
another competing stent retriever was chosen. The rate of 14.6%
for rescue maneuvers was consistent with results reported from
other non-RCT stent-retriever studies ranging between 15% and
28%.15-18,20

An early favorable clinical outcome (mRS, 0e2) at discharge
was achieved in 32.6% of our patient sample and is superior to the
discharge mRS of the TRACK study (mean [standard deviation],
17.4% [6.7%]).15

Being well aware of limited outcome follow-up data in the
present study, a 3-month mRS rate of 36.7% seems to be in line
with self-reported rates for EmboTrap (35%)17 and with non-RCT
trials for the Aperio (41.2%)13 and Solitaire (42.1%)19 as well as
rates in the NASA (42%)20 and Endostroke registry (41%).21

Better 3-month follow-up rates in further non-RCT trials are
reported for EmboTrap16 and Trevo15,19 (Table 2).
The safety of the APH in the current study is within the range of

recent stent-retriever trials (Table 2). The rate of 6.3% for sICH is
comparable with 5% in the ARISE II trial18 and 7.1% and 9.9%
sICH rates in TRACK15 and NASA,20 respectively. Clot fragment
embolization into previously unaffected territories did not occur.
The all-cause mortality rate at 30 days was 21.7%, which is
comparable with TRACK data (19.8%)15 and NASA,20 and is higher
compared with ARISE II (9%)18 and in non-RCT trials for
EmboTrap (12.9%)16 and Solitaire and Trevo (6.8% and 4%).19 No
case of death in our patients was procedural related. These
safety results support an acceptable benefit-risk profile for the
device.
The preceding model of the APH, the Aperio, was evaluated in 2

trials with patients with stroke with LVO of the cerebral circula-
tion. In the first trial, 119 patients from 9 centers, where 42% had
the occlusion in the M1 segment, were treated by MT.22 Rate of
mTICI � 2be3 was 71% at a median of device passes of 2.22

The handling and effectiveness of the predecessor APH was
evaluated regarding trackability, visualization, positioning, and

deployment. Trackability was rated as very good and good in
82%, visualization in 91%, deployment in 91%, and positioning
in 89%. In the present study, we assessed an improvement in
the rating of the new APH in device deployment, positioning of
a stent retriever, and visibility.
In 2 cases of the current study, impeded device pushability was

observed, but no correlation with a particular microcatheter was
ascertainable. In both cases, a tortuous vessel anatomy of the
cavernous or terminal internal carotid artery segment, or curved
vessels of the M1 segment and its division were assumed as likely
causes for increased resistance. In addition, another explanation
might be increased friction inside the microcatheter during stent-
retriever advancement due higher volume of material evoked by
the new embedded DFT wires into the APH. This extra material
may become noticeable in the aforementioned challenging
anatomic conditions with elongated and curved extra- and
intracranial vessels.
These challenges might be overcome by using the new gener-

ation of the dedicated neuroslider microcatheter (NeuroSlider
DLC; Acandis) for delivery that is expected to offer more stability.
In the aforementioned cases, the predecessor Aperio as a rescue
device was used assuming a smoother pushability due to less
friction within the microcatheter.
The second single-center study evaluated the safety and effi-

cacy of the first-generation Aperio in 82 patients with stroke
with LVO of the anterior circulation.13 mTICI � 2b rate was
achieved in 85.3% and first-pass mTICI � 2b in 43.9% at a
mean of device passes of 2.6 � 1.7. Compared with the present
study an increase in recanalization rates by the use of the APH
with mTICI � 2b in 95.8% and first-pass mTICI � 2b in 52.1% at
a mean of 3 � 3 passes could be assessed.13 Complication rates
were reported with rates of 10% including embolization in new
territory in 1.2% (vs. 0% in the present study) and 7.3% sICH
(vs. 6.3% in the present study).13,22 As in the present APH
study, serious device-related complications did not occur with
the precursor Aperio. Hence, the performance and safety of the
APH compares favorably with the predecessor model. Although
both stent retrievers have the same hybrid cell design, higher

Table 1. Continued

Overall Patients Aperio Hybrid Only Patients with Rescue

Complications

None, n (%) 36 (75.0) 29 (70.7) 7 (100.0)

SAH, n (%) 3 (6.3) 3 (7.3) 0 (0)

HI-1, n (%) 3 (6.3) 3 (7.3) 0 (0)

HI-2, n (%) 2 (4.2) 2 (4.9) 0 (0)

PH-1, n (%) 1 (2.1) 1 (2.4) 0 (0)

PH-2, n (%) 3 (6.3) 3 (7.3) 0 (0)

sICH, n (%) 3 (6.3) 3 (7.3) 0 (0)

SD, standard deviation; ASA, acetylsalicylic acid; DOAC, new oral anticoagulants; IVT, intravenous thrombolysis; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale;
ASPECTS, Alberta Stroke Program Early Computed Tomography Score; IA tPA, intra-arterial tissue plasminogen activator; TICI, thrombolysis in cerebral infarction; FU, follow-up; SAH,
subarachnoid hemorrhage; sICH, symptomatic intracranial hemorrhage.
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recanalization rates of the APH were achieved in the current
study compared with the Aperio. An explanation might be
higher expansion forces of the APH due to the additional DFT
wires that may improve clot incorporation. This hypothesis is
currently under investigation by the manufacturer, but data from
laboratory experiments are still pending.
The major limitations of this study are the nonrandomized

retrospective nature, a missing reference group, and the relatively
small sample particularly for the posterior circulation.
In addition, angiographic images were evaluated by blinded

neurointerventionalists at their own center and not core labo-
ratory adjudicated that can potentially bias the interpretation
results. In this study, it was up to the individual operator's
discretion when to abstain from the APH and switch to another
rescue device. Therefore, it is not known whether a continuation
with the APH would have still led to a success in the 7 cases in
which rescue devices have been chosen. A further consideration
in the present study is the primary use of a concomitant lesional
local aspiration technique during stent-retriever retrieval,
termed the Solumbra technique.14 It is important to note that
the overall endovasular treatment techniques have evolved.

Particularly in Solumbra the aspiration component is very
important and effective and might be at least in part an
explanation for the good revascularization results that are
superior to some of the prementioned RCTs. In this context,
it is conceivable that different thrombectomy techniques for
different circumstances may impact the rate of excellent
reperfusion and first-past complete revascularization, for
example, using a balloon guideeassisted proximal aspiration
under flow reversal. Further RCTs may help define subgroups of
patients, in which the APH, in combination with a specific
thrombectomy method, based on the occlusion pattern, would
yield the most effective recanalization results.
Follow-up clinical outcome after 90 days is limited to 30 of 48

(63%) patients and therefore has to be interpreted with caution.
However, a German multicentric registry is being initiated by our
group and will provide more extensive data.
In this initial evaluation, there was no major criticism toward

the overall handling of the device. The improved visibility
concept of the APH was rated to be “good” or “very good” in
100% of its first clinical trial. Technically, its use seems
feasible and safe, and the high rates of successful

Table 2. Clinical and Angiographic Outcome of Selected Stent-Retriever Trials

Study
Endovascular
Treatment (n) Device

Baseline
NIHSS

(Median)
Overall TICI
2be3 (%)

First Pass
TICI (%)

Postinterventional
NIHSS (Median)

mRS 0e2 at 90
Days (%)

Mortality
(%)

sICH
(%)

Singer et al.
201321

309* Various 16 77 N.A. N.A. 41 27 15

Kallenberg
et al. 201622

119 Aperio N.A. 71 N.A. N.A. N.A. 0 0

Kabbasch
et al. 201617

40 EmboTrap 16 95 TICI 3: 38 N.A. 35 17 15

Zaidat et al.
201815

634 Trevo 17 80 TICI 3: 54.3 Mean (SD)
Discharge: 17.4 (6.7);
90 day: 18.1 (18.7)

47.9 19.8 7.1

Kaschner
et al. 201913

82 Aperio 14 85.3 TICI 2be3: 43.9 N.A. 41.2 17.1 7.3

Zaidat et al.
201818

227 EmboTrap Mean (SD) 15.8
(5)

92.5 TICI 2be3: 51.5
TICI �2c: 40.1

N.A. 67 9 5.3

Zaidat et al.
201420

354 Solitaire 17 73 N.A. N.A. 42 30.2 9.9

Brouwer et al.
201816

201 EmboTrap 15 84.6 N.A. N.A. 52.8 12.9 N.A.

Yi et al.
201819

102 Solitaire 11.3 82.3 TICI 2be3: 32 At 30 days: 6.2 42.1 6.8 N.A.

98 Trevo 11.7 89.7 TICI 2be3: 40.8 At 30 days: 5.4 48.9 4 N.A.

This study 48 Aperio
Hybrid

15 96 TICI 2be3: 60.4
TICI �2c: 33.4
TICI 3: 25

At discharge: 7 36.7 22 6

NIHSS, National Institutes of Health Stroke Scale; N.A., not available; SD, standard deviation; TICI, thrombolysis in cerebral infarction; mRS, modified Rankin Scale; sICH, symptomatic
intracranial hemorrhage.

*Number of patients with available TICI scoring.
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recanalization appear to be in the range of comparable stent-
retriever publications.
Full structural radiopacity would allow a more targeted

deployment of the APH and delineation of the stent retriever.
From a procedural point of view, visualization of just the distal
markers would be sufficient but a reliable detection of clot
integration and clot displacement requires full-length visibility
of the stent structures. Moreover, during retrieval there is no
visual control of the clot-stent interaction in conventional
nitinol retrievers as the predecessor Aperio. Compared with the
Aperio, the APH is one of few stent retrievers that allow
visualization of the clot-strut interaction during both deploy-
ment and retrieval.11,12 As a result of full-length visibility, a
potential failure of the thrombectomy maneuver might be
detected at an early stage and enables us to adapt or modify the
procedure, for example, obvious nonintegration of the clot
within the stent retriever just sliding past it or visible
straightening of the target vessel without relative movement of
the stent retriever that may indicate increased force transmitted
to the vessel, with the risk of structural damage. In our cases in
which pushability of the device was rated as “poor” and “very
poor” (4.2%, 2 of 48) and positioning of the APH as “poor”
(2.1%, 1 of 48), the added DFT wires were supposed to increase
the resistance during the delivery and deployment of the APH
stent retriever via the microcatheter. This assumption is in
accord with reports of an international survey performed
among the members of the World Federation of Interventional
and Therapeutic.23 In this context, a final assessment of
friction or resistance during delivery and deployment of the
device, and evaluation of the used material in combination

with the APH (e.g., microcatheters, aspiration catheters),
should be subject to a prospective evaluation.

CONCLUSIONS

This early multicenter experience demonstrated that the recently
introduced APH yielded high rates of favorable and excellent
reperfusion in cerebral LVO in conjunction with lesional aspira-
tion in the setting of acute stroke. Clinical outcome after 90 days
seems to be in line with published literature. The absence of
device-related procedural complications reflects a high safety
profile. Full-length visibility of the APH may allow the detection of
the alignment of the device with the clot and may guide proce-
dural adaptation by control of the actual stent-clot or stent-vessel
interaction. These promising initial results will be further
evaluated in a German multicentric registry.
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A Retrospective Single-Center Case Series of Direct Aspiration
Thrombectomy as First-Line Approach in Ischemic Stroke and

Review of the Literature

Marius Georg Kaschner, MD,* Christian Rubbert, MD,* Julian Caspers, MD,*
Jennifer Karsten,* Bastian Kraus, MD,* John-Ih Lee, MD,†Michael Gliem, MD,†

Sebastian Jander, MD,† and Bernd Turowski, MD*

Introduction: The benefit of the direct aspiration thrombectomy (ADAPT) technique for
the treatment of ischemic stroke due to large vessel occlusion are challenged after pub-
lishing of the ASTER trial that failed to show superiority of ADAPT compared to stent
retriever. Aim of the present single-center study was a retrospective evaluation of the
ADAPT technique comparing our results with literature. Material/methods: We retro-
spectively analyzed institutional data of stroke procedures in patients with mainstem
occlusion of the middle cerebral artery treated between November 2016 and December
2017 with an initial attempt of manual thrombaspiration. Reperfusion rate (thromboly-
sis in cerebral infarction), procedural times, early clinical outcome and complications
were recorded. Results: Forty patients were treated by using direct thrombaspiration in
middle cerebral artery mainstem occlusion. Median age was 67.5 (§17.8) years
(m= 27.5%). Median Baseline National Institutes of Health Stroke Scale score was 12
(IQR 7) preintervention and 3 (IQR 11) postintervention. Twenty-eight (70%) patients
received intravenous thrombolysis. Successful recanalization (modified thrombolysis
in cerebral infarction � 2b) could be achieved in 85% with direct aspiration alone.
Mean time from groin puncture to recanalization was 25.2 § 14.3 minutes. Emboliza-
tion to new territories occurred in 1 of 40 (2.5%) cases and symptomatic intracranial
hemorrhage in 3 of 40 (7.5%). Nineteen of 40 (47.5%) patients achieved favorable out-
come (modified Rankin scale 0-2) at discharge. Conclusions: The ADAPT technique pre-
sented as a safe and efficient first-line recanalization strategy with good clinical
outcome for treatment of acute ischemic stroke resulting from large vessel occlusions
in this single-center study and review of the literature. However, the concept of
ADAPT as an equivalent first-line approach to stent retriever thrombectomy has to be
proven by future randomized studies.
Key Words: Stroke—middle cerebral artery occlusion—aspiration thrombectomy—
ADAPT
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Introduction

The previous studies using ADAPT (a direct first pass
aspiration technique) as first-line approach in large vessel
occlusion (LVO) reported promising results regarding to
recanalization rate, procedural times and costs.1-6 The
ASTER study is the first published prospective, random-
ized, multicenter, controlled open-label design with
blinded outcome evaluation that compared the direct
aspiration thrombectomy to stent retriever technique as
first-line approach. The study was powered to show supe-
riority of ADAPT over the stent retriever technique
regarding efficacy and adverse events.7 The study
enrolled 381 patients from 8 comprehensive stroke centers
in France who presented with acute ischemic stroke in the
anterior circulation. Superiority of the ADAPT technique
over first-line stent retriever could not be demonstrated.
Hence, stent retriever thrombectomy remains first-line
technique for treatment of LVO in ischemic stroke. The
current study presents the results of a single-center patient
collective with acute ischemic stroke resulting from mid-
dle cerebral artery (MCA) mainstem occlusion that were
treated by the ADAPT technique as first-line approach,
and a critical review of the literature.

Material and Methods

Our study was approved by our hospital’s institutional
review board. Data evaluation was approved by the local
ethics committee. From November 2016 to December
2017, n = 125 consecutive patients with anterior circula-
tion ischemic stroke due to M1/M2 occlusion, as diag-
nosed by computed tomography angiography (CTA) or
magnetic resonance tomography, were treated by throm-
bectomy. We further analyzed all patients, in which an
aspiration thrombectomy as first-line approach was con-
ducted (n = 40).
According to the guidelines of the local ethics commit-

tee, consent for retrospective data analysis was waived.

Inclusion Criteria

The study enrolled adults with occlusion of the M1 and
M2 branches of the MCA receiving direct aspiration
thrombectomy as first-line endovascular treatment; no
age limit, no baseline National Institutes of Health Stroke
Scale (NIHSS) score limit at admission, and no time limit
from symptom onset to treatment were applied to restrict
study inclusion. Standardized stroke imaging at our insti-
tution included non�contrast-enhanced cranial computed
tomography (NECCT), computed tomography perfusion
(CTP), and CTA. If time from symptom onset to admis-
sion was uncertain, patients were scanned with magnetic
resonance imaging (MRI), applying diffusion-weighted
imaging (DWI), perfusion weighted imaging (PWI), and
fluid-attenuated inversion recovery (FLAIR) image to dis-
cern between salvageable and terminally infarcted tissue.

Patients who qualified for treatment with intravenous
thrombolysis (IVT), received this treatment according to
the guidelines of the German Society of Neurology. Exten-
sive early ischemic signs or hemorrhage could be
excluded in preinterventional imaging by CT or MRI
assessment. There were no ASPECTS treshholds for exclu-
sion from thrombectomy. Eligibility for thrombectomy in
patients with acute M1/M2 occlusion, as established in
CTA or time-of-flight magnetic resonance tomography,
was determined individually for each patient in consen-
sus between neurologists and neurointerventionalists.
The decision is primarily based on the infarct-core/
penumbra mismatch, estimated procedural risk, probabil-
ity of recanalization by IVT, contraindication for IVT,
comorbidities, and social and medical prestroke condi-
tions. Exclusion criteria were intracranial hemorrhage and
occlusion of the cervical carotid artery.
CTP was acquired with 2 adjacent slices of 1 cm thickness

angled parallel to the Frankfurt horizontal line at the level of
the cella media over 50 seconds with 1 image per second. Per-
fusion maps including time to maximum (Tmax), mean transit
time, relative cerebral blood volume (rCBV), and relative cere-
bral blood flow were calculated using singular value decom-
position (STROKETOOL-CT, Version 2.0, H.-J. Wittsack, DIS,
Frechen, Germany). Perfusion restriction was detected by
visual inspection and region of interest (ROI) measurement in
the Tmax map. A difference exceeding 6 seconds in
Tmax values between ischemic and contralateral unaffected
hemisphere was suggested as critical ischemia. To differenti-
ate irreversibly infarcted tissue (infarct core) and salvageable
ischemic tissue (penumbra), and to estimate collateralization,
NECCT and rCBV were used. Tissue showing infarct typical
hypoattenuation in NECCT or/and rCBV close to 0 was con-
sidered as irreversibly infarcted brain parenchyma that
corresponds to the infarct core. Tissue showing significant
Tmax prolongation outside the infarct core was considered as
the penumbra. Dynamic contrast-enhanced magnetic reso-
nance PWI was performed with the duration of the gradient-
echo sequence about 1 minute and whole brain coverage
(4 mm slice thickness). Perfusion maps including time to
peak, mean transit time, CBV, and cerebral blood flow. In
MR imaging infarct core was distincted from penumbra by
DWI/PWI mismatch. DWI affected tissue was considered as
infarct core. Tissue showing perfusion deficit in time to peak
without DWI alteration was considered as penumbra.
If substantial penumbra was detected on CTP by

NECCT/CTP mismatch or MRI by DWI/PWI mismatch
analysis, decision for thrombectomy was made. Further-
more, as portions of DWI abnormalities may represent
penumbra with the potential of normalization when per-
fusion is restored, a phenomenon described “DWI rever-
sal,” thrombectomy was also performed in cases where
DWI affected tissue clearly exceeded FLAIR demarcation
(FLAIR/DWI mismatch).8,9 For all cases, the estimation of
substantial penumbra was to the discretion of the inter-
ventionalist.
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Interventional Procedure

The interventional procedures were performed under
analgesia (1-2 g Novaminsulfone as short infusion) and
local anesthesia of the groin. General anesthesia was per-
formed in patients with need for endotracheal intubation
(Glasgow coma scale < 8) or in case of extreme agitation.
Access was performed using a long 8F sheath or addi-
tional guiding catheter positioned in the distal internal
carotid artery. A .027-in. inner lumen microcatheter was
advanced up to (no touch technique) or past the thrombus
over a microwire and then an aspiration catheter (5F or 6F
SOFIA, MicroVention Inc, Tustin, CA) was advanced to
the proximal aspect of the thrombus. In cases of nonelon-
gated or minorelongated arteries, the aspiration catheter
could be directly advanced to the site of occlusion without
using a microcatheter and microwire. When applied,
microcatheter (Neuroslider 21, Acandis, Pforzheim, Ger-
many) and microguidewire were removed and aspiration
catheter was directly locked to a 20 mL syringe. Manual
aspiration was started and as soon as absence of flow was
noted, the resulting vacuum was maintained for at least
60 seconds, before the catheter was slowly retracted under
additional aspiration at the guide catheter.10 If first aspira-
tion attempt failed completely (defined as no extraction of
any thrombus material), a rescue maneuver with a stent
retriever (APERIO; Acandis, Pforzheim, Germany) under
local aspiration through the aspiration catheter (Solumbra
technique) was performed immediately. In case of partial
clot extraction the aspiration attempt was either (1)
repeated up to 3 times, (2) an additional thrombectomy
device was used under local aspiration, or (3) the inter-
vention was terminated when residual clot could not be
reached without increased risk of procedural complica-
tions. The choice of procedure was at the discretion of the
interventionalist.
Imaging and procedural data collection: time from

symptom onset to stroke imaging, to groin puncture, and
to recanalization were captured. The location of the occlu-
sion and thrombus length were assessed on CT or MR
angiographic images. Collateral supply of the occluded
MCA territory from preinterventional CTA scans was
scored based on collateral grading system of Tan et al on
a scale of 0-3.11 Devices and medication used during the
interventional procedures, duration, and intraprocedural
complications were evaluated from the treatment proto-
cols. Angiographic outcome was graded by the modified
thrombolysis in cerebral infarction (TICI) scale.12 Pretreat-
ment cerebral infarction, according to the Alberta Stroke
Program Early CT score (ASPECTS) was assessed by cardio-
vascular computed tomography or MRI. Post-treatment
ASPECTS and symptomatic intracerebral hemorrhage,
according to the European Cooperative Acute Stroke Study
classification, were assessed by follow-up cardiovascular
computed tomography imaging that was routinely per-
formed 6-24 hours after treatment.13

Statistical Analysis

Statistical analysis was performed using R version
3.4.3. R is a programming language widely used for
data analysis. Stroke severity as measured by NIHSS,
clinical outcome according to modified Rankin Scale
(mRS), and ASPECTS between admission and discharge
were compared by means of Mann-Whitney U tests.
The Mann-Whitney U test is a nonparametric test of the
null hypothesis, which allows 2 groups, conditions, or
treatments to be compared without making the assump-
tion that the values are normally distributed. A paired
test was conducted, since the values were compared in
the same patient at the time of admission and discharge.
Results were considered statistically significant at a
level of P < .05.

Results

Patients

Forty patients with M1/M2 segment occlusion were iden-
tified who underwent an endovascular therapy by the
ADAPT technique as first revascularization attempt
between November 2016 and December 2017. Twenty-eight
patients (70%) received intravenous tissue plasminogen acti-
vator (IVT) prior to endovascular procedure. Mean age of
the patients was 67.5 years (SD 17.8), 72.5% were women.
Median baseline NIHSS was 12, and median pretreatment
mRS was 4. Baseline median ASPECTS was 10 and median
collateral score was 3 (Table 1).

