ANEURYSM HEMODYNAMICS AND BLISTER FORMATION
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cases, the rupture might have occurred a the blister, and our
findings might also refer to the hemodynamic characeeristies
associated to the ancurysm rupture.

In our compurtational fuid dynamic simulations, several bi-
ological properties such as the viscoelasticity of the vessel wall and
the non-Newtonian propery of the blood are simplified for
technical reasons. The main hemodynamic features are supposed
w be preserved despite such simplifications'’; however, they
might lead o the differences berween the calculated flow
dynamics and the in vivo state in detail.

Limitations of the present study also include the limited
number of cases examined, and that detailed 31 images of the
aneurysm suitable for fluid dynamic dmulatons were rarely
obtained before blister formation. Furthermore, the assumption
that the progression of cerebral aneurysms is mediated by the low
shear magnitude should be validated with o vivo study.

NEUROSURGERY

CONCLUSIONS

These data demonstrate that the blisters of cerebral aneurysms
are formed within the areas of low shear magoirude and high
shear gradient, and suggest that the low shear-associated endo-
thelial dysfunction may tigger the progression of cerchral
aneurysms.
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COMMENTS

hojima et al present a well-written report using computational fluid
dynamic (CFD) simulations to propose a mechanistic role for wall
shear seress in the progression of cercbral aneurysims, Wall shear stress is
the tangential force exerted on the arterial walls by flowing blood. The
authors suggest that low shear stress may serve as a trigger for aneurysm
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progression represented by blister formadon, and distinguish this from
the hemodynamic factors related to aneurysm formation. Of 82 un-
ruprured aneurysms studied with 3 dimensional (3D) rotational angi-
ography and followed with seral magnetic mesonance angiography,
2 enlarged and 2 ruptured with blister formation dudng the mean ob-
servation period of 10.1 months. In these aneurysras with documented
blister formation, 1 that enlarged (MCA) and 2 that ruptured (AComA
and basilar apex) comprise the subject of this report, Three-D rotational
angiogram images obtained before and after blister formation were
averlaid 1o characterize the regions of blister formation. The ancurysm
geometry before blister formation was then analyzed with phase contrase
magnetic resonance velocimerry to simulate 3D pulsatile blood flow and
w model shear magnitude at various sites within segmented parent
arteries, whole aneurysms, and areas of blister formation on the aneuryem
wall. Since shear magnitude values fess than 1 Pa were defined as sub-
physiologic, the spatially averaged shear magnitude at the area of blister
formation on these 3 aneurysms was concluded to be low, as meas-
urements ranged from 0.40 to 0.61 Pa. The authors conclude thar low
shear magnitude at the blister-forming area is assodiated with progression
and rupture of cerebral aneurysms,

This report adds to the growing amount of image-based dawa impli-
cating intra-aneurysmal hemodynamic characteristics in aneurysm
growth and ruprure. These 3 cases extend the previous work by these
authors describing tow wall shear swess in MCA aneurysms, and is
unique in focusing upon the area of the aneurysm walls that subsequently
form blisters. The effects of patent-specific flow characteristics upon
CED simulations are becoming increasingly clarified. Despite limitations
of these modeling techniques, as evidenced by the exclusion of the
anterior communicating artery aneurysm thar enbarged in chis series
owing to the presence of inflow from both anterior cerchral arteries, this
field of hemodynamic research is immensely exciting in its potendal for
improving our understanding of the natural history of this disease.
Substantial efforts have already been rargeted at elucidating the mech-
anisms of mechanotransduction, namely the interaction between he-
modynamic biomechanical forces and endothelial cell funcrion, and
further studies focusing upon these mechanisms in cerebral aneurysms
will likely lead to enhanced insights into the risk of aneurysm growth and
ruptare.

Judy Huang
Baltimore, Maryland

he role of hemodynamic forces in blisrer formation on cerebral
aneurysms is currently poorly understood. To complicare marrers,
recent data have suggested that the forces that promote aneurysm for-
mation (high shear magnitude) may, in fact, be opposite to those thar
promote blister formation. Shojima et al have retrospectively evaluated
3 cerebral ancurysms that have undergone blister formation among their
series of 82 unruptured anearysms. A middle cercbral artery, anterior
communicating arrery, and basilar artery aneurysm with blister forma-
ton were isolated. Using elegant CFD simulations, the authors have
demonstrated markedly subphysiologic shear magpitudes in the regions
bordering blister sites in all 3 coses. These findings suggest that regions of
low shear stress, resulting in an adjacent high shear gradient, may result
in endothelial changes that weaken the vessel wall and, over time,
promote degeneration and ultimately blister formation.
The present study has several imporrant limitdons including small
sample size, lack of some critical preblister formation daw, and typical
CFD limitadons regarding the assumptions made for model generation
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and analysis. Nonetheless, Shojima et al have provided interesting data
not previously evaluated. The continued refi of CFD techniques
and their application to neurosurgical disease provides a very real
opportunity for substantal knowledge gains in cerebrovascular patho-
physiology. Investigators, such as Shojima er al, who conuibure o this
burgeoning field, should be commended; however, we would also

ANEURYSM HEMODYNAMICS AND BUISTER FORMATION

emphasize the impottance of developing seliable ways to correlate these
virtual Andings with actual biologic cascades and events.

Kyle Fargen
J. Moceo
Gainesoille, Florida
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Unruptured Intracranial Aneurysms:
Current Perspectives on the Origin and Natural Course,
and Quest for Standards in the Management Sirategy
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Department of Neurosurgery, NTT Medical Center Tokyo, Tokyo;
*Department of Neurosurgery, Graduate School of Medicine and Faculty of Medicine,
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Abstract

Unruptured infracranial aneurysms are relatively common, and can cause subarachneid hemerrhage.
Management of unruptured intracranial anewrysms requires knowledge of the nafural course and
management risks of individual aneurysms, Current knowledge on the natural course and management
risks is swmmarized and sur cwrent management strategy presented, Extensive Hisrature review was
conducted to identify risk factors influencing the natural course and management outcome of unrup-
tured intracranial aneurysms. Qur consecutive surgical series from October 2006 through June 2088
were reviewed retrospectively. The risk factors for ruplure were size and location, as well as history of
subarachnoid hemorrhage in small aneurysms. Management morbidity was significantly influenced by
the size, location, and patient’s age. Since 2008, we have monitored motor evoked potentials in all sur-
gories of cerebral aneurysms and utilized endoscope contrel, and skull base and bypass techniques in
selected cases, In 133 consecutive surgeries, two patients {1.5%) suffered severe neurological morbidity,
Unruptured intracranial aneurysms have various clinical characteristics and we need io siratify
management sirategy according to the aneurysm fealures such as size, Jocation, shape, and patient’s
clinical statns. In Japan, with national efforis to elevate management standards, morbidity associated
with the treatment of the unruptured iniracranial aneurysms is relatively low. To improve future care
further, we need to contfinue seeking better and less invasive management modalities and technigue.

