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@ DIGITAL
VIDEO

NEUROSURGERY

LINICAL STUDIES

SIMULATION OF AND TRAINING FOR CEREBRAL
ANEURYSM CLIPPING WITH 3-DIMENSIONAL MODELS

- OBIEC‘HVE Wlth lmprovements in endovascu!ar techmques, fewer aneurysms are

__treated by surglcal chppmg, and those aneurysms targeted for open surgery are often com-

_ plex and difficult to treat. We devised a hollow, 3-dimensional (3D) model of individ-

_ ual cerebral aneurysms for preoperative simulation and surgical training. The methods ‘
and initial experience with this model system are presented.

_ METHODS: The 3D hollow aneurysm models of 3 retrospectlve and 8 prospectlve cases

_ were made witha prototypmg technlque according to data from 3D computed tomo-

. ;graphlc angiograms of each patient. Commercially available titanium clips used in our
routine surgery were applied, and the internal lumen was observed with an endoscope‘\
to confirm the patency of parent vessels. The actual surgery was performed later.

. RESULTS: In the 8 prospective cases, the clips were applied durmg surgery in the same
_ directio ‘and configuration as in the preoperative simulation. Fine adjustments were
_ necessary in each case, and 2 patients needed additional clips to occlude the athero-
_sclerotic aneurysmal wall. With these 3D models, it was easy for neurosurgical trainees
~ tograsp the vascular conﬁguratlon and the concept of neck occlusion. Practicing sur-
_ gery with these models also improved their handling of the instruments used durmg ~

aneurysm surgery, such as clips and applters ~

CONCLUSION: Using the hollow 3D models to s&mulate chppmg preoperat!vely, we'kk’
_could treat the aneurysms confidently during live surgery. These models allow easy and

k f concrete recogmtlon of the 3D conflgura’uon of aneurysms and parent vessels.

- KEY WORDS. Cerebral aneurysm, Clylppmg’, Surglcal simulation, Surgrcal,tremmg,s-dlmensnonal modeling
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icrosurgical clipping is the standard
Mtechnique for cerebral aneurysm sur-

gery. Since the International Subarach-
noid Aneurysm Trial (8), and with improve-
ments in endovascular techniques, cerebral
aneurysms are increasingly treated through
endovascular embolization (4). However, aneu-
rysms that are not suited for endovascular inter-
vention are often difficult to treat and are target-
ed for microsurgical treatment (1). Because the
total number of aneurysms treated through clip-
ping is decreasing, and aneurysms targeted for

ABBREVIATIONS: CTA, computed tbmogréphic
angiography; DICOM, Digital Imaging and ‘
Communication in Medlcme 3D, 3- dnmenstona\

S‘upp!emental digital content is avallabie for this article,
Direct URL citations appear in the prmted text and
are prowded in the HTML and PDE versions of this article
on the lournal 's Web site (www, neurosurgerynnhne com).
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surgery are often of complex shape, there is a
need for effective microsurgical training and a
simulation system to practice clipping.

With the development of information tech-
nology, virtual reality simulation has been
adopted by the field of microneurosurgery (6).
The technology can show 3-dimensional (3D)
views of cerebral vessels and aneurysms from
various angles, and even clips and clip appliers,
in the virtual monitor (13). Such image simula-
tion can improve our concepts of aneurysm
configuration and approach selection. Live sur-
gery, however, presents various difficulties in
handling aneurysms, such as how to occlude
aneurysms without stenosis or kinking of the
parent artery, the occlusion of perforating ves-
sels or remnants of the aneurysm, and how to
apply multiple clips for satisfactory clipping.
Also, actual haptic feedback during the proce-
dure is very important in learning skills.
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We have developed 3D aneurysm models that are hollow
and semielastic from individual patients’ images, enabling sur-
gical simulation and actual clip application using real
aneurysm surgery equipment. Herein, we describe the devel-
opment of this technique and initial experience with clinical
cases.