Technical Success

An overall final revascularization result of (TICI � 2b)
was achieved in all 40 cases. The ADAPT technique
with aspiration alone was successful in 85% (34/40) of
cases; the remaining 6 (15%) cases required stent
retriever thrombectomy to reach TICI 2b/3 recanaliza-
tion. TICI3 revascularization rate was 52.9% (18/34)
with the ADAPT technique alone and 66.7% (4/6) in
ADAPT cases with adjunctive use of a stent retriever
(Table 1). In 80% (32/40) primary site of occlusion was
located in the M1 segment and 20% (8/40) of cases
involved the M2 segment. Overall mean time to final
recanalization proceeding from femoral access to final
revascularization was 25.2 minutes (SD § 14.3) over
all cases and 20.7 minutes (SD § 8.4) for the ADAPT
technique alone cases. In those cases where an adjunc-
tive stent retriever was required time to final recanaliza-
tion increased significantly to 50.6 minutes (SD § 15.2, P
= .005). Median of overall aspiration attempts was 1 in
the whole sample, 1 in the ADAPT alone, and 2 in the
ADAPT rescue group. In the 34 cases where successful
recanalization was achieved by ADAPT as stand-alone
technique we found red thrombus material, in the 6
cases with rescue stentretriever treatment hard white
fragment clots were extracted.
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Clinical Outcome, Follow-up Imaging and Complications

The post-treatment median NIHSS improved signifi-
cantly from 12 (at admission) to 3 at discharge (P < .005).
Median mRS improved from 4 to 3 (P < .05). The post-
treatment median mRS in the ADAPT alone group was
statistically significantly lower compared to patients with
stent retriever rescue treatment (2 versus 4, P < .05).
Forty-seven percent of patients achieved a mRS score of
0-2 at discharge. In the cases where ADAPT alone was
successful, 55.8% of patients achieved a mRS score of 0-2.
In the cases with stent retriever rescue treatment no
patient (0/6) achieved mRS 0-2, 33.3% (2/6) resulted in
mRS 5, 33.3% (2/6) in mRS 4, and 16.7% (1/6) resulted in
mRS 3. Median pretreatment ASPECTS was 10 in both
groups. Median ASPECTS after treatment was 8 in the
ADAPT alone cases and 9 in cases with rescue stent
retriever maneuver without statistically significance
between the groups (P > .05). Differences in pre- to post-
treatment median ASPECTS shift were significant in the
overall and ADAPT alone group (10 versus 8; P < .05).
Overall mortality was 2.5% (1/40) with a mortality rate of
2.9% (1/35) in the ADAPT alone group and 0% in the
ADAPT rescue group. Postprocedure symptomatic intra-
cerebral hemorrhage occurred in 3 cases (7.5%), 2/34
(5.8%) in the ADAPT alone and 1/6 (16.7%) in the ADAPT
and stent retriever group. Embolization to new territories
occurred in 1 patient (2.5%, 1/40) who received ADAPT
plus rescue stent retriever (Table 1).

Discussion

ADAPT or contact aspiration technique has gained
growing popularity as it is thought to achieve revasculari-
zation safely, quickly and with a small amount of material
resources. 5,14,16,10 There are numerous single-center
reports suggesting the aspiration approach to be less trau-
matic in vessel wall damage and consecutive symptom-
atic hemorrhages.1,3 Nonrandomized retrospective trials
comparing direct aspiration to stent retriever thrombec-
tomy have reported increased successful recanalization
rates when using ADAPT as first-line approach.4,15,16

The results of our single-center trial are in line with the
good results of the preceded observational studies. Our
overall rates of 100% (40/40) successful recanalization
(TICI2b, 27.5%; TICI2c/3, 72.5%) and 85% (34/40) suc-
cessful recanalization (TICI 2b;26.5%, TICI 2c/3; 73.5%)
when ADAPT used alone were high compared to results
of recently published studies (Table 2).1,3,5-7,10,14,15,17,18

Rates of rescue stent retriever use were comparable in our
study group (15%). In all cases of necessary stent retriever
maneuvers in addition to ADAPT hard fragment clots
were the reason of vessel occlusion, which hints to a possi-
ble limitation of the ADAPT technique. The percentage
of patients with mRS 0-2 at discharge were comparable
to data in recently published studies (47% versus
46%-50.6%).3,10,14 Our overall rate of symptomatic intra-
cranial hemorrhage of 7.5% is in line with data from other
ADAPT studies.14,15 Embolization to new territories was

Table 1. Baseline data, angiographical results, clinical outcome, and complications

All

(n = 40)

Aspiration

alone (n = 34)

Aspiration + stent

retriever (n = 6)

Age (mean, §SD) 67.5 § 17.8 65.7 § 17.8 79 § 15.1

Sex (n) m = 11, w = 29 M = 11, w = 23 W = 6

CTA-collateral score (0-3), median 3 3 3

IVT n(%) 28(70) 22(64.7) 6(100)

Onset to groin puncture (min., mean SD§) 202.5 § 161.6 215.9 § 171 142 § 78.2

Time from groin puncture to final recanalization

(min., mean § SD)

25.2 § 14.3 20.7 § 8.4 50.6 § 15.2

TICI 2b n(%) 11(27.5) 9(26.5) 2(33.4)

TICI 2c n(%) 7(17.5) 7(20.6) 0(0)

TICI 3 n(%) 22(55) 18(52.9) 4 (66.6)

ASPECTS premedian, (IQR) 10 (1) 10 (.75) 10 (1.5)

ASPECTS postmedian, (IQR) 8 (2.25) 8 (2) 9 (2.75)

NIHSS premedian, (IQR) 12 (7) 12 (7) 12 (3.75)

NIHSS postmedian, (IQR) 3 (11) 2 (8.25) 12 (8.25)

mRS premedian, (IQR) 4 (1) 4 (1) 5 (1)

mRS postmedian, (IQR) 3 (3) 2 (3) 4 (.75)

mRS � 2 post n(%) 19 (47.5) 19(55.8) 0(0)

Emboli to new territories n(%) 1(2.5) 0(0) 1(17.1)

sICH n(%) 3(7.5) 2(5.8) 1(16.7)

Mortality n(%) 1(2.5) 1(2.9) 0(0)

Abbreviations: CTA, CT angiography; IVT, intravenous thrombolysis; mRS, modified Rankin scale; NIHSS, National Institutes of Health

Stroke Scale; sICH, symptomatic intracranial hemorrhage; TICI, thrombolysis in cerebral infarction.
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comparable to the reported rates in the literature (2.5%
versus 2%-6%).1,3,7,10,14 There was no significant differ-
ence between the median ASPECT score in the ADAPT
group compared to the ADAPT+rescue group (8 versus 9)
post-treatment, but postinterventional median mRS was
significantly lower in the ADAPT group compared to the
ADAPT+rescue group. Even if the results from literature
and our own are encouraging there is a paucity of ran-
domized trials for efficacy of ADAPT as first-line
approach in LVO stroke and most of the nonrandomized
trials are biased by group definition.
The currently published ASTER-trial is the first ran-

domized comparative trial that has studied the aspiration
technique versus the stent retriever thrombectomy as
first-line strategy in LVO in acute ischemic stroke but the
results indicated that there was no difference between the
2 techniques.7

The ASTER trial was designed to demonstrate superior-
ity of aspiration as first-line therapy over stent retriever in
achieving the primary end point of successful recanaliza-
tion (TICI2b/3) at the end of angiography after all endo-
vascular treatment. The study failed to achieve this result
with a recanalization rate below the expected level of 15%
increased successful recanalization rates by the aspiration
attempt. Even if revascularization rate is a major early
indicator of treatment success, clinical outcome such as
the 90-day mRS score is more relevant. Clinical outcome
with a 90-day mRS 0-2 was comparable between the 2
groups but ASTER also failed to demonstrate equivalence
or noninferiority in clinical outcome because it was not
designed to prove these aspects and hence underpowered.
Numerous single-center studies suggest aspiration to be
less traumatic regarding vessel damage, which may be
because of aspiration thrombectomy having less of a
shearing effect, that is why many interventionalists may
favor this approach in the first place. The safety profile at
the ASTER trial was equal for both treatment strategies
with comparable rates of procedure-related adverse
events (16.2% aspiration versus 15.9% stent retriever).
Thus, ASTER also failed to confirm a potential safety
superiority.
The problem of comparing aspiration and the stent

retriever technique is the lack of randomized trials for
aspiration thrombectomy. The only randomized trial in
this analysis using ADAPT as first-line technique was
ASTER that demonstrated high revascularization rates
with rates of good functional outcome (mRS 0-2) of 45%.
In THERAPY, an international, multicenter, prospective,
randomized trial comparing aspiration thrombectomy
after intravenous alteplase administration with intrave-
nous alteplase alone, high revascularization rates
(TICI2b/c) of 70% were achieved but the rate of 38% with
90-day good functional outcome was relatively low.
Moreover, the study was underpowered, because it has
been terminated early and failed to show significant
results.19

A patient-level meta-analysis of 5 randomized trials
(MR CLEAN, ESCAPE, REVASCAT, SWIFT PRIME, and
an EXTEND IA) that used predominantly stent retrievers
for first-line revascularization approach revealed an over-
all good clinical outcome rate of 46%, but a rate of mRS
less than or equal to 2 up to 60% in SWIFT-PRIME and
71% mRS less than or equal to 2 in EXTEND IA could be
achieved (Fig 1).5,7,19-28 At last the heterogeneity in the
ADAPT meta-analysis limits the comparability to the
stent-retriever technique. Theoretically ADAPT might
lower the risk of embolic complications, because passage
of the thrombus before aspiration is not necessary and the
thrombus is frequently extracted en bloc. However, an in-
vitro study has found that more angiographically not visi-
ble emboli occur with the ADAPT technique, than with
stent retriever. This higher number of microemboli in soft
elastic clots might be the reason for the poor rate of favor-
able functional outcome.29 The frequency of small distal
emboli following recanalization is unknown, and it is
unclear whether the risk of small distal embolization dif-
fers between recanalization techniques in vivo.
At this point in time, the question if aspiration is equiv-

alent to stent retriever as first-line approach to clot
removal is unresolved while uncertainty about clinical
effectiveness of the technique remains. On the other hand
results of a current meta-analysis indicate that ADAPT
might be an effective first-line approach in the treatment
of LVO. Wei et al conducted a meta-analysis of 16 studies
that used ADAPT as first-line approach and 5 studies that
limited endovascular procedures to aspiration thrombec-
tomy only. The reported rate of 90-day mRS less than or
equal to 2 in the 16 ADAPT studies was 52.7% (95% confi-
dence interval, 48.0%-57.4%).16 Moreover, the results
from the COMPASS trial, that ought to be published
soon, have been presented at the International Stroke
Conference (ISC; 24-26 January, Los Angeles, CA) and
revealed noninferiority of ADAPT as first-line thrombec-
tomy therapy for acute ischemic stroke with regard to
functional outcomes when compared to the stent-
retriever-first approach.30 The major limitation of our
study is the relatively small sample size that might be the
reason for the relatively high revascularization success.
Further, the use of ADAPT technique was at the discretion
of the interventionalist, which might have created a selec-
tion bias. For example, in very tortuous and complex
vessel anatomy the interventionalist may have chosen to
use a stent retriever as a first-line therapy, instead of esca-
lating from ADAPT to stent retriever therapy. The detect-
able significance level of the Mann-Whitney U test is not
expected to suffer from the sample size of n = 40.
At last the question arises, if any of the thrombectomy

methods are superior to others. Choosing a method for a
specific patient depends on a number of different varia-
bles, for example vessel anatomy, operator experience, or,
as our results show, clot composition. The ADAPT
method alone might be more promising in short, soft,
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elastic clots which can be completely aspirated into large-
bore catheters. In longer soft-elastic thrombus, an addi-
tional proximal flow-arrest might reduce thrombus
fragmentation and microembolies. In contrast, hard, clots
are often too rigid to be completely aspirated and may
shear of the catheter tip when maneuvering the thrombus
along narrow bends or when retracting the aspiration
catheter into the sheath or guiding catheter. In such a
case, a local aspiration technique in combination with a
stent retriever may be the more suitable method, for
example the SAVE technique.31 At this point in time, there
are no randomized controlled trials available evaluating
the outcome of different stent retriever techniques.
The present series continues to show that the ADAPT

technique is very competitive as a first-line treatment
modality despite the fact that the randomized study
(ie, ASTER) did not show any differences between aspira-
tion and stent retriever thrombectomy. In this context and
in regard to this apparent dissonance, it is conceivable
that different techniques for different circumstances is
probably the most realistic future of thrombectomy.

Conclusions

The existing evidence of ADAPT as a first-line approach
may not reach the level of Class IA, but it is increasingly
available and our study adds to that body of knowledge.
Results from the COMPASS trial, which ought to be pub-
lished soon, may provide more definitive evidence, that
aspiration thrombectomy may be considered as an equally
effective therapy when compared to stent retrievers. Choos-
ing the thrombectomy method suitable for a respective

patient depends on a number of different variables and fur-
ther randomized trials may define subgroups of patients, in
which a single method or a combination of methods may be
more suitable than other approaches.
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Mechanical thrombectomy in MCA-mainstem
occlusion in patients with low NIHSS scores

Marius Georg Kaschner, Julian Caspers, Christian Rubbert, Raul Lande,
Bastian Kraus, John-Ih Lee, Michael Gliem, Sebastian Jander and
Bernd Turowski

Abstract
Introduction: While effectiveness of mechanical thrombectomy (MTE) in M1 segment occlusion is approved for patients with

severe impairment, there is a lack of evidence for a potential benefit of MTE in patients with minor to moderate symptoms.

The purpose of this study was to evaluate neurological outcome and occurrence of periprocedural complications after MTE in

patients with low National Institutes of Health Stroke Scale (NIHSS) scores.

Materials and methods: A retrospective analysis of 1081 consecutive patients with anterior circulation ischemic stroke due to

M1 occlusion detected by computed tomography angiography and treated with MTE at our hospital between February 2012

and November 2017 was performed. NIHSS, Barthel Index (BI) and modified Rankin Scale (mRS) scores between admission

and discharge were compared with paired Mann–Whitney test, and recanalization rate and complications were assessed in

patients with NIHSS� 5 at admission.

Results: Thirty patients were included with a median NIHSS score of 4. NIHSS score (median: 4 vs. 1; p< 0.001), BI (median:

43 vs. 80; p< 0.001) and mRS (2 vs. 1; p< 0.001) showed significant improvement from admission to discharge after MTE.

Recanalization rate was Thrombolysis in Cerebral Infarction (TICI) 2b to 3 in 29 of 30 patients (96.7%). One case of an

intracerebral reperfusion hematoma (ECASS: PH2) required surgical treatment.

Conclusion: MTE might lead to a significantly improved clinical outcome also for patients with low NIHSS score due to M1

segment occlusion. Periprocedural complications appeared infrequently. These results encourage further evaluation of the

benefit-risk profile of MTE compared to standard treatment in patients with low NIHSS scores in future randomized trials.

Keywords
Low NIHSS, M1 segment occlusion, mechanical thrombectomy
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Introduction

Patient populations of previously published larger ran-
domized trials, proving the efficacy of mechanical
thrombectomy (MTE) in large-vessel occlusion (LVO)
of the anterior circulation, predominantly included
patients with severe stroke symptoms. Although the
study protocol of the Multicenter Randomized
Clinical Trial of Endovascular Treatment for Acute
Ischemic Stroke in the Netherlands (MR CLEAN)
and the Extending the Time for Thrombolysis
in Emergency Neurological Deficits-Intra-Arterial
(EXTEND-IA) study also involved patients with
minor neurologic deficit (National Institutes of Health
Stroke Scale (NIHSS) 2–42 MR CLEAN, NIHSS 0–42
EXTEND-IA), the median NIHSS score for patients
who underwent acute endovascular thrombectomy
was approximately 15 to 17 in all major stroke
trials.1–5 There is a paucity of data from randomized

clinical trials on the efficacy and safety of MTE in
patients with lower NIHSS as a main study population.
However, there is no clear definition of minor or mod-
erate stroke. Also in case of low NIHSS scores in
underlying LVO, patients can have a severe functional
deficit like aphasia, hemianopia or monoplegia.6 On the
contrary many patients with low NIHSS scores have
relatively mild clinical symptoms, and thus the question
arises whether the risk of an endovascular procedure is
justified in these patients.

There are some considerations as to why MTE
in patients with low NIHSS scores might be useful.
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Despite a low NIHSS score, an LVO of the middle
cerebral artery (MCA) might be found, with a probabil-
ity of recanalization by intravenous thrombolysis (IVT)
of< 1% when thrombotic clot length exceeds 8mm.7

Nine percent to 10% of patients with initially minor
stroke may be affected by early progression of symp-
toms and infarct growth in association with LVO.8–10

In a retrospective analysis of 7621 patients with NIHSS
score� 5 treated with IVT, absence of recovered inde-
pendent ambulatory ability was observed in only 30.3%
at discharge.11 However, procedural risk of MTE in
low-NIHSS patients has to be critically balanced
against the benefit, because the advantage of MTE
compared to pharmacological treatment has not yet
been proved. Based on the major MTE trials, the
American Heart Association guidelines provided level
1a evidence for MTE for patients with NIHSS scores of
6 or more, so that our selected NIHSS range� 5
includes a patient collective about whom less is
known. Some current studies already reported good
clinical outcome after MTE in patients with mild symp-
toms harboring LVO in the anterior circulation.12,13 In
this single-center study, we intend to evaluate whether
these results can be confirmed in patients with M1
occlusion and low baseline NIHSS scores at our
institution.

Material and methods

Patient selection

We retrospectively assessed all patients with an NIHSS
score� 5 who were treated by MTE between February
2012 and November 2017 at the University Hospital
Duesseldorf. Data evaluation was approved by the
local ethics committee. For each patient, neurological
examination was performed at admission by the attend-
ing neurologist in the emergency department, including
detailed assessment of NIHSS, modified Rankin Scale
(mRS) and Barthel Index (BI) scores. Standardized
stroke imaging at our institution included non-
contrast-enhanced cranial computed tomography
(NECCT), CT-perfusion (CTP) and CT angiography
(CTA). In admitted patients who received stroke ima-
ging in external hospitals prior to admission, CTP ima-
ging was absent in some cases. In patients with
unknown symptom onset, magnetic resonance (MR)
stroke imaging including diffusion-weighted imaging
(DWI), fluid-attenuation inversion recovery, and sus-
ceptibility-weighted imaging sequences were performed.
Extensive early ischemic signs or hemorrhage could
be excluded in pre-interventional imaging by CT- and
DWI-Alberta Stroke Program Early CT score
(ASPECTS) assessment.

Eligibility for MTE in patients with acute M1 occlu-
sion established in CTA or time-of-flight-magnetic res-
onance angiography (TOF-MRA) was determined
individually for each patient in consensus between

neurologists and neurointerventionalists, depending
on estimated procedural risk, probability of recanaliza-
tion by IVT, contraindication for IVT, social and med-
ical pre-stroke conditions, and comorbidities. IVT was
applied as bridging therapy according to national and
international guidelines in eligible patients when treat-
ment was initiated within 4.5 hours after symptom
onset.

Endovascular treatment

Stent retriever thrombectomy (4.5� 40mm or 3.5�
28mm Aperio; Acandis, Pforzheim, Germany) com-
bined with local thromboaspiration via a 5-Fr or 6-Fr
intracranial intermediate catheter (Sofia 5-Fr;
MicroVention or 6-Fr Navien Intracranial Support
Catheter; formerly the ReFlex Intracranial Catheter;
Covidien Vascular Therapies, Mansfield, MA, USA)
at the MCA mainstem was performed. During stent
retrieval, aspiration was applied through the intermedi-
ate catheter via a 20ml syringe. Arterial punctures were
closed by vascular closure devices (Angio-Seal VIP; St.
Jude Medical, Minnetonka, MN, USA). MTE was per-
formed under permanent monitoring of vital param-
eters and analgesia (local anesthesia in the groin, 1 g
of metamizole as short infusion), and without general
anesthesia or sedation in all cases. In case of vital
deterioration, stand-by support by intensive care phys-
icians was obtainable. After intervention, patients were
admitted to the stroke unit of our hospital and treated
according to in-house standard operating procedures.
Patients who received acute stenting of extracranial
arteries in addition to endovascular thrombectomy
were treated with the gpIIb/IIIa antagonist tirofiban
(1.250mg bolus during intervention followed by a con-
tinuous infusion of 0.1 mg/kg body weight/minute) from
time of acute stenting until a switch to oral aspirin and
clopidogrel was performed, usually within 12–24 hours,
with 12-hour overlap. Follow-up imaging CCT was
routinely performed 6–24 hours after treatment.
Postinterventional NIHSS, mRS and BI were assessed
by the treating neurologist at discharge.

Imaging and procedural data collection

Time from symptom onset to stroke imaging, to start of
angiography, and to recanalization were captured. The
location of the occlusion and thrombus length were
assessed on CTA or TOF-MRA images. Collateral
supply of the occluded MCA territory from pre-inter-
ventional CTA scans was scored on the basis of the
collateral grading system of Tan et al. on a scale of
0–3.14 A score of 0 corresponds to absent collateral
supply, a score of 1 corresponds to collateral supply
filling <50% but >0%, and a score of 2 corresponds
to collateral supply filling >50% but <100% of the
occluded MCA territory. One hundred percent collat-
eral supply of the occluded MCA territory was
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scored as 3. Devices and medication used during the
interventional procedures, procedural duration, and
intra-procedural complications were evaluated from
the treatment protocols. Angiographic outcome was
graded by the modified Thrombolysis in Cerebral
Infarction (TICI) scale.15 Pre- and post-treatment cere-
bral infarction, according to the ASPECTS and post-
treatment intracerebral hemorrhage, according to the
European Cooperative Acute Stroke Study classifica-
tion (ECASS16), were assessed by routine follow-up
imaging as described above.

Statistical analysis

Statistical analysis was performed by using R, version
3.4.3. Stroke severity as measured by NIHSS, clinical
outcome according to mRS, and BI at admission and
discharge were compared by paired Mann–Whitney
test. Correlation between ASPECTS and time to suc-
cessful recanalization (TTSR), and ASPECTS and col-
lateral score was assessed by Spearman correlation.
Results were considered statistically significant at a
level of p< 0.05.

Results

A total of 1081 patients with M1 occlusion were treated
by MTE between February 2012 and November 2017.
Of these, 30 patients presented with a pre-therapeutic
NIHSS score of 1 to 5. Thrombus location in all
included patients is summarized in Table 1. Twenty-
four patients received intravenous (i.v.) bridging lysis.
All patients were treated by stent retriever thrombec-
tomy under local aspiration. In five patients carotid
artery stent implantation because of arteriosclerotic
carotid artery stenosis for intracranial access was neces-
sary. CTA-based collateral status assessment was avail-
able in 21 patients (score 0, n¼ 0; 1, n¼ 2; 2, n¼ 5; 3,
n¼ 14). In nine patients, preinterventional cranial ima-
ging was performed by MR and thus were not eligible
for collateral score assessment.

Overall median thrombus length, measured by CTA,
was 14mm (range: 5 to 22mm), and 14mm for patients
receiving i.v. bridging lysis as well.

A favorable recanalization rate (TICI 2b–3), was
achieved in 29 patients, with TICI 2b in nine, TICI 2c
in four, and TICI 3 in 16 patients. Embolization to
other vascular territories was not observed. In the one
patient with unsuccessful recanalization (TICI2a) of a
right-sided M1 occlusion, a good collateralization
could be confirmed by digital subtraction angiography.
Despite a pre- and postinterventional ASPECTS of 5,
this patient’s NIHSS improved from 5 to 0 and mRS
from 3 to 1 at discharge. The patient with TICI2a was
excluded from the following subgroup analysis because
of poor statistical significance.

The median NIHSS score of the 30 included patients
was 4 before MTE. At discharge, median NIHSS score

Table 1. Baseline characteristics, treatment details and clinical

outcome of patients with low NIHSS scores due to M1-segment

occlusion who received mechanical thrombectomy.

Participant sample n¼ 30

Sociodemographic characteristics

Age (years), mean� SD 71.5� 11

Female n¼ 17 (56.7%)

Coronary artery disease n¼ 6 (20%)

Myocardial infarction n¼ 2 (6.7%)

Atrial fibrillation n¼ 11 (36.7%)

Arterial hypertension n¼ 24 (80%)

PAOD n¼ 0 (0%)

Diabetes mellitus n¼ 3 (10%)

Dyslipidemia n¼ 11 (36.7%)

COPD n¼ 4 (13.4%)

Coumarin treatment n¼ 2 (6.7%)

Previous stroke n¼ 1 (3.3%)

Baseline ASPECTS median (IQR) 10 (10–10)

Treatment details

Admission NIHSS median (IQR) 4 (2–5)

Admission mRS median (IQR) 2 (2–3)

Admission BI median (IQR) 43 (25–75)

Occlusion location

- M1 isolated n¼ 16 (53.4%)

- M1þM2 n¼ 5 (16.7%)

- Cervical ICAþM1 n¼ 5 (16.7%)

- Carotid T (including M1) n¼ 4 (13.4%)

Thrombus length (mm) median (range) 14 (5–22)

IV rtPA n¼ 24 (80%)

IA rtPA n¼ 15 (50%)

Collateral status median (IQR) 3 (2–3)

Median time (minutes) median (mean� SD)

- from symptom onset to imaging 79 (146� 175)

- from symptom onset to groin puncture 203 (243� 164)

- to final recanalization M1 244 (300� 167)

Treatment and clinical outcome

TICI 2b–3 n¼ 29 (96.7%)

TICI 2a n¼ 1 (3.3%)

TICI 2b n¼ 9 (30%)

TICI 2c/TICI 3 n¼ 20 (66.7%)

Discharge NIHSS median (IQR) 1 (0–2)

Discharge mRS (0–2) n¼ 28 (93.4%)

Discharge mRS median (IQR) 1 (1–2)

Discharge BI median (IQR) 80 (60–100)

Symptomatic intracranial

hemorrhage (ECASS:PH2)

n¼ 1 (3.3%)

Post-treatment ASPECTS median (IQR) 9 (7–10)

ASPECTS: Alberta Stroke Program Early CT score; BI: Barthel Index; COPD:

chronic obstructive pulmonary disease; ECASS: European Cooperative Acute

Stroke Study classification; IQR: interquartile range; IV: intravenous; mRS:

modified Rankin Scale; NIHSS: National Institutes of Health Stroke Scale;

PAOD: peripheral arterial occlusive disease; rtPA: recombinant tissue plas-

minogen activator; TICI: Thrombolysis in Cerebral Infarction.
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changed from 4 to 1 (p< 0.001), median mRS decreased
from 2 to 1 (p< 0.001), and median BI improved from
43 to 80 (p< 0.001). Patients were discharged or moved
to another hospital after 2 to 25 days (median: 9). At
that time clinical outcome according to the mRS scale
in detail was 0: n¼ 5, 1: n¼ 13, 2: n¼ 10, 3: n¼ 1, 4:
n¼ 0, 5: n¼ 1. In one patient (3.3%) a reperfusion
hematoma (ECASS: PH2) of the basal ganglia occurred
after M1 revascularization (TICI 3) and additional car-
otid stenting for severe carotid stenosis.

Small or confluent petechial infarction without
space-occupying effect and without clinical deterior-
ation was found in 5/30 patients (16.7%). No deaths
occurred. Median ASPECTS of the 30 patients was 10
in the preinterventional NECCT imaging and 9 at the
24-hour follow-up imaging.

Subgroup analysis between TICI2b and TIC2c/3
patients regarding pre- and post-treatment ASPECTS
differences was performed. Median pretreatment
ASPECTS was 10 in both groups. Median post-treat-
ment ASPECTS was 10 in TICI2b patients and 8 in
TICI2c/3 patients without statistically significant differ-
ences in pre- to post-treatment ASPECTS shift between
the groups (p¼ 0.23).

Changes between pre- and post-treatment ASPECTS
did not correlate to TTSR (r¼ –0.12, p¼ 0.51; after
removal of one outlier, r¼ –0.02, p¼ 0.89, Figure 1).

The relation between ASPECTS difference and col-
lateralization was assessed in a correlation analysis.
There was a significant correlation between the range
of pre- compared to post-treatment ASPECT scores
and collateralization score, i.e. a higher collateral
score resulted in a lower decrease of posttreatment
ASPECTS compared to baseline ASPECTS (r¼ 0.53,
p< 0.005, Figure 2).

Discussion

MTE is the standard of care for ischemic stroke
patients with LVO of the anterior circulation in add-
ition to IVT or as first-line therapy for patients who are
not eligible for IVT.20–22 Thrombectomy results in sig-
nificantly better clinical outcomes compared to IVT
only in patients with acute occlusion of the intracranial
M1 segment of the MCA.1–5 While MTE is considered
a highly effective procedure with a low risk of compli-
cations for LVO in the anterior circulation, there are
only a few non-randomized study series for MTE in
patients initially presenting with mild stroke symptoms
(Table 2).12,13,17,18,19

Substantiating the encouraging results from these
reports, we could confirm a favorable clinical outcome
in patients with low NIHSS scores after MTE in the
present study (mRS 0–2 93.4%) that are in accordance
with these previous studies. Successful recanalization
(modified TICI 2b–3) in 96.7%, no embolization to
new territories, and symptomatic intracranial hemor-
rhage rate of 3.3%, in our study complied with the
suggested threshold levels for recanalization and com-
plication rates from the current guidelines.23 To date
there is little information about the effectiveness of
endovascular treatment in patients with anterior LVO
compared to IVT (Table 2) but there are some reasons
why MTE in low-NIHSS score patients should be con-
sidered.17–19 Previous studies showed that patients with
mild stroke and LVO who did not receive acute reca-
nalization therapy experienced a poor clinical outcome
at 90 days.24,25 This might be explained by the obser-
vation that thrombus length exceeding 8mm has a lim-
ited potential of thrombolysis.7,26 These findings are in
accordance with our own results. In all 24 patients who

Figure 1. Alberta Stroke Program Early CT score (ASPECTS) in relation to time to successful recanalization, ASPECTSpost-pre ¼ differences

between pre- and postinterventional ASPECTS.
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received i.v. bridging lysis, a persistent thrombus
(median thrombus length: 14mm) was observed in sub-
sequent catheter angiography. The above-mentioned
studies and our own results demonstrate limited effect-
iveness of IVT in broad M1 segment thrombus. Also
patients with mild clinical symptomatology are at risk
for neurological deterioration because of a decrease in
their collateralization status.18 For instance, there were
two patients in our sample with M1 segment thrombus
and good collateralization proven by CTA showing
nearly complete regression of neurological symptoms
after IVT, but who presented with neurological

deterioration after several hours due to persistent
thrombus. Both patients had successful recanalization
and favorable clinical outcome.

Campbell et al. demonstrated that deterioration in
collateral status between baseline and subsequent ima-
ging was strongly associated with infarction volume
growth in patients without recanalization.27

Correlation between good collateral status and favor-
able clinical outcome has been shown in several clinical
trials.28–30 But good collateralization alone without
recanalization might not prevent an unfavorable out-
come. The role of successful recanalization in acute

Figure 2. Alberta Stroke Program Early CT (ASPECT) score in relation to collateral score, ASPECTSpost-pre ¼ difference between pre- and

postinterventional ASPECT score.

Table 2. Studies including patients with low NIHSS due to LVO of the anterior circulation.

Study Description NIHSS TICI (2b–3) Outcome Complications

Bhogal et al. 201613 MTE n¼ 41 �5 87.8% 90-day mRS (0–2): 75% sICH: 4.9%

Pfaff et al. 201612 MTE n¼ 33 �8 78.7% 90-day mRS (0–2): 63.6% sICH: 6%

Mortality: 9.1%

Urra et al. 201417 MTE vs. IVT (n¼ 78);

MTE, n¼ 34 vs. IVT,

n¼ 44

�5 MTE, 91.2%

vs. IVT, 63.4%

(p¼ 0.006)

90-day mRS (0–1):

MTE, 58.8% vs. IVT,

68.2% (p¼ 0.393)

sICH: MTE,11.8% vs.

IVT, 0% (p¼ 0.003)

Death: MTE,11.8% vs.

IVT, 4.5% (p¼ 0.395)

Haussen et al. 201718 MTE vs. IVT (n¼ 32);

MTE, n¼ 10 vs. IVT,

n¼ 22

�5 MTE, 100%

IVT, NA

90-day mRS (0–2):

MTE, 100% vs. IVT,

77% (p¼ 0.15)

sICH: n¼ 0

Mortality: MTE, 0% vs.

IVT, 14% (p¼ 0.38)

Messer et al. 201719 MTE vs. IVT (n¼ 54);

MTE-I, n¼ 8 vs.

delayed MTE-END,

n¼ 6 vs. IVT,

n¼ 40

�5 MTE-I, 75%

vs. MTE-END,

100% (NA)

IVT, NA

mRS (0–1): MTE-I, 75% vs.

MTE-END, 33.3% vs.

IVT, 55%

sICH: n¼ 0

Mortality: n¼ 3

(overall group)

LVO: large-vessel occlusion; MTE: mechanical thrombectomy; IVT: intravenous thrombolysis; MTE-I: MTE immediately; MTE-END: MTE early neurologic

deterioration; sICH: symptomatic intracranial hemorrhage; mRS: modified Rankin Scale score; NIHSS: National Institutes of Health Stroke Scale;

TICI: Thrombolysis in Cerebral Infarction; NS: not statistically significant; NA: not available.
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ischemic stroke patients with LVO was demonstrated in
a study by Miteff et al. Among patients with good col-
laterals, favorable outcome was achieved in those who
received MTE, whereas in patients without recanaliza-
tion, only 38% had a favorable outcome.28 Our find-
ings that better collateralization scores were associated
with less ASPECTS worsening between pre- and post-
treatment ASPECTS supports the presumption that
good collateralization is related to favorable treatment
outcome. In the current study the extent of infarction
assessed by differences between pre- and post-treatment
ASPECTS was independent from TTSR. Although
time is still obviously very important and the earlier
recanalization is achieved the better the results, we
have shown in our case series that time should not be
the only factor that determines endovascular therapy
decisions. Moreover, these findings let us assume that
the so-called ‘‘time window’’ is not stationary. Instead
it might be a dynamic period of time that is determined
by several factors including the complex interplay
between LVO, blood pressure, collateral status, and
individual cerebral ischemic tolerance.

In our sample, MTE was often initiated after a pro-
longed period after symptom onset for different rea-
sons. First, many patients were referred from external
hospitals to our institution, which could delay initiating
of endovascular treatment. Some patients showed fluc-
tuating symptoms and were readmitted to the hospital
after a prolonged time. Because of clinical deterioration
after fluctuating symptoms, MTE and carotid stent
implantation were initiated after a prolonged time
period in one patient with a very poor outcome
(mRS 5) because of a symptomatically reperfusion
hematoma. Although procedural-related complications
in MTE like reperfusion hematoma, angiographically
apparent vessel perforation, symptomatic subarachnoid
hemorrhage with an appearance of 0.5%–4.9%, and
embolization to new territories with a reported inci-
dence of 4.9%–8.6% are serious complications, this
might be an acceptable complication rate compared
to the expected stroke severity as a consequence of a
persistent LVO.1–5 On the contrary, although we
assume impairment with a high probability in patients
with moderate symptoms due to LVO, it is not evi-
denced that the natural course of disease or standard
treatment would not result in a comparable outcome
like endovascular treatment. Therefore, in patients with
a low NIHSS score, a markedly lower procedural com-
plication rate than recommended in guidelines should
be targeted.

Sufficient stroke imaging might improve patient selec-
tion. CTA or MRA are required for proof of LVO and
thrombus extent. If there is a flowed-around short-range
thrombus, IVT has a high feasibility of recanalization.7

Evaluation of anatomic complexity of supra-aortic
access is necessary to estimate risk of procedural com-
plications. The collateral status may give indications to
brain condition and outcome. Optimally, stroke ima-
ging should include CT perfusion imaging to estimate

penumbra and severity of perfusion restriction. An
obvious limitation of this study is the lack of a control
group with low-NIHSS score patients treated by stand-
ard of care with or without IVT.

This was a non-randomized, retrospective study with
a small case series that naturally limits the statistical
significance of results. Clinical follow-up was ascer-
tained at a nine-day median, and there is a lack of
long-term outcome. On the other hand, the good
short-term results indicate the effectiveness of MTE in
this trial. The patient number was too low for subgroup
analysis to define valid lower NIHSS score thresholds
for treatment decisions.

However, the limited current state of research for
MTE in patients with mild to moderate stroke symp-
toms in LVO makes it challenging to determine if MTE
as rescue therapy after neurological deterioration or
IVT is the most beneficial therapy for this subgroup.
The results from previous studies and the current study
indicate a benefit of early MTE with regard to good
clinical outcome without increased procedural risk.
The need for randomized trials still remains, to select
patients with mild stroke symptoms who mostly benefit
from immediate MTE.

Conclusion

In patients presenting with low NIHSS score due to M1
occlusion, MTE could be performed safely, technically
very successfully, and with a favorable outcome.
Deterioration in M1 segment occlusion after i.v. lysis
can be observed, despite low NIHSS score. Therefore,
although data from randomized controlled trials are
still lacking, early endovascular recanalization has to
be taken into consideration in these patients.
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Abstract
Background Endovascular treatment (EVT) is an established procedure in patients with acute ischemic stroke due to occlusion of
the proximal M1-segment of middle cerebral artery. The assessment of distal thrombectomy in daily clinical routine has not yet
been sufficiently evaluated.
Methods Patients with M2-segment-occlusions treated by EVT in the local department (January 2012–December 2017) were
included (n = 57, mean National-Institutes-of-Health-Stroke-Scale of 11, range 0–20). Patients were grouped according to
localization of M2-occlusion (Cohort A (n = 14): central region only, B (n = 24): central region and involvement of frontal
vessels, C (n = 19): parietal, occipital, and/or temporal vessels). Differences in proximal (M2-trunk, n = 34) and distal (M2-
branches, n = 23) occlusions were also examined. Reperfusion (Thrombolysis-In-Cerebral-Infarction (TICI)), early clinical
outcome at discharge (modified Rankin Scale (mRS)), and complications (hemorrhage, new emboli) were noted.
Result Successful reperfusion (TICI2b–3) was found in 49 patients (86.0%). Favorable early clinical outcome (mRS0–2) was
achieved in n = 19 (37.7%). Compared to admission, mRS at discharge improved significantly (median (admission) 5 vs. median
(discharge) 4, p < 0.001). Early clinical outcome was more favorable in patients with better reperfusion (TICI2b-3: mean mRS 3
± 1.7 vs. TICI0–2a: mean mRS 4.4 ± 1.4, p = 0.037). Six (10.5%) patients suffered from symptomatic intracranial hemorrhage
during treatment or hospitalization. Four patients died (7.0%). No significant differences in favorable clinical outcome (mRS ≤ 2:
Cohort A 42.9%, B 50.0%, C 16.7%, p = 0.4; χ2-test) or periinterventional complications were found with regard to vessel
involvement.
Conclusion EVT in patients with acute M2-occlusion is safe and leads to a significant clinical improvement at discharge. No
significant differences in clinical outcome or complications were found with regard to the localization of the M2-occlusion.

Keywords Thrombectomy . Endovascular treatment .M2-segment occlusions

Introduction

The five major studies for the treatment of acute ischemic
stroke in the anterior circulation from 2015 (MR CLEAN,
EXTEND IA, ESCAPE, REVASCAT, SWIFT PRIME) dem-
onstrated a significant benefit of treatment with endovascular
therapy (EVT) and intravenous thrombolysis (IVT) versus

IVT alone. Owing to these results, the endovascular recanali-
zation became an established procedure and part of interna-
tional guidelines for treatment of middle cerebral artery
(MCA) occlusions of the proximal M1 segment [1–5].

Whether more distal occlusions of theM2-segments should
be treated with EVT as well remains uncertain. Endovascular
access can be more challenging and risky because of decreas-
ing vessel diameter, more tortuous anatomy, and, in elderly
patients, increasing vessel fragility in the distal parts of the
anterior circulation. Initial studies from 2014 failed to show
a positive effect of successful early reperfusion on clinical
outcome in M2-occlusions [6], but more recent studies
showed an increasing trend towards safety and efficacy of
EVT in distal vessel occlusions [7–11]. For example, Sheth
et al. evaluated patients with M2-occlusions and found that
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successful reperfusion was associated with improved func-
tional outcome at discharge [9]. Another recent study from
2017 found similar recanalization rates in M1- vs. M2-occlu-
sions, but found more favorable outcome in patients with M2-
occlusions [11]. However, a 2017 systematic review of eight
studies concluded that the benefit of EVT in comparison to the
natural course of M2-occlusions still remains unclear [12].

Nonetheless, comparable to M1-occlusions, especially
proximal M2-occlusions may lead to clinically massive
strokes with moderate to severe neurological symptoms or
even death [9]. The hypothesis of the current work is that with
ongoing development of thrombectomy techniques, distal ac-
cess catheters and microcatheters, as well as stent retrievers,
EVT in M2-occlusions should be overall favorable, especially
in patients with occlusion of the larger M2-vessels supplying
the central region territories. Our aim is to critically evaluate
the efficacy and safety of mechanical recanalization in daily
clinical routine as treatment for M2-occlusions, especially
with regard to the M2-vessles occluded, i.e., the M2-
territories affected.

Materials and methods

We retrospectively selected patients from the local depart-
ment’s stroke registry, which monitors quality of all EVT per-
formed in our center under routine practice conditions. All
patients with an acute ischemic stroke due to an initial occlu-
sion of the MCA M2-segment, as demonstrated by noninva-
sive imaging, that underwent EVT between January 2012 and
December 2017 were included (n = 57). The study was ap-
proved by the local ethics committee, and need for written
informed consent was waived.

M2-segment occlusions were defined as occlusions of M2-
branches arising from the distal M1-division (frontobasal,
frontoopercular, precentral, central or rolandic, postcentral,
angular, parietal posterior, temporooccipital branches).
Additional carotid T-closures or hemodynamically relevant,
arteriosclerotic carotid stenoses were exclusion criteria. The
patients were divided into three cohorts depending on the
localization of the M2-occlusion. Cohort A encompasses all
patients with occlusion of vessels in the central region only
(Aa. precentralis, centralis, postcentralis). Cohort B includes
patients with occlusion of vessels in the central region and
involvement of frontal vessels (Aa. frontobasalis,
frontoopercularis). Cohort C finally encompasses patients
with occlusion of vessels in the central region and involve-
ment of parietal and/or temporal vessels (Aa. parietalis poste-
rior, temporooccipitalis, gyri angularis). Furthermore, we
grouped the patients depending on whether the M2-
occlusion is located in the M2-trunk (including MCA-
division into M2-trunks) or in distal M2-branches.

At the local department, all patients with a clearly known
onset of neurological stroke symptoms undergo CT including
non-enhanced imaging of the brain, CT-angiography starting
from the aortic arch, as well as CT perfusion imaging. If the
onset is unclear, magnetic resonance imaging (MRI) with per-
fusion weighted imaging is performed, which is in accordance
with the national stroke guidelines [13]. Baseline clinical char-
acteristics of all patients were noted and included the follow-
ing: age, sex, associated conditions (atrial fibrillation, diabetes
mellitus, hypertension, dyslipidemia, chronic pulmonary dis-
eases, and peripheral arterial occlusive disease), suspected
cause of stroke (cardiac, periinterventional, meaning stroke
in the context of an elective groin intervention, or embolism
of unknown origin), side of occlusion, and the status of intra-
venous lysis therapy. In addition, National Institutes of Health
Stroke Scale (NIHSS) and modified Rankin Scale (mRS) at
admission and Alberta stroke program early CT score
(ASPECTS) [14] in the initial non-enhanced cranial CT or
the DWI-MRI were documented.

In each case, the final indication for EVTofM2-occlusions
was made in consensus by the attending stroke neurologist
and interventional neuroradiologist on call based on the find-
ings of the previously mentioned major randomized EVT
studies. Indication is essentially based on the patient’s neuro-
logical status, clinical history, and an experience-based assess-
ment, whether the closed vessel is accessible without risk of
significant harm. Except for one case of sole direct aspiration,
a combination of distal access catheters and stent retriever
thrombectomy in conjunction with distal aspiration was rou-
tinely performed. Eleven different interventionalists per-
formed EVT within the selected period of time and had con-
siderable experience in endovascular procedures like the
thrombectomy with a median experience of 3.2 years.

If intravenous thrombolysis was performed, it was
discontinued at the time of groin puncture based on our in-
house standards to minimize the risk of interventional hemor-
rhage. The procedures were performed under analgesia (1–2 g
Novaminsulfon as short infusion). In cases of extreme agita-
tion or patients with Glasgow coma scale score ≤ 8, general
anesthesia was performed. After local anesthesia of the groin,
access was established using 80 cm 8F-sheath or additional
guiding catheter positioned in the distal internal carotid artery.
Generally, stent retriever thrombectomy (Aperio 4.5 × 40mm,
4.5 × 30 mm, or 3.5 × 28 mm, Acandis, Pforzheim, Germany)
combined with distal aspiration via 5F or 6F intracranial distal
access catheter (SOFIA, MicroVention, Düsseldorf,
Germany) at the affected M2-segment was performed. After
passing the clot with a 0.014 microwire, a microcatheter was
advanced beyond the distal end of the clot, and the position
was verified by an angiographic control run. The proximal
part of the stent retriever was lined up with the clot to (a)
achieve an overlap of the stent retriever and the clot and (b)
to catch potentially torn off fragments. The stent retriever was
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deployed by first withdrawing the microcatheter and then by
gently pushing the stent retriever to improve expansion into
the clot (“active push deployment”) [15]. Subsequently, the
stent retriever was withdrawn into the intracranial distal access
catheter under manual local aspiration via a 20-ml syringe
(termed Solumbra-technique) [16]. Biplane follow-up angio-
grams were performed to document revascularization results.
In case of persistent thrombus, the procedure was repeated,
with modifications of the techniques at the interventionalist’s
digression. Arterial puncture sites were closed by vascular
closure devices (Angio-Seal, Terumo, Tokyo, Japan). After
the intervention, patients were transferred to the stroke unit
of our hospital and treated according to in-house standard
operating procedures in accordance with the national
guidelines.

