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Purpose.  – To  determine  the  impact  of  vessel  variation  and  anatomical  features  on  technical  and  clinical
success.
Materials  and  methods.  – In vitro  blood  clots  (n =  100)  were  introduced  into  a silicon  carotid-T  flow  model
of  2,  3 or  4 mm.  The  ICA/M1  angle  varied  at 45◦, 90◦, 135◦ and  180◦. Peripheral  embolism  was  measured.
In  vivo  50 pat. (73.5  yrs.,  ±  15)  with  MCA occlusion  were  examined  for  siphon  variation,  ICA morphology,
vessel  diameter  and  angles.  The patients  were  divided  according  to  the  clinical  success  (mRS):  group
A:  mRS  ≤ 2 after  90  day  and  group  B:  mRS  ≥ 3. Furthermore  the  technical  success  (TICI)  and  number  of
retrieval  (n)  were  analysed.
Results.  – In vitro  with  larger  vessel  diameter  the  migrated  thrombus  load  decreased  (P  = .001).  The
steeper  the  M1/ICA  angles,  the higher  thrombus  weighs  (180◦: 2.94  mg;  135◦: 6.32  mg;  90◦: 8.65  mg,
45◦:  10.69  mg;  P < .001). In vivo patients  with  mRS  ≤  2 had  significantly  lower  NIHSS  (16.5  vs  20,  P  =  .009)
and  higher  ASPECTS  (9  vs  6,  P <  .05).  TICI ≥ 2b was  more  often  achieved  (86.6  vs  40%  P = .002).  The  proce-

dure  time  was  lower  (45  vs. 80 min,  P  <  .05)  with  smaller  number  of  retrieval  (1.5 vs 4,  P <  05).  Proximal
ICA  stenosis  offers  a trend  to unfavourable  outcome  (P = .073).  Siphon  variation  “D”  is  associated  with
less  retrieval  manoeuvre.
Conclusion. – While  in vitro  there  is a close  correlation  between  embolism  and  vascular  anatomy,  in vivo
carotid  artery  stenosis  and  siphon  variation  influence  clinical  and  technical  success.

© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
ntroduction

With the establishment of stent-retriever assisted mechanical
hrombectomy (MT) techniques the clinical outcome improved
ontinuously.

The influence of vessel variation and tortuosity on technical and
linical success still remains unclear. Previous authors suggest a
elationship between vessel curvature and tortuosity and results of
T [1–3]. Especially older patients with a long history of hyperten-
ion develop elongated arteries that may  influence catheterization
nd duration of the procedure [1]. Schwaiger et al, find that in
atients presenting a middle cerebral artery (MCA) curvature with
ore than 80◦ a successful recanalization is significantly less likely

∗ Corresponding author.
E-mail address: hopfsi@diako.de (S. Hopf-Jensen).

https://doi.org/10.1016/j.neurad.2019.05.007
150-9861/© 2019 Elsevier Masson SAS. All rights reserved.
[4]. Also Yamamoto et al, shows that a tortuous M1  segment is
associated with unsuccessful recanalization using Merci (Concen-
tric Medical Inc., Mountain View, California, USA) retrieval system
[5]. Zhu et al., illustrates by the susceptibility vessel sign in T2*
gradient echo MRI, that division branches and curving shape of the
MCA  stem decreases technical and clinical success of Merci retrieval
assistant thrombectomy [3]. According to Kaymaz et al., there is
a trend for lower successful recanalization rates with increasing
internal carotid artery access time (ICA-AT) based on take-off angles
and vessel tortuosity of the affected side [2].

In this study, we sought to systematically analyse the complex
interaction between vessel anatomy and clinical and technical suc-
cess in vivo and in vitro.

https://doi.org/10.1016/j.neurad.2019.05.007
http://www.sciencedirect.com/science/journal/01509861
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neurad.2019.05.007&domain=pdf
mailto:hopfsi@diako.de
https://doi.org/10.1016/j.neurad.2019.05.007


320 S. Hopf-Jensen et al. / Journal of Neuroradiology 46 (2019) 319–326

F the te
w

M

I

t
a
t
u
c
(
i
d
1
a
U
p
t
M
T
r
w
c
a
p
t
c
T
A
r
w
m
(
I
w
[

b
(

I

N
f
M
a
P
(

(mRS) was assessed before and after the procedure and followed up
after 3 months. The patients were divided into 2 groups, according
to their clinical outcome after 90 days: group A: mRS ≤ 2; group
ig. 1. The flow model consists of an unobstructed silicon tube model mimicking 

ith  varied angels.