MATERIALS AND METHODS

Aneurysm Model

Our 3D elastic hollow models were created with a soft, rubber-like
polymer (FullCure 930 Tango Plus; Objet Geometries, Ltd., Rehovot,
Israel; hitp:/ /www.2objet.com/default.aspx) by using a rapid prototyp-
ing technology. Data acquired through Digital Imaging and Communi-
cation in Medicine (DICOM) from original, enhanced computed tomo-
graphic images of 3D computed tomographic angiography (CTA) were
obtained for each patient. The data were transferred to the 3D calculation
software, Mimics (Materialise Japan, Inc., Kanagawa, Japan; http://
www.materialise.com/materialise/ view /en/65854-Homepage.html). A
virtual 3D angiogram was generated, and the vascular area of interest
was segmented. Data from the segmented area were transformed into a
stereolithographic format and transferred to MagicsRP (Materialise
Japan, Inc.), in which the data are adjusted to fit the rapid prototyping
machine. In this software, the vessel wall was created with a thickness of
0.3 or 0.5 mm over the vessel image from the CTA data because the orig-
inal data showed contrast media inside the wall.

The data were then transformed into thin, virtual horizontal sec-
tions, and the rapid prototyping machine sprayed raw materials to
make a 0.03-mm-thick layer of polymer (FuliCure 930 Tango Plus).
Then, ultraviolet light was used to harden the polymer according to the
image of the vessel wall. The spray nozzle of the machine rises and the
thin layer piles up to make the vessel wall. After the vessels of interest
were built up, the contents, which were not hardened by the ultravio-
let light, were curetted away manually to make the vessel hollow.

A hard bone model (KEZLEX; Ono & Co., Ltd., Tokyo, Japan;
http:/ /ono-and.com/) was made with the same technique, except that
the polymer consisted of resin and talc, which become hard when irra-
diated, and the thickness of 1 layer of prototyping was 0.1 mm.

We created hollow 3D models for 3 retrospective cases and 7
prospective cases. Hard models were created for 1 retrospective case
and 2 prospective cases. In the retrospective models, we assessed the
most appropriate conditions for creating 3D models, such as the thick-
ness of the aneurysm and arterial wall and the extent of the parent ves-
sels needed for simulation.

The data processing and creation of the 3D models were done at the
processing laboratory of Ono & Co., Ltd after we prepared 3D DICOM
images from the patient’s 3D CTA and marked the area we wanted to
have as the 3D model. Currently, 3 to 7 days are needed to create the 3D
model. Although this process was not a commercial enterprise of this
company during the study, creating the model costs 300 to 400 United
States dollars per patient according to the size and complexity of the
aneurysm.

Surgical Simulation

We fixed the aneurysm model with either flexible wires or plastic clay
in the direction of the surgical view, according to the approach selected
for individual aneurysms. Then, under the operative microscope, we
applied various types of aneurysm clips (Vasari Titanium Aneurysm
Clips; Aesculap AG & Co. KG, Tuttlingen, Germany) until we deter-
mined satisfactory positions that did not occlude or kink the parent
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vessels and left as small a remnant as possible. The lumen of the
aneurysms was checked with a thin, flexible vascular endoscope (Fig. 1,
C and D) (DAG-2218LN; Machida Endoscope Co., Ltd., Tokyo, Japan).

When deciding the surgical approach, especially in patients with
complex, deep-seated vertebrobasilar aneurysms, we used a hard 3D
model including the aneurysm, vessels, and cranial base bone. By cre-
ating an actual craniotomy and drilling the skull base, we simulated the
access to the aneurysms, In addition, by positioning the hollow 3D
model in the same direction as the surgical approach, we could confirm
whether clips could be applied through the corridor.