Key words: unraptured intracranial aneurysm,

Iniroduction

Unruptured intracranial aneurysms are relatively
common, occurring in 2-6% of the adult popula-
tion,? and can have grave conseguences after rup-
ture resulting in subarachnoid hemorrhage. Surgical
intervention significantly reduces the risk of rupture
but the risk of such prophylactic treatment cannot
be ignered. To determine management strategy, we
need to assess the natural history and management
risks of individual aneurysms. Since the majority of
the patients with this pathology are asymptomatic,
management must minimize the interventional risks
as far as possible.

This review summarizes the current knowledge of
the origin and the natural course, and standard
managemen! stralegy of unruptured intracranial
aneurysms.

natural course,

777

rupture, growth, management

Characteristics of Unruptured
Intracranial Aneurysms

I. QOrigin and rupture

The origin and cause of rupture of cerebral
aneurysms remain unclear. The impact of the blood
stream may damage the arterial wall, especially at
the arterial bifurcation, and cause the aneurysm.
However, a recent hemodynamic study has proven
that the impact force at the originating site is not sig-
nificantly different from other sites.®™ On the other
hand, the shear stress was relatively high adjacent io
the origin of the aneurysm, which is thought to work
as the force tearing the vessel wall, The aneurysm
then grows with physiological remodeling of the ar-
terial wall caused by the relatively low shear stress at
the aneurysm dome.®” Histological studies of in-
tracranial aneurysms have demonstrated that both
symptomatic unruptured and ruptured aneurysms
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incorporate degenerative processes of the arterial
wall similar to atherosclerosis, and such features are
not commonly sgen in asymptomatic unruptured in-
tracranial ancurysms,® Recently, atheroscierosis has
heen considered fo originate in inflammation of the
arterial wall. Such inflammatory processes are con-
sidered o be important in the growth and rupture of
the aneurysms. A recent experimental study showed
statins inhibit the growth of experimental cersbral
aneurysms.V Development of medical treatments for
unruptured intracranial aneurysms are awaited,

i1, Natural course of unruptured infragranial

aneurysms

Many studies have investigated the natural course
{analysis of risk of rupture} of unruptured intracrani-
al aneurysms,$1020.50,87,35,41,42,95.95) Mgt gtudies were
retrospeciive and some were prospeciive, but no
randomized clinical trials have been published. In
general, higher rupture risks have been reported in
retrospective studiss than in prospective studies.
Also, the independent risk factors are rather
difficult to clarify in retrospsctive series. Table 1
summarizes the natural course of unruptured in-
tracranial ansurysms from retrospective series. The

annual ropture risk of all intracranial aneurysms
was reporied as between 1% to 3% in retrospeciive
studies. However, there is inevitable selection bias
in the included patients. Blderly, sicker patients or
patients with aneurysms carrying high meanagement
risks tend 1o be observed conservatively.

Table 2 shows the three prospective studies pub-
lished, The international study of unruptured in-
tracranial aneurysms (ISUIA} including 1,892
prospective cases demonstrated the rupture rate is
about 0.78% annually, and is strongly related with
aneurysm size and anterior or posterior location
{Table 31.% Small anterior circulation aneurysms
rarely rupiured {0% for <7 mm aneurysms located
in the anterior circulation without history of
subarachnoid hemorrhage). On the other hand, large
aneurysms frequently ruptured (8% or more annualk
1y}, The SUAVe study in Japan included all small
aneurysms less than or equal fv 5 mm, and demon-
strated that sven small ansurysms can grow and rup-
ture.®® The annual rupture rate in the follow-up
period of 375 aneurysme-years was 0.8%. An addi-
tional 18 aneurysms {4.7%) grew more than 2 mm,
and 5 of them undsrwent repair of the ansurysm be-
fore its rupture. Considering the growing aneurysm

Table 1 Natural history of unruptured intracranial aneurysms from retrospoctive series

Wuean age

Annual rupture

Author (Year} No. of casss {yrs) Follow up rate {30) Factors affscting rupture
Yasui et al. {19979 234 pt, 303 an 59.8 78,1 mos 2.3 multiplicity
Rinkel ot al, {18080 3907 ptoyr e 1.9 {1.5~2.4} symptomatic, sex, size, location
0.7 «<lom,
440 >1om
ISUTA (1998p% 727 pt, 877 an 58 8.3 yrs, 12,028 pt-yr 005 <1 om, size
g5 >1lem
722 pt, 969 an 49.4 0.5
Tuvela ef al. (200079 142 pt, 181 an 41.9 19.7 yrs, 2575 pteyr 1.3 smoking, older age, size
Tsutsumi et al, (200077 82 pt 70.8 4.8 yrs 2.3 size
Morita et al, (2005P9 911 pt 3801 ptyr 2.7 size, posterior, symptom
Wermor et al (200789 4708 pt, B558 an 26122 ptoyr 1.2: <5 yrs, age >80 yrs, fomale,

0.6 5~10 yrs,
130 10 yrs

Japanese or Finnish,
size > 5 mun, posterior, symplom

an: anourysms, pt: patients, pt-yr: patient-year.

Table & Natural histery of unruptured inltracranial aneurysms from prospective series

Maan age

Annual rupture

Author (Year) No. of cases tyra) Follow up rate (%) Factors affecting rupture
ISUIA (200399 1682 pt, 2686 an 85.2 4.1 yrs, 8544 pteyr 0.78 size, posterior location,
history of S8AH
Yonckura (2004)% 329 pt, 380 an, 82 375 an*yr 0.8 {0.2-3) multiple, female, ACom,
all <5mm basilar location, age >70 yrs
ishibashi et al. (2008)% 419 pt, 828 an 2.5 yrs, 1089 ptyr 1.4 history of BAH, size,

posterior location

ACom: anterior communicating artery, an: aneurysms, an”yr: aneurysmeysar, pt: patlents, pt-yx: patient-year, SAH:

subarachnoid hemorrhage.

Neurol Med Chir {Tokyo) 50, September, 2010
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Table 3 Risk specific natural history {annual rupture raie) according o the prospective cohort of ISUIA II
Size
ISUIA <7 mm
7-12 mim 13-24 mm =25 mm
Group 1 Group II

Cavernous 10 {n=210) 0 4] 4] 3.0% 6.4%

ACIMCHC (n=1037) 0 0.3% 0.5% 2.9% 8%

Post-PCom {n=445) 0.5% 0.7% 2.9% 3.7% 10%

AC: anterior cerebral, Group I not associated with subarachnoid hemorrhage, Group II: aneurysin found in patients with
previous subarachnoid hemorrhage, 1C: internal carotid, ISUIA 1L International Study of Unruptured Intracranial
Aneurysms Investigators published in 2003, MC: middle cerebral, PCom: internal carotid-posterior communicating, Post:

posterior circulation.