The duration of procedure, time from onset to groin punc-
ture and time from stroke onset to recanalization, were docu-
mented. Follow-up imaging was then performed within 24 h
after EVTor due to a worsening of neurological symptoms. As
outcome measurements, mRS and NIHSS at discharge as well
as mortality were documented. The clinical parameters at dis-
charge from hospital (such as mRS, NIHSS) were determined
by qualified neurologist as part of an in-house standardized
neurological examination. We are aware that there are studies
that critically question the neurologist’s qualification in stroke
cases depending on the level of education and emergency care
infrastructure. However, the neurologists in our department are
trained in particular in the recognition and assessment of a
stroke from the start of their careers [17]. A mRS of 0–2 at
discharge was considered a favorable outcome. Quality of re-
canalization was measured using the Thrombolysis in Cerebral
Infarction (TICI) score. A good recanalization was defined as
TICI 2b-3 on the final angiographic run. We determined the
incidence of hemorrhagic transformation on the control CT
scan within the first 24 h after EVT and categorized it as hem-
orrhagic infarction (HI) or parenchymal hematoma (PH) ac-
cording to the ECASS classification [18, 19]. Furthermore,
the presence of subarachnoid or intraventricular hemorrhage
and emboli to new arterial territory was documented.
Symptomatic intracranial hemorrhage (sICH) was defined as
any of these intracranial hemorrhages associated with clinical
deterioration within the first 24 h of EVT, i.e., any clinical
worsening of at least one point in the NIHSS has been consid-
ered. Additionally, we determined the ASPECT score in the
postinterventional non-enhanced cranial CT.

Statistical analysis was performed using R Core Team
(2018) [20]. Paired Student’s t test was used to evaluate all
metric variables. The Kruskal-Wallis test was used to evaluate
all scores (NIHSS, mRS, ASPECTS) and one way ANOVA
for times and differences in age. χ2-test was used to test for
differences in frequencies.

Categorical variables are presented as absolute values and
percentages, and continuous variables as median ± standard

deviation (SD) or median. All tests were conducted two sided,
and p < 0.05 was considered statistically significant for all
tests.

Results

A total of 23 (40.4%) male and 34 (59.6%) female patients
with M2-occlusions (n = 57) were included in this study. The
mean age was 73 ± 13.3 years. 75.4% (n = 43) underwent IVT.
The baseline characteristics are shown in Table 1.

There were 14 patients in cohort Awith a mean age of 76 ±
13.8 years. Twenty-four patients had an occlusion of M2-
branches supplying the central and frontal region (cohort B,
mean age 74 ± 11 years). Nineteen patients had an occlusion
of vessels supplying the central and parietal/temporal region
(cohort C) with a mean age of 71 ± 16 years. No statistical
difference in age was found among the three cohorts (p =
0.44). Most patients had an occlusion on the left side with
no significant difference among the subgroups (78.6% vs.
75% vs. 63.2%, p = 0.57). Furthermore, distribution of the
administration of IVT showed no significant difference
(57.1% vs. 83.3% vs. 78.9%, p = 0.18). Associated medical
conditions were equally distributed in all three cohorts with
hypertension being the most prevalent associated condition
(92.9% vs. 87.5% vs. 77.8%, p = 0.46) and dyslipidemia also
seen in half or more of the patients in all groups (57.1% vs.
79.2% vs. 50%, p = 0.16). The preinterventional ASPECTS,
showing early ischemic damage, revealed a mean of 9.5 ± 1.1
with no statistical difference among the cohorts (median 10 vs.
10 vs. 10, p = 0.68). The included patients showed a similar
level of physical impairment after stroke regardless of exact
localization of the M2-occlusion with similar baseline NIHSS
(median 12 vs. 10 vs. 11, p = 0.68) and a similar mRS-score at
admission (median 4 vs. 5 vs. 5, p = 0.5).

Mean time from stroke onset to groin puncture and to
recanalization are listed in Table 1. Mean time from stroke
onset to groin puncture was 227 ± 70 min and was not
statistically different between the cohorts (180 ± 50 vs.
268 ± 84 vs. 188 ± 55, p = 0.68). Mean time from stroke
onset to recanalization was 259 ± 85 min with no statistical
differences among the cohorts (218 ± 58 vs. 261 ± 99 vs.
274 ± 72, p = 0.33). The average duration of the procedure
(from groin puncture to final angiographic run) did not
differ significantly between the cohorts (51 ± 33, 58 ± 35,
81 ± 46, p = 0.07). The overall mean procedure time was
68 ± 42 min.

Technical success

Table 2 provides an overview of the patient’s postoperative
data. Successful partial or complete reperfusion (TICI 2b-3)
was achieved in 49 patients (86%), whereas four patients (7%)
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Table 1 Baseline characteristics of patients

Characteristics All patients (n = 57) Cohort A (n = 14) Cohort B (n = 24) Cohort C (n = 19)

Mean age ± SD, years 73 ± 13.3 76 ± 13.8 74 ± 11 71 ± 16

Male 23 (40.4) 4 11 8

Associated Conditions*

Atrial fibrillation 27 (48.2) 9 (64.3) 9 (37.5) 11 (61.1)

Diabetes mellitus 13 (23.2) 4 (28.6) 5 (20.8) 4 (22.2)

Hypertension 46 (82.1) 13 (92.9) 21 (87.5) 14 (77.8)

Dyslipidemia 34 (60.7) 8 (57.1) 19 (79.2) 9 (50.0)

Chronic pulmonary disease 6 (10.7) 1 (7.1) 3 (12.5) 2 (11.1)

PAOD 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Suspected cause

Cardiac embolism 31 (54.4) 10 (71.4) 8 (33.3) 13 (72.2)

Periinterventional** 1 (1.8) 0 (0.0) 1 (4.2) 0 (0.0)

Unknown 25 (43.9) 4 (28.6) 15 (62.5) 6 (27.8)

IVT 43 (75.4) 8 (57.1) 20 (83.3) 15 (78.9)

Side of occlusion: right 16 (28.1) 3 (21.4) 6 (25.0) 7 (36.8)

NIHSS score at admission

0 1 (1.9) 0 (0.0) 1 (4.3) 0 (0.0)

1–4 2 (3.7) 1 (7.7) 1 (4.3) 0 (0.0)

5–15 36 (66.7) 8 (61.5) 16 (69.6) 12 (66.7)

16–20 15 (27.8) 4 (30.8) 4 (17.4) 6 (33.3)

21–42 0 (0.0) 0 (0.0) 1 (4.3) 0 (0.0)

Mean ± SD 11.5 ± 5 11.5 ± 5.3 10.9 ± 5.5 12.3 ± 4.5

Median 11 12 10 11

mRS at admission

3–6 48 (88.9) 13 (100) 18 (81.8) 17 (94.4)

≤ 2 6 (11.1) 1 (7.7) 4 (18.2) 1 (5.6)

0 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

1 2 (3.7) 0 (0.0) 2 (9.1) 0 (0.0)

2 4 (7.4) 1 (7.7) 2 (9.1) 1 (5.6)

3 5 (9.3) 2 (15.4) 2 (9.1) 1 (5.6)

4 15 (27.8) 5 (38.5) 5 (22.7) 5 (27.8)

5 28 (51.9) 6 (46.2) 11 (50.0) 11 (61.1)

Mean ± SD 4.2 ± 1.1 4.1 ± 0.9 4 ± 1.4 4.4 ± 0.9

Median 5 4 5 5

Mean preinterventional ASPECT score ± SD 9.5 ± 1.1 9.5 ± 0.9 9.5 ± 1.3 9.7 ± 1

Median preinterventional ASPECT score 10 10 10 10

Mean duration of procedure ± SD, min 68 ± 42 51 ± 33 58 ± 35 81 ± 46

Mean time from stroke onset to groin puncture ± SD, min 227 ± 70 180 ± 50 268 ± 84 188 ± 55

Mean time from stroke onset to recanalization ± SD, min 259 ± 85 218 ± 58 261 ± 99 274 ± 72

Figures are numbers with percentages in parentheses unless otherwise indicated

SD, standard deviation;NIHSS, National Institutes of Health Stroke Scale; ASPECTscore, Alberta Stroke Program Early Computed Tomographic score;
PAOD, peripheral arterial occlusive disease; IVT, intravenous lysis therapy; mRS, modified Rankin Scale

*Comorbidities were not available for one patient in Cohort C

**Periinterventional stroke in the context of an elective groin intervention

Cohort A: Occlusion of the vessels in the central region (Aa. precentralis, centralis, postcentralis)

Cohort B: Occlusion of the vessels in the central region and involvement of the frontal vessels (Aa. frontobasalis, frontoopercularis)

Cohort C: Occlusion of the vessels in the central region and involvement of the parietal and/or temporal vessels (Aa. parietalis posterior,
temporooccipitalis, gyri angularis)
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had persistent occlusion after multiple attempts of EVT.
Partial or complete recanalization (TICI 2b-3) was more

frequently achieved in patients with occlusion of M2-vessles
supplying the central and parietal/temporal areas (n = 19,

Table 2 The post-operative
outcome Characteristics All patients

(n = 57)
Cohort A (n = 14) Cohort B

(n = 24)
Cohort C
(n = 19)

Mean postinterventional ASPECTS score ± SD 6.8 ± 2.5 7.1 ± 2.8 6.8 ± 2.3 6.4 ± 2.7

Median postinterventional ASPECTS score 7 7 7 7

Post-operative hemorrhage*

None 35 (62.5) 10 (71.4) 17 (70.8) 10 (55.6)

SAH 8 (14.3) 1 (7.1) 3 (12.5) 4 (22.2)

HI-1 1 (1.8) 1 (7.1) 0 (0.0) 0 (0.0)

HI-2 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

PH-1 6 (10.7) 0 (0.0) 2 (8.3) 4 (22.2)

PH-2 5 (8.9) 3 (21.4) 1 (4.2) 1 (5.6)

Intraventricular hemorrhaging 1 (1.8) 0 (0.0) 1 (4.2) 0 (0.0)

SICH within 24 h 6 (10.5) 2 (14.3) 3 (12.5) 1 (5.3)

Emboli to new territories 3 (5.4) 0 (0.0) 2 (8.3) 1 (5.6)

TICI

0 4 (7.0) 1 (7.1) 3 (12.5) 0 (0.0)

1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

2a 4 (7.0) 2 (14.4) 2 (8.3) 0 (0.0)

2b 18 (31.6) 5 (35.7) 6 (25.0) 7 (36.8)

2c 12 (1.8) 3 (21.4) 4 (16.7) 5 (26.3)

3 19 (33.3) 3 (21.4) 9 (37.5) 7 (36.8)

2b-3 49 (86.0) 11 (78.6) 19 (79.2) 19 (100)

NIHSS score at discharge

0 3 (5.9) 1 (7.7) 2 (10.0) 0 (0.0)

1–4 20 (39.2) 6 (46.2) 8 (40.0) 6 (33.3)

5–15 22 (43.1) 3 (23.1) 8 (20.0) 11 (61.1)

16–20 6 (11.8) 3 (23.1) 2 (10.0) 1 (5.6)

21–42 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Mean ± SD 6.8 ± 5.7 7 ± 7.1 6.1 ± 5.8 7.6 ± 4.6

Median 5 2 5 7

mRS at discharge

3–6 32 (62.7) 8 (57.1) 10 (50.0) 15 (83.3)

≤ 2 19 (37.3) 6 (42.9) 10 (50.0) 3 (16.7)

0 4 (7.8) 1 (7.1) 2 (10.0) 1 (5.6)

1 8 (15.7) 3 (21.4) 5 (25.0) 0 (0.0)

2 7 (13.7) 2 (14.3) 3 (15.0) 2 (11.1)

3 5 (9.8) 0 (0.0) 2 (10.0) 3 (16.7)

4 18 (35.3) 5 (35.7) 5 (25.0) 8 (44.4)

5 9 (17.6) 2 (14.3) 3 (15.0) 4 (22.2)

Mean ± SD 3.2 ± 1.7 3 ± 1.9 2.9 ± 1.9 3.6 ± 1.3

Median 4 4 3 4

Mortality 4 (7.0) 2 (14.3) 2 (8.3) 0 (0.0)

Figures are numbers with percentages in parentheses unless otherwise indicated

SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale; ASPECT score, Alberta Stroke
Program Early Computed Tomographic score; SAH, subarachnoid hemorrhage; HI, haemorrhagic infarction;
PH, parenchymal hematoma; SICH, symptomatic intracranial hemorrhage; TICI, Thrombolysis in Ischemic
Stroke score; mRS, modified Rankin Scale

*Complications were not available for one patient in Cohort C
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cohort C 100%) compared to other cohorts (cohort A 78.6%,
cohort B 79.2%) without statistical difference (p = 0.8).

Clinical outcome and complications

Median mRS at admission was 5 and improved to 4 at dis-
charge (p < 0.001). The NIHSS score decreased significantly
from a median preinterventional score of 11 to 5 during the
time of hospitalization (postinterventional NIHSS taken on
average 4.7 days after EVT, p < 0.001). Favorable clinical
outcome (mRS ≤ 2) at discharge was not significantly differ-
ent between the three cohorts (42.9% vs. 50.0% vs. 16.7%,
p = 0.09). The NIHSS score at discharge was lower in the
cohort with central M2-occlusions alone (cohort A, median
2) than in the other two cohorts (median cohort B 5 vs. cohort
C 7, p = 0.43), however, not statistically significantly
different.

The postoperative ASPECTscore showed similar results in
all subgroups (Table 2, median of 7, p = 0.67). The
postinterventional ASPECT score was significantly lower
compared to the preinterventional ASPECT score (7 vs. 10,
p < 0.001).

In 35 (62.5%) patients, no kind of post-operative hemor-
rhage arose during the treatment or the hospital stay. The
prevalence of post-operative hemorrhage was largely similar
between the three cohorts (Table 2, p = 0.61). sICH was ob-
served in 6 patients (10.5%). In our cohort, besides ICH and
post-operative bleeding, three cases of embolism in other ter-
ritories occurred. Beyond that, no further therapeutically rele-
vant complications arose.

Table 3 summarizes complications and functional out-
comes grouped by successful and unsuccessful EVT as deter-
mined by TICI reperfusion results. The mean mRS at dis-
charge between the two groups differed significantly in favor
of higher reperfusion rates (mean mRS of 4.43 ± 1.40, median
4, for TICI 0–2a vs. mean mRS of 3.00 ± 1.68, median 4, for
TICI 2b-3; p = 0.037). No statistically significant difference in

the rates of post-operative hemorrhage (p = 0.36), sICH (p =
0.88) was observed. Perioperative mortality, meaning all
deaths during the period of hospitalization until discharge
from hospital, showed no significant differences between the
two groups (p = 0.35).

Furthermore, we examined whether a more proximal (M2-
trunk/division of the MCA into M2-trunks) or more distal
(M2-branches) localization of the occlusion affects the out-
come. As shown in Table 4, 34 patients presented with a
proximal occlusion (59.6%) and 23 patients with a distal oc-
clusion (40.4%). No significant differences in the outcome
(median mRS proximal 4 vs. distal 4, p = 0.81; median
NIHSS proximal 6 vs. distal 5, p = 0.53) or the complications
during the intervention were found between the two groups.

Discussion

Five major randomized trials (MR CLEAN, EXTEND IA,
ESCAPE, REVASCAT, SWIFT PRIME) from 2015 showed
significantly better recanalization rates for M1-occlusions
using an additional treatment with EVT versus IVT alone
(for example in MR CLEAN study absence of residual occlu-
sion was 75.4% in the intervention group vs. 32.9% in the
control group [1]), but the benefit of EVT in M2-occlusions
remains unclear [1–5].

As of today, there is a lack of randomized, controlled trials
focusing on EVTof M2-occlusions vs. best medical treatment
alone, and recent findings of non-randomized studies are still
inconclusive on whether EVT is safe and efficient in these
cases. A number of studies have reported high recanalization
rates in M2-occlusions with good clinical outcome and a low
rate of procedural complications [7, 8, 11]. Underlining these
results, our study found that patients with ischemic stroke in
the M2-segment of MCA benefited from recanalization ther-
apy. The European Society of Minimally Invasive
Neurological Therapy (ESMINT) and the European Stroke

Table 3 Complications and
outcome (mRS) depending on the
success of reperfusion

Reperfusion n (%) Complications n (%) mRS at discharge mean ± SD (median)

TICI 2b-3 48 (86) Post-operative hemorrhage 15 (31.3)* 3.00 ± 1.68 (4)
SICH 5 (10.4)

Perioperative death*** 2 (4.2)

TICI 0–2a 8 (14) Post-operative hemorrhage 4 (50.0)** 4.43 ± 1.40 (4)
SICH 1 (12.5)

Perioperative death*** 2 (25.0)

Figures are numbers with percentages in parentheses unless otherwise indicated

SD, standard deviation; SAH, subarachnoid hemorrhage; SICH, symptomatic intracranial hemorrhage; TICI,
Thrombolysis in Ischemic Stroke score; mRS, modified Rankin Scale

*most prevalent were PH-2 and SAH, n = 6 (12.2)

**most prevalent was SAH, n = 2 (25.0)

***perioperative death, meaning mortality during the period of hospitalization
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Organization (ESO) published the new European guidelines
on mechanical thrombectomy in February 2019. Regarding
M2 occlusion, there is a consensus from the guideline group
that mechanical thrombectomy is useful for these patients,
although there is still a lack of evidence [21]. Should M2
EVT become an integral part of the aforementioned guide-
lines, a widespread adoption would add to the generally high
workload of existing comprehensive stroke centers and might
lead to shifting at least some of the endovascular procedures to
primary stroke centers [22].

To our knowledge, this is the first study evaluating safety,
efficacy, and functional outcome with regard to the (group of)
M2-vessles occluded, i.e., M2-territories affected. It is appar-
ent that there is lack of studies examining the anatomical char-
acteristics of M2-branches. Different ways to categorize the
distal vessels make it even harder to compare the results from
different analyses, so more research with larger cohorts re-
garding M2-occlusions is still necessary.

We did not find any significant differences with regard to
the successful reperfusion rate, even if partial or complete
recanalization was more frequently achieved in patients with
an occlusion of the M2-vessles supplying the central and
parietal/temporal area.

The baseline characteristics of the patients included in
the current study were in line with other studies. The base-
line median ASPECTS in our study was 10, while the me-
dian NIHSS was 11. Both are comparable to the ranges
reported by Chen et al. in their review of eight studies,
published 2014 to 2017, investigating M2-vessel occlu-
sions (median NIHSS 10 to 16 and median ASPECTS of
9 to 10) [12]. Data for mRS at admission was not available
in the current literature. Mean time from onset to recanali-
zation was shorter in our study (259 ± 85 min) than report-
ed by Bhogal et al. (399 ± 7.5 min [11]) but still in line with
data by Dorn et al. (247 ± 132 min [8]). Mean duration of
the procedure in our stroke center were comparable with

data from other studies (68 ± 42 min versus 103 ± 7.8 min
[11] and 49 ± 28 min [8]).

Successful revascularization ofM2-segment occlusions (TICI
2b-3) ranges between 78.0 and 93.3% in the current literature [7,
8, 11, 23, 24]. The review by Chen et al. [12] found a rate of
successful revascularization of 78% [12], which was lower than
in our study (86%). However, a post hoc analysis of pooled data
from the STAR (Solitaire Flow Restoration Thrombectomy for
Acute Revascularization), SWIFT (Solitaire With the Intention
For Thrombectomy), and SWIFT PRIME (Solitaire With the
Intention for Thrombectomy as Primary Endovascular
Treatment) trials, also part of the review by Chen et al., found a
rate of 85%, comparable to our results [23]. In another recent
example, Bhogal et al. reviewed 585 patients (106 with M2- and
479 with M1-occlusions) [11]. Their rates of successful recana-
lization (M2 90.5% vs.M1 88.5%, p = 0.612) are similar to ours.
Additionally, the authors found no significant difference between
M2- and M1-recanalization rates, suggesting that M2-
revascularizations could be as effective as EVT of M1-segment
occlusions. More unfavorable revascularization rates were found
in a pooled analysis of three older interventional stroke trials
(PROACTII, IMS, and IMSII) by Rahme et al. [6] (TICI 2–3,
58.1% vs. TICI 0–1, 53.1%; p = 0.80) and in a post hoc analysis
of older data from the IMSIII trial by Tomsick et al. [10] (TICI
2b-3, 39%). This is most likely attributable to the inclusion of
data from 1999 through 2013 [6, 10], after which both interven-
tional techniques and materials advanced profoundly.

For analysis of functional outcome, we chose mRS scores
at discharge and defined a good clinical outcome as mRS 0–2,
i.e., “not reliant on outside help” (in our study n = 19, 37.7%).
Recent studies reported favorable outcome rates of 60–63% at
a 3-month-follow-up [7, 8, 12, 23, 24]. However, more disad-
vantageous rates of 41–56% have also been reported [6, 10,
11]. It has to be noted that most recent studies recorded the
mRS at a 3-month-follow-up and are therefore not directly
comparable to our results. However, it is likely that functional

Table 4 Complications and
outcome (mRS, NIHSS)
depending on the occlusion’s
localization

Occlusion’s localization
n (%)

Complications n (%) mRS at discharge mean ± SD (median)

M2 trunk 34 (59.6) Post-operative hemorrhage 8 (23.5)* 3.16 ± 1.61 (4)
SICH 1 (2.9)

Perioperative death*** 1 (2.9)

M2 branch 23 (40.4) Post-operative hemorrhage 8 (34.8)** 3.23 ± 1.88 (4)
SICH 5 (21.7)

Perioperative death*** 3 (13.0)

Figures are numbers with percentages in parentheses unless otherwise indicated

SD, standard deviation; SAH, subarachnoid hemorrhage; SICH, symptomatic intracranial hemorrhage; TICI,
Thrombolysis in Ischemic Stroke score; mRS, modified Rankin Scale

*most prevalent was SAH, n = 5 (14.7)

**most prevalent was PH-2, n = 5 (21.7)

***perioperative death, meaning mortality during the period of hospitalization
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outcome of the patients in the current sample should have
improved after 3 months due to neurorehabilitation efforts.
Furthermore, we assessed the NIHSS at discharge and detect-
ed a significant decrease comparing the pre- and
postinterventional findings. Dorn et al. also reported the
NIHSS at admission (mean 13.73 ± 8.3) and discharge (mean
7.43 ± 9.84), which is in line with our findings (mean NIHSS
at admission 11.5 ± 5 vs. 6.8 ± 5.7 at discharge) [8].