aterials and methods

n vitro

The silicon flow model (Fig. 1) for this study consisted of a rota-
ory pump (Guerbet, KMP, 2000, Sulzbach/Taunus, Germany) and
n unobstructed silicon tube model mimicking the ICA, carotid-T,
he M1  segment of the MCA  and the A1 segment of the ACA. To sim-
late a carotid artery pulsatile flow, blood-mimicking fluid (sodium
hloride solution) was adjusted with a 1.000 ml/min. Blood clots
n = 100) from human blood of one healthy volunteer were placed
nto silicon tubes mimicking the M1  segment with an inner tube
iameter (ID) of 2, 3 or 4 mm.  The ICA/M1 angle varied with 45◦, 90◦,
35◦ and 180◦. The ICA diameter measured constantly 2.1 mm.  Via

 short 6F sheath a 6F guide catheter (Cordis, Fremont, California,
SA), which was continuously flushed with heparinized saline, was
ositioned in the virtual cavernous segment of the ICA. In coaxial
echnique, a 0.018-inch microcatheter (Rebar, Stryker, Kalamazoo,

I,  USA) and 0.014-inch micowire (Traxcess 14; MicroVention,
ustin, CA, USA) was positioned across the occlusive clot. The stent-
etriever (Solitaire FR, 4 × 20 mm,  ev3/Covidien, Irvine, CA, USA)
as deployed for 5 min  within the clot. The device and micro-

atheter were simultaneously retrieved with additional manual
spiration by using a 50 ml  lockable syringe. The procedure was
erformed without proximal flow arrest or intermediate catheter
o analyse the influence of vessel morphology. Migrated clots were
aught in a filtration system (10 �m)  before re-entering a reservoir.
he filters, including embolized clots, were weighted (Sartorius
nalytical Balance, Göttingen, Germany). After 36 h heat-drying the
esidual thrombus particles and filters were weighted again. The
et thrombus weight was recalculated by using a factor deter-
inate by heat-drying a series of je 10 wet clots of 49,26 mg

± 2,81 mg)  in a vessel ID of 4 mm,  39,71 mg  (± 2,14 mg)  in a vessel
D of 3 mm and 22,41 mg  (± 1,43 mg)  in a vessel ID of 2 mm.  This

as intended to account for the fluid loss during the drying process
6]. Filters with debris were changed after each thrombectomy.

The study and the collection of clinical data was approved
y the ethic committee of the Christian-Albrecht University Kiel
D506/13).

n vivo

During a period of 23 months between January 2012 and
ovember 2014, 50 patients (median 73.5 yrs., ±15 yrs.;

emale = 30) who underwent endovascular treatment for acute

CA  occlusion at the Diaconess hospital Flensburg, Germany were

nalysed. Clinical and technical data were recorded and measured.
atients with M1  segment (n = 44, 88%) and proximal M2  segment
n = 6, 12%) occlusion were included. According to recent literature,
rminal ICA, carotid-T, the M1 segment of the MCA  and the A1 segment of the ACA

neurologic deficit of an NIHSS score of ≥ 7 was  required to indi-
cate treatment. The baseline NIHSS score and modified Rankin Scale
Fig. 2. MIP  CT scan (5 mm): Carotid-T angulation was measured in coronal, sagittal
and  axial reconstruction.
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: mRS  ≥ 3. To analyse the technical success the patients were also
ivided in two groups according to the TICI score: group C: TICI
b–3, group D: TICI 0–2a.

The third division of the patients in two groups depends on the
echnical success measured by the number of retrieval manoeuvre
n): group E: n = 1–2, group F: n = > 2.