Table 4 Summary of reporis on the growth of unruptured iniracranial aneurysm

Author {(Year] No. of cases Follow up

Enlargement rate

Factors affecting rupture

Matsubara et al. (200479 140 pt, 166 an 17.7 mos

10 (6.4%3

size, location {BA), follow-up period

2.4%: <% mm,
8.8%: 5-10 mm,
50%: >10 mm:
2.5%: <1 ¥1,

8%: 2 yrs,

17.68%: 3 yrs;

4% BA, 0%: MCA

Yonekura (2004)% 329 ptl*:%&f) an, 12 mos

375 an"yr

Burns et al, (20000 156 pt, 181 an 47 mos 10%;

18 (4.7%)

age >70 yrs, ACom, BA location, multiplicity,
female
size, location, multiplicity

6.8%: <8 mm,
25%; 8-12 mm,
83%: >13 mm

ACorm: anterior communicatling artery, an: aneurysms, an™yr: aneurysme-year, BA: basilar artery, MCA: middie cerebral

artery, pt: patients, pt-yr: patient-year.

could have raptured unless ireated, the annual rup-
ture rate is not negligible in such patients. A follow-
up study on unireaied 419 patients at s single insiiiu-
tion® found the rupture rate was 1.4% per year and
was significantly influenced by  history of
subarachnoid hemorrhage, posterior location, and
size of the aneurysm. Currently, in Japan, two
prospective studies (UCAS Japan and UCAS I} have
being conducted, and the preliminary results indi-
cate that the natural course is significantly related to
size as well ag specific locations of the anenrysms.
Aneurysms located at the anterior communicaling
and internal carotid-posterior communicating arte-
ries tended 1o rupture more frequently than other lo-
cations, even if small (unpublished data).

Beveral studies compared three-dimensional (3D)
images between groups of ruptured and unrupiured
intracranial aneurysms. Ansurysms with large
height and high ASPECT [dome height /neck width)
ratio, and located on the posterior communicating
artery and anterior communicating artery, as well as
the posterior circulation are more commonly rup-

Neurcl Med Chir {Tokyo} 58, September, 2010

tured.® Irregular shape and coexistence of bleb are
also found more in ruptured aneurysms.® These
findings suggest that the aneurysms with such fea-
tures can rupture easily,

Table 4 summarizes the reports on aneurysm
growth, Larger aneurysms often grew more than
smaller aneurysms. >V 4% Posterior location and mul-
tiple aneurysms also tended to grow frequently. Rate
of growth is exponentially increased along with the
follow-up year. Such findings coincide with the rigk
factors found for aneurysm rupture.

i1, Management cuicome and risks

Numerous studies on the management oculcome
for unruptured intracranial aneurysms are summa-
rized in Table 591422289295 Renorted and published
clinical outcomes are significantly different be-
tween various types of studies, ¥ The 1SUIA% fpund
that mortality was 1.6% and significant morbidity
{modified Rankin scale 3 or below or mini-mental
state examination (MMSE) score below 25) was
10.9% at the one month follow-up. Decline of cogni-
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Table 8 Ouicome of management of unrupiured intracranial aneurysms

Risk

Risk factors

Author {Year) No. of cases Type of study
Wirth ot al, {1983} 107 pt, 119 an multicenter
open surgery retrospective
cohort,
12 genters
King ot al. (199409 733 pt meta-analysis,
open surgery 28 studies
Raaymakers et al. {1998y 2,460 pt meta-analysis,
open surgery 61 studies

Murayama et al. (189982

115 pt, 120 an

case series

mortality: 0%;
morbidity: 6.5%

mortality1.0% (0.4-2.0%);
morbidity; 4.1% (2.8~5.8%)
mortality: 2.8% {2.0-3.3%);
morbidity: 10.9% (8.6-12.2%)

morbidity: 4.3%;
complete ccclusion: §1%,
unsuccessful coil: 5%,
delayed rupture: 1%
mortality: 3.5% {open surgery),
0.5% {endovascular);
marbidity: 25% {open surgery),
11% {endovasculay]
mortality: 1.5%;
morbidity: 11.7%

{1 mo)

size, location

nong

old publication,
giant an,

posterior circulation
early series

open surgery

siza, age,
location,
ischemic disease,
sympiom

endovascular retrospective
Johnston et al. (2001 2,069 pt multicentar

1899: open surgery, retrospective

370: endovascular cohort
IBUIA (2003p9 1817 pt multicenter

open surgery prospoctive

cohort,
81 centers
451 pt
endovascular

mortality: 1.7%;
morbidity: 7.3%

{1 mo);
complete occlusion: 51%,
unsuccessful: 5%

an: ansurysms, pt patients.

tive function accounted for the major part of the
morbidity, and the Importance of measuring high
cognitive function for the clinice] assessment of sur-
gical putcome of the patients was stressed. Risks
were higher in elderly patients and patients with
posterior circulation aneurysms. Endovascular
reatment had better cuicomes in the group of slder-
iy patients, Survey of the outcomes of aneurysm sur-
gery in fapan found the surgical mortality of 4,398
UlAs was 0.2%.7 The case volume of the institution
did not affect the surgical outcome in this survey.
Quality of life {QOL) score was also analyzed in
several outcome studies 3844 Some reported sig-
nificant decline of QOL long time after aneurysm
repair. However, preoperative anxiety was relisved
by ths repair of the anewrysm and QOL also im-
proved.® Meticulous surgical repair resulted in
decline of cognitive function in only e minimal num-
ber of cases.®® Qur recent study (UCAS 11} also fol-
lowed the QUL of patients {unpublished data). QUL
scorss measured by 8F-8 and EQSD immediately af-
ter ireatment did not show any decline comparad to
prior to surgery. Depression score measured by
5¥36 mental health and vitslity domain was low
compared to the Japanese normal population and
did not show change immediately after the ireai-
ment. We are following these scores in the longer
term.

Surgical Strategy and Case Series
in Qur Institution

1. Surgical strategy

To accomplish the safest intervention, we need o
carefully assess the patient and invelve updatied sur-
gical technique and assist devices. In our institution,
we follow the recommendations of the Japanese So-
ciety of Screening of Asymptomatic Cerebral Dis-
orders in deciding on repair of unruptured in-
tracranial aneurysms. Basically, aneurysm repair is
indicated in patients with management risks consi-
dered lower than the nstural risks for rupture or
physical factors for the next 10 years. When we de-
cide to treat the aneurysm of specific patients, either
open cranictomy and clipping or endovascular coil-
ing is selected individually according to the follow-
ing strategy.
A: Clipping is the preferred method when the surgi-
cal risk in the specific patient is similar or lower to
that of colling, Aneurysm repair in the location of
the basilar tip or in patients with very high medical
risks iz often managed better by eandovascular
methods. However, wide-based basilar ansurysms
are repaired by open clipping after thorough discus-
sion with endovascular specialists.
B: I the patient strongly prefers endovascular
management after thorough discussion, endovascu-
{ar treatment is indicated.