ILLUSTRATIVE CASES
Patient 3

A 64-year-old woman had a 10-mm unruptured anterior communi-
cating artery aneurysm (Table 1). Her 2 sisters had been diagnosed
with subarachnoid hemorrhage previously, and 1 of them died. Thus,
this woman came to our hospital for surgical clipping. With the
DICOM data from her 3D CTA, we prepared a hard KEZLEX model,
including part of the skull, and an elastic soft aneurysm model. An
interhemispheric approach and a right pterional approach were tried
on the KEZLEX model (Fig. 2). We achieved optimal neck clipping
through the right pterional craniotomy with a Yagargil 10-mm straight
clip combined with a fenestrated clip. The actual clipping of the
patient’s aneurysm was done through the right pterional approach, as
practiced on the model (Fig. 1). During the simulation, we confirmed
that the clipping occluded the aneurysmal neck completely by observ-
ing the intraarterial lumen through the microendoscope (Fig. 1, C and
D). The patient’s postoperative course was uneventful, and complete
neck clipping was confirmed by 3D CTA.

Patient 5

A 61-year-old woman had an 11-mm aneurysm of the left middle
cerebral artery (Table 1). She also had a family history of subarachnoid
hemorrhage. During simulation on a soft aneurysm model, a curved
clip (10.2 mm) was applied parallel to the M1-M2 bifurcation and com-
bined with a fenestrated clip. During the actual operation, minor bleed-
ing occurred when a small artery attached to the wall was dissected.
The application of a single curved clip could not stop the bleeding
because the neck was atherosclerotic and an additional clip was needed
to stop the bleeding. A fenestrated clip was applied to occlude the
residual neck, as was done in the simulation (Fig. 3). The patient’s
postoperative course was uneventful, and neck clipping was confirmed
by 3D CTA as well.

Patient 6

A 63-year-old woman presented with a 22-mm aneurysm at
the union of the vertebral arteries (Fig. 4; Table 1). See Video,
Supplementary Digital Conterit 1, http:/ /links.lww.com/A242, which
demonstrates preoperative simulation and surgery in patient 6.) Using
a hard KEZLEX model, we could drill the skull base and anticipate
how much bone should be removed during surgery to expose the
aneurysm neck appropriately. Also, using a soft elastic hollow model,
we could apply various clips and decide which clip combination would
be suitable to obliterate the aneurysm without inflow vessel occlusion.
Actual surgery was done as planned during hard model simulation.
We performed a left suboccipital and temporal craniotomy and
exposed the aneurysm dome and neck, respectively. We placed clip
grafts through the anterior petrosal route as had been planned in the
soft model simulation,) A hard KEZLEX model and a soft aneurysm
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FIGURE 1. A, simulation of surgical clipping of a left anterior communicating arlery aneurysni (soft model) seen
from the right pterionnl view. B, the ideal clipping—a straight clip combined with a fenestrated, bent clip. C, endo-
scopic view of the model seen from the left A2. The double asterisks show the aneurysm’s orifice and the single aster-
isk:shows the dominant left A1 orifice. D, after clipping simulation. The arrowhends show the closure line of the
aneurysmal neck from inside the artery whereas the single asterisk shows patency and 1o stenosis of the parent AL
E, actual operative view of the aneurysm during the right pterional approach. T, after clipping. The aneurysm is oblit-
erated as shown in the simulation. :

this corridor. It was possible to
apply clips through the window,
but it seemed difficult to control
the proximal vertebral artery.
Therefore, in the actual surgery, a
suboccipital craniotomy was
added to prepare the proximal
vertebral arteries. Although a 20-
mm straight clip seemed appro-
priate to occlude the aneurysm
neck of the soft model, we exam-
ined whether an additional
tandem clip could be applied
through the window considering
the thickness of the aneurysmal
wall and the pressure of the real
aneurysm. In the actual surgery, a
12-mm blade fenestrated clip was
added tandemly and a booster
clip was applied on the anti-
cipated 20-mm straight clip.
Obliteration of the aneurysm was
confirmed by digital subtraction
angiography. Two months after
surgery, the patient was neuro-
logically intact, but her hearing
was sacrificed.

RESULTS

A summary of the cases and
findings during simulation
and actual surgery is provided
in Table 1. For models of retro-
spective cases, we created
small to medium aneurysms
(<15 mm) with a thickness of
0.3 mm, and large aneurysms
(>15 mm) with a thickness of
0.5 mm. To efficiently remove
the contents of aneurysms, we
needed to limit the length of
the parent artery, but we also
needed enough length to simu-
late surgery. Therefore, we
chose to include at least 10 mm
of the parent vessel.

With the models of pro-
spective cases, we could re-
peatedly apply various types
of clips and choose the most
appropriate clips and ap-
proach before surgery. In
patients whose aneurysm had
a wide neck, we could visually
assess how close to the parent

model were manufactured. Anterior petrosectomy was performed on  vessel we could place the clip blade without occluding or kink-
the KEZLEX model, and the aneurysm neck was observed through  ing the vessels. In 5 of 8 patients, the same selection and config-
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TABLE 1. Summary of patients with prospective clip simulation?

Patient Age Location Size Beft C?nfigufation A‘ctu'al Reclipping Residual
no. (y)/sex (mm) in simulation clipping neck
1 56/F RMCA 4 Slightly curved Same No : No
2 81/F R MCA 1 Straight + fenest. Curved + fenest. No No
3 64/F AComA 10 Straight + fenest: Same 1 No
4 68/F L 1C PComA 9 Bayonet Same No No
S 61/F L MCA 10 Slightly curved + fenest. Slightly curved Adjustment No

X2 + fenest.
6 63/F VA union 22 Straight X2 Straight + fenest. 5 +
39M M1 fusiform 12 Straight X2 -+ fenest. Fenest. X3 6 No
67/F AComA 6 Bayonet Same 2 +

7R, right; MCA, middle cerebral artery; fenest., fenestrated clip; AComA, anterior communicating artery; L, left; IC, internal carotid; PComA, posterior communicating artery;

VA, vertebral artery.

FIGURE 2. Comparison of the surgical view of the anterior communical-
ing artery aneurysm in case 1 using the hard KEZLEX (Ono & Co., Lid.,
Tokyjo, Japan) miodel. A, view from the right pterional craniotomy. B, dur-
ing the interhemispheric approach.

uration of clips were applied. In 1 patient with a medium-sized
middle cerebral aneurysm (patient 5) and complex vertebrobasi-
lar aneurysms (patient 6), we needed to apply additional clips to
occlude the atherosclerotic aneurysmal neck. In a fusiform M1
aneurysm (patient 7), 3 ring clips were used to shape the artery,
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although a combination of a straight and a fenestrated clip
seemed appropriate for shaping the middle cerebral artery dur-
ing the preoperative simulation.

For help in selecting the surgical approach, we also created a
hard artery and bone model to determine the most appropriate
surgical access and bone removal. The most appropriate clip
application was also assessed with the hollow model and a
real clip. This concept was also used to decide the surgical
approach to anterior communicating aneurysms (patient 3) and
a vertebral artery union aneurysm (patient 6). In patient 3, by
placing the aneurysms in the direction observed through either
the interhemispheric or transsylvian approach, we could apply
various clips and decide the approach or most appropriate clip
combination. In patient 6, we knew whether the aneurysm neck
could be dissected and the clip could be applied through the
anterior petrosal corridor.

After the preoperative simulation was finished, the same
models were used to train beginning neurosurgeons. With
these models, they can learn how to handle clips and appliers,
manipulate aneurysms, and place clips. By using the microen-
doscope, they can learn how the aneurysmal neck is occluded
according to the direction of the clip. They can also recognize
the importance of considering the intraluminal anatomy of the
aneurysm and adjacent arteries during surgical repair.

DISCUSSION

With the development of embolizing materials and various
techniques, endovascular treatment is becoming safer and more
applicable to various types of cerebral aneurysms (8).