The imaging-protocol consists of non-contrast computed
omography (NCCT) and CT Angiography (CTA) on a 64–detector
ow CT scanner (Discovery CT750 HD, General Electric Healthcare,

aukesha, WI,  USA) at admission. Vessel diameter of M1,  A1, ICA
egment and carotid T- (ICA/M1) angles were determined on pri-
ary CTA scan in axial, coronal and sagittal maximum intensity

rojection (MIP) reconstruction (5 mm,  Fig. 2). Siphon variations
ccording to Dilenge type a-d (1962) were analysed (Fig. 3). Cervi-
al ICA morphology with coiling, kinking, elongation and significant
tenosis (≥ 60% due to NASCET) were evaluated (Fig. 4). The Alberta
troke Program Early Computed Tomography Score (ASPECTS, 0–10
oints) was calculated. MT  was performed in patients who  pre-
ented within a timeframe of 6 hours after symptom onset. Patients
ith wake-up stroke were included, if there was  an infarct demar-

ation of less than 1/3 of the MCA  territory in the primary CT and the
nfarct core is less than 33% as detected by CT perfusion. Contraindi-
ations for MT  were intracranial haemorrhage or tumour. Following
he guidelines by the German Society of Neurology, preinterven-
ionally, intravenously (iv) rtPA is applied within a timeframe of
.5 hours after observed symptom onset if no contraindications
xisted. A dual energy CT is performed routinely within 24 hours
fter endovascular procedure.

Recanalization procedures are performed under general anaes-
hesia in the angio suite (Axiom Artis, Siemens Healthcare,
rlangen, Germany). During the procedure, the patients receive
000-7500 IU of heparin intraarterially to attain an activated clot-
ing time (ACT) of more than 200 seconds. Via femoral access a 6-F
uiding catheter (Cordis, Freemont, California, USA) is placed in the
ervical ICA through a short 6F sheath (Terumo, Japan). The sheath
s infused with pressurized isotonic sodium chloride solution with
eparin. A 0.018-inch microcatheter (Rebar, Stryker, Kalamazoo,
I,  USA) is navigated beyond the occluded point over a 0.014-inch
icrowire (Traxcess 14; MicroVention, Tustin, CA, USA). The Soli-

aire FR Revascularization Device (4 × 20 mm,  ev3, Irvine, CA, USA)
s fully deployed within the clot and is retrieved after 5 minutes.
he clot is caught by a stent-retriever and retrieved under manual
uction without proximal flow arrest and intermediate catheter.
ence, the impact of vessel anatomy and variants could be anal-
sed.

This procedure was repeated until successful recanalization was
chieved. Recanalization results were graded in the final angiogram
y using the TICI score. TICI 2b and 3 scores correspond to suc-
essful recanalization. Intracerebral haemorrhagic, dissection or
ubarachnoid haemorrhage (SAH) was determined as procedure-
elated complications. Complications are defined as symptomatic,
f the clinical symptoms measured on the NIHSS score increased by

ore than 4 points.

tatistical Analysis

As statistical software, IBM Social Sciences (SPSS) for Win-
ows version 22 (SPSS, Inc., Chicago, Illinois, USA) was  used. Data
as presented as mean, value and standard division. Pearson‘s
hi-square tests and Student‘s t-test were performed to analyse
ignificant differences among the subgroups. For all statistical anal-
ses, the level for a significant difference was set at P ≤ 0.05 and for

 trend toward significance at P ≤ 0.1.
oradiology 46 (2019) 319–326 321

Results

In vitro

An experimental in vitro silicon carotid-T flow model was  used
for analyses of vessel diameter and angulation, as well as the impact
for distal emboli.

Fig. 5a and b demonstrates the emboli weight measured in
the filtration system distally to the M1  segment. With a M1  ves-
sel tube ID of 2 mm and a constant ICA/M1 angle of 90◦, weight
of emboli captured was 11.16 mg  (± 0.77 mg), which was  signifi-
cantly more than in the larger M1  ID of 3 mm  (9.67 mg,  ± 1.28;)
or the M1  ID of 4 mm (8.65 mg,  ± 0.76, P < 0.05). When chang-
ing the ICA/M1 angle, there was a significant correlation between
the angulation and the volume of embolism. The wider the
ICA/M1 angle, the less the embolism weighs observed. The throm-
bus weight was 10.69 mg  (± 0.94 mg)  at 45◦, 8.65 mg  (± 0.76 mg)
at 90◦, 6.32 mg  (± 2.11 mg)  at 135◦ and 2.94 mg  (± 1.03 mg) at 180◦