Our findings show significantly better clinical outcome
(mRS 0–2) at discharge in patients with higher reperfusion
rates. In contrast, Rahme et al. failed to find a positive relation
between successful early reperfusion and clinical outcome for
63 patients with M2-occlusion (mRS 0–2 at 3 months with
TICI 2–3, 58.1% vs. TICI 0–1, 53.1%; p = 0.80) [6].

We observed sICH in 10.5% of the cases, which is compa-
rable to a sICH rate of 9.0% by Flores et al. [7]. However, the
review by Chen et al., which also included the data of Flores
et al., found an overall lower sICH rate of 5% [12], which is
also in line with data by Bhogal et al. (5.0%) [11]. Only the
pooled analysis of older data (PROACTII, IMS, IMSII) by
Rahme et al. found a higher rate of sICH (17.4%) [6], which
might be traced back to the fact that EVT did not have a
comparable quality in the past. In contrast to the sICH findings,
our mortality rate was lower than the average mortality rate
reported by Chen et al. (7% vs. 11%) [12], or in other studies
(12% by Tomsick et al. [10] or 17.5% by Rahme et al. [6]).
Compared to the five large randomized trials examining EVT
in proximal occlusions of the anterior circulation (MR
CLEAN, EXTEND IA, ESCAPE, REVASCAT, SWIFT
PRIME), we found a slightly higher rate of sICH (4.4% vs.
10.5%) but less mortality (15.3% vs. 7%) [1–5, 24]. Bhogal
et al. also describes a lower mortality rate for M2- (6.7%) than
forM1-occlusions (21%) [25]. This might be attributable to the
fact, that M2-vessels might be more fragile and prone to bleed-
ing, than the larger M1-segment. On the other hand, only a
smaller territory is affected, and therefore, complications might
be less severe than in proximal occlusions of the M1-segment.

In our study, limitations occur which are explained in the
following. The retrospective, single-center design we have
chosen here is itself a limitation and does not allow final con-
clusion. However, our study shows us tendencies to perform
thrombectomy in M2 closures, which shall be confirmed in
follow-up studies. Due to small power size, it is partly not
possible to achieve statistical significance and is therefore a
further limitation. In the period from January 2012 to
December 2017, EVT techniques have evolved in the local
department—although in accordance with the experiences
from other centers. Also, the final indication, technique, and
choice of materials were at the discretion of the interventional
neuroradiologist on call. Due to the small number of patients,
we have not further analyzed the impact of additional IVT,
although the majority was treated with EVT and IVT
(75.4%). There is evidence that the administration of

intravenous thrombolysis is associated with recanalization
success [26]. At our local department, we tend to more readily
attempt EVT in patients who cannot undergo IVT, although
this approach is, as noted, at the discretion of the neuroradiol-
ogist on call. It is possible that IVTmay have a greater relative
contribution to recanalization in distal M2 branches than in
M1 branches, which will be investigated in a follow-up study.
It should also be noted that possible concomitant medications,
concomitant diseases, degree of collateral circulation, mis-
match, and endpoint infarction volume were not included in
the analysis Unfortunately, due to methodological barriers, we
could not collect a 90-daymRS. Thus, it is difficult to estimate
the long-term benefit of patients from the intervention and to
compare the results with other studies. At this point, we are
planning a follow-up study in our institute with a larger cohort
and long-term parameters such as the 90-day mRS for a better
assessment of clinical development after distal thrombectomy.
Lastly, comparisons of the current results and results from the
literature are not easily done, since the definition of the M2-
segment anatomy is diverse.

In conclusion, in our current study, we found a significant
improvement in functional outcome at discharge after EVT of
M2-segment occlusions and no relevant complications. With
regard to the M2-vessles/territories or a more proximal or
distal occlusions, no significant differences were found in
functional outcome, procedure-related complications, or mor-
tality. The results suggest that EVT should be performed in
patients with M2-occlusions, although further studies with
larger sample sizes, preferably in a randomized design, are
needed to substantiate the findings.
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Abstract

Purpose: Endovascular treatment (ET) in occlusions of the M1- and proximal M2-segment of the middle cerebral artery (MCA) is
an established procedure. In contrast, ET in distal M2-occlusions has not been sufficiently evaluated yet. The purpose of this study
was to assess relevant parameters for clinical outcome, efficacy, and safety of patients undergoing ET in M1-, proximal M2-, and
distal M2-occlusions.
Methods: One hundred seventy-four patients undergoing ET in acute ischemic stroke with an occlusion of the M1- or M2-segment
of the MCA were enrolled prospectively. Non-parametric analysis of variance in 3-month mRS, TICI scale, and complication rates
were performed with Kruskal–Wallis test between M1- and proximal and distal M2-occlusions. Subsequent pairwise group
comparisons were calculated using Mann–Whitney U-tests. Binary logistic regression models were calculated for each occlusion
site.
Results: There were no significant group differences in 3-month mRS, mTICI scale, or complication rates between M1- and M2-
occlusions nor between proximal and distal M2-occlusions. Binary logistic regression in patients with M1-occlusions showed a
substantial explanation of variance (NR2=0.35). NIHSS (p=0.009) and Maas Score as parameter for collateralization (p=0.01)
appeared as significant contributing parameters. Binary logistic regression in M2-occlusions showed a high explanation of
variance (NR2=0.50) of mRS but no significant factors.
Conclusions: Clinical outcome and procedural safety of patients with M2-occlusions undergoing ET are comparable to those of
patients with M1-occlusions. Clinical outcome of patients with M1-occlusions undergoing ET is primarily influenced by the initial
neurological deficit and the collateralization of the occlusions. By contrast, clinical outcome in patients with M2-occlusions
undergoing ET is more multifactorial.

Keywords
endovascular treatment, stroke, M1-segment, M2-segment, clinical outcome

Introduction

Endovascular thrombectomy (ET) gained importance as an
established treatment of acute ischemic stroke (AIS).1–5

Especially, for the treatment of occlusions of the M1-
segment of the middle cerebral artery (MCA), ET is fea-
sible and safe and has become the standard of care.6,7

Evidence for ET in more distal parts of MCA is sparser. In
this regard, it has to be considered that, if the occlusion is
located in the distal M2-branches or beyond, ET may result
in difficult revascularization maneuvers. Possibly, these
maneuvers are providing a higher risk for complications,
for example, by vessel perforation due a smaller diameter
and the tortuous and curvy run of the vessels. However,
recent studies showed promising results of ET in occlu-
sions of the M2-division regarding safety, complications,
and functional outcome.8 The aim of this study is to
evaluate safety and efficacy of ET in M2-occlusions
(proximal and distal) compared to ET in M1-occlusions
and to identify parameters favoring a good functional
outcome. Furthermore, we compared functional outcome

after 3 months and occurrence of complications of ET in
M2-occlusions compared to ET in M1-occlusions.

Material and methods

174 patients undergoing ET in acute ischemic stroke with an
occlusion of the M1- or M2-segment of the MCA were
prospectively enrolled at the local Department of Diagnostic
and Interventional Radiology between June 2016 and May
2018.
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The study was approved by the local institutional review
board. Written informed consent for study inclusion was
obtained from all patients or their next of kind. When patients
passed away during hospitalization, written informed consent
was waived.

Thrombectomy technique

The interventional procedures were performed under anal-
gesia (1–2 g novaminsulfone as short infusion) and local
anesthesia of the groin. General anesthesia was performed in
patients with need for endotracheal intubation (Glasgow
coma scale <8) or in case of extreme agitation. Access was
performed using a long 8F sheath or additional guiding
catheter positioned in the distal internal carotid artery. The
thrombectomy procedure in the M1- and proximal and distal
M2-segment could be performed using one of two tech-
niques: The stent retriever TE or sole aspiration TE
(ADAPT—a direct first pass aspiration technique) as first-
line revascularization attempt. Both techniques could be used
consecutively if one of them failed.

Stent retriever thrombectomy

The procedures were either performed using the “Solumbra
technique,” in which the stent retriever is usually retracted
into an aspiration catheter placed proximal to the clot, or the
SAVE technique in which the clot is tucked between the stent
retriever and the tip of the aspiration catheter and both are
withdrawn into the sheath or guiding catheter.9,10

Under guidance of a standard 0.01400 micro-guidewire or
in very small vessels of a 0.01400 microwire with a soft tip
(Stryker Neurovascular, Fremont, California, USA), a mi-
crocatheter (Neuroslider 17 or 21, Acandis, Pforzheim,
Germany) was placed distal to the clot and an aspiration
catheter (e.g., 5F or 6F Sofia Plus aspiration, Microvention,
Tustin, CA) was placed as proximal as possible to the
thrombus. Afterward, the guidewire was replaced by the
APERIO stent retriever (APERIO® Thrombectomy Device;
Acandis, Pforzheim, Germany). The size of the APERIO was
determined considering the length and the cross section of the
thrombus and vessel, respectively. The APERIO is composed
of repetitive functional segments, that enable adaptation of
the device length to the thrombus length by partial de-
ployment of the stent retriever in tortuous M2-vessels. A
20 mL syringe was attached to the aspiration catheter for
manual aspiration while the APH and thrombus were
withdrawn into the aspiration catheter.

A direct first pass aspiration technique

A 0.027 in. inner lumen microcatheter was advanced up to or
if the system was not stable enough, past the thrombus over a
microwire and then an aspiration catheter (5F or 6F SOFIA,
MicroVention Inc, Tustin, CA) was advanced to the proximal
aspect of the thrombus. Then, the microcatheter (Neuroslider
21, Acandis, Pforzheim, Germany) and the guidewire were
removed. The aspiration catheter was directly locked to a
20 mL syringe. Manual aspiration was started, and as soon as
absence of flow was noted, the resulting vacuum was
maintained for at least 60 s. Then, the catheter was slowly
retracted under additional aspiration at the guide catheter.

In case of partial clot extraction, the TE attempt was either
(i) repeated, (ii) a stent retriever was used under local as-
piration, or (iii) the intervention was terminated when re-
sidual clot could not be reached without increased risk of
procedural complications.

Imaging and post-processing

Patients directly admitted to our local department were ex-
amined with a standardized stroke protocol including non-
contrast enhanced cranial computed tomography (CT), CT
angiography (CT-A), and CT perfusion (CT-P). Coronal and
sagittal multiplanar reformations (MPRs) with a slice
thickness of maximally 2 mm as well as maximum intensity
projections (MIPs) in axial, coronal, and sagittal plane were
obtained for further analysis using the local Picture Archiving
and Communication System (PACS, IDS7, Sectra, Link-
öping, Sweden).

Subdivision ofMCA-branches was based on angiographic
findings. We distinguished between (1) occlusion of the M1-
segment; (2) an occlusion of the proximal M2-segment; and
(3) an occlusion of the distal M2-segment.

Proximal M2-segment (M2-trunk) is defined as the seg-
ment between the division of the M1-segment up to the next
division into distal M2-branches.

Distal M2-segment is defined as branches starting
from the division of the M2-trunk up to the beginning of
M3-segment (Figure 1).

For evaluation of collateralization, Maas Score, a 5-point
CT-A collateral score, was assessed retrospectively in 9 mm
axial MIP reconstructions of CT-A images parallel to the
orbitomeatal line at basal ganglia level.11–13

Outcome analysis

Functional outcome of patients was evaluated using the
modified Rankin Scale (mRS) 3 months after ET. The mRS
was assessed by a standardized telephone interview per-
formed by one investigator (D.W.). Patients were dichoto-
mized by mRS into favorable outcome (mRS ≤2) and poor
outcome (mRS ≥3).

Radiographic outcome was measured using the mTICI
scale (modified thrombolysis in cerebral infarction) based on
angiographic findings. ATICI scale of ≥2b was considered a
successful recanalization.

Periprocedural complications including perforation, dis-
section, and embolism into new territories were analyzed.

Complications within the first 24 h including new in-
farction on CCT due to embolisms into new territories,
subarachnoid hemorrhages, and parenchymal intracerebral
hemorrhage were evaluated. Intracerebral hemorrhages were
classified according to the Heidelberger bleeding classifi-
cation and include hemorrhages within and beyond infarcted
brain tissue (PH-2) with neurological deterioration (decline in
NIHSS ≥4) and hemorrhagic transformation of infarcted
brain tissue (HI-1, HI-2, and PH-1).14

Statistical analysis

Statistical analysis was performed with SPSS software en-
vironment (Statistical Package for Social Science, version 25,
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IBM, Armonk, New York). A p-value <0.05 was considered
statistically significant for all analyses.

A priori power analysis was performed for this population
for a moderate effect size.

Non-parametric analysis of variance in 3-month mRS,
TICI scale, and complication rates (after 24 h) were per-
formed with Kruskal–Wallis test between M1- and proximal
and distal M2-occlusions.

Pairwise group comparisons between M1- and M2-
occlusions and proximal M2- and distal M2-occlusions
were performed using Mann–Whitney U-tests with subse-
quent Bonferroni correction in case of multiple testing.

Binary logistic regression models were calculated for each
occlusion site. Each analysis included age, NIHSS at admission,
Maas Score, onset-to-recanalization time, and ASPECTS at
admission as independent variables and dichotomized 3-month
mRS as dependent variable. Associations between each inde-
pendent variable and favorable functional outcome adjusted for
the other four independent variables were analyzed. For as-
sessment of model quality Nagelkerke’s R2 was used. Fur-
thermore, odds ratios with confidence intervals as well as
regression coefficients were calculated.

Results

174 patients met the inclusion criteria for the current analysis.
Mean age was 76 (±13) years and 59.2% of all patients were
female. M1-division of MCA was the most frequently oc-
cluded vessel (n = 141, 81.0%). Proximal M2-segment was
occluded in 22 (12.6%) cases and distal M2-segment was
occluded in 11 (6.3%) cases. Median ASPECT-Score at
admission was 10 (IQR 9–10) and median NIHSS at ad-
mission was 14 (IQR 9–17). Most patients achieved a
complete or substantial revascularization after mechanical
recanalization (TICI scale 2b-3; 87.7%). 64 patients were
undergoing ET alone (36.8%) and 110 combined with

intravenous thrombolysis (IVT) (63.2%). Of all patients with
a M2-occlusion, 8 (24.2%) were initially treated with
ADAPT. Overall complication rate (after 24 h) was 28.7%
(50 patients). No procedural complications such as perfo-
ration, dissection, or emboli to new territories occurred in
patients treated with a stent retriever TE and with ADAPT.
Seventy-nine (45.4%) patients showed a favorable outcome
(mRS ≤2) and ninety-three (54.6%) patients a poor outcome
(mRS ≥3) (Table 1). Baseline characteristics, procedural data,
and clinical outcome of patients treated with ADAPT are
separately summarized in Table 2.

A priori power analysis was performed for this population
and showed power of 82% for a moderate effect size.15

Non-parametric analysis of variance in 3-month mRS,
TICI scale, and complication rate were performed with
Kruskal–Wallis test between M1- and proximal and distal
M2-occlusions and did not show significant differences
between occlusion site and dichotomized 3-month mRS (p =
0.07) nor dichotomized TICI scale (p = 0.44) nor compli-
cation rates (p = 0.26).

There was no significant group difference in dichotomized
3-month mRS between M1- and M2-occlusions (p = 0.12,
U = 3403). When investigating the subgroups of M2-
occlusion sites, there was no significant group difference
in dichotomized 3-month mRS between M1- and proximal
M2-occlusions (p = 0.07, U = 1023), between M1- and distal
M2-occlusions (p = 1.00, U = 753), or between proximal M2-
and distal M2-occlusions (p = 0.99, U = 111).

There was no significant group difference in dichotomized
TICI scale between M1- and M2-occlusions (p = 0.54, U =
1485), between M1- and proximal M2-occlusions (p = 0.75,
U = 1389), between M1- and distal M2-occlusions (p = 1.00,
U = 720), or between proximal M2- and distal M2-occlusions
(p = 0.96, U = 29).

There was no significant group difference in 24 h com-
plication rates between M1- and M2-occlusions (p = 0.12,

Figure 1. Anatomical schema of MCA-division (a) and angiography of the middle cerebral artery (b)1: M1-segment, 2: M2-trunk = proximalM2-
segment, 3: M2-branch = distal M2-segment.
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U = 3003), between M1- and proximal M2-occlusions (p =
0.33, U = 1283), between M1- and distal M2-occlusions (p =
1.00, U = 712), or between proximal M2- and distal M2-
occlusions (p = 1.00, U = 80).

Binary logistic regression analysis model for M1-
occlusions showed a substantial explanation of variance
(NR2 = 0.31). NIHSS at admission (p = 0.01) andMaas Score
(p = 0.02) were significant factors in this model (Table 3).

Binary logistic regression analysis model for M2-occlusions
showed a high explanation of variance (NR2 = 0.53). There
were no significant factors in this model (Table 3).

Discussion

This study has identified NIHSS at admission and collater-
alization (measured by the Maas Score) as independent

parameters that had an impact on clinical outcome in M1-
occlusions. For M2-occlusions, no parameters with signifi-
cant influence on clinical outcome were identified. Favorable
clinical outcome was comparable between patients after M1-
and M2-thrombectomy. Successful revascularization rates
(TICI scale 2b-3) as radiographic outcome did not differ
between patients with M1 and M2-occlusions nor between
patients with proximal and distal M2-occlusions. The study
showed a low complication rate for M1- and M2-occlusion
within 24 h and absence of procedural complications that
require treatment.

The influence of NIHSS at admission to the clinical
outcome after 3 months of patients undergoing ET in AIS
may be explained by the impact of the initial neurological
deficit and was already shown in former studies.16 Fur-
thermore, we found that collateralization measured by the

Table 1. Baseline data.

Total (n = 174) M1 (n = 141) pM2 (n = 22) dM2 (n = 11)

Age, mean (SD, min–max), in years 76 (±13, 35–111) 76 (±13, 35–111) 77 (±11, 48–96) 70 (±14, 46–88)
Female sex, n (%) 103 (59.2) 87 (61.7) 13 (59.1) 3 (27.3)
Left hemisphere, n (%) 103 (59.2) 79 (56.0) 14 (63.6) 10 (90.9)
ASPECTS at admission, median (IQR) 10 (9–10) 10 (9–10) 10 (10–10) 10 (10–10)
ASPECTS shift, median (IQR) 4 (1–6) 4 (1–8) 3 (0–4) 2 (0–6)
NIHSS at admission, median (IQR) 14 (9–17) 14 (10–17) 10 (7–15) 8 (7–16)
NIHSS shift, median (IQR) 6 (3–10) 6 (2–11) 6 (3–13) 5 (3–6)
mRS after 3 months, n (%)
0 27 (15.5) 21 (14.9) 5 (22.7) 1 (9.1)
1 33 (19.0) 22 (15.6) 7 (31.8) 4 (36.4)
2 19 (10.9) 17 (12.1) 2 (9.1) 0 (0)
3 9 (5.2) 8 (5.7) 1 (4.5) 0 (0)
4 30 (17.2) 26 (18.4) 3 (13.6) 1 (9.1)
5 18 (10.3) 17 (12.1) 0 (0) 1 (9.1)
6 38 (21.8) 30 (21.3) 4 (18.2) 4 (36.4)

Favorable mRS (0–2) after 3 months, n (%) 79 (45.4) 60 (42.6) 14 (63.6) 5 (45.5)
Periprocedural complications, n (%)
(perforation, dissection, and emboli to new territories)

0 (0) 0 (0) 0 (0) 0 (0)

Complications after 24 h, n (%)
None 121 (69.5) 93 (66.0) 19 (86.4) 9 (81.8)
HI-1, HI-2, PH-1 22 (12.6) 20 (14.2) 0 (0.0) 1 (9.1)
sICH (PH-2) 11 (6.3) 10 (7.1) 1 (4.5) 1 (9.1)
SAH 17 (9.8) 15 (10.6) 2 (9.1) 0 (0)

Door-to-IVT, mean (SD, min–max) in min 52 (±26, 10–122) 51 (±24, 11–106) 55 (±28, 22–114) 61 (±43, 10–122)
Onset-to-IVT, mean (SD, min–max) in min 105 (±55, 22–420) 100 (±41, 22–240) 137 (±115, 60–420) 121 (±61, 70–225
Door-to-groin-puncture, mean (SD, min–max) in min 130 (±77, 15–653) 128 (±78, 15–653) 137 (±52, 54–206) 146 (±93, 50–325)
IVT-to-groin-puncture, mean (SD, min–max) in min 76 (±48, 5–188) 76 (±49, 5–188) 84 (±48, 9–150) 57 (±39, 15–110)
Onset-to-groin-puncture, mean (SD, min–max) in min 187 (±79, 50–575) 183 (±75, 50–575) 211 (±114, 84–510) 191 (±79, 120–325)
Door-to-recanalization, mean (SD, min–max) in min 171 (±84, 50–699) 168 (±84, 50–699) 180 (±49, 78–222) 186 (±124, 80–416)
Onset-to-recanalization, mean (SD, min–max) in min 228 (±85, 67–611) 225 (±80, 67–611) 257 (±114, 108–534) 221 (±104, 146–5416)
Groin-to-recanalization, mean (SD, min–max) in min 41 (±26, 8–158) 41 (±26, 8–158) 40 (±22, 22–91) 40 (±26, 21–91)
Maneuver, mean (SD, min–max) 2 (±1, 1–11) 2 (±2, 0–11) 2 (±1, 1–3) 1 (±2, 1–5)
TICI scale, n (%)

0 9 (5.3) 7 (5.1) 1 (4.5) 1 (9.1)
1 1 (0.6) 1 (0.7) 0 (0) 0 (0)
2a 11 (6.4) 10 (7.2) 0 (0) 1 (9.1)
2b 64 (37.4) 47 (34.1) 10 (45.5) 7 (63.6)
2c 36 (21.1) 29 (21.0) 5 (22.7) 2 (18.2)
3 50 (29.2) 44 (31.9) 6 (27.3) 0 (0.0)

SD: standard deviation, IQR: interquartile range, ASPECTS: Alberta Stroke Program Early CT Score, NIHSS: National Institutes of Health Stroke Scale, mRS: modified
Rankin Scale, IVT: intravenous thrombolysis, TICI: thrombolysis in cerebral infarction, SAH: subarachnoid hemorrhage, sICH: symptomatic intracerebral
hemorrhage, HI: hemorrhagic infarction, PH: parenchymal hematoma, pM2: proximal portion of M2-segment, dM2: distal portion of M2-Segment.
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Maas Score had a significant influence on clinical outcome of
patients with M1-occlusion. Collateralization is well known
as a relevant parameter for clinical outcome in AIS.11,17 It
even showed a greater impact on the clinical outcome than
the onset-to-recanalization time in patients with M1-
occlusion. Although the factor time has been proven im-
portant for clinical outcome in AIS, collateralization may be
decisive as well.11

In contrast to patients with M1-occlusion, we could not
find any outstanding parameter with impact on the clinical
outcome of patients with M2-occlusion. This may be caused
by the lower number of patients in this subgroup. None-
theless, parameters like time-to-recanalization and collater-
alization still did not show the tendency to be decisive for
clinical outcome in this subgroup, though there is a high
explanation of variance in the respective regression analysis.
Therefore, the impact on clinical outcome in patients with
M2-occlusion seems to be rather multifactorial compared to
patients with M1-occlusion.

Frequency of favorable clinical outcome between patients
with an M1-occlusion did not differ from patients with an
M2-occlusion. Similar results were already reported in for-
mer studies and underline the comparability of safety and
efficacy of ET in M1- andM2-occlusions.8,18,19 Furthermore,
favorable outcome did not differ between proximal and
distal M2-occlusions. This indicates that even in distal
M2-branches, ET can not only be performed with tech-
nical success but also with favorable clinical outcome
and is consistent with findings from a few small patient
samples.18,20

Successful revascularization rates (TICI scale 2b-3)
for M1- and M2-occlusions (87 vs 90.9%) were compa-
rable to previous studies.2–4,7 These results demonstrate
that high recanalization rates can be achieved in M1- and
M2-occlusions. Furthermore, also in distal M2-branches,
successful recanalization was feasible with comparable
recanalization rates of ET in the proximal M2-trunk (81.8%
vs. 95.5%) and confirmed the results of a recently published
study.20

Occurrence of complications can impair clinical outcome
of patients undergoing ET.We observed comparable numbers
of overall complications after ET in patients with different
occlusion sites among each other. Furthermore, overall
complications are comparable to other studies.6,21 The
number of patients with M1-occlusion (n = 10, 7.1%) and
proximal M2-occlusion (n = 1, 9.1%) developing symp-
tomatic intracerebral hemorrhage (sICH) within 24 h in our
study is slightly lower compared to previous reports, most
likely to be caused by different sample sizes.22

Absence of procedural complications like dissection,
angiographic detectable SAH or ENT, indicates the safety
of the thrombectomy procedure in this study. Non-occurrence
of clinically relevant procedural complications may have
depended on the used thrombectomy techniques. In M1-
occlusions, the stent retriever TE has shown to be an effec-
tive and safe technique. Because most proximal M2-vessels
have a similar diameter compared to the M1-segment, re-
canalization rates and safety of the procedure might be equal.
There is an increasing evidence for stent retriever TE in
the M2-segment as the current study and previous studies

Table 2. Baseline characteristics of patients with M2-segment occlusion treated with ADAPT.

Total (n = 8) pM2 (n = 7) dM2 (n = 1)

Age (SD, min–max) in years 79 (±8, 63–88) 78 (±7, 63–85) 88 (±0, 88–88)
Female sex, n (%) 6 (75.0) 6 (85.7) 0 (0)
NIHSS at admission median (IQR) 15 (12–19) 14 (9–15) 23 (23–23)
ASPECTS at admission median (IQR) 10 (9–10) 10 (10–10) 7 (7–7)
OTRT (SD, min–max) in minutes 217 (±56, 108–260) 211 (±60, 108–260) 249 (±0, 249–249)
Favorable TICI scale 8 (100.0) 7 (100.0) 1 (100.0)
2c 2 1 (14.3) 1 (100)
3 6 6 (85.7)

Favorable mRS (0-2) after 3 months, n (%) 5 (62.5) 5 (71.4) 0 (0)
Periprocedural complications, n (%) 0 (0.0) 0 (0.0) 0 (0.0)
Complications after 24 h, n (%) 2 (25.0) 1 (14.3) 1 (100.0)
Additional stent retriever, n (%) 3 (37.5) 3 (42.9) 1 (100.0)

SD: standard deviation, IQR: interquartile range, ASPECTS: Alberta Stroke Program Early CT Score, NIHSS: National Institutes of Health Stroke Scale, mRS: modified
Rankin Scale, OTRT: onset-to-recanalization-time, TICI: thrombolysis in cerebral infarction.

Table 3. Binary logistic regression analyses.

M1 (n = 141) M2 (n = 33)

NR2 0.31 0.53
Age p = 0.05, OR = 0.95 (CI = 0.91–1.00) p = 0.68, OR = 1.03 (CI = 0.89–1.20)
NIHSS p = 0.01a, OR = 0.85 (CI = 0.74–0.96) p = 0.44, OR = 0.83 (CI = 0.52–1.33)
Maas Score p = 0.02a, OR = 3.20 (CI = 1.23–8,34) p = 0.83, OR = 0.70 (CI = 0.27–18.05)
OTRT p = 0.18, OR = 0.99 (CI = 0.99–1.00) p = 0.74, OR = 0.99 (CI = 0.99–1.01)
ASPECTS p = 0.83, OR = 1.05 (CI = 0.66–1.68) p = 0.99, OR = - (CI = -)a

NR2 = Nagelkerke’s R2, OTRT = onset-to-recanalization-time, ASPECTS: Alberta Stroke Program Early CT score, OR = odds ratio.
a Due to minimal significance, no confidence interval can be calculated for methodological reasons.
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have demonstrated.8 However, the comparison of results
of mechanical TE depending on the anatomy of the M2-
segment (proximal vs. distal M2 occlusions) is limited and
only retrospectively analyzed.18,20 Using stent retrievers in
very tortuous vessels with sharp angulation implicates the
increased risk of laceration of the endothelium resulting in
dissection and new thrombus formation due to shear stress
and avulsion of perforators by tension to the vessel tree.
Nevertheless, in tortuous M2-segments, a contact aspiration
maneuver (ADAPT) can be considered, assuming this
technique is less traumatic to the endothelium and causes less
traction to the vessels. For revascularization success by
contact aspiration alone, a direct contact of the intermediate
catheter to the thrombus is essential. However, in very tor-
tuous vessels, the thrombus can often not be accessed by the
aspiration catheters via coaxial microcatheter/microwire-
guiding alone due to insufficient push, or the clot cannot
be approached by the aspiration catheter because the target
vessel diameter is too small. In these cases, the stent retriever
can be used as an anchor to guide the aspiration catheter as
close as possible to the thrombus to perform a stent retriever
TE with local aspiration. Implementation of the SAVE or
Solumbra technique might have preserved from ETN in TE
procedures in the current study. To prevent SAH, the stent
retriever was released partially to adapt to the thrombus
length, that is possible due to the repeating functional seg-
ments of the device. Thereby, the angulation of the stent
retriever may be reduced to minimize shear stress and traction
to the vessels. Perforation might be prevented by using
microwires with soft tips instead of a standard tip, especially
in distal M2-segments, and by shaping the microwire with a
J-configuration.

A potential risk of the ADAPT technique is ETN by
thrombus fragmentation. Thus, we prefer the Solumbra or
SAVE technique. Based on our results, we estimate that the
stent retriever-TE in M2-segments is not more traumatic than
ADAPT, but for a final validation of both TE-approaches,
larger trials or RCTs are necessary.

We have several limitations to admit. First, this study is
limited by the low number of patients, especially in the
subgroups of patients with proximal and distal M2-
occlusions. Furthermore, there was no randomization by
intention. Lastly, definition or terminology of the M2-
segment anatomy is diverse in the literature, which may
influence direct comparisons to other studies. Both, the
ADAPT and the stent retriever TE appear comparable re-
garding to recanalization rate, procedural complications, and
clinical outcome in M1-occlusions, but there are no RCTs
that evaluated these techniques in particular for M2-TE.23 At
last, no recommendation for a special TE technique can be
made. In our experience, the stent retriever TE techniques is
feasible for challenging M2-thrombectomies, but choosing
the most suitable technique depends on different factors in-
cluding device properties, vessel anatomy, pre-interventional
ASPECTS, operator experience, or clot composition and
length.

Conclusion

The current findings suggest that clinical outcome, procedural
safety, and efficacy of ET in patients with M1-occlusions

might be comparable to ET in patients with M2-occlusions.
Furthermore, ET in distal M2-segments might be as safe and
efficient as in proximal M2-segments with comparable clinical
outcome. Initial neurological deficits and the collateralization
status appeared as significant factors influencing clinical
outcome in patients with M1-occlusions undergoing ET. By
contrast, clinical outcome in patients with M2-occlusions
undergoing ET is more multifactorial. Further investigations
with larger samples are needed to identify specific parameters
influencing the functional outcome to select eligible patients
for M2-thrombectomy.
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Systematic evaluation of computed tomography
angiography collateral scores for estimation
of long-term outcome after mechanical
thrombectomy in acute ischaemic stroke
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Sebastian Jander2, Michael Gliem2, John-Ih Lee2, Carl-Albrecht Haensch3,
Bernd Turowski1 and Julian Caspers1

Abstract
Purpose: This study compares computed tomography angiography-based collateral scoring systems in regard to their inter-

rater reliability and potential to predict functional outcome after endovascular thrombectomy, and relates them to paren-

chymal perfusion as measured by computed tomography perfusion.

Methods: Eighty-four patients undergoing endovascular thrombectomy in anterior circulation ischaemic stroke were enrolled.

Modified Tan Score, Miteff Score, Maas Score and Opercular Index Score ratio were assessed in pre-interventional computed

tomography angiographies independently by two readers. Collateral scores were tested for inter-rater reliability by weighted-

kappa, for correlations with three-months modified Rankin Scale, and their potential to differentiate between patients with

favourable (modified Rankin Scale�2) and poor outcome (modified Rankin Scale�3). Correlations with relative cerebral blood

volume and relative cerebral blood flow were tested in patients with available computed tomography perfusion.

Results: Very good inter-rater reliability was found for Modified Tan, Miteff and Opercular Index Score ratio, and substantial

reliability for Maas. There were no significant correlations between collateral scores and three-months modified Rankin

Scale, but significant group differences between patients with favourable and poor outcome for Maas, Miteff and Opercular

Index Score ratio. Miteff and Maas were significant predictors of favourable outcome in binary logistic regression analysis.

Miteff best differentiated between both outcome groups in receiver-operating characteristics, and Maas reached highest

sensitivity for favourable outcome prediction of 96%. All collateral scores significantly correlated with mean relative cerebral

blood volume and relative cerebral blood flow.

Conclusions: Computed tomography angiography scores are valuable in estimating functional outcome after mechanical

thrombectomy and reliable across readers. The more complex scores, Maas and Miteff, show the best performances in

predicting favourable outcome.

Keywords
Collateral scores, ischaemic stroke, thrombectomy, computed tomography angiography, computed tomography perfusion

Introduction

In recent years, endovascular thrombectomy (ET) has
greatly gained importance in the treatment of acute
ischaemic stroke (AIS) due to arterial occlusion.1–4

In this regard, one of the outstanding goals of current
research is to reliably estimate the opportunity to
achieve a favourable functional outcome before initiat-
ing therapy, to reasonably consider whether ET should
be performed. One of the main research topics was the
influence of time until recanalization on the long-term
outcome. Major studies initially indicated that patients
benefited from revascularization within six1,3 or eight
hours4 after symptom onset. More recently it has been
shown that revascularization even after more than 12 h

after symptom onset may be of benefit for patients,
if certain criteria are met.5,6 However, in addition to
the time since symptom onset, the major factor for
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estimating patient outcome in AIS is the residual blood
supply of the affected brain tissue provided by collat-
erals.7,8 Computed tomography perfusion (CT-P) fea-
tures, especially mismatch ratio and infarct core, are of
major importance in this regard.9–11

However, standardised CT-P is strongly dependent
on patient compliance regarding head movement and is
yet not routinely performed in all institutions. In this
regard, it has to be considered that CT-P is an add-
itional time-consuming examination associated with
additional radiation exposure and an increased
volume of contrast agent compared with non-contrast
cranial computed tomography plus computed tomog-
raphy angiography (CT-A) alone. Especially in the case
of a blood-brain-barrier disruption, additional volume
of contrast agent may enlarge toxic effects on brain
tissue. Nevertheless, if CT-P is performed, it is basically
considered as reliable, safe and diagnostically import-
ant examination.

CT-A is able to capture intracranial vessel status
even in moderately agitated patients and is nowadays
broadly available. CT-A allows for an estimation of
collateralization and may thus be a cornerstone in the
process of indicating mechanical revascularization
when CT-P is not performed.12–15

Different scoring systems have been introduced
to assess and describe the collateralization
status.10,13,15,16 However, no systematic evaluation
of these scoring systems has been conducted, yet.
In particular, it is unclear, how well these scores reflect
parenchymal collateralization and perfusion, and if
they can be used as predictors of functional outcome
after recanalization in AIS.

The purpose of this study was to systematically
evaluate four established and frequently used CT-A
collateral scoring systems, namely the Modified Tan
(mTan) Score,11 the Miteff Score,10 the Maas Score13

and the more recently introduced Opercular Index
Score ratio (OISr).16

The inter-rater reliability of each score, their poten-
tial to predict functional outcome after ET in AIS
and their correlation with CT-P measurements was
assessed.

Material and methods

Patient selection

All patients undergoing ET in acute ischaemic stroke at
the local department of Diagnostic and Interventional
Radiology between June 2016–June 2017 were
prospectively enrolled. The inclusion criteria for the
current study were: (a) anterior circulation vessel occlu-
sion, i.e. of the internal carotid artery, the sphenoidal
or proximal insular segment of the middle cerebral
artery (MCA) or tandem occlusions; (b) available and
technically sufficient CT-A images (c) available three--
month modified Rankin Scale (mRS). The patient

sample comprised patients directly admitted to the
local department as well as patients initially admitted
to an external hospital for evaluation of AIS including
neuro-imaging and then referred to the local depart-
ment for mechanical recanalization. The procedure of
ET was performed in a standardised manner.17,18 The
indication for ET was determined by the neuroradiolo-
gist and neurologist on duty in accordance with current
guidelines.19 The study was approved by the local insti-
tutional review board (ID: 5468R). Written informed
consent for inclusion in the study was obtained from all
patients or their next of kin. When patients passed
away during hospitalization, written informed consent
was waived.

Imaging and post-processing

Imaging protocols of the seven referring facilities dif-
fered. To ensure comparable image quality throughout
the analysis, only patients with sufficiently contrasted
CT-A scans and images with a slice thickness of
maximally 2.0mm in axial plane were included in
the current analysis. CT-A scans were considered tech-
nically sufficient if intracranial arteries of the non-
affected side showed good opacification and terminal
branches of the external carotid artery were con-
trasted. If not provided by the referring hospital,
coronal and sagittal multiplanar reformations
(MPRs) as well as maximum intensity projections
(MIPs) in the axial, coronal and sagittal plane were
obtained for further analysis using the local Picture
Archiving and Communication System (PACS; IDS7,
Sectra, Linköping, Sweden).

Patients directly admitted to our local department
were examined with a standardised stroke protocol
including non-contrast enhanced cranial computed
tomography, CT-A and CT-P.

CT-A was performed covering the brain supplying
and intracranial arteries from the aortic arch to the
vertex with continuous axial sections parallel to the
orbitomeatal line. CT-A parameters were 120 kVp,
100mAs, 128� 0.6mm collimation, 1 s/rotation, table
feed of 1mm/rotation, and active tube current modu-
lation (SOMATOM Definition FLASH, 128-slices,
Siemens, Erlangen, Germany), or 120 kVp, 175mAs,
64� 0.6mm collimation, 1 s/rotation, table feed of
1mm/rotation, and active tube current modulation
(SOMATOM Definition AS with sliding gantry,
64-slices, Siemens, Erlangen, Germany).

An intravenous single bolus contrast agent injection
(weight-dependent 70–80ml iomeprol 400mg J/ml,
Imeron, Bracco, Konstanz, Germany), followed by a
30ml saline solution bolus was injected by an auto-
mated injector via an at least 18-gauge intravenous
line in an antecubital vein or a high-flow central intra-
venous line at 5ml/s. Image acquisition was started by
automatic bolus tracking using a region of interest
(ROI) placed in the ascending aorta.
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Axial CT-A images of 0.75 and 4mm, 1mm
coronal and sagittal MPRs as well as 9mm MIPs
in the axial, coronal and sagittal plane were
reconstructed.

CT-P was acquired with two adjacent slices of 1 cm
thickness angled parallel to the Frankfurt horizontal
line at the level of the cella media over 50 s with one
image per second. CT-P parameters were 80 kVp,
180mAs, 1� 10mm collimation (SOMATOM
Definition FLASH) or 80 kVp, 120mAs, 64� 0.6mm
collimation (SOMATOM Definition AS). For CT-P,
a second bolus of contrast agent of 30ml iomeprol
400 followed by a 30ml saline solution bolus was
injected at 5ml/s. Image acquisition started with a
three-second delay after injection.

Image analysis

Retrospective assessment of CT-A collateral scores was
performed independently by two readers with different
levels of experience, i.e. one senior interventional
neuroradiologist (BK) with nine years experience in
(neuro-) radiology and one specifically trained final-
year medical student (DW), extensively instructed and
trained in the evaluation of CT-A collaterals on studies
not included in the current analysis. An exemplary

assessment of collateral scores in two patients is
shown in Figure 1.

The assessment of individual scores was based on the
definitions given in the respective original publications
and conducted as follows:

mTan Score. The mTan Score11 classifies vessel opacifica-
tion of the affected MCA territory as �50% (good) and
less than 50% (poor) in comparison with the opposite
side [15] (similar to the Miteff and Maas Score).

Miteff Score. The scoring system of Miteff et al.10 is
based on the topography of opacified branches in the
affected MCA territory. It is divided into three cate-
gories: (a) only distal superficial MCA branches are
reconstituted; (b) some vessels in the Sylvian fissure
show opacification; (c) the entire MCA distal to the
occlusion is reconstituted.15

Maas Score. The scoring system of Maas et al.13 classi-
fies vessel opacification of the affected MCA territory in
five categories: (a) there is no vessel opacification in the
affected MCA territory; (b) vessel opacification is lower
compared with the opposite side; (c) both MCA terri-
tories are opacified similarly; (d) opacification of the
affected MCA territory is higher compared with the

Figure 1. Examples of computed tomography angiography (CT-A) scans and survey of collateral scores. Exemplary CT-A scans of two

patients with right middle cerebral artery (MCA) occlusion. A representative axial and two coronal CT-A maximum intensity projections

(MIPs) are shown. (a) Patient with insufficient collaterals. Modified Tan (mTan) Score was one, Miteff Score was one, Maas Score was one,

Opercular Index Score ratio was >2, modified Rankin Scale (mRS) after three months was six. (b) Patient with good collaterals. mTan

Score was two, Miteff Score was three, Maas Score was three, Opercular-Index-Score-ratio was one, mRS after three months was zero.
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opposite side; (e) opacification of the affected MCA
territory is exuberant.15

Opercular Score. The Opercular Index Score (OIS)16 is
based on the number of opacified opercular branches
of the affected MCA territory compared with the
opposite side in coronal images. Based on the number
of opacified branches, the number of the opacified
branches of the unaffected MCA territory is divided
by the number of the opacified branches of the affected
side to determine the OIS ratio (OISr). Two categories
of the OISr are discriminated: (a) OISr �2 (good) and
(b) OISr> 2 (poor).16

mTan, Miteff and Maas scores were evaluated in
9mm axial MIP reconstructions of CT-A images par-
allel to the orbitomeatal line at basal ganglia level. OIS
was assessed in 9mm coronal MIP reconstructions of
CT-A images.

For the subgroup of patients with standardised CT-
P imaging available perfusion maps including time to
maximum (TMax), mean transit time (MTT), relative
cerebral blood volume (rCBV), and relative cerebral
blood flow (rCBF) were calculated using singular
value decomposition (STROKETOOL-CT, Version
2.0, H.-J. Wittsack, DIS, Frechen, Germany). The
arterial input function was determined automatically
or, if automatic detection failed, manually defined by
choosing up to 10 reference points in the most opacified
arterial vessels. Subsequent extraction of territorial
rCBV and rCBF values from CT-P parameter maps
was done using Angiotux CT 2D (ECCET 2006/Beck
A, Aurich V, Langenfeld, Germany).20 Mean values of
affected MCA territory were divided by the mean
values of the unaffected MCA territory to calculate
rCBV ratio and rCBF ratio.

Outcome analysis

The functional outcome of patients was evaluated using
the mRS three months after ET. mRS was assessed by a
standardised telephone interview performed by one
investigator (DW). Patients were dichotomised by
mRS into favourable outcome (mRS� 2) and poor out-
come (mRS� 3).

Statistical analysis

Statistical analysis was performed with SPSS soft-
ware environment (Statistical Package for Social
Science, version 24, IBM, Armonk, New York, USA).
A p value <0.05 was considered statistically significant
for all analyses.

Inter-rater reliability between the two readers for
each collateral score was assessed by calculating
weighted-kappa statistics (k), which takes the level of
disagreement between readers into account.

For further statistical analyses, the median between
both investigators for each collateral score was used.
Correlations between each collateral score and mRS

after three months were determined using Spearman’s
correlation coefficients. Group comparisons between
the mRS subgroups were conducted with Mann–
Whitney U-tests for each collateral score.

In the subgroup of patients with standardised CT-P
available, mean rCBF and mean rCBV of the affected
MCA territory, as well as rCBF and rCBV ratios, were
correlated with functional outcome and with each
collateral score using Spearman correlations. Group
comparisons for these CT-P parameters between the
mRS subgroups were performed using Student’s t-test.

Binary logistic regression models were calculated for
each collateral score. The models included the respect-
ive collateral score, age, National Institutes of Health
Stroke Scale (NIHSS) at admission and onset-to-groin-
puncture time as independent variables and dichoto-
mised three-months mRS as dependent variable.
Associations between each independent variable and
favourable functional outcome adjusted for the other
three independent variables were analysed. For assess-
ment of model quality Nagelkerkes R2 was used.
Furthermore, odds ratios with confidence intervals as
well as regression coefficients were calculated.

Collateral scores and perfusion parameters were
analysed for their test quality for prediction of favour-
able outcome using receiver-operating characteristic
(ROC) analysis with calculation of the area under the
curve (AUC) and subsequent determination of
Youden’s J index to establish cut-off points. For unified
presentation of results, ROC analysis for OISr was per-
formed with poor outcome as state variable.

Results

Eighty-four patients were included in the current ana-
lysis. Mean age was 75 (�14) years and 53.6% of all
patients were female. MCA was the most frequently
occluded vessel (M1 segment, 73.8%). Median
Alberta Stroke Program Early CT Score (ASPECT)
Score at admission was 10 (interquartile range (IQR)
9–10) and median NIHSS at admission was 14 (IQR
10–18). Most patients achieved a level of reperfusion
after mechanical recanalization of thrombolysis in cere-
bral infarction (TICI) 3 (36.9%). Thirty-one (37%)
patients showed a favourable outcome (mRS� 2) and
fifty-three (63%) patients a poor outcome (mRS� 3)
(Table 1).

Analysis of inter-rater reliability of collateral scores
indicated very good inter-rater reliability for mTan
Score (k¼ 0.86), Miteff Score (k¼ 0.81) and OISr
(k¼ 0.91), as well as a substantial reliability for Maas
Score (k¼ 0.77).