Now, more than 50% of aneurysms are considered manage-
able with endovascular treatment (4). However, some aneu-
rysms are complex and difficult to treat through endovascular
techniques that are often difficult for microsurgical clipping as
well (1). The International Study of Unruptured Intracranial
Aneurysms investigators showed that the rupture rate of
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FIGURE 3. A, left middle cerebral bifurcation aneurysm in a supposed surgical view. B, ideal clipping with a
slightly curved clip combined with a fenestrated clip. C, actual operative view after sylvian dissection and elevation
from the left frontal-lobe. D, magnified view of the bifurcation after clipping. The configuration is the same as in the
preoperative simulation, but 2 parallel clips were needed for sufficient closing pressure. E; preoperative 3-dimensional
(3D) computed tonogr apluc angiogram showing a large left middle cercbral artery aneurysm. F, postoperatwe 3D
computed tomographic angiogram confirming satisfactory obliteration of the aeurysm.

With the advancement of
radiological modalities and
information technology, 3D
virtual reality models can be
constructed on a personal
computer (3, 7). More intri-
cate images can be created on
a workstation. As is prevalent
in other fields of surgery, vir-
tual reality training is being
done on such applications as
the Dextroscope (BRACCO
AMT, Inc., Princeton, NJ) (11,
13). These 3D models help
neurosurgeons grasp the 3D
configuration of vascular
anatomy both before and dur-
ing surgery and make it easier
to plan the operative proce-
dure. However, in practical
surgery, some difficulties are
associated with vascular tex-
ture and distinct devices,
specifically clips and clip ap-
pliers. The aneurysm and its
parent artery change morpho-
logically according to the
application of the clip, but the
virtual reality systems avail-
able today cannot yet provide
sufficient images for each sce-
nario and each aneurysm,
Futami et al. (3) described sim-
ulating the positioning of a
single straight clip on a work-
station and assessed the aneu-
rysmal remnant. This tech-
nique is very promising with
further advancements in soft-
ware, but it is not adequate for
actual patients who require
other or multiple types of clips.

Although an aneurysm clip
and its applier are well de-

unruptured cerebral aneurysms depends on the size of the
aneurysm. Small aneurysms are less often indicated for treat-
ment, but larger aneurysms, with high surgical risks, are often
indicated for surgery (12). With this scenario, the case load each
neurosurgeon experiences is limited, and there are fewer
chances to develop surgical skills in managing simple cerebral
aneurysms (9). At the same time, neurosurgeons are faced with
very difficult aneurysms needing surgical treatment. Therefore,
there is a definite need for practical surgical simulation and an
effective training system for aneurysm clipping procedures.

NEURDSURGERY

signed for occlusion, a certain
level of experience is neces-
sary to handle these devices properly near the aneurysm, espe-
cially when reclipping or multiple clipping is needed. Although
temporary clip systems are available, multiple reclipping in
patients should be avoided because of the risk of premature
rupture and inadvertent vessel injury.

Wurm et al. (14) reported on the utility of solid plastic mod-
els to grasp 3D anatomy of aneurysms. Because our 3D model
is hollow and made of soft elastic silicone, the aneurysmal neck
can be occluded with an actual aneurysm clip as is done dur-
ing the actual operation, and we can assess the endoluminal
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FIGURE 4. A, vertebral artery tinfon aneurysni projecting to the left. B, posterior view of the KEZLEX mrodel after
anterior petrosectomy and lateral suboccipital craniotonty. Anterior petrosal view of the KEZLEX model (C), and the
actual anewrysm (D). E, clipping simulation on the soft model. ¥, postoperative computed tomographic angiogram.

addition, they can practice on
and examine difficult past
cases and improve their skills.
This model has also been
used to explain surgery and
surgical risks before obtain-
ing informed consent from
patients. With such a model,
patients and their families can
easily understand the surgery
and its risks (5). In the future,
this system will be used to
simulate endovascular proce-
dures for individual complex
aneurysms requiring various
devices.