(P < .001).
Fig. 5 c and d illustrates the embolism weight measured in

the end of the virtual A1 segment. The wider the vessel diam-
eter in the M1  segment with a constant ICA/A1 angle of 90◦,
the higher emboli weights in the A1 segment. With a 2 mm ID
of the M1 segment, the peripheral emboli weight was 1.01 mg
(±0.9 mg), with a 3 mm  ID it was  2.43 mg (±01.47 mg), with a
4 mm  ID it was  11.32 mg  (±0.86 mg)  (P < 0.04). The wider the
ICA/MCA angle, the lower the emboli weights in the A1 seg-
ment (P < 0.05). An ICA/M1 angle of 45◦ caused higher emboli
weight of 11.32 mg  (±0.86 mg), then an ICA/M1 angle of 90◦

(4.55 mg,  ± 0.48 mg), of 135◦ (3.43 mg,  ±0.34 mg) or of 180◦

(1.55 mg,  ±0.762 mg)  (P < 0.05). The results showed a strong
positive correlation between angulations, vessel diameters and
distal emboli.

In vivo

Baseline epidemiological data are displayed in Table 1. There
were no statistically significant differences between the two  groups
amongst the distribution of age, gender or occlusion side. In group
A (mRS ≤ 2), a higher rate of vessel occlusion in the M2  segment
was found than in group B (6 vs 0, P < 0.03). NIHSS at admission
was significantly lower (16.5 vs 20, P = 0.009), with higher ASPECT-
score (9 vs 6, P < 0.05). No differences were detected for symptom
onset-CT time (160 min  vs 150 min, P = 0.717) and for CT-puncture
time (43 min  vs 29 min, P > 0.05). There was a trend towards prein-
terventional bridging therapy in group A (43.3% vs 20%, P = 0.088).

Peri- und postintervential data are presented in Table 2. The
procedure time was significantly shorter in group A (45 vs 80 min,
P < 0.05) with less number of manoeuvres (1.5 vs 4, P < 0.05). TICI
score ≥ 2b was more often achieved (86.6 vs 40% P = 0.002), as well
as TICI 3 score (86.6 vs 40%, P = 0.002). Carotid artery stenting was
more often necessary in group B (Group A: 13.3%, Group B: 30%,
P = 0.073).

The clinical status at discharge from hospital differs between
the two groups. NIHSS in group A is lower than in group B (2, ± £2,
range 0-6 vs. 6, ± £2, range 3-18, P = 0.009), as well as mRS  (2.1,
±£1, range 0–2 vs. 4.3, ± £1, range 3-5, P = 0.006).

According to vessel anatomy (Table 3) in the 2 groups angular
measurement ICA/M1 and vessel diameter in M1  and A1 showed no
differences. The distribution of carotid siphon variation according
to dilenge is similar in both groups (P > 0.05). Proximal ICA stenosis
offers a trend to unfavourable outcomes (P = 0.073). Treatment data

and results of tests for differences are summarized in Table 3.

Furthermore the patients were divided in two groups: group
C: TICI 2b-3, group D: TICI 0-2a. No significant differences were
found between these two  groups according to vessel variation
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Fig. 3. CTA, sagittal reconstruction. The cavernous segment of the ICA was classified according to Dilenge (1962): type a (omega-form), b (mega-siphon), c (u-form), d
(v-form).

ongat

(
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F
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Fig. 4. CTA, sagittal reconstruction, shows the cervical part of the ICA,: El

Table 4). The third division of the patients in two groups depend
n the number of retrieval manoeuvre (n): group E: n = 1–2, group
: n = >2. Only siphon variation typ d shows a trend for less number
f retrieval (Table 5).
iscussion

Although several trials have shown the efficiency of MT  in
cute ischemic stroke in anterior circulation, only some factors are
ion kinking, coiling and straight vessel with high-grade stenosis (≥ 60%).

understood that may  determine a good clinical outcome, including
NIHSS (National Institutes of Health Stroke Scale), thrombus length,
time to recanalization and TICI (Thrombolysis in cerebral infarc-
tion) score [7]. Otherwise several variables still remain unclear. In
regards to the expanded indications for MT  with wider timeframe

and increasing age of the patients with progressive elongation and
tortuosity of the supraaortic vessel due to the atherosclerosis and
long standing uncontrolled hypertension the impact of anatomic
features is one interesting point. In this study, we  focused on vessel
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Fig. 5. Data are shown as box plots (mean, ± SD). There is a strong correlation for an inreasing risk of peripheral M1 embolism with smaller M1 vessel diameter and steeper
ICA/M1  angel (Fig. 5a and b). In contrast, the thrombus weight in A1 decreased with smaller M1 vessel ID (Fig. 5c). On the other hand stepper ICA/M1 angel caused more
embolism in the peripheral A1 segment (Fig. 5d).

Table 1
Pre-interventional epidemiologic data shows differences in occlusion location (M1,M2), clinical status at admission (NIHSS and mRS) and ASPECT score.

Group A: mRS ≤ 2 Group B: mRS ≥ 3 P-Value
Pre-interventional

Patients (n) 30 20
Age (year) 70.5 ± 16.1 (33–89) 76.5 ± 12.15 (40–91) 0.073
Gender: female 19 (63.3%) 11 (55%) > 0.05
Occlusion side right 15 (50%) 11 (55%) > 0.05
M1  24 (80%) 20 (100%) 0.033
M2  6 (20%) 0 (0%) 0.033
Wake  up 4 (13.3%) 5 (25%) > 0.05
Simultan MI 1 (3.3%) 1 (5%) 0.768
NIHSS  16.5 ± 3.9 (7–25) 20 ± 4.4 (8–28) 0.009
mRS  5 ± 0.51 (4–5) 5 ± 0.3 (4–5) 0.006
ASPECTS 9 ± 1.53 (5–10) 6 ± 2.32 (2–10) < 0.05
Symptom onset - CT 160 ± 67.7 (30–270) 150 ± 93.19 (25–258) 0.717
CT-XA  43 ± 21.9 (15–120) 39.5 ± 25.09 (11–95) > 0.05
Bridging 13 (43.3%) 4 (20%) 0.088

Data are displayed as number (percentage) or mean ± SD, range: minimum–maximum.

Table 2
Peri-interventional data show differences in procedure time, number of retrieval and TICI score.

Group A: mRS ≤ 2 Group B: mRS ≥ 3 P-Value

Peri-interventional
Time XA (min) 45 (± 26.7, 15–120) 80 (± 31.11, 40–120) < 0.05
Retrieval (n/%) 1.5 (± 1.38, 1–6) 4 (± 2.84, 1–12) < 0.05
i.a.  Lysis (n/%) 7 (23.3%) 9 (45%) 0.108
ICA  stenting 4 (13.3%) 6 (30%) 0.073
TICI2b/3 29 (96.6%) 15 (75%) 0.054
TICI  3 26 (86.6%) 8 (40%) 0.002

Post-interventional
NIHSS  at discharge 2 (± 2, 0–6) 6 (± 2, 3–18) 0.009
mRS  at discharge 2.1 (± 1,0–2) 4.3 (± 1, 3–5) 0.006
Symptomatic ICH 0 (0%) 1 (5%) > 0.05

Contrast enhancement 2 (6.6%) 3 (15%) 0.336

Postinterventional data demonstrate complications and features according to the dual energy CT 24 h after thrombectomy.
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Table 3
Illustrates vessel morphology and variability.

Vessel morphology Group A: mRS  ≤ 2 Group B: mRS  ≥ 3 P-Value

Angular measurement
Coronar 141.2 (±12.9, 117.7–177.2) 139.5 (±17.2, 120.6–176.9) 0.504
Sagittal 84.2 (±50.7, 25.6–180) 94.75 (±38.1, 23.9–176.9) 0.949
Axial  131.7 (±20.3, 93.2–176.6) 127.35 (±16.6, 94.4–161.3) 0.101

Vessel diameter
ICA (mm)  3.3 (±0.4, 2.6–4.4) 3.4 (±0.47, 2.2–4.2) 0.959
M1  (mm) 2.5 (±0.4, 1.8–3.9) 2.6 (±0.41, 1.6–3.2) 0.376
A1  (mm) 2.25 (±0.4, 1.3–3) 2.15 (±0.32, 1.6–3) 0.722

ICA  extracranial
Elongation 8 (26.6%) 8 (40%) 0.322
Coiling 0 (0%) 1 (5%) 0.216
Kinking 6 (20%) 3 (15%) 0.652
Stenosis bifurcation (>60%) 4 (13.3%) 6 (30%) 0.073

Carotid siphon (Dilenge)
a 6 (20%) 6 (30%) 0.599
b  10 (33,3%) 3 (15%) 0.224
c  8 (26.6%) 7 (35%) 0.529
d  6 (20%) 4 (20%) 1.000

Data are displayed as number (percentage) or mean ± SD, range (min–max.). The vessel diameter was  measured in the proximal M1 and A1 segment, as well as the terminal
ICA  segment. The morhology of the internal cerebral artery was  classified in elongation, coiling, kinking and proximal stenosis (> 60%). The carotid siphon was  characterized
in  typ a-d according to Dilenge classification. Only the ICA stenosis was a predictor for unfavorable outcome.

Table 4
Presentation of technical success measured by the TICI recanalization score.

Group C TICI 2b-3 Group D TICI 0-2a P-value

n (%) Median SD n (%) Median SD

Patients (n) 44 (88%) 6 (12%)
Angle

Coronar 141.1 14.53 139.3 17.1 >0,05
Sagittal 94.7 45.54 79 53.1 >0,05
Axial 130.8 19.02 125.9 16.3 >0,05

Vessel diameter
ACI 3.3 0.44 3.5 0.36 >0,05
M1  2.5 0.37 2.45 0.78 >0,05
A1  2.2 0.33 2.2 0.5 >0,05

ICA  extracranial
Elongation 14 (31.8%) 2 (33.3%) n.sign.
Coiling 0 (0%) 1 (16.6%) n.sign.
Kinking 7 (15.9%) 2 (33.3%) n.sign.
Stenose 8 (18.1%) 1 (16.6%) n.sign.

Carotid siphon (Dilenge)
a 12 (27.3%) 1 (16.6%) n.sign.
b  11 (25%) 1 (16.6%) n.sign.
c  13 (29.5%) 2 (33.3%) n.sign.
d  8 (18.1%) 2 (33.3%) n.sign.

TICI scores were assessed on the final angiographic series. A TICI score of 2b or 3 was regarded as successful recanalization. The patients werde devided in two groups: group
C:  TICI 2b-3, group D: TICI 0-2a. No significant differences were found according to vessel variation.

Table 5
Division of the patients in two  groups depend on the technical success measured by the number of retrieval maneuver (n): group E: n = 1–2, group F: i = > 2.

Group E retrieval n: 1–2 Group F retrieval n: > 2 P-value
n  (%) Median SD n (%) Median SD

Patient (n) 23 (46%) 27 (54%)
Angle

Coronar 140.5 15.52 141.7 14.14 > 0,05
Sagittal  102.8 46.85 86.5 45.11 > 0,05
Axial  130.2 20.49 130.1 18.05 > 0,05

Vessel  diameter
ICA 3.3 0.48 3.4 0.41 > 0,05
M1  2.3 0.43 2.6 0.4 > 0,05
A1  2.2 0.38 2.2 0.32 > 0,05

Vessel-morphology
Elongation 7 (30.4%) 9 (33.3%) n.sign.
Coiling 1 (4.3%) 0 (0%) n.sign.
Kinking 4 (17,3%) 5 (18.5%) n.sign.
Stenose 5 (21.7%) 4 (14.8%) n.sign.

Siphon-variaten
a  5 (21.7%) 8 (29.6%) n.sign.
b  4 (17.3%) 8 (29.6%) n.sign.
c  6 (26.1%) 9 (33.3%) n.sign.
d  8 (34.8%) 2 (7.4%) < 0,05

Only siphon variation type d shows a trend for less number of retrieval. n.sig.: not significant.
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ariability in the in vitro and in vivo. In the flow model we  anal-
sed distal embolization according to different vessel angulation
nd diameter.

In literature, recent studies emphasize the impact of vessel
natomy on clinical outcome or technical success of intracra-
ial procedures [8]. Yamamoto et al., showed that a tortuous
1segment was associated with unsuccessful recanalization using
erci retrieval system and therefore supported the theory of

natomical dependency [5].
Lee et al., described that the tortuosity of proximal vessels

s a risk factor for technical failures of intracranial endovascular
rocedures. In 11 cases of 73 symptomatic intracranial steno-
is (> 50%), standard techniques of navigating the stent-delivery
ystem into the intended lesion failed because of vascular tortu-
sity [8]. According to Kaymaz et al., supraartic vessel tortuosity
ignificantly influences the internal carotid artery access time
ICA-AT) in MT.  Take-off angle of the left common carotid artery
nd the brachiocephalic trunk as well as the tortuosity of the
CA had the highest impact on ICA-AT. There furthermore was

 trend for lower successful recanalization rates with increas-
ng ICA-AT. Schwaiger et al., showed in a retrospective analysis
hat patients without successful recanalization (TICI 0–2a) had
oth significantly larger ICA/M1 and M1/M1  angles in proximal
essel occlusions and larger M1/M2  angles in distal vessel occlu-
ions [1]. Zhu et al., analysed clot shape and vessel curvature as
hown by the susceptibility vessel sign in axial T2* gradient echo
equences, and its influence on recanalization results [3]. Exten-
ion of thrombus into middle cerebral artery division branches
nd curving shape of the middle cerebral artery stem decreases
echnical and clinical success of Merci thrombectomy in M1
cclusions [3].

In a study that analyses the safety and efficacy of the pRE-
et device, a successful recanalization is significantly less likely in
atients presenting an MCA  curvature with more than 80◦ [4]. The

nteraction between stent retriever, embolism and vessel anatomy
hen retracting the stent retriever toward guiding balloon catheter

r the distal-access catheter following kinking, coiling or curved
essel segments is not fully understood. The stent retriever may  be
tretched or may  diminish its full spatial extension and thus the
rip and interacting forces on the thrombus may  be reduced [1].
nly a few authors postulate that carotid elongation measured on
reinterventional CT does not affect angiographic results [9].

In our study, we analysed retrospective data between 2012-
014 without proximal balloon occlusion or intermediate catheter.
urrent data with triaxial technique may  change the results. We
ound a strong correlation between vessel diameter, angulation
nd peripheral embolism in vitro. With stepper ICA/MCA angel the
mboli weight in the distal M1  and A1 segment increased. With
arger M1  vessel diameter, the weight of the emboli in the M1
egment decreased, while the emboli weight in the A1 segment
ncreased. This is maybe due to fact, that the ACA diameter remains
nchanged small. Taking into account the physical behaviour of liq-
ids, that increases in speed in narrower tubes. Blood flow increases

n smaller vessels and may  lead to faster distal occlusion. In larger
CA  vessels with introduced stent retriever the blood flow will be

lower and the stent retriever can catch and keep the thrombus
ore easily.
Chueh et al., illustrated in a flow model, that the risk of embolic

hower was influenced by the thrombectomy device. The Merci
evice generated the fewest number of large fragments compared
ith the Penumbra system (P < 0.05) and Solitaire (not significant)
6]. In our study, we only used one stent retriever type to obtain
nbiased results.

In contrast to the in vitro results we showed only subtle influ-
nce of vessel anatomy to the clinical outcomes in vivo. We

[
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analysed the ICA anatomy in cervical and cavernous segment on
CTA as well as the ICA/M1 angulation and vessel diameters. Only
the proximal ICA stenosis offers a trend to unfavourable outcomes.
Consequently MT  in elder patients with progressive elongation and
tortuosity of the vessel segments can although lead to positive clin-
ical outcomes. No significant differences were found according to
vessel variation and successful recanalization according to the TICI
score. Therefore TICI 2b-3 can also be reached in elongated vessel
with complex variation, kinking or coiling. According to the number
of retrieval more patients with first- or second pass thrombectomy
(number of retrieval 1-2) showed a siphon variation type d (34.8%
vs 7.4%). This v-form may  favour fast and comfortable retriever
manoeuvre compared to the omega or megasiphon.

So far in vitro results, showing a strong dependency of vessel
anatomy and technical success, have lacked direct comparisons
with in vivo results. These findings confirm that anatomical criteria
should be keeping in mind but not only used for patient selection
criteria suitable for MT.

This study has several limitations, mainly due to the small sam-
ple side. Data with intermediate catheter were excluded, due to
their support for the retrieval manoeuvre and secondary impact of
elongation and angles. The flow model was built of silicon tubes,
missing the flexibility of human vessels and atherosclerotic irregu-
larity. In vitro results could therefore not provide the interaction of
the stent retriever with the vessel wall. The flow model could not
imitate possible local vasospasm or modification of the angulation
due to the withdrawal of the retriever system. Therefore these data
need to be extrapolated with care to clinical scenario.

Conclusion

In our experimental flow model we found a strong positive cor-
relation between peripheral embolism and vascular anatomy. The
emboli weight increased with smaller vessel diameter and steeper
angulation. In vivo, vessel variation and variability in anterior cir-
culation had no relevant influence on the outcome of MT.  Only in
terms of carotid artery stenosis the cervical vessel variation shows
a trend to unfavourable clinical outcomes.
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