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A Method to Evaluate Vessel Deviation
during Withdrawal of a Stent Retriever
Using a Silicon Vascular Model

Mao Yokota,” Tomotaka Ohshima,? Yoshitaka Nagano,® Reo Kawaguchi,” and Shigeru Miyachi'?

Objective: Catastrophic complications may develop because of vessel deviation during device delivery into intracranial
vessels for neurointerventions. We report a novel method using a silicon model capable of evaluating vessel deviation
as a numerical value.

Methods: In all, 10 tiny markers, each with a pitch of approximately 5 mm, were attached to the vessel model along the
long axis. We used a high-resolution camera to record movies of the deviation of the vessel model while employing different
stent retrievers. The movies were reviewed to determine the maximum deviation of each marker on the vessel model.
Results: As expected, stent retrievers of the same type exhibited more vessel shifts when they had a larger diameter
and longer length. On the other hand, stents with a segmental structure demonstrated less vessel deviation than those
with a tubular structure, regardless of the large lumen and long length.

Conclusion: If the degree of vessel stress can be represented by a numerical value, areas where the careful use of different
devices for neurointerventions is required may be able to be identified. Moreover, this method may be useful for training.
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| Introduction

In neuroendovascular treatment, dynamic stress is loaded on
the vascular wall when devices are passed through blood ves-
sels. In blood vessel regions without strong supportive tissue,
such as the intracranial region, stress from devices induces
vessel deviation. This vessel deviation is influenced by
numerous conditions such as the type of device, guiding tech-
nique, speed of pulling out, and anatomical structure. We
investigated a method to present vessel deviation as a numer-
ical value using a silicon vascular model. If the level of stress
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loaded on blood vessels can be represented by a numerical
value, a method to use blood vessel-protective devices may
be identified. In this report, this method and vessel deviation
when different stent retrievers were pulled out at a constant
speed are presented, and the efficacy is discussed.

| Materials and Methods

Asilicon vascular model from United Biologics (Santa Ana,
CA, USA) was used. The model was prepared by die cutting
a region from the left common carotid artery over the distal
middle cerebral artery. The diameter of the common carotid
artery was 6.5 mm, that of the cervical internal carotid artery
was 4.0 mm, that of the intracranial internal carotid artery
was 3.6 mm, and those of M1, M2, and M3 of the middle
cerebral artery were 2.3, 1.5, and 1.0 mm, respectively. The
full length was 20 cm and the thickness of most of the vas-
cular wall was 0.5 mm. The proximal and distal ends were
fixed to the foundation. The internal lumen was filled with
tap water to which a surfactant was added. Using a commer-
cial water-based red marker (POSCA extra fine pointed pen,
Mitsubishi Pencil Co., Ltd., Tokyo, Japan), marks were
made every 1 cm along the longitudinal axis from M2 over the
internal carotid artery in the vascular model. Ten points were
added along the longitudinal axis of the model (Fig. 1).
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Fig. 1 The silicon vascular model is presented. Ten red markers
were added to trace deviation.

When the device was guided or retrieved, the entire vascular
model was imaged using a high-precision CCD video cam-
era (Dino-Lite Digital Microscope AM-2001; AnMo Elec-
tronics Corporation, New Taipei City, Taiwan).

The following stent retrievers were used: (1) Solitaire 4 x 40
(Medtronic, Irvine, CA, USA), (2) Solitaire 6 x 40 (Medtronic),
(3) EmboTrap 5 x 33 (Cerenovus, Johnson & Johnson, New
Brunswick, NJ, USA), (4) Trevo 6 x 25 (Stryker, Kalamazoo,
MI, USA), and (5) Tron 4 x 20 (TERUMO, Tokyo, Japan). For
(1) and (2), the half deployment method? ((1)’ and (2)’) was
also tried, in which deployment was limited to 20 mm. After

manual guidance and deployment, the device was pulled out at
a constant speed of 10 mm/s using a ball screw-type linear
actuator.?) By superimposing acquired movies on a computer,
the 10 markers were traced at 1-second intervals, and the max-
imum fluctuation of each marker was measured and
recorded (Fig. 2). Each procedure was repeated five times
and the mean maximum fluctuation was recorded. The mean
of the 10 points was interpreted as the mean vessel deviation.

| Results

The mean value of each stent retriever is shown in Table 1.
The largest deviation was 11.5 mm by (2) Solitaire 6 x 40,
followed by 9.8 mm by (4) Trevo 6 X 25, 9.5 mm by (1)
Solitaire 4 x 40, 8.0 mm by (2) Solitaire 6 x 20, 3.5 mm by
(3) EmboTrap 5 x 33, and 3.4 mm by (1)’ Solitaire 4 x 20.
The smallest deviation was 2.9 mm by (5) Tron 4 X 20 mm.