There are, however, several
aspects of the model that need
improvement. Because our
model takes several days to be
prepared, it cannot be used to
simulate emergent cases such
as ruptured aneurysms. The
model creation process should
be simplified and quickened.
Furthermore, as D'Urso et al.
(2) and Wurm et al. (14) have
noted previously, because this
model is created with data
from the aneurysmal cavity,

patency in addition to the ease of preoperative stereognostic
understanding. Especially in complex cases, in which the
aneurysm was large or had a wide neck, this model allowed us
to estimate how close to the neck we could place the clip with-
out occluding parent vessels. It also helped us to choose the
best clip placement and combination to obliterate aneurysms.
Our models were very similar to the actual aneurysms and, in
all 8 prospective cases, we could manage the real aneurysms
with the same configuration of clips.

The purpose of this model is to simulate the surgical repair
of aneurysms for training. Information regarding surrounding
tissue, such as adjacent structures or the Sylvian fissure, is not
provided. Such information should be well recognized on each
patient’s preoperative imaging, such as magnetic resonance
imaging. In addition, the models are supplied only with short
segments of the vessels around the aneurysms. Placing such
models in the appropriate direction under the microscope dur-
ing simulation is a critical step in understanding the aneu-
rysm’s configuration and selecting the appropriate surgical
approach. Also, the use of instruments needs to be confined
during the simulation according to anticipated limitations
caused by the surrounding brain tissue.

With this model, surgeons who do not have sufficient expe-
rience with clipping can practice as many times as necessary
to be confident to perform clipping on actual patients. In
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the thickness or consistency
of the wall is not reflected. In part because of this insuffi-
ciency, we needed to add an extra clip in our patient with
middle cerebral and vertebral artery union aneurysm. In addi-
tion, the perforators in the model are too small to be made
hollow, and surgeons still need to make conceptual images so
that those perforators are not occluded during actual clip-
ping. They must also confirm the patency through multiple
methods, such as micro-Dopplers, intraoperative fluorescent
angiography using indocyanine green, and electrophysiolog-
ical monitoring (10).
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K sional (3D) aneurysm models that are hollow and semielastic. The
models can be used to simulate surgery and clip application. This arti-
cle describes their use of this technique with clinical cases. Surgeons
were able to plan preoperatively which clip to use and how to apply it.
Their 3D model also includes a cranial base bone to evaluate the opti-
mal surgical corridor. Placement of a clip also depends on the sur-
rounding brain, nerves, and pliability of the vessels.
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ingly by endovascular methods.

Francisco Ponce
Robert F. Spetzler
Phoenix, Arizona

D models and surgical simulation are important topics for resi-

dent training. Whether or not this type of simulation really is help-
ful for an experienced aneurysm surgeon is hard to quantify. The pre-
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models are very time consuming and cumbersome to construct, and
they are unlikely to be used on a routine basis in the present form. In
these models, the aneurysm and vessel wall thickness is not accounted
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perforators is not accounted for. Sparing perforators and understand-
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geons. Although the technique of developing these models appears to
be somewhat cumbersome and possibly expensive, the concept of gen-
erating 3D models for surgical training and practice is a sound one. As
stated by the authors, the number of intracranial aneurysms undergo-
ing surgical treatment has declined with the advent of endovascular
therapy. Simultaneously, the complexity of those aneurysms coming to
surgery is increasing. This challenges the skills of the cerebrovascular
surgeon and creates difficulties in training the next generation of cere-
brovascular surgeons. Additionally, restrictions on resident work hours
make it even more challenging to expose neurosurgical residents to an
adequate volume of complicated cases to prepare them for practice.
The discipline of surgery is far behind other professions, such as the
airline industry, in creating simulators for the purpose of training. This
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Endovascular case volume is increasing with better technology and
new techniques. This evolution is decreasing open microsurgical
case volume and increasing case complexity. Residents are exposed to
fewer training cases, and their involvement in complex cases may be
limited. Young aneurysm surgeons are struggling to advance their pro-
ficiency in this environment. This article describes a technique to man-
ufacture soft rubber aneurysm models for surgical simulation that
replicate a patient’s individual anatomy. These models enable the neu-
rosurgeon to decide on the optimal surgical approach, select the best
clip configurations, practice the clip application, and examine the
reconstructed aneurysm neck from outside and inside the arteries. This
tool would undoubtedly be helpful with surgical preparation and with
retrospective re-examination of complicated cases that were associated
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with morbidity or poor results. Good aneurysm surgeons spend time
before surgery studying their patient’s aneurysm anatomy, usually on
the computer screen with 3D computed tomographic angiography or
catheter angiography. A thorough appreciation of specific anatomy
facilitates the dissection and minimizes surprises intraoperatively. The
busy neurosurgeon does not have time to wait for models to be built
for simulation but creates these models in his head, with his mind’s