There were no significant correlations between col-
lateral scores and three-months mRS. However, there
were significant group differences between patients with
favourable and poor outcome for all collateral scores,
except for mTan (Table 2).

In patients with available CT-P, mean rCBF and
mean rCBV showed moderate and statistically
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significant correlations with functional outcome. In
contrast, rCBF ratio and rCBV ratio did not show sig-
nificant correlations with functional outcome (Table 2).
There were significant group differences between
patients with favourable and poor outcome for mean
rCBV and rCBV ratio, but not for mean rCBF and
rCBF ratio. All collateral scores showed strong or mod-
erate and statistically significant correlations with
rCBF ratio and rCBV ratio, where highest correlations
were found between mTan and rCBF ratio, and
between OISr and rCBF ratio (Table 3). All collateral
scores showed moderate correlations with mean rCBF
and mean rCBV, whereas significance of these correl-
ations was only reached for mTan, Miteff and Maas
score, but not for OISr. Miteff Score showed the high-
est correlations with mean rCBF and mean rCBV.

In ROC analyses (Table 4, Figure 2) highest AUC
among the four collateral scores were found for Miteff
Score and lowest AUC for mTan. However, mean
rCBF, mean rCBV and rCBV ratio from the CT-P sub-
sample performed even better in ROC analysis than all
collateral scores, whereas the highest AUC was found
for mean rCBV. Maas score reached a comparable high
AUC compared with Miteff and had a very high sensi-
tivity for good clinical outcome of 96% at the cutoff of
1.75, but low specificity. This high sensitivity was even
exceeded by rCBF and rCBV ratios with 100%
sensitivity.

Binary logistic regression analysis yielded one model
for each collateral score (Figure 3). In every model,
NIHSS at admission was a significant factor. The
models for mTan Score and OISr showed a moderate,

Table 1. Baseline characteristics.

Total (n¼ 84) mRS� 2 (n¼ 31) mRS� 3 (n¼ 53)

Age, mean, (SD, min-max) in years 75 (�14, 27–99) 68 (�14, 27–93) 79 (�12, 45–99)

Female sex, n, (%) 45 (53.6) 14 (45.2) 31 (58.5)

Left hemisphere, n, (%) 48 (57.1) 16 (51.6) 32 (60.4)

Location of occlusion, n, (%)

ICA 10 (11.9) 3 (9.7) 7 (13.2)

T-type 8 (9.5) 1 (3.2) 7 (13.2)

M1 62 (73.8) 24 (77.4) 38 (71.7)

M2 4 (4.8) 3 (9.7) 1 (1.9)

Local department, n, (%) 39 (46.4) 12 (38.7) 27 (50.9)

ASPECTS at admission, median, (IQR) 10 (9–10) 10 (9–10) 10 (9–10)

NIHSS at admission, median, (IQR) 14 (10–18) 11 (8–16) 16 (13–19)

Door-to-groin-puncture, mean,

(SD, min-max) in min

145 (�113, 15–775) 172 (�166, 23–775) 130 (�65, 15–385)

Onset-to-groin-puncture, mean,

(SD, min-max) in min

188 (�81, 60–495) 189 (�88, 70–495) 188 (�78, 60–385)

TICI Score, n, (%)

0 5 (6.0) 0 (0) 5 (9.4)

1 1 (1.2) 0 (0) 1 (1.9)

2a 3 (3.6) 1 (3.2) 2 (3.8)

2b 28 (33.3) 9 (29.0) 19 (35.8)

2c 16 (19.0) 7 (22.6) 9 (17.0)

3 31 (36.9) 14 (45.2) 17 (32.1)

mTan Score, median, (IQR)a 2.0 (1.0–2.0) 2.0 (1.0–2.0) 1.5 (1.0–2.0)

Miteff Score, median, (IQR)a 2.5 (1.5–3.5) 3.0 (2.0–3.0) 2.0 (1.0–3.0)

Maas Score, median, (IQR)a 2.0 (2.0–2.5) 2.0 (2.0–3.0) 2.0 (2.0–2.5)

Operculum Index Score ratio,

median, (IQR)a
1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)

CT-P, n, (%) 46 (55) 15 (48) 31 (58)

rCBF ratio, mean, (SD, min-max) 0.61 (�0.27, 0.14–1.19) 0.70 (�0.26, 0.39–1.19) 0.57 (�0.26, 0.14–1.13)

rCBV ratio, mean, (SD, min-max) 0.79 (�0.37, 0.02–1.49) 0.93 (�0.29, 0.48–1.49) 0.71 (�0.39, 0.02–1.34)

rCBF mean, mean, (SD, min-max) 59.81 (�46.90, 11.44–254,05) 69.92 (�36.90, 25.39–155.63) 54.91 (�50.87, 11.44–254.05)

rCBV mean, mean, (SD, min-max) 22.94 (�13.95, 1.85–69.11) 31.45 (�15.05, 31.45–69.11) 18.82 (�11.50, 1.85–45.85)

ASPECTS: Alberta Stroke Program Early CT Score; CT-P: computed tomography perfusion; ICA: internal carotid artery; IQR: interquartile range; IVT:

intravenous thrombolysis; mRS: modified Rankin Scale; NIHSS: National Institutes of Health Stroke Scale; rCBF: relative cerebral blood flow; rCBV: relative

cerebral blood volume; SD: standard deviation; TICI: thrombolysis in cerebral infarction. aValues assessed by two independent examiners and not rounded

to nearest integer.
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and the models for Miteff Score and Maas Score a high,
explanation of variance. Maas Score was the only col-
lateral score in its corresponding model, which was a
significant independent predictor for favourable
outcome.

Discussion

The aim of this study was to evaluate the clinical applic-
ability and usefulness of four CT-A collateral scores.
Collateral scores can be of high value in management
and treatment decision making in AIS, especially when
CT-P is not available or is considered unfeasible. In the
following sections, we will discuss the inter-rater reli-
ability and potential of predicting a favourable out-
come for each score, as well as the score value
compared with CT-P features.

Reliability of CT-A collateral scores

Related to their inter-rater reliability, basically all col-
lateral scores are useable and achieve convincing
results. Other investigators have shown comparable

results in inter-rater reliability for mTan Score.14,15

Minor differences may be caused by a greater experi-
ence of the readers in Yeo et al.’s study.15 Slightly lower
inter-rater reliability of Miteff Score and Maas Score
compared with mTan Score and OISr are probably rea-
soned by the more complex survey of Miteff Score and
Maas Score. Best inter-rater reliability was found for
OISr, which may be reasoned by the more objective
assessment based on counting opacified vessels, com-
pared with the other three scoring systems.

Predictivity of functional outcome

We could show, that mTan Score only weakly correl-
ates with functional outcome and could not discrimin-
ate between favourable and poor outcome on the group
level. The reason for this may be found in the relatively
coarse classification of collateralization into only two
classes, which cannot capture gradations of collaterali-
zation at the border between full and missing collaterals
and, hence, may have limited ability to predict func-
tional outcome by design. Yeo et al.15 showed that
mTan Score is able to distinguish between favourable
and poor outcome in AIS patients treated with the
intravenous tissue plasminogen activator (t-PA). The
divergent results between this trial and our results
regarding differentiation of both outcome groups may
be caused by the larger population size and the different
treatment. A more recent study by Nordmeyer et al.21

took use of the unmodified Tan Score, which uses more

Table 2. Group comparisons and correlations with modified

Rankin Scale (mRS) for collateral scores and computed tomography

perfusion (CT-P) values.

Group comparison

(favourable vs

poor outcome) Correlation with mRS

mTan Score p¼ 0.08 rs¼–0.14, p¼ 0.12

Miteff Score p¼ 0.01a rs¼–0.14, p¼ 0.12

Maas Score p¼ 0.03a rs¼–0.15, p¼ 0.11

OISr p¼ 0.05a rs¼0.14, p¼ 0.13

Mean rCBF p¼ 0.16 rs¼–0.332, p¼ 0.01a

Mean rCBV p¼ 0.001b rs¼–0.436, p¼ 0.01a

rCBF ratio p¼ 0.06 rs¼–0.223, p¼ 0.07a

rCBV ratio p¼ 0.03a rs¼–0.183, p¼ 0.11

OISr: Opercular Index Score ratio; rCBF: relative cerebral blood flow; rCBV:

relative cerebral blood volume. Values of p of group comparisons (Mann–

Whitney U-test for collateral scores, Student t-test for CT-P parameters)

between patients with favourable and poor outcome as well as

Spearmans’s rho (rs) and respective p-values for correlations with mRS

after three months are given for collateral scores and CT-P parameters.
ap< 0.05, bp< 0.01.

Table 3. Correlations between computed tomography perfusion (CT-P) parameters and collateral scores.

mTan Score Miteff Score Maas Score OISr

Mean rCBF rs¼0.33, p¼ 0.01a rs¼0.42, p¼ 0.002b rs¼0.38, p¼ 0.005b rs¼–0.35, p¼ 0.009b

Mean rCBV rs¼0.35, p¼ 0.01a rs¼0.42, p¼ 0.002b rs¼0.40, p¼ 0.003b rs¼–0.37, p¼ 0.007b

rCBF ratio rs¼0.59, p< 0.001b rs¼0.45, p< 0.001b rs¼0.44, p¼ 0.001b rs¼–0.58, p< 0.001b

rCBV ratio rs¼0.48, p< 0.001b rs¼0.43, p¼ 0.002b rs¼0.53, p< 0.001b rs¼–0.49, p< 0.001b

rs: Spearman’s rho; OISr: Opercular Index Score ratio; rCBF: relative cerebral blood flow; rCBV: relative cerebral blood volume. ap< 0.05, bp< 0.01.

Table 4. Receiver operating characteristics analyses for collateral

scores and computed tomography perfusion (CT-P) parameters.

AUC (95% CI) J (Cut-off) Sensitivity Specificity

mTan Score 0.59 (0.45–0.78) 0.17 (1.25) 69% 48%

Miteff Score 0.64 (0.51–0.82) 0.23 (2.75) 50% 73%

Maas Score 0.61 (0.48–0.75) 0.19 (1.75) 96% 23%

OISr 0.60 (0.46–0.73) 0.19 (1.25) 48% 71%

rCBF ratio 0.61 (0.44–0.78) 0.29 (0.38) 100% 29%

rCBV ratio 0.67 (0.51–0.82) 0.36 (0.48) 100% 35%

Mean rCBF 0.70 (0.54–0.86) 0.47 (57.15) 67% 81%

Mean rCBV 0.76 (0.62–0.90) 0.48 (22.05) 80% 68%

AUC: area under the curve; CI: confidence interval; J: Youden’s Index; mTan:

Modified Tan; OISr: Opercular Index Score ratio; rCBF: relative cerebral

blood flow; rCBV: relative cerebral blood volume.
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classes than the mTan Score. They found that the score
is an independent predictor of death in follow-up after
discharge, but, similarly to our results, could not find a
significant effect in dichotomised mRS.

The Miteff Score showed the highest correlation
coefficient with functional outcome among the tested
collateral scores, significant differences between favour-
able and poor outcomes and reached the highest AUC
in ROC analysis. A study examining the functional out-
come of patients receiving systemic intravenous t-PA in
AIS showed a better prediction of outcome using the
Miteff Score compared with the Maas Score and the
mTan Score.15 This is in line with our results regarding
the higher correlation of Miteff with three-months mRS
and its higher AUC in ROC analysis compared with
both scores. However, after adjustment in binary logis-
tic regression analysis, the Maas Score achieved better
results than the Miteff Score.

The Maas Score revealed significant differences
between patients with favourable and poor outcome
and showed moderate, but not significant, correlation

with three-months mRS, that was higher than that for
the mTan and the OISr but lower compared with
Miteff. Previous investigators showed that favourable
collateral state measured with Maas Score is associated
with favourable outcome.14,15 It obtained the best
results in binary logistic regression analyses compared
with the other collateral scores. Furthermore, the Maas
Score reached by far the highest sensitivity for the pre-
diction of favourable outcome in ROC analysis.

We only found a weak correlation between the OISr
and functional outcome, but significant differences
between patients with favourable and poor outcome.
Compared with the study introducing the OISr, our
findings indicate a much lower sensitivity and specificity
for the prediction of functional outcome in the entire
patient sample.16 A reason for these differences may be
the substantially lower number of patients in the ori-
ginal study or differences in study design between the
two studies.

The results of binary logistic regression models of
Miteff and Maas Scores emphasise the relevance of col-
lateral status for patient outcome in AIS and indicate
that collateralization is even more important than the
factor time, which is commonly focused on when con-
templating AIS management and treatment. This
appraisal is underpinned by recent large randomised
trials as the Clinical Mismatch in the Triage of Wake
Up and Late Presenting Strokes Undergoing
Neurointervention With Trevo (DAWN) study5 or
the Endovascular Therapy Following Imaging
Evaluation for Ischemic Stroke 3 (DEFUSE 3)
study,6 which show that the factor time is not that
restrictive for indication of ET and patients could bene-
fit from endovascular therapy even 24 h after stroke-
onset depending on their collateral status in cerebral
perfusion.5 Several other studies show similar results
regarding the relationship between collaterals, time
and functional outcome.7,22

Overall, the more complex scores, Maas and Miteff,
perform best for the prediction of functional outcome.
Given the high predictive value and high sensitivity of
96% at the cutoff of 1.75 for the Maas Score, this score
seems to be most favourable for decision-making in
endovascular treatment planning in AIS. In this
regard, patients with a Maas Score of �2 have the
potential to profit from thrombectomy, while patients
with a score of one have virtually no potential to
achieve good outcome and could be considered to be
excluded from endovascular treatment. However, this
result should be confirmed in larger study samples.

CT-P and collateral scores

A more direct assessment of brain perfusion and col-
lateralization can be achieved with analysis of CT-P
measurements.22,23 The prognostic value of CT-A and
CT-P was emphasised by the results of van Seeters
et al.,12 which showed that CT-A and CT-P parameters
could successfully differentiate between favourable and

Figure 2. Receiver operating characteristic analyses. Receiver

operating characteristic curves for (a) Modified Tan (mTan) Score,

Miteff Score, Maas Score and Opercular Index Score (OIS) ratio and

for (b) relative cerebral blood flow (rCBF) mean and relative

cerebral blood volume (rCBV) mean to estimate long term func-

tional outcome by means of three-months modified Rankin Scale

(mRS). For illustration purposes, receiver operating characteristic

analysis for OIS ratio was referred to poor outcome prediction to

facilitate visual comparability.
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poor outcome, which is in line with our results. It has
already been shown that there are significant correl-
ations between rCBV and collateral scores in an ana-
lysis of the SolitaireTM With the Intention For
Thrombectomy as PRIMary Endovascular Treatment
(SWIFT PRIME) trial data,9 which is in line with our
results. Furthermore, it was shown that rCBV is able to
mark cerebral collaterals and possible survival of tissue-
at-risk.9,24

In this analysis, mean rCBV showed a high and stat-
istically significant correlation with functional out-
come, which was higher than for any collateral score.
Furthermore, the differences between patients with
favourable and poor outcome were highly significant
and it showed a high AUC in ROC analysis compared
with the four collateral scores. Miteff Score correlates
best with rCBV mean, followed by the Maas Score,
which reflects their good applicability for the prediction
of functional outcome. While the means of rCBV and
rCBF performed better in outcome prediction, corres-
ponding ratios yielded better results for correlation
with collateral scores due to their methodical
proximity.

It was shown that collaterals assessed with dynamic
CT-A showed a stronger association with radiological
outcome than with single-phase CT-A.25 Nevertheless,
dynamic CT-A comes along with the major limitation

of high radiation dose and that comprehensive avail-
ability is not given for initial diagnostics at all institu-
tions. Regarding minor institutions or patient cases in
which a higher radiation exposure should be avoided,
single-phase CT-A collateral scores may be more
applicable. This also concerns cases where patients
are too agitated to provide a valid CT-P or when
total volume of contrast agent should be limited.

Limitations

We have several limitations to admit. First, this study is
limited by the total number of patients. The imaging
protocols are not uniform across the sample, as some
patients were referred to the local department from
external hospitals. Intentionally, CT-A protocols in
this study differ to reflect a realistic setting of a major
institution for stroke treatment, treating internal as well
as externally referred patients. Additionally, the exter-
nal validity is raised by this approach and results are
more generalisable. We ensured that neuroimaging of
all included patients reached a minimum standard
which allowed sufficient analysis. Additionally, two dif-
ferent CT scanner types (64 and 128 detector rows)
were used for local image acquisition. Again, the use
of different scanners should raise generalisability of
results and represents a realistic setting in medical

Figure 3. Binary logistic regression analyses. Forest plots indicating odds ratios (ORs) and confidence intervals (CIs) for the binary

logistic regression models for each collateral score and corresponding National Institutes of Health Stroke Scale (NIHSS) are shown. For

illustration purposes, binary logistic regression for Opercular Index Score ratio (OISr) was referred to poor outcome prediction to facilitate

visual comparability. mTan: modified Tan.
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care. Means of rCBV and rCBF are limited in their
usability due to their missing standardization across
analysis software and missing global thresholds. Due
to this issue, interpretation of ratios of rCBV and
rCBF is preferable and decisions on absolute mean
values only reliably applicable at the same institution
with standardised processes. Another point that might
be raised is the low level of experience of one of the two
raters. We indeed chose the design with one experienced
and one unexperienced rater by intention, as a valuable
collateral score should be reliably reproducible for
readers, independent of their level of experience.

Conclusions

CT-A collateral scores are valuable tools for estimation
of collateralization, as they are highly reliable and
potent to predict functional outcome after ET in AIS,
although to a different degree. The more complex
scores, Miteff Score and Maas Score, are preferable
because of their better performance in outcome predic-
tion. Especially the Maas Score can be particularly
useful for selecting patients for endovascular treatment.
However, if available, CT-P should be favoured over
using single-phase CT-A collateral scores.
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A B S T R A C T

Background/purpose: In acute proximal middle cerebral artery (MCA) occlusion covering the lenticulostriate
arteries (LSA), ischemic tolerance of basal ganglia is limited due to supposed lack of collateral supply. However,
in several patients, basal ganglia (BG) infarction was absent after successful mechanical thrombectomy (MTE).
Purpose of our study was to evaluate predictors for BG viability in stroke patients despite prolonged MCA
mainstem occlusion.
Material/methods: We retrospectively reviewed all stroke patients from our local registry with MCA mainstem
occlusion after mechanical thrombectomy between November 2009 and October 2016. All patients underwent
non-enhanced post-interventional cranial CT imaging (NCCT) and were classified according to 6 patterns of BG
viability: complete: putamen (P) and globus pallidus (GP); partial: P or GP, and combination of complete or
partial BG and/or adjacent white matter/cortical (WMC) viability. We compared viability patterns with respect
to pre-interventional stroke imaging including NCCT, CT-angiography (CTA), CT perfusion (CTP); demographics,
pre- and intra-procedural data and occurrence of post-procedural intracerebral hematoma (ICH). CTP imaging of
the affected and contralateral BG-territories were obtained separately and CTA-collateral score (CS) was as-
sessed.
Results: A significant correlation between higher collateral score and viability of GP (OR=1.949; p= .011), P
(OR=2.039, p= .011), and the combination of GP, P and WMC (OR=2.767, p= .007) was revealed. Higher
relative CBV ratio (rCBVR) was significantly associated with viability of the pattern GP+WMC (univariate:
OR=3.160, p= .014; multivariate: OR=6.058; p= .021).
Conclusion: CTA collateral score and rCBVR were predictive for BG viability in stroke patients after successful
MTE in prolonged complete MCA-mainstem and LSA occlusion.

1. Introduction

Prolonged occlusion of the pre-bifurcation M1 segment of the
middle cerebral artery (MCA) and lenticulostriate artery (LSA) ostia
commonly results in basal ganglia (BG) infarction. Occasionally sparing
of adjacent deep white matter can be observed in MCA infarction with
occlusion of the MCA mainstem, because collaterals may sustain tissue
in the peripheral MCA territory. Since BG are supposed not to possess a
significant collateral blood supply, ischemic tolerance should be lower
than that of the hemispheric cortex and the white matter. In contrast,
we found in preliminary observations absent BG infarction after

successful mechanical thrombectomy (MTE) in many patients with M1
segment occlusion, that covered the anatomic region of LSA ostia.

Infarction of basal nuclei is associated with higher rates of hemor-
rhagic transformation, worse dysfunction and disability at discharge,
and longer hospitalization [1].

Therefore risk assessment of intracerebral hemorrhage (ICH) due to
BG infarction is necessary for neurointerventionalists to adapt en-
dovascular procedures, in order to retain clinical effectiveness in rela-
tion to the risk of significant intracerebral hemorrhage (ICH). We in-
vestigated imaging parameters, in particular computed tomography
angiography (CTA) collateralization, CT perfusion (CTP), procedural,
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and clinical and demographic data to indicate predictors for survival of
BG in acute stroke patients with M1 segment and LSA occlusion.

2. Material and methods

We retrospectively reviewed all patients undergoing MTE treated in
our hospital between November 2009 and October 2016 according to
protocol approved by our local Ethics Committee. The acute stroke
imaging protocol at our institution includes non-enhanced cranial CT
(NCCT) and segmental brain CTP followed by craniocervical CTA for all
patients with suspected acute ischemic stroke clinically evaluated by a
neurologist. Only patients with proximal MCA M1 segment occlusion or
tandem ICA and M1 segment obturation, that covered the LSA ostia
documented on CTA were included, to ensure that no blood supply to
the LSA existed and if integrity of the BG in NCCT and CTP before MTE
was preserved. Subsequent digital subtraction angiography (DSA) in
patients treated with MTE confirmed proximal M1 occlusion prior to
MTE and reperfusion of LSA immediately after recanalization.
Furthermore, DSA allowed detecting anatomical variants of BG col-
lateralization retrospectively. BG viability was evaluated at routinely
post-interventional follow-up NCCT after 24 h.

For all included patients, the following data were collected
(Table 1): demographics (gender, age, cerebrovascular risk factors),
admission NIHSS (National Institutes of Health Stroke Scale Score),
time from symptom onset to stroke imaging, treatment details (use of
intravenous recombinant tissue plasminogen activator (rt-PA) in the
emergency room, time from stroke imaging to opened stent retriever
and to recanalization, intraarterial local rt-PA, antiaggregation in per-
manent stent implantation). We recorded the final revascularization
result of the primary arterial occlusive lesion from the angiogram by
TICI score (Thrombolysis in cerebral infarction). Clinical outcome data
included discharge NIHSS, discharge modified Rankin Scale (mRS),
duration of hospitalization. ICH was defined as hemorrhagic infarction

(HI) or parenchymal hematoma (PH) according to the European Co-
operative Acute Stroke Study classification (ECASS) and was assessed
by post-interventional NCCT after 6–24 h [2].

2.1. Imaging protocol

2.1.1. CT stroke protocol
The CT stroke protocol, performed on different multisection scan-

ners (Somatom Definition Flash, 128 detector rows; Somatom
Definition AS, 64 detector rows; both Siemens Erlangen, Germany).
Standard CT protocol included pre- and post-contrast CT head scans
with the following parameters:

2.1.2. Non-contrast CT (NCCT)
120 kV (peak) (kVp), 250 mAs, 0.6mm collimation, 1 s/rotation,

and table speed of 1mm/rotation.

2.1.3. CT-perfusion (CTP)
Sectional CTP was acquired at level of the cella media, angled

parallel to the orbitomeatal plane CTP scan parameters were 80 kVp,
180 mAs (Somatom-FLASH) or 80 kVp, 120 mAs (Somatom Definition
AS), 1 second rotation and iodinated contrast medium infusion of 30ml
iomeprol 400mg J/ml (Imeron®, Bracco, Milan, Italy) at Somatom-
FLASH, and 40ml iohexol 300mg J/ml (Accupaque GE Healthcare
Buchler GmbH &Co, Munich, Germany) at Somatom Definition AS, via
automated antecubital injection at 5ml/s with a 3 second delay, fol-
lowed by 30ml saline solution, collimation of 1×10 mm (Definition
FLASH) or 64×0.6mm (Definition AS). Reconstructions covered
2×1 cm representative slices of the MCA territory.

Calculation of perfusion maps including time to maximum (Tmax),
mean transit time (MTT), relative cerebral blood volume (rCBV), and
relative cerebral blood flow (rCBF) were performed with manufactured
in-house software (STROKETOOL-CT) (Version 2.0, H.-J. Wittsack,
http://www.digitalimagesolutions.de).

Quantitative analysis of DICOM-data from parameter images (MTT,
Tmax, rCBF, rCBV) was performed semiautomatically using the imaging
processing software Angiotux CT 2D (ECCET 2006/Beck A., Aurich V.)

2.1.4. CT-angiography (CTA)
CTA covered the aortic arch to the vertex with continuous axial

sections parallel to the orbitomeatal line; with collimation
128× 0.6mm, 120 kVp, 100 mAs, 1 s/rotation, and table feed of
1mm/rotation (Somatom Definiton FLASH) or with collimation
64× 0.6mm, 120 kVp, 175 mAs, 1 s/rotation, and table feed of 1mm/
rotation (Somatom Definition AS).

After a single bolus of intravenous contrast injection (70–80ml io-
meprol 400mg J/ml) at 4ml/s flow rate, acquisitions were started
auto-triggered by appearance of contrast in a region of interest manu-
ally placed in the ascending aorta.

CTA data were processed to reconstruct 2D-multiplanar 9-mm
maximum intensity projections (MIP) in axial, coronal and sagittal
plane, 1-mm coronal and sagittal multiplanar reconstructions (MPR)
and 0.75- and 4-mm axial CTA source images.

2.1.5. Endovascular treatment
MTE of the anterior circulation was performed under local an-

esthesia of the groin, intra-venous application of 5000 IU heparin (after
intraarterial 8F, 80 cm sheath placement) and 1 g metamizol. The oc-
cluded vessel was probed by a microcatheter through a 5F or 6F in-
termediate catheter (e.g., Navien, Medtronic, Irvine, California, USA;
Neurobridge, Acandis, Pforzheim, Germany; SOFIA®, MicroVention,
Düsseldorf, Germany) and in elongated vessel anatomy an additional 8F
guiding-catheter was used. MTE was subsequently performed after
passage of the clot using a stent-retriever system (e.g., Aperio®,
Acandis, Pforzheim, Germany). In cases of incomplete recanalization
after MTE additional procedures, such as intra-arterial thrombolysis,

Table 1
Baseline characteristic and treatment outcome.

Subject sample n= 92

Socialdemographic characteristics
Age (years), mean ± SD 72 ± 13.4
Female n=53 (57.6%)

Pre-existing conditions:
Coronary artery disease n=26 (29.5%)
Myocardial infarction n=7 (7.6%)
Atrial fibrillation n=45 (51.1%)
Arterial hypertension n=69 (78.4%)
Peripheral arterial occlusive disease (PAOD) n=7 (8%)
Diabetes mellitus n=22 (23.9%)
Dyslipidaemia n=37 (42%)
COPD n=15 (17%)
Glucose level (mmol/L) (mean ± SD) 123.5 ± 31.5
Coumarin treatment n=10 (11.5%)
Previous stroke n=0 (0%)

Treatment details
Admission NIHSS median (mean ± SD) 14 (13.4 ± 5.5)
Collateral status (0–3) median 2
IV rtPA n=69 (77.5%)
IA rtPA n=47 (52.2%)
Mean time (min) (mean ± SD)
- From symptom onset to imaging 99.9 ± 78.7
- First flow M1 220.8 ± 91.5
- To final recanalization M1 232.6 ± 101.4

Treatment and clinical outcome
TICI 2b-3 n=80 (86.9%)
TICI 2a n=12 (13.0%)
TICI 2b n=37 (40.2%)
TICI 3 n=43 (46.7%)
Discharge NIHSS median (mean ± SD) 7 (7.9 ± 6.1)
Symptomatic intracranial hemorrhage (ECASS:PH2) n=11 (11.9%)

M.G. Kaschner, et al.



angioplasty or wire fragmentation of the clot were used. Internal car-
otid stenting (Carotid WALLSTENT™, Boston Scientific, Marlborough,
MA, USA) of high-grade stenosis was performed to establish access to
intracranial vessel occlusions if required.

2.2. Imaging analysis

2.2.1. CTP
Relative CBV (rCBV), relative CBF (rCBF), Tmax and MTT values of

BG were recorded using region of interest (ROIs) in anatomic structures
that are exclusively supplied from M1-perforators (globus pallidus and
putamen). Relative CBV ratio (rCBVR) and relative CBF ratio (rCBFR)
were defined as quotient of ipsi- and contralateral rCBV, and rCBF,
respectively [3].

2.2.2. Angiography
Post-treatment recanalization was graded according to the

Thrombolysis in Cerebral Infarction (TICI) classification on final DSA
images subsequent to recanalization [4]. TICI grade 0 and 1 were
considered non-recanalized, grade 2a with incomplete distal branch
filling of< 50% of the expected territory as inadequate reperfusion.
TICI grade 2b (incomplete distal branch filling>50%) to 3 (complete
distal branch filling) were defined as successful recanalization of the
occluded MCA territory.

2.2.3. CTA collateral score
Collateral supply of the occluded MCA territory from pre- inter-

ventional CTA scans was scored on the basis of the CTA collateral
grading system by Tan et al. on a scale of 0–3 [5]. A score of 0 corre-
sponds to absent collateral supply, a score of 1 to collateral supply
filling< 50% but> 0%, and a score of 2 corresponds to collateral
supply filling>50% but< 100% of the occluded MCA territory. One
hundred percent collateral supply of the occluded MCA territory was
scored as 3.

2.2.4. Basal ganglion infarction and hemorrhagic transformation (HT)
BG regions, that were exclusively supplied by the M1-perforators

(globus pallidus and putamen=nucleus lentiformis) were selected for
assessment on NCCT.

Six patterns of non-infarcted (viable) basal ganglia were identified
on NCCT:

- putamen (P),
- globus pallidus (GP),
- both, globus pallidus and putamen (GP+P),
- putamen and adjacent white matter/cortical region (P+WMC) of
the middle cerebral artery (MCA) territory,

- globus pallidus and adjacent white matter/cortical region
(GP+WMC) of the MCA territory,

- both, globus pallidus and putamen and adjacent white matter/cor-
tical region (GP+P+WMC) of the MCA territory.

Any hemorrhagic transformation (HT), including hemorrhagic in-
farction (HI) and HT with parenchymal hematoma (PH) was evaluated
according to ECASS classification.

Representative cases of basal ganglia infarction patterns are given in
Figs. 1–3.

2.2.5. Imaging reading
Imaging reading was performed by three readers (R.L., M.G.K., and

B.T.). R.L. is a final-year medical student extensively instructed and
trained in the evaluation of CTP images, of the Tan CTA collateral score,
in TICI scoring on cerebral angiograms, and in the evaluation of infarct
patterns on NCCT. M.G.K. and B.T. are senior interventional neuror-
adiologists with 10 and 20 years' experience in (neuro-) radiology, re-
spectively.

Retrospective assessment of CTP values, assessment of collater-
alization (Tan score), revascularization success (TICI) and infarct pat-
tern (NCCT) were performed by R.L., M.G.K. and B.T. by consensus
reading. To avoid recall bias, CTP images, CTA collateral scores, an-
giograms and post-interventional NCCT images were evaluated in-
dependently of each other and personal patient data were anonymized,
so that readers were blinded to the results of the other image modalities
of the respective case.

2.3. Statistical analysis

Statistical analysis was conducted in SPSS version 21.0.0 (IBM,
Armonk, New York). Odds ratios (OR) were calculated by binary uni-
variate logistic regression analysis to quantify association between BG/
WMC region viability with respect to the above mentioned viability
patterns and the following baseline characteristics and treatment out-
come data, summarized in Table 1: socialdemographic characteristics,
pre-existing conditions including cardiovascular risk factors; treatment
details, and treatment- and clinical outcome. OR to determine corre-
lation between BG/WMC viability and pre-interventional perfusion
parameters (CBV, Tmax, CBF, MTT) was calculated by binary uni- and
multivariate logistic regression analysis. To determine correlation be-
tween prementioned factors and percental viability of WMC region a
linear logistic regression analysis was performed. For BG/WMC viabi-
lity Fisher's exact ratio test was used as significance test for the OR.
Results were considered significant at a level of p < .05.

3. Results

3.1. Baseline characteristics

A total of 92 patients meeting the inclusion criteria were enrolled.
Demographic data, pre-existing cardio-vascular diseases and risk

factors of included patients are shown in Table 1. There was no sig-
nificant correlation between demographic parameters and basal ganglia
viability.

A significantly negative correlation was observed between elevated
blood glucose level and basal ganglia viability in all basal ganglia and
white matter patterns summarized in Table 2 (OR=0.938–0.975;
p= .012–0.043). The remaining pre-existing cardio-vascular diseases
and risk factors had no influence on viability of BG/WMC region.

3.1.1. CTA collateral score
Univariate regression analysis revealed a significant correlation

between higher CTA collateral score (CS) and integrity of BG for all
predefined parts of BG and white matter/cortical region patterns of the
middle cerebral artery (MCA) territory (Table 3). The strongest positive
correlation between BG viability and high CS values was observed for
the unit of globus pallidus and white matter/cortical-MCA region
(GP+WMC) (OR 3.006, p= .003) and for the unit of P+WMC or
GP+Putamen+WMC (GP+P+WMC, OR: 2.767; p= .007). Linear
logistic regression analysis revealed a highly significant influence of CS
on percental viability of the WMC region (regression coefficient: 0.247,
R2: 0.385, p= .000).

3.1.2. Procedural data
TICI 2b and 3 recanalization was achieved in 86.9%. Mean time

from symptom onset to initial CT perfusion imaging was 99.9 min
(SD ± 78.7) and to first flow in the M1 segment 220.8 min
(SD ± 91.5). In 3 cases a Penumbra system was used for recanalization
of the M1 segment (1 case in 2009, 2 cases in 2012). In all three patients
TICI 2b final recanalization grade was achieved. Stent retriever
thrombectomy was performed with a Solitaire stent retriever
(Medtronic) in 6 cases and in one case with a TREVO stent retriever
system (Stryker). The other cases in that stent retriever thrombectomy
was performed the Aperio system was used. There was no significant
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correlation between BG viability and pre-treatment factors (admission
NIHSS, i.v. rt-PA), procedural factors (i.a. rt-PA, duration from onset to
recanalization), and recanalization rate (TICI) (Table 1). Hemorrhagic
transformation (PH1, PH2) of white matter and cortical region of the
MCA territory correlated significantly with decreased BG viability
(Table 4). We identified no anatomical variants of BG collateralization
in any patient in final DSA scan after successful MTE.

3.1.3. Perfusion analysis
There is a significant correlation between rCBV ratio (rCBVR) values

and integrity of globus pallidus (GP) in conjunction with white matter/
cortical (WMC) region of the MCA territory (OR=3.160; p= .014).
There was a positive correlation between viability of GP and WMC and
higher rCBVR values but without significance for the remaining BG/
WMC patterns. The multivariate analysis including rCBVR, rCBFR,
Tmax and MTT revealed an increased OR 6.058 for rCBVR as a pre-
dictor for GP+WMC viability (p= .021, Table 5). rCBF, Tmax and
MTT were not significantly correlated with BG/WMC viability.

4. Discussion

BG infarction is associated with an increased risk of parenchymal
hematoma (PH) and hemorrhagic infarction (HI). In most cases MCA
occlusion with complete LSA blockade results in broad BG infarction in
the dependent LSA territories, even after rapid and technically suc-
cessful recanalization [6]. However, in our own study population there
were several cases with predominantly none infarcted BG after suc-
cessful recanalization, where no anatomical vascular variants explain
these findings. Hence, the intention was to identify predictors for BG
viability in MCA-mainstem occlusion covering LSA.

In the present study high rCBVR values significantly correlated with
viability of the BG in combination with white matter and cortical region
of the MCA territory. Mokin et al. separately analyzed BG and cortical
CTP abnormalities to predict hemorrhagic transformation and clinical
outcomes in patients with MCA occlusion undergoing endovascular
therapy. Decreased rCBV correlated significantly with parenchymal
hematoma and hemorrhagic infarction [7]. Loh et al. classified terminal
ICA and M1 occlusions according to diffusion MRI patterns ranging
from complete BG infarct to relative sparing of the BG in patients with
terminal ICA and M1 occlusion before MTE. Patients with completed

BG infarction had a higher rate of parenchymal hemorrhagic transfor-
mation than the other groups (OR 6.7, 95% CI 1.02 to 183.3). PH was
associated with higher rates of death and dependency at discharge.
Patients with complete BG infarction had also worse pre- and post-
thrombectomy NIHSS, longer hospital length of stay, and higher rates of
discharge mRS [1].

As a further predictor for BG integrity in the current study the CTA
based collateralization score correlated significantly with all pre-de-
fined BG and WMC viability patterns of the MCA-territory. Patients
with a good collateralization of the MCA territory showed a significant
higher rate of BG integrity. Patients with high collateral score values
might not only have a better leptomeningeal collateral blood supply,
but also increased blood flow in general, including the recurrent artery
of Heubner, the anterior choroidal artery and perforators arising from
the P1segment and the posterior communicating artery. Accordingly,
viability of globus pallidus could be explained in this way.

Interestingly also putamen, seems to profit from high collateral
scores, although no collaterals of the putamen, with the exception of its
anterior part, could be detected in angiographic examinations [8]. In-
farcted and viable lateral BG showed no significantly different rCBVR
values. This discrepancy might be caused by low sensitivity of rCBVR to
detect perfusion differences between intact and infarcted lateral BG. A
sufficient collateral circulation protects the brain against ischemic in-
jury and can potentially mitigate the effect of an occluded artery,
thereby the time window for clinical effective mechanical recanaliza-
tion can be extended based on additional information on collateral flow
und local perfusion. Several studies showed an excellent correlation
between collateralization, infarct volume and clinical outcome
[5,9–13]. Although in CT based collateral score systems the ASPECT-
and regional leptomeningeal collateral score offer scoring of regional
collateralization separately for BG [10,11] to our knowledge there are
no studies available that evaluated the impact of CT based collateral
scores as a predictor for BG infarction in particular. Kim et al. tested a
modified regional angiographic collateral score, in that collateral flow
was recorded for 15 anatomic areas based on vascular territories. An-
giographic collateral score correlated with infarct volume on follow-up
CTs and follow-up NIHSS. A high accuracy was obtained for the MCA
territory (AUC: 0.76–0.92) and the lowest accuracy was observed for
the BG (AUC: 0.87). The authors assumed that BG are supplied by end
arteries and are least affected by collaterals. Angiographic

Fig. 1. Exemplary axial CTA maximum intensity
projection (MIP) demonstrate proximal occlusion of
the right-sided M1 segment (A) with good col-
laterals. Tan Score was 2 (> 50% of affected MCA
territory opacified in comparison to non-affected
MCA territory) (B). The combination of both angio-
graphic images via guiding-catheter proximal the
occlusion site (C) and via microcatheter after
thrombus passage (D) demonstrates thrombus ex-
tension. Angiographic control run with opened stent
retriever (Aperio) covering the thrombus (E). TICI 3
final recanalization was achieved (F). Basal ganglia
without signs of infarction on postinterventional
control NCCT (G).

Fig. 2. Exemplary representative axial CTA max-
imum MIPs demonstrate proximal occlusion of the
left-sided M1 segment (A) with poor collaterals. Tan
Score was 1 (< 50% of affected MCA territory opa-
cified in comparison to non-affected MCA territory)
(B+C). Infarction pattern with lesions of the entire
basal ganglia, white matter, and associated cortex.
Hyperattenuation due to parenchymal hematoma
and contrast media extravasation within the infarct
is shown (D).
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hypervascularization of BG, indicating “luxury perfusion” was only an
imprecise predictor for infarction [12]. Although the CTA score assesses
collateralization in general and does not allow a separate assessment of
BG collateralization, our study shows that collateral status is a strong
and independent predictor of BG viability. Based on these results, we
hypothesize, contrarily to the prementioned studies, that variable un-
specific deep parenchymal collaterals of the striatum might exist, so
that a sufficient collateralization in general also supplies the BG that
way [14]. A further indication of deep parenchymal collateralization of
BG might be our observation of significant negative correlation between
hematoma of white matter and cortical regions and increased rate of
basal ganglia infarction. Regional scores take in consideration that
neurological outcome depends on lesion localization. Previous studies
confirm that the volume of abnormality on CTA source images at
baseline is a very close accordance to the volume of final infarct on
follow-up scanning in case of contemporary recanalization. Future
studies have to approve if CTA score parameters are predictive for ir-
reversible extensive BG infarction to estimate risk of symptomatic BG
reperfusion hematoma. In our own study CTA collateral score was more
predictive for BG infarction than CTP but the impact of these findings
are limited by the retrospective nature of this study.

Kleine et al. evaluated in an angiographic study the effect of MTE to
prevent striatal infarction in patients with acute isolated M1 occlusion.
In seven of the 22 patients, that did not develop the expected infarction
pattern there were no variants of vascular supply detectable as ex-
planation for the false positive results [6]. These findings support our
own observations, that in exceptional cases BG might have an increased
ischemic tolerance. Further trials have to focus on these special cases to
evaluate determinants that allow to identify salvageable tissue and to
predict infarct expansion of BG. Preexisting hyperglycemia worsens the
clinical outcome of acute stroke [15]. However, elevated blood glucose
had only a minor influence to BG viability in this study. A major lim-
itation of this study is the use of a consensus reading design that might
include restrictions like absent of recorded variability in the readers'
interpretations and bias due to possible influence of junior readers from
senior readers. One limitation might be evaluation of BG infarction on
NCCT instead of MRI that is more sensitive for early signs of infarction.
However, reliability of NCCT in the determination of early phase basal
ganglia infarction has been demonstrated as a sensitive imaging mod-
ality, too. Hypoattenuation specifically in the basal ganglia as an early
ischemic stroke sign can be observed within 6 h after onset [16]. De-
creased attenuation of the lentiform nucleus (obscuration of the lenti-
form nucleus), leading to a less clear delineation between white and
grey matter, indicates cytotoxic edema and can be observed within 2 h
after stroke onset on NCCT already [17]. To reduce bias by different
imaging modalities, we included only patients with NCCT follow-up
into this study. At last, future prospective studies involving a large
number of patients will be needed to get more detailed information
about blood supply of the BG in the setting of ischemic stroke due to
MCA mainstem occlusion.

Fig. 3. Representative examples for incomplete basal ganglia
infarction on control NCCT after MTE: Hypoattenuation of the
putamen (arrow) and caudate nucleus as sign of infarction,
while the pallidum is not affected (arrowheads) (A).
Hypoattenuation of the pallidum (arrow) and supraganglionic
MCA territory indicates infarction, while the putamen (ar-
rowheads) has a normal appearance on post-interventional
NCCT (B). Caudate nucleus, putamen and broad areas of the
MCA territory are infarcted. Medial part of the BG re-
presenting the pallidum (arrowheads) shows no signs of in-
farction (C).

Table 2
Negative correlation between elevated glucose level, and viability of basal
ganglia and WMC region.

Cerebral region Glucose (mg/dl)

OR (95% CI), intact BG p

GP 0.971 (0.949–0.994) .015
P 0.975 (0.952–0.998) .037
GP+P 0.958 (0.926–0.990) .012
GP+WMC 0.968 (0.938–0.999) .043
P+WMC 0.938 (0.888–0.991) .022
GP+P+WMC 0.971 (0.949–0.994) .015

GP, globus pallidus; P, putamen; WMC, white matter/cortical region.

Table 3
Correlation between CTA collateral score and basal ganglia and WMC region
viability.

Cerebral region CTA collateral score (0–3)

OR (95% CI), intact BG p

GP 1.949 (1.169–3.252) .011
P 2.039 (1.179–3.526) .011
GP+P 2.260 (1.276–4.003) .005
GP+WMC 3.006 (1.457–6.205) .003
P+WMC 2.767 (1.314–5.828) .007
GP+P+WMC 2.767 (1.314–5.828) .007

GP, globus pallidus; P, putamen; WMC, white matter/cortical region.

Table 4
Correlation between hemorrhagic transformation of the WMC region of the
MCA territory and basal ganglia viability.

Cerebral region Hemorrhagic transformation (PH1-PH2) of WMC region

OR (95% CI), intact BG p

GP 0.198 (0.053–0.731) .015
P 0.265 (0.074–0.944) .040
GP+P 0.275 (0.078–0.975) .046
GP or P 0.190 (0.051–0.708) .013

Table 5
Correlation between rCBVratio (rCBVR) and viability of Globus
pallidus+WMC unit; uni- and multivariate regression analysis.

Parameter OR (95% CI), viability of globus pallidus+WMC unit

Univariate p Multivariate p

rCBVR BG 3.160 (1.260–7.923) 0.014 6.058 (1.317–27.869) .021
rCBFR BG 1.058 (0.886–1.264) 0.532 1.041 (0.853–1.272) .691
MTT BG 1.018 (0.969–1.070) 0.475 0.952 (0.879–1.031) .223
Tmax BG 0.944 (0.828–1.076) 0.390 1.052 (0.902–1.226) .521

BG, basal ganglia; WMC, white matter/cortical region.
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5. Conclusion

Extended MCA mainstem occlusion generally causes broad BG in-
farction. Yet, BG integrity after technically effective MTE in complete
MCA occlusion was observed in several patients. CT collateralization
score and rCBV ratio values were predictive for postinterventional BG
condition, and may help guiding endovascular treatment decisions.

The authors declare that they have no conflict of interest.
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