In our institution, surgical managements are as-

Neurol Med Chir (Takyo) 50, September, 2010
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sisted by the following advanced technigues to
diminish surgical morbidity: Pre-operative thorough
evaluation of aneurysm images including 3D an-
giography, 3D computed tomography {CT) an-
giography and magnetic resonance (MR} an-
giography, MR imaging with Fast Imaging Em-
ploying STeadystate Acquisition (FIESTA), and
Preoperative 3D simulation.

The gold standard for the diagnosis of cerebral
aneurysms is digital subtraction angiography. This
technique is still essential for assessing cerebral cir-
culation and obtained details of the cerebral vascu-
lar anatomy including the venous system. However,
recent advances in 0T and MR angiography have
reduced the needs for catheter angiography. With
advanced imaging techniques, we now can visualize
and anticipate perforators around the aneurysm,
and imagine the space between the aneurysm and
the adjacent parent arteries. CT and MR an-
giography provide the internal shape of the
aneurysm and FIESTA images provide the external
shape of the ansurysm, and detsct adjacent perfora-
tor and cranial nerves.’” More accurale imaging in-
corporating heart beat influsnce will provide infor-
mation on the distortion of the aneurysm by the
heart beat and the wall thickness of the aneurysm.
Combination of such 3D images can provide very
useful virtual reality simulations for surgical proce-
dures.’® Currently, we can create an actualsized
elastic hollow model of individual aneurysms from
the preoperative 3D images. These models were very
useful in deciding how to apply clips to occlude the
closure line of the aneurysm and combination of
aneurysm clips for complex-shaped aneurysms. ¥

Electrophysiological monitoring: Electrophysio-
logical moniforing is essential to reduce operative
complications. Motor evoked potential monitoring
is very useful for reducing managing morbidity dur-
ing aneurysm surgery, especially around the per-
forating branches such as the anterior choroidal,
posterior communicating, M, and vertebro-basilar
arteries.®! Visual evoked response is also very useful
in reducing risks to visual acuity during interven-
tion for paraclinoid aneurysms.®

Meticulous microsurgical, skull base surgical and
bypass technique: For open aneurysm surgery, the
basic surgical technigue involves meticulous
microsurgical procedures preserving all possible
venous and arteriolar structures. To accomplish ap-
propriate clipping, we need to fully dissect and ex-
pose the aneurysm dome and neck with sharp dis-
section, Also, with the widespread availability of en-
dovascular technique, open surgeons are now facing
mare complex cerebral aneurysms, which cannot be
simply obliterated using the usual microsurgical
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technigues. We should be able to utilize skull base
and bypass techniques as routine additional”
microsurgical techniques. The anterior clinoid
process including optic canal unroofing andior
posterior clinoid process should be drilled in treat-
ing paraclinoid aneurysms or basilar aneurysms to
widely expose the adjacent anatomiecal structures
and create extra room for safe access. Such proce-
dures can be safely performed using the SONOPET
ulirasonic bone cureltage insirument [UST-2001;
Stryker Japan, Tokyo) without the fear of causing
rolling-up injury to the important structures by the
drills.® QOther cranial base approaches including an-
terior peirosectomy and combined petrosal ap-
proach, and transcondylar approaches are ntilized
in managing vertebrobasilar complex aneurysms.
Bypass technigue including superficial temporal ar-
tery {8TA) to middle cerebral artery, ApA,; anasto-
mosis or high flow technique, is often requirad in
the management of some wide neck aneurysms to
salvage parent arteries, especially aneurysms incor-
porating wide or thrombosed wall 123338

Combination of open and endovascular technigue
in selected cases: I cases present possible difficulty
for both open and endovascular techniques, we
should combine both techniques. Especially in cases
with wide neck aneurysm combined with vessel wall
calcification, or adjacent perforator difficult to dis-
sect from the neck, we can intentionslly partially oo~
clude the aneurysm neck with clips and obliterate
the aneurysm completely with endovascular coils.
Endovascular procedure can be achieved safely af-
ter the aneurysm neck is narrowed and the clipping
can be done without sacrificing the perforators. In
Japan, advanced intracranial stent technique is cur-
rently under trial and only performed in gelected in-
stitutions. When such endovascular techniques in-
cluding the soft flexible stenting method are availa-
ble widely, we should actively incorporate such
techniques.’®49 However, we need to carefully ass-
oss the long term outcome of such endovascular
procedures, since the ISAT showed freguent
rebleeding after endovascular procedures.® Current
endovascular technique is not completely reliable
proisction against bleeding from aneurysms.

Application of endoscopy and Indocyanine Green
(ICG) angiography: Endoscopy and ICG are very
useful techniques in assessing the patency of adja-
cent perforating and parent arteries. In selected
cases, clipping can be accomplished under the con-
trol of the endoscope to prevent occlusion of the per-
{orating vesssls. 2 Recently developed ICG tech-
nique is useful in assessing the patency of adjacent
arteries.?®)

Cosmetic skin incision and cranictomy repair: To
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reduce patient’s burden in social life, we should al-
ways consider cosmetic concerns in assessing surgi-
cal outcome. We should avoid facial nerve palsy af-
ter cranictomy and minimize surgical depression of
the temporal area. Muscle atrophy should be avoid-
ed by meticulous dissection technique, avoiding in-
jury to the temporal muscle nerves and vasculature,
and reduce the bone defect caused by the
craniotomy.

II. Qur series of oepen aneurysm surgeries

From October 2006 through June 2008, 133 open
ansurysm surgeries for unruptured intracranial
ancurysms were performed by the authors ntilizing
the above mentioned techniques. Bypass surgery
was included in 13 procedures and cranial base
technigue was involved in 18 cases {anterior
clinoidectomy in 13, posterior clinoidectomy in 3,
anterior petrosal approach in 1, and combined
posterior petrosal approach in 1) Endovascular
procedures (coiling} were added in 2 cases for
planned incomplete ccclusion of the aneurysm. The
endoscope was used in all cases except for middle
cerebral aneurysms. Electrophysiological monitor-
ing was applied in all cases. At discharge, two
patients {1.5%) suffered severe morbidity {modified
Rankin scale less than or equal to 2, or Mini-mental
State Examination Score less than or equal to 25)
Both patients had giant thrombosed aneurysms
{Table 8).

Postoperative MR imaging, obiained in all open
surgical cases, showed unexpected T, hyperinten-
sity in 8 cases. In addition to the severe morbidity,
four patients experienced four subdural hematomas,
which required surgical evacuation one to 3 months
after surgery. Seizure ccourred in 5 patients, which
was conirolled with antiepileptic medication.
Wound complication was found in 2 patients, in-
cluding one patient who required surgical repair for

Table 8 Morbidity of 133 consecutive open surgical
procedures on unruptured intracranial aneurysms in
Kante Medical Center, NTT Ec during Octeber 2006
through June 2008 (mR8 =2, or MMSE =25 at dis-
charge)

Size
Location
<10 mm =10 mm
Anterior circulation 0le2 1126 (3.8%)
Posterior circulation 0/3 112 {50%]

MMSE: mini-mental state examination, mRS: modified
Rankin scale, NTT Ec: Nippon Telegraph and Telephone
Fast Corporation.

CSF leak. No other clinical complication was noted.

III. IHlustrative cases

Case 1 (Fig. 1) This 83 year-old female presented
with a left asymptomatic small posterior com-
municating artery aneurysm. Left pterional
craniotomy was performed and clipping was per-
formed under endoscopic control. After initial clip-
ping, her right upper-extremity motor evoked poten-
tial diminished and endoscopic imaging showed the
clip had occluded a perforator from the posterior
communicating artery. The clip was repositioned io
not constrict the perforator circulation. Motor
evoked response returned and the patient recovered
uneventfully.

Case 2 {Fig. 2} This 72-year old female presented
with a large left basilar superior cerebellar artery
aneurysm. Preoperative FIESTA MR imaging
demonstrated several perforators on the right back
side of the aneurysm. Endovascular intervention
was not indicated because the left superior cerebel-
lar artery was at risk of occlusion. Surgery was per-
formed through the left modified pterional-anterior
temporal approach involving anterior and posterior
clinoid resection using SONOPET. During surgery,

Fig, 1 IHiustrative Case 1, A, B: Pre- and posi-opera-
tive three-dimensional anglograms showing a small left
internal carotid-posterior communicating aneurysm

successfully oceluded by a clip graft, C: Endoscopic
image after initial clipping showing scclusion of the per-
forating vessel {arrow), D! After repositioning the clip,
the perforators were spared {smrrow) and mofor evoked
potential recovered.
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Fig. 2 1llustrative Case 2. A: Preoperative magnetic
resonance image using the Fast Imaging Employing
8Teadystate Acguisition sequence showing several per-
ferators in the right back side of the aneurysm {arrow)
and the left P, segment attached {o the anewrysm dome.
B: Three-dimensional angiogram showing the largs
hasilar-superior cerebellar artery aneurysm with 2 vela-
tivaly wide neck through the narrowed neck {arrow}. G
After partial clipping across the neek, the aneurysm
dome was still patent., D Endovascular coiling was
nerformed to soclude the majority of the dome,

the clip could not be pushed across the neck due to
the toughness of the wall and adhesion of the left P,
segment to the ansurysm wall. So the clip was inten-
tionally placed partially over the neck to produce a
narrow aneurysim neck. Since this aneurysm did not
occlude sponteneously, the remaining dome was
filled with coils through the smaller aneurysm neck.
She suffered temporary left oculomotor palsy, which
subsided in 2 months. No other complication was
noted and follow-up MR imaging findings have been
stable,

Case 3 (Fig. 3): This 50-year-old male presented
with a lelt giant vertebral artery aneurysm with
progressive brainstem signs after coil embolization
in another hospital. He initially presented with
subarachnoid hemorrhage 10 years ago. He was
found to have left vertebral artery dissecting
aneurysm and was conservatively managed. In 2005,
he developed progressive right heaviness and glant
vertebral ansurysm was diagnosed. Ansurysm obe
literation was performed using detachable platinum
coils in another hospital. However, even after the oo~
clusion, the aneurysm continued to grow by blood
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Fig. 3 IHustrative Case 3. A: Three-dimensional an-
glogram showing a large left veriebral artery aneurysm.
B: After coil obliteration of the sneurysm, thers is back
flow from the distel loft vertebral aviery o the top of the

aneurysm {orrow), € Magnetic resonance angiogram
showing a large mass compressing medulla, D Afler
clipping of the distal and proximal left vertebral artery,
aneurysm mass and coil subsiance was partially re-
moved and the brain stem was decomprassed,

back flow from the distal vertebral artery and his
neurological function deteriorated including dys-
phagia, dizziness, and right hemiparesis. Endovasg-
cular trial to voclude the left distal vertebral artery
was unsuccessiul. We planned to occlude the distal
vertebral artery by clipping and decompression of
the ansurysm af the second stage surgery. Left an-
terior petrosectomy was chosen and the clip was
placed on the left distal vertebral artery just above
the aneurysm. There were several perforators from
the vertebral artery, which were spared. Three
weeks later, the aneurysm mass with coils compress-
ing the medulla was removed after proximal left ver«
tebral artery clipping. Postoperative course was
complicated with hydrocephalus, pneumonia, and
persistent orthostatic hypotension. He was trans-
ferred to a rehabilitation facility and resumed his job
7 months afler surgery. At the last follow-up exami-
nation, he was ambulatory and dysphagia was im-
proved. At the last clinical visit, his modified Rankin
scale was 1. {This case was managed in collabora-
tion with the Endovascular Unit at Jikei Medical
School}
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typel

Fig, 4 Conceptual types of the natural course of in-
tracranial aneuryems. Three types of natural course oe-
cur after the formation of intracranial ansurysms. ! In
type I, the aneurysm centinues o enlarge till the phass
of rupture, Most subarachnoid hemorrhage {(SAH) could
be caused by such aneurysms, since many small
aneurysms cause SAH, whersas small unruptured
anpurysm rarely raptures, In type 11, the ancurysm stops
growing, but with some physiclagical or some other ex-
ternal stimuli, regrowth staris and eventually ruptures.
There might be several steps repeating these grow and
halt phases. In type I, the aneurysm siops growing and
remaing stable.

Discussions

Current knowledge on ths origin and growth of the
cerebral aneurysms suggests three types of origin
and natural course of unruptured intracranial
aneurysms {Fig. 4%} Type 1 is an aneurysm which
ruptures immediately after formation. Type 2 is an
aneurysm which stops enlarging sometime after for-
mation, but grows due to some inflammatory
process and ruptures. Type 3 is an aneurysm which
stops growing after formation, but still may start re-
growth due to some unknown biological cues. Type
1 should present as ruptured aneurysm, so unrap-
tured intracranial aneurysms are likely to be type 2
or 3. To determine whether an aneurysm should be
treated, we need to know the type of the individual
aneurysm and the process that induces the growth of
the aneurysm.

The risk factors influencing the growth and rup-

ture of intracranial ansurysms can be summarized
as follows: Group 1 risk factors {evidenced by high
level prospective studies), size {27 mm), location
(posterior circulation > anterior circulation), specif-
ic locations such as anierior communicating,
posterior communicating and basilar artery
aneurysms, and history of subarachnoid hemor-
rhage; Group 2 risk factors fevidenced by retrospec-
tive case series and studies), history of smoking,
multiplicity of aneurysms, higher age, symptomatic
aneurysm, Japanese or Finmish population, and
shape of aneurysm (irregular or high dome/nsck ra-
tio). Such evidence leads us to believe that unrup-
tured infracranial aneurysms should not be consi-
dered as a single disease entity. We should stratify
unruptured aneurysms according to the specific fea-
tures such as location, size or shape, and patient fac-
tors.

Risk factors that influence management outcomes
can be summarized as follows: Group 1 management
risk factors (evidenced by high level prospective stu-
dies}, size, location {vertebro-basilar > anterior cir-
culation), history of subarachnoid hemorrhage, and
age; Group 2 management risk factors (evidenced by
retrospective case series, studies), history of ische-
mia, and type of management, The management of
unruptured intracranial aneurysms is not risk free
and the published outcomss vary according to the
study design and the measurement of outcome. We
should not apply published outcomes to our own de-
cision making. Before discussing risk communica-
tion, we should clarify our own clinical cutcome.
Thereafter, we need to carefully decide the indica-
tions for management by assessing the natural
course and institutional outcome in managing in-
dividual ansurysms.

According to the ISUIA study, recent manage-
ment recommendations for unruptured intracranial
aneurysm did not advocate surgical management for
incidental small intracranial aneurysms unless the
patient is young or has other specific hemodynamic
features.” However, a recent study of the long-term
outcome of ISUIA cases with mean follow-up of 8.2
years reported that the overall sutcome was betier in
treated than untreated patients. Relatively risk-
matched patient groups were exiracted from the
prospective pationt cohort of ISUILA using propensi-
ty analysis score and compared untreated and treat-
ed patients (ISUIA report at the AANS 2010, unpub-
lished data). Although the case risks in both groups
matched relatively well, there might be hidden bias
as sicker patients may not be indicated for treat-
ment. Nevertheless, we need to realize the impor-
tance of long term assessment to evaluate the real
outcome and benefit of treatment of unruptured in-
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tracranial aneurysms.

In Japan, even carefully designed prospective stu-
dies showed relatively low overall morbidity and
mortality in managing unruptured intracranial
aneurysms.’® Te achieve low-risk intervention,
meticulous care in preoperative assessments and in-
volvement of advanced surgical and interventional
techniques are mandatory, including high resolution
MR  imaging, preoperative 3D  simulation,
meticulous surgical technique, skull base technique,
bypass surgery, advanced neuro-physiological and
neurc-imaging monitoring, and collaboration with
neuro-interventional techniques. In illustrative Case
1, the authors demonstrated the need for elec-
trophysiological monitoring and endoscopic control
in managing simple small aneurysms. In Cases 2 and
3, we illustrated the need for cranial base ap-
proaches as well as combination of surgery and en-
dovascular techniques in managing difficult cases.
Brain stem compression caused by the mass effect of
the aneurysm and endovascular material must be
decompressed to alleviate clinical signs, and can be
effective even after months of progressive sym-
ptoms. Well organized and dedicated rehabilitation
efforts and physical care is mandatory to obiain
good recovery.

In 2008, the revised guidelines of the Society of
Screening of Asymptomatic Cerebral Disorders in
japan were published. Recommendations wers
made according to the published series of natural
course and management outcome. The Japanese ex-
periences were stressed rather than reports from
western countries since the natural course of UIA
might be slightly different between Japan and other
wastern countries.#) The management outcomes in
our prospective series are also relatively better than
those reported by ISUIA.

The recommendations for managing unruptured in-
tracranial aneurysms are as follows (hitp:ffwww.
snh.or.jp/ishd/pdl/guideline2008.pdf).

i} Inmterventions for  unruptured cersbral
aneurysms should be determined by the age and
health status of the patient, size, location and nature
{shape and other characteristics) of the aneurysm,
the expected natural course of the aneurysm, and
the institutional or surgeon’s management outcome.
Full detailed informed consents should be obtained
and good risk communication between caregivers
and patients should be created before deciding on
intervention or careful follow up.

i) Surgical or endovascular management is recom-
mended for patienis with the following aneurysms
with life expectancy of more than 10-15 years.

ii) Aneurysms more than or equal to 5 to 7 mm
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ii-ii} Smaller than above but

ii-ii-i} Symptomatic

ii-ii-i} Located at anterior communicating, inter-
nal carotid-posterior communicating arteries or
posterior circulation.

ii-ii-iii) Aneurysm with daughter sac, irregular
shape, or large dome-neck aspect ratio.

iii) Risk benefit analysis based on large previously
published cohort studies can be a useful indicator in
deciding the management of unruptured cerebral
aneurysms in general. However, the natural course,
quality of life, mental status of each patient and
aneurysm, and institutional surgical outcome
should be carefully assessed.

iv) If the unruptured cerebral aneurysm is to be fol-
lowed up without surgical intervention, smoking
and excessive alcohol intake should be avoided and
hypertension needs to be treated. Anecurysm should
be carefully followed every half or one year by high
quality imaging devices.

v} If any change of shape or increasing size is de-
tected by the follow-up imaging, management of
aneurysms should be re-assessed.

vi) Longterm follow up is mandatory after en-
dovascular and surgical clipping of aneurysms.

Conclusions

Unruptured intracranial aneurysms show various
clinical characteristics and risk analysis should be
basad on their features. Indication and decision of
management should be decided carefully based on
the aneurysm features and updated institutional
management risks. All possible measures 1o achieve
safe surgery for this disease, which is mostly asym-
ptomatie, should be deployed. To advance future
care of the unruptured intracranial aneurysms, we
need continue to obtain more accurate data on the
natural course by well designed prospective studies
and develop less invasive management measures
with minimal morbidity including medical treat-
ment.
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Preoperative Evaluation of Unruptured Cerebral
Aneurysms by Fast Imaging Employing Steady-

State Acquisition Image

. mam mmks or g}&ff@f&t@?g A%thaug
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o accomplish safe aneurysm surgery, it is

I important w understarel the microanat-
omy around the aneurysm such as perfo-
rating arteries and cranial nerves preoperatively.
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To assess the microanatomy before surgery, sev-
eral kinds of modalities we used. Two-di-
mensional digital subtraction angiography with or
without 3-dimensional (3D) rotational angiog-
raphy is the gold standard in aneurysm surgery.
On the other hand, dhere have been reports re
cendly thar 3D computed romography angiogra-
phy (CTA) is sufficient for rhe assessment For the
xuta;,n \hgmzm resonance imaging (MRD
can provgde minute anatomical information on
strucrures such as cranial nerves and cerebellar
rencorium.”* Euch has i advantages and i wsed

wwWw gery-onki



complementarily. Bur because the CTA and MR angiography
usually demonstrate only inmaluminal anatomy of cranial vessels
and aneurysm, we usc fast imaging employing sceady-stare ac-
quisition (FIESTA) images of MRI, in addition to 3D CTA and
digital subtraction angiography when necessary, 1o see the outer
environment of the ancurysm to antcipae whether perforating
arteries or cranial nerves adhere to the ancurysm,

A steady-state acquisition sequence, FIESTA intensifies the
contrast berween water and solid swructure with high signal-wo-
noise ratio.’>"” In brain MRI, minute anatomic structures such
as blood vessels and cranial nerves are contrasted to the cere-
brospinal fluid (CSE), so we can understand the microanatomy of
cranial nerves and vessels around the aneurysm,

The purpose of this study was to evaluate whether FIESTA can
provide enough information about the perforating arteries and
cranial nerves preoperatively.