eye. These models can help residents to develop these spatial perspec-
tives and preoperative habits. In the current environment of aneurysm
scarcity, these models should become an integral teaching tool for res-
idents to develop their surgical and analytical skills.
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Table 1 Natural history of unruptured intracranial aneurysms
Authors, year No. of cases Mean age Follow-up Annual rupture rate(%)  Factors asffecting rupture
Yasui, et al. 234 pt, 303 an 53.6 75.1mo 23 multiplicity
(1997)%
Rinkel, et al. 3,907 pt-yr 1.91.5~24) sympiomatic,
(1998) <1lcm: 0.7 sex
>1cm: 4.0 size, location
ISUIA, 727 pt, 56 83w, <l cm: 0.05 size
{1998) 977 an 12,023 pteyr >lem: 05
722 pt, 960 an 49.4 0.5
Juvela, et al. 142 pt, 419 19.7 yr 1.3 smoking
{2000y 181 an 2,575 pteyr older age, size
Tsutsumi, et al. 62 pt, 70.8 48yr 23 size
{2000)*
Morita, et 2l. 911 pt 3.801pt-yr 2.7 size, posterior, symptom
(2005)%
Wermer,et al. 4,705 pt, 26,122 pt - y1 1.2:~5y age>60, female, Japanese
(2007)* 6,556 an 06 5~ 10y or Finish, size>5 mm,
1.3: 10y~ posterior, symptomn

{Abbreviations) pt: patients, an: aneurysms, pt-yr. patient-year, mo: month
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Table 2 Natural history of prospective cohort of ISUIA

Size
ISUIA 7~ 13~
2003 <7 mm 12mm 24mm 23™M<
Group ! Groupll
Cavernous 0 0 0 3.0% 6.4%

IC (n=210)

ACA/MCA/C 0 03% 05% 29% §%
(n=1037)

Post-Pcom  0.5% 0.7% 29% 37% 10%
{n=445)

[Abbreviations) ISUIA: International Study of Unruptured Intra-
cranial Aneurysms, IC: internal carotid artery, ACA: anterior cere-
bral artery. MCA: middle cerebral artery, Post: posterior circula-
tion, P com: posterior communicating artery

Group [: not associated with subarachnoid hemorrhage, Group I
aneurysm found in patients with previous subarachnaid hemor-
rhage
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Table 3 Outcome one month after intervention in the
treatment cohort of ISUIA

Surgery (n=1,917)  Endovascular (n=451)

Mortality 29 (1.5%) 8(1.8%)
mRankin>2 55 (2.9%) 10(2.2%)
MMSE<25 89 (4.6%) 15(3.3%)
Both B1{4.2%) 8(1.8%)
Mortality &
morbidity 254 (13.2%) 41(9.1%)

(Abbreviations) mRankin: modified Rankin scale, MMSE: mini-
mental state examination
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