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Usefulness of Preoperative Simulation
Using a Stereolithographic 3D Printer in
Cerebral Aneurysm Coil Embolization

Toshiyuki Onda, Tadashi Nonaka, Tatsufumi Nomura, Shigeru Inamura, Osamu Honda, and Masahiko Daibou

Technical

Note

Objective: We present a preoperative simulation of cerebral aneurysm coil embolization using a hollow model of
cerebral blood vessels created by a stereolithography (SLA) 3D printer.

Case Presentation: The patient was a 66-year-old woman. During follow-up, coil embolization was planned for an
expanding paraclinoid aneurysm. A hollow cerebral vascular model was created preoperatively using an SLA 3D printer.
The catheter was malleable and inserted into the hollow model, which enabled the surgeons to confirm its movement,
stability, and ease of insertion. In the surgical procedure, the catheter was easily inserted into the aneurysm without
reshaping. The procedure was completed without stability problems.

Conclusion: The use of a hollow model of cerebral blood vessels was useful as a preoperative simulation and improved

the safety of the procedure.
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| Introduction

In cerebral aneurysm coil embolization, the stability of the
catheter and ease of its insertion are elements that directly
affect the difficulty and safety of the procedure.' For
cerebral aneurysm embolization, the catheter is shaped
using steam or a hot gun after determining the positions of
the aneurysm and parent artery by 3D imaging techniques
such as 3D DSA. However, the images are different from
the anatomical structures in scale and experience is needed
to imagine the route of catheter passage in the body. This
method is largely dependent on the surgeon’s experience
and causes variability in the procedure. The catheter is
occasionally unstable and reshaping is often necessary.
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Recently, a method using a 3D printer was reported as a
solution for this problem. A life-size cerebrovascular
model was created by bending the catheter using a mandrel
into a shape that fits the blood vessel by direct observa-
tion.¥ This method improved the precision, but how the
catheter runs when inserted is unclear and shaping may not
fit depending on the route of insertion. It is more reliable to
prepare a hollow cerebral vessel model, shape the catheter
into a configuration that exactly fits the model, and confirm
its fit by inserting it into the model.

We report a case in which the catheter was successfully
shaped using a hollow model of the cerebral vasculature
prepared by a 3D printer.

| Case Presentation

The patient was a 66-year-old woman with an unruptured
cerebral aneurysm. Although she was periodically fol-
lowed up by intracranial MRA, the aneurysm increased in
size. As the patient requested coil embolization of the
aneurysm, treatment was planned. The lesion was a left
paraclinoid aneurysm with a maximum diameter of 3.9
mm and a dome/neck ratio of 1.39 (Fig. 1).

The patient had no notable clinical or familial history.

Before using the 3D printer, digital imaging and com-
munications in medicine (DICOM) images of 3D DSA
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Fig. 1 Preoperative 3D DSA images: (A) frontal view,
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Fig. 2 (A) The microcatheter was shaped into a J-shape. The cath-
eter was not inserted into the aneurysm. Movement was observed

were converted to files using ZAIO STATION 2 (Ziosoft,
Tokyo, Japan). The model was made hollow using a
meshmixer (Autodesk, San Rafael, CA, USA) and the
wall thickness was set at 0.25 mm. Then, data corruption
was assessed and support was provided by PreForm
(Formlabs, Somerville, MA, USA). A hollow cerebral
vessel model was prepared using a Form 3 3D printer
(Formlabs).

The microcatheter was shaped using a heat gun in
advance and simulation was performed by inserting it into
the hollow cerebrovascular model. First, the hollow cere-
brovascular model was grossly observed from outside and
shaping into a J shape was assumed. When the microcath-
eter was inserted into the model, it passed the opposite
side of the aneurysm and its tip headed for the distal area
of the internal carotid artery, passing by the aneurysm
(Fig. 2). Other shapes, including a tornado, were tested,
but they made insertion difficult. The microcatheter was
able to be inserted when it was shaped into a J shape with
an extended tip, but it was unstable and further evaluation
was required for more stable shapes. The microcatheter

B) lateral view (right side), and (C) caudal view.

through the aneurysm along the internal carotid artery, (B) frontal
view, (C) lateral view (right side), and (D) caudal view

was later shaped into a 1-cm-long crank with only the tip
bent at 90 (Fig. 3). By this shaping, the microcatheter
was able to be inserted into the aneurysm directly without
using a microwire because it was stabilized on the vascu-
lar wall firmly at 2 points (Fig. 4). The prepared mandrel
was sterilized in preparation for prompt shaping of the
catheter during surgery.

Treatment

Surgery was performed under general anesthesia. After a
6-Fr Axcelguide (Medikit, Tokyo, Japan) was placed in the
left internal carotid artery via the femoral artery, a 6-Fr
Cerulean DD6 catheter (Medikit) was placed as an inter-
mediate catheter. The microcatheter used was a Headway
17 (Terumo, Tokyo, Japan).