MATERIALS AND METHODS

Subjects

From October 2006 to June 2009, 123 padents with 140 wnruptured
cerebral aneurysms (UCAs) were eated in our instivugon. Eight cases
were sympromatic. Surgical clipping was performed for 114 patients with
133 ancurysms, and FIESTA images were taken in 82 padents. MRI and
MR angiography were routinely obtained for preaperative evaluation of
the unmprured Intracranial aneurysms, and a FIESTA sequence was
added as our department prococol. Adding this sequence was not assessed
by institutional review buard. The locations and sices of the ancurysms
are shown in Table L.

Three-dimensional CTA is used mainly to decide on surgical in-
dication and to determine the treatment modality. Digital subrraction
angiography with 31} rotational angiogrphy is performed routinely.

FIESTA FOR UNRUPTURED ANEURYSMS

FIESTA Images

Imaging was performed by a 1.5-T MRI system {Sigma CV/i, GE
Medical Svstems) wing a standard quadracure head coil. The FIESTA
images were obtained with other scanning modalities with the following
pamamerers: echo time, 1.9 milliscconds; minimum reperition time, 6.3
milliseconds; flip angle, 45% and scan time, 3 minutes 16 millisecconds,
according w the installed program. The field of view was 160 % 160
mm; the matrix was 256 % 192; and the slice thickness was 1.0 mm.

Evaluation

The FIESTA images were assessed preopematively on the screen of the
workstation by the primary surgeons {IK, AM, 5.5} wo determine
whether the hypothalamic artery arises closely to anterior communi-
caring arery (Acom) anenrysms and whether any parforating arteries,
small vessels, or cranial nerves are adhered 1o the aneurysm in middle
cetebral arvety (MCA) or imemal catotid areery aneurysms. When
visualizing the ouwside of the ancurysm and adjacent arteries, if there is
110 CSF bevween them, we speculated thar there might be tight adhesion
between these structures.

During operation, the aneurysm was dissecred  creumberentially
before and sometimes after obliteration of the aneurysm. The perforators
ar other nervous structures indicated by FIESTA images were explored.
"The presence of perforating arteries was confirmed with the endoscope if
needed.

In internal carotid-posterior communicating artery cases, the oculomoror
nerve was nbserved before or afier the applicarion of the clip and confirmed
whether there was anachment or adhesion brrween the nerve and dhe
aneurysm. In aneurysms at other locations, the existence of perforators and
the adherence of pearby arteries or nervous structures alse were assessed.

RESULTS

Location-specific statistical analysis of usefulness of FIESTA is
summarized in Table 2.

TABLE 1. Characteristics of All Ansurysms and Qutcome®
Patients :
Sex, n {%)
. Male 40 (3253
~ Female 83 (67.5)
Mean age (range) ¥ 61.7 {39-89).
Loration Small (< 7 vy pMedium (7-14 mmy
Acom Py 17 G 10
1C-PC 10 ' ) 13
- MCA : 24 L 20
VA-BA 1 1
Others ‘ : 13 11
Toral
Size, nun 81 (3-33)
Glasgow Ouicome Scale ‘
Vs 1
5] 2
MD 1

Large {15-24 rom) Giant {z 25} Total, n %
e o 0 27 200
3 0 26 18.5
3 1 48 361
2 2 6 45
2 0 26 195
133

VE-BA, verebrobasilar system: VS, persistent vegetative state,

“acom, amerior communicating artery; 1C-PC, internal carotid-posterior commumicating artery; MCA, middie carebral artery; MO, moderate disability; SD, severe disability:
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Acquisition images®

CTABLE 2, $ensxﬂvxtzes ané Specxi;catzes Betemng Sarroundmg Stm»:tures Around the Anemysms by Fast imagmg Emp!oymg Steady~$iate

identification of Presence or
Adhesion During Actual Surgery

~Sensiivity, 100%; specificity, 100%

"r artery adhesion detected by FIESTA 4»
ranery adhesson detected by F%ESTA -
Sensmvzty, 101}% specificity, 100%

Yes o

Detection of hypothalamic. mery amund Acom complex. aneurysm (0= 20}

Hypothalamic artery detected by FIESTA + 18 a

. Hypothalamic artery detected by FIESTA — R 2
Sensitivity, 100%; specificity, 100%

Setecmn of surmundmg vesse?s amund MCA aneuq;sms =38} o
MCA branches around ancwysm by FIESTA + 5 g
MCA b{aﬁches arosnd aneurysm by HE&TA s 4 7
Sens;tmzy, 56%, spacifi city, 100% ]

Detecting adhesion between 1C-PCom aneurysm and oculomotor nerve (n = 18) o
1C-PCom An-CN Il attachment by FIESTA + 10

PCom An-CN Hi attachment by FIESTA — o

C-PCom aneurysm 1o the anterfor choroldal artery (n=18)

2ACom, anterior communicating artery; AChor, anterior choroidal; An, ancurysmy; CN, craniel nerve; FIESTA, fast imaging employing steady-state acquisition; 1€ internal carotid;

MCA, middle cerebral artery; PCom, posterior communicating artery.

Anterior Communication Artery Aneurysms

Among 20 cases with anterior communicating artery ancur-
ysms assessed with FIESTA image, the intethemispheric
approuch was used in 9 cases and the prerdonal approach was used
for the others. The Acom complex was dissected circumferentially
in all cases. In 18 anewysms (90%), the FIESTA image indicated
the presence of a hypothalamic artery close to the ancurysm and
no other perforating braches. In all of them, the origing of the
hypothalemic arteries were confirmed during surgery ac the sice
that preoperative FIESTA image had shown, with no other
perforating arteries around the Acom complex (Figure 1), In the
ather 2 ancugysms (10%), no definite perforator was scen on
preoperative FIESTA image. During acual surgery, only several
small arceries were observed around the Acom complex. The
sensitivity and specificity of the FIESTA rechnique were 100%
for the detection of hypothalamic branches around the Acom
aneurysms (Table 2).

In 1 thrombosed large Acom aneurysm, the right A2 was
adhered tightly to the anewrysmal dome, which was well antic-
ipated because the preoperative FIESTA image showed a fack of
CSF between the aneurysm and the parent artery {Figure 1),

MCA Aneurysms

In 36 ancurysms assessed with FIESTA image, 5 ancurysms
{14%]) seemed atcached 1o the anterior temporal arwry or other
small arteries and required dissection from the arteries. Another
31 ancurysms (86%) showed no adhering artery on the pre-
operative image. However, during surgery, in 4 af them (13%),

414 | VOLUME 69 | NUMBER 2 | AUGUST 2011

the perforating arteries were found o arise from the parent
arteries adhered to the aneurysms, which required dissection.
Overall, the sensitivity and specificity of FIESTA for detecting
a MCA branch were 56% and 1009, respecively (Table 2).
In a case of sympromatc giant thrombosed aneurysm, it was
difficult to assess the adhesion of vessels owing to the absence of
CSF berween the aneurysm and beain, bur the lendeulostriate

artery was identified preoperatively (Figure 2).

internal Carotid-Posterior Communicating Aneurysms

The relationship berween the aneurysm and the oculomortor
netve and anterior choroidal artery was assessed in 18 intermnal
carotid—posterior communicating artery aneurysms, including
symptomatic cases (Figure 3). In 10 cases (369%), the oculomotor
nerve appeared 1o fuse with the aneurysm on the preoperative
FIESTA image. In all 10 cases, it was confirmed chat there was ac
least aceachment between them during surgery (Figure 4). In the
other 8 ancurysims (44%), there scemed to be CSF space berween
the 2 structures by the preoperative FIESTA images. During
surgery, the sculomotor nerve was separate from the aneurysm in
all of them.