| Discussion

In neuroendovascular treatment, dynamic stress from devices
loaded on the blood vessel may lead to serious complications.
As an example, vessel deviation during pulling the stent in
mechanical thrombectomy causes vasospasm, vascular dissec-
tion, and subarachnoid hemorrhage induced by pulling the per-
forating branch.? For these events, techniques minimizing vessel
deviation, such as partial deployment of the stent” and the

Fig. 2 (A-E) Photographs captured from movies showing the stent
retriever being pulled out from the left peripheral side. The 6th marker
from the distal side of the vascular model is indicated with yellow
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arrows. Movements of the markers were traced with bright red points.
(F) The distance between two points of the most distant markers
(white arrow) was measured.



Mean distance of marker deviation (mm)

Table 1

Marker 2 Marker 3 Marker 4 Marker 5 Marker 6 Marker 7 Marker 8 Marker 9 Marker 10 Average

Marker 1

Stent retriever

9.548
3.406
11.506
8.02
3.54

15.6

15.27 15.46

11.3

9.64
3.22

13.15

8.19
2.83
10.86
7.02
3.17
9.36
2.97

6.54
2.33
8.35
6.17
3.07
9.49
2.88

5.29
2.03
6.25
5.07
2.69
8.63
2.71

4.54
1.65
4.22
2.99
2.01
7.67
2.22

3.65
1.44
2.63
2.05
1.53
6.35
1.93

@ Solitaire 4 x 40

5.5
20.47

6.09
21.28
12.86

4.97
11.51

11.09

@’ Solitaire 4 x 20

16.34
9.92
3.77

10.36
3.07

@ Solitaire 6 x 40

14.91

8.12
3.85
10.16

@’ Solitaire 6 x 20

6.14
12.9

5.02
1.8
3.45

4.15

11.16

® EmboTrap 5 x 33
@ Trevo 6 x 25

9.788
2.91

1

3.26 3.55

3.06

® Tron 4 x 20

Vessel Deviation by a Stent Retriever

aspiration catheter with proximal balloon (ASAP) method,”
have been reported. Other methods, including the Push & Fluff
method,>>® have been reported, aiming at highly entangled
thrombus difficult to remove using a stent, but it is unclear how
much stress opening the stent places on the blood vessel.

We hypothesized that if vessel deviation can be pre-
sented as a numerical value, the characteristics of different
devices can be understood, leading to their safe use. How-
ever, the size of the stent retriever and degree of vessel
deviation were not correlated in this study.

Of the stent retrievers investigated, vessel deviation
increased as the diameter and effective length of the stent
increased, even for the same product, and half deployment
reduced deviation. These findings were consistent with reports
by Ohshima et al.” and Ulm et al.,” in which stents with a
large diameter and long effective length had a higher throm-
bus-pulling force. In addition, Haussen et al.® reported that
the use of a long stent aided in acquiring a favorable outcome
in actual clinical practice. To our knowledge, no study directly
comparing vessel deviation by stents has been reported, but
the strength of expansion and thrombectomy capacity may be
proportional to the degree of vessel deviation. The degree of
vessel deviation can be roughly divided into two groups based
on the measured numerical value: The group with a large
deviation comprised (2), (4), (1), and (2)’, and the mean devi-
ation was 9.7 mm, whereas the group with a small deviation
comprised (3), (1)’, and (5), and the mean deviation was
3.3 mm. Of these, the vessel deviation by (3) EmboTrap was
3.5 mm, being small despite its size of 5.0 X 33 mm. This may
have been due to the stent segment structure.

The biggest limitation of this study was the difference
between silicon and natural blood vessels. Silicon is not uni-
form, and the coefficient of friction of the inner wall is diverse
depending on the diameter and thickness of the wall. Short-
ening in the longitudinal axis direction in an accordion-like
pattern often observed in the body is difficult to reproduce.
To make the accuracy closer to that in clinical practice and
homogeneous, further investigation is necessary. Moreover,
as the time point at which a marker exhibited the maximum
fluctuation varied among markers, the maximum deviation at
a certain moment was not reflected. An evaluation method
taking into account the total fluctuation of the markers and
time integration of fluctuation is needed.

| Conclusion

A method to present vessel deviation as a numerical value
using a silicon vascular model was reported. If the stress
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level loaded on blood vessels can be clarified by numerical
values, methods that protect vessels for each device can be
identified. As the deviation can be evaluated based on the
numerical value, this method may also be applied for train-
ing of operators.
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