The mandrel prepared before surgery was brought
into the surgical field, and the Headway 17 was shaped
into a 1-cm-long crank with only the tip bent at 90°.
The catheter was able to be inserted into the aneurysm
easily using a Radifocus guidewire M 0.012 double
angle (Terumo). As the dome/neck ratio was low,
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Fig. 3 The catheter was shaped into a 1-cm-long crank with the tip bent at 90 degrees (A and B)

Fig. 4 (A) Frontal view, (B) lateral view (right side), and (C) caudal rysm. The catheter was supported and stabilized at two points
view. The crank-shaped catheter was easily inserted into the aneu- (arrows) in the wall of the internal carotid artery

Fig. 5 The catheter was stabilized at two points (arrows) on intra- blood vessel model was also stabilized at 2 points (arrows) (B). The
operative angiography (A). The catheter in the hollow cerebral aneurysm was occluded by the coils without repositioning (C)
stent-assisted coil embolization was performed. A Neu- were inserted via the jailed Headway 17. The catheter

roform Atlas 4.0 x 21 (Stryker, Kalamazoo, MI, USA) was markedly stable. The procedure was ended when
was deployed using an Excelsior SL-10 (Stryker). Coils the catheter was pushed out (Fig. 5).
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After surgery, no complications were noted and com-
plete occlusion was confirmed by imaging examination.
No high-intensity area or hemorrhage was found on MRI-
DWI performed the next day.

| Discussion

The morbidity, mortality, and recanalization rates associ-
ated with coil embolization of cerebral aneurysms remain
constant despite technical improvements.>® It is important
to determine the anatomical configurations of the blood
vessels and aneurysms to safely perform coil embolization
of cerebral aneurysms. However, the complexity of the
morphology of blood vessels often causes difficulty in
treatment using conventional modalities such as MRA,
CTA, and 3D DSA. Simulation using hollow cerebrovas-
cular models prepared by a 3D printer is expected to opti-
mize treatment by facilitating determination of the
anatomical configuration of cerebral vessels, and the direc-
tion and location of the catheter.

There are many types of 3D printers, and the materials
used, price, precision, shaping speed, and size depend on
the shaping method and printer model.

Among 3D printers for personal use, fused deposition
modeling types are most accessible. As this type is inex-
pensive, it has gained wide acceptance and has been
applied to catheter shaping. A method of preparing a 3D
model and catheter shaping under gross observation was
previously reported to improve precision.” However, if
hollow models are prepared using an inexpensive 3D
printer, the wall is thickened in small structures, such as
cerebral vessels, causing difficulty in insertion of devices
or observation of the catheter from outside is difficult
because of the low transparency of the material. There-
fore, it is necessary to prepare hollow models by applying
silicone over 3D models and removing the hollow parts
by dissolving them, which is time-consuming and
labor-intensive.”!?)

The price of stereolithographic (SLA) 3D printers is
decreasing. As liquid resin is hardened by ultraviolet
rays, small and complicated structures, such as cerebral
vessels, can be shaped with high precision, and as highly
transparent materials can be used, hollow models can be
prepared directly. An advantage of hollow models is that
the suitability of catheter shaping can be tested by
inserting the catheter to directly check its position,
direction of insertion, and stability. In treatments using
therapeutic devices, such as coils and stents, their

Preoperative Simulation Using SLA 3D Printer in Coil Embolization

suitability can be evaluated by inserting them into the
model before surgery.'?)

In the present case, the initial shape was deemed inap-
propriate by preoperative simulation and the design was
markedly altered. In treatment, the catheter was able to be
inserted into the aneurysm by shaping it only once and
treatment was completed in a short time. Without preoper-
ative simulation, the risk of complications, such as intraop-
erative hemorrhage and vascular dissection, is higher. In
addition, as prolonged catheterization increases the risk of
embolic complications,'® preoperative simulation is con-
sidered to increase the safety of the entire procedure.

However, there are problems in such preoperative simu-
lation using a 3D printer. First, the cost must not be disre-
garded. In addition to the price of the printer itself
(approximately ¥600000 for the printer used for this
patient), the running costs, including the cost of the resin
(¥100-200 for our patient), cannot be ignored. Moreover,
preparation of hollow models is often difficult using the
software attached to the printer and appropriate software
must be obtained separately, but multifunctional software
that supports DICOM processing, hollow designing, and
3D printing is often expensive.

Other problems to note include the limitation of the size
of printable structures. In general, the price is lower for
smaller ranges of modeling, but in catheter shaping, the
structures around the aneurysm and passage of the catheter
are important factors. In particular, parts that are markedly
curved, such as the carotid siphon, are important. As these
factors cannot be disregarded, a printer with a size suffi-
cient to output a model that covers the area from the site of
guiding catheter placement to the aneurysm is optimal.

If catheter shaping is performed using a 3D printer,
exact reproduction of the designed shape is another require-
ment. [f the shape is not complicated, it is possible to repro-
duce the shape based on measured values. If the shape is
complicated, however, shaping and sterilizing the mandrel
in advance and using it for direct shaping at the time of
treatment is a useful approach. It makes copying of compli-
cated shapes possible and shortens the time of surgery. In
addition to these methods, a method using a catheter that
was inserted was previously reported. Xu et al.'® reported
that they inserted a catheter into a sterilized hollow model
of an aneurysm, shaped the catheter by heating it with the
model in a water bath at 50°C for 5 minutes, and used the
shaped catheter directly for treatment.

Cerebrovascular models prepared by a 3D printer have
been used not only for preoperative catheter shaping but
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also for more precise evaluation of lesions with complex

morphology, such as arteriovenous malformation
(AVM),™ and are considered to improve the safety. Hol-
low cerebrovascular models were also suggested to be
useful for preoperative simulation of intracranial endovas-
cular treatment. They may also be applied to preoperative
training in manipulation of novel devices and determina-
tion of the site of deployment of a flow diverter.'® In the
future, they may be employed for training of more practi-

cal endovascular treatments.!>!7

| Conclusion

By preoperatively shaping the catheter for endovascular
treatment of cerebral aneurysms, assessment of the guide-
ability and stability of the catheter has become possible,
thereby improving the safety of the procedure. Hollow
cerebrovascular models prepared by a 3D printer are useful
for preoperative simulation of surgery.
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