The detecdon rate of oculomoror nerve attachment to the
internal carotid—posterior communicating artery ancurysm was
100% sensitivity and 100% specificity (Table 2).

In this seties, only 2 cases (12.59%) showed adhesion of the
anterior choroidal arrery to the aneurysm on preoperative FIESTA
images. This finding was confirmed in surgery, and no other an-
eurysmn had adhesion o the antedior choroidal arcery (Table 2.
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el
FIGURE 1. 4 thrombusedd anserior itating arsery ansorpm. K computed vamugraphy after hutro B, virtead veality image of the ansyrysn, €4
throught Con, consequent fast bnaging smploying sieady-staie soquisition images (severad shices are oinirred). Avewies poing 20 the hypothalaniic aviery: bead poins 1 the

A2 segment of the anterior cerebral artery, 1, intraoperative view of the vight A2 segment. Note that the artery adbercs vightly to the ancurysnt (ammwebead). B, after cargful and
metivdons disiection of the A2 segment fronr the anewrysm, Avvote puings 1w the hypothalamic artery bebind the AZ segment.

Other Aneurysms bifurcation ancucysms were precisely depicred in preoperative
Sraall arteries or perforacing arreries around the aneurysm were TESTA images (Figure 5). Arreries larger than approximarely 0.5

also assessed preoperatively i anewrysms of other locations.  mm in diameter were devecred as long as there was some CSF

Critical arteries such as chalamoperforating arteries around basilar space around the ancurysm or the aneurysm was not giant,

FIGURE 2. A case of ghani thwombased widedle cerebsal areery anetyyom. Al plais comptited tomagraphy (CT) shous periwscuryonal edens and stight midline shift. Left
Jronnat low-depsity avea is due 1o & previens subarachnoid homorrbage, B, virtwal reality image of CY anglography. C, up corvbvospinal fluid signal can be idemificd. The
lenticulostriate aveery e be idowtified (double arroioheads), The aneweyon s shmore by an asterish: D, intrugpesarive view aftey vesection of Targe part of the aneseryson. Bl1p
and M1d, proxinial and disiad portion of vhe boviconsal sgmions of the middle cercbral artery.
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pevation, the wnierior ¢

FIGURE 3, A e‘mgz‘ Srternal carotid Lposterior ;ammammxmg ezrmy amfyxm A. ym)prram/e mmm! mzlxt_y zmage gfwmpnted zomovmpi{y angiozraphy, B, laseral image {f
digital sebsraction a angiograph; . Jeis difficuls 1o distinguich vhy ovigin of the anterior choridal arery. C3 through 4, oonsecusive e fast imaging emplaying steady-stave acqnisivion.
{'i TESTA) 5 snages. Arsore poins 1o the fmfmorfbaroza{af artery origiuating from the internal cammid artery (1 sz 1) wad maning near the anewrysm (C-4), D, during the
el wrteries were identified bebind the anewsysm (), as wus expecred from the FIESTA brage. B, schemaiic deareing of D

Clinical Qutcome

There were no morbidities associated with taking MRIs, and no
cerebral infarctions resulting from clreumferendial disseedon were
detectable an postoperatve CT. Overall clinical outcome is shown
in Table 1. The surgical ourcomes of those patieats with FIESTA
imaging at 3 months after the operaton included 79 excellent
recaveries, 1 modenate deficit, 1 severe deficiy, 1 persistent vegetative

state, and no deaths according to the Glasgow Quicome Sale. Two
morbidity cases were those with symptomartic duombosed giant
ancurysms,

DISCUSSION

Management suategies for UCASs are determined by balancing
berween mmm! rupture visk and surgical morbidiy. The rupture

FlGi}RE 4 W ;dme s i me 3. ax #zmugb Aé ﬁts* wxzxgmg ploving sheady

veslomotor merpe (arrowhead) i fo f‘

’ﬁm t}m s

(A1) 10 the pors em{am ?
sbservation of the ocalomotor werve by compressing the my{}sm posseriorly wnder gy e&ppmg ﬁgf tﬁ( cmmd internal
carstid artery and jpsilareral AL segmens of the ansevior cerebral anery,

ko o e o 2

itie ';m}zgf;. ,Z%
s (A4) B, 3 ¢

¢
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PL, PLsegment of the posterior corclral ariery.

FIGURE 5. A awe q‘ basilar bxﬁwamﬂ ansioym, A, dmm‘or postmor i ftf)e i gtm' an,gmgmpfy BL ;&;mg}; Bé fot imiging mpl i
iomages. Chrigin of she vight shalamaperforsing artery (TPA) ke very dose to the neck of ancuryom (-1, arows). The I!ﬁ‘ﬁ TPA s slighrly apass from the neck af the ancutysm and.
goes r;gfmmrd’ over f&: doms of the ancurys (3»4} C mtmapem:m' vitw za(x the Iz_fﬁ or&:t;m*gzemm witeriar e

loying s ::dr—stat( ,mptmmm :

1. Arrows zmimzm the P4 Am anetwrymy;

rate of UCAs varies from 0.05%/y to 2,7%/)/&”8 Nonetheless, if
cuprure occuss, colinical outcome is grave: hence, surgical
interventions are recommended in a selecred group of patents,
Because the rupture rate is not very high, surgical morbidity must
be very low to intervene in the nawral history.

Several factors are assoclated with surgical morbidity such as
age, size, posterior circuladon, and patient comorbidities. In
actual surgery, preserving perforating arteries and cranial nervey

around the aneurysm is imporant to avoid clinical morbidity.
By undersianding the relationship and locadon of the perfo-
rating arteries or cranial nerves and the aneurysm preoperarively,
we can assess and minimize the risk of the intervention. This
knowledge helps surgeons communicate risk to patients. In
some complicated cases, such knowledge can direct incerven-
ional method {open surgery vs endovascular) and the surgical
approach o take.

¥
T

perative view shrough the lift
arachyoid membrane and srabecids.

FIGURE 6. Amerior mmmazmmng:wmy (Aeom) anenrysm with large lamina rerminalis cistern. A, virtaal realiyy image of the comp
xsmgmg emploging sweady-ste acqtsmth imige shows a. velutively lage cerebrospinal fliid space avound vhe anesiysm. The ancurysm is oo by an asterich, C,
vach, The Acom complex i mpma{ widely by gewrle rerraction withpue re;emm o :be rectat, gyms afser minimal dissection of

7 s 2,

ogram.. B, fust
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