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COMMENTS

hojima et al present a well-written report using computational fluid
dynamic (CFD) simulations to propose a mechanistc role for wall
shear stress in the progression of cerebral aneurysms. Wall shear stress is
the tangential force exerted on the arcerial 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 formation, and distinguish this from
the hemodynamic factors related to aneurysm formation. Of 82 un-
ruptured aneurysms studied with 3 dimensional (3D) rotational angi-
ography and followed with serial magneric resonance angiography,
2 enlarged and 2 ruptured with blister formation during the mean ob-
servation period of 10.1 months. In these ancurysms with documented
blister formation, 1 that enfarged (MCA) and 2 chat ruptured (AComA
and basilar apex) comprise the subject of this report. Three-D rotational
angiogram images obtained before and after blister formation were
overlaid to characterize the regions of blister formation. The aneurysm
geometry before blister formation was then analyzed with phase contrase
magneric resonance velocimerry to simulate 3D pulsarile blood flow and
to model shear magnitude ar various sites within segmented parent
arteries, whole aneurysms, and areas of blister formation on the aneurysm
wall. Since shear magnitude values less than 1 Pa were defined as sub-
physiologic, the spatially averaged shear magnirude ar 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 that low
shear magnitude at che blister-forming area is associated with progression
and rupture of cerebral aneurysms.

This report adds to the growing amount of image-based data impli-
cating intra-aneurysmal hemodynamic characrerstics in  aneurysm
growth and rupture. These 3 cases extend the previous wotk by these
authors describing low wall shear stress in MCA aneurysms, and i
unique in focusing upon the area of the aneurysm walls that subsequently
form blisters. The effects of patient-specific flow characeeristics upon
CFD simulations are becoming increasingly clarified. Despite limitations
of these modeling techniques, as evidenced by the exclusion of the
anterior communicating artery ancurysm that enlarged in this series
owing to the presence of inflow from both anterior cerebral arteries, this
field of hemodynamic research is immensely exciting in its potential for
improving our understanding of the natural history of this disease.
Substantial efforts have already been targeted at elucidating the mech-
anisms of mechanotransducton, namely the interaction between he-
modynamic biomechanical forces and endothelial cell function, and
further swudies focusing upon these mechanisms in cerebral aneurysms
will likely lead 1o enhanced insights into the risk of aneurysm growth and
rupture.

Judy Huang
Baltimore, Maryland

The role of hemodynamic forces in blister formation on cerebral
aneurysms is currently poorly understood. Te complicate marters,
recent data have suggested. that the forces thar promote aneurysm for-
mation (high shear magnitude) may, in fact, be opposite 1o those that
promote blister formation. Shojima et al have retrospectively evaluated
3 cerebral aneurysms that have undergone blister formation among their
series of 82 unruptured aneurysms. A middle cerebral artery, anterior
communicating artery, and basilar artery aneurysm with blister forma-
tion were isolated. Using elegant CFD simulations, the authors have
demonstrated markedly subphysiclogic shear magnitudes in the regions
bordering blister sites in all 3 cases. 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 important limitations including small
sample size, lack of some critical preblister formation dava, and typical
CFD limitations regarding the assumptions made for model generation
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and analysis, Nonetheless, Shojima et al have provided i ing data
not previously evaluated, The continued refinement 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 contribute 1o this
burgeoning fleld, should be commended; however, we would alse

T the importance of developing reliable ways to correlate these
virtwal findings with actual biologic cascades and events.

Kyle Fargen
J. Mocco
Gainesville, Florida
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Abstract

Unruptured intracranial aneurysms are relatively common, and can cause subarachnoid hemorrhage.
Management of unruptured intracranial aneurysms requires knowledge of the natural course and
management risks of individual aneurysms, Current knowledge on the natural course and management
risks is summarized and our current management strategy presented. Extensive literature review was
conducted to identify risk factors influencing the natural course and management outcome of unrup-
fured intracranial aneurysms. Our consecutive surgical series from October 2006 through June 2009
were reviewed retrospectively. The risk factors for rupture 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 2006, we have monitored motor evoked potentials in all sur-
geries of cerebral aneurysms and utilized endoscope contrel, and skull base and bypass technigues in
selected cases. In 183 consecutive surgeries, two patients (1.5%) suffered severe neurological morbidity.
Unruptured intracranial aneurysms have various clinical characteristics and we need io stratify
management stralegy according to the aneurysm fealtures such as size, location, shape, and patient’s
clinical status. In Japan, with national efforts to elevaie management standards, morbidity associated
with the treaiment of the unruptured intracranial aneurysms is relatively low. To improve fulure care
further, we need to continue seeking better and less invasive management modalities and technique.

Key words: unruptured initracranial aneurysm, natural course, rupture, growth, management

Introduction

Unruptured intracranial aneurysms are relatively
common, occurring in 2-6% of the adult popula-
tion,? and can have grave consequences after rup-
ture resulting in subarachnoid hemorrhage. Surgical
intervention significantly reduces the risk of rupturs
but the risk of such prophylactic treatment cannot
be ignored. 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
management strategy of unruptured iniracranial
aneurysms.

7

Characteristics of Unruptured
Intracranial Aneurysms

1. Origin 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 to
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 seen in asymptomatic unruptured in-
tracranial aneurysms.” Recently, atherosclerosis has
been considered to originate in inflammation of the
arterial wall. Such inflammatory processes are con-
sidered to be important in the growth and rupture of
the aneurysms. A recent experimental study showed
statins inhibit the growth of experimental cerebral
aneurysms.! Development of medical treatments for
unruptured intracranial aneurysms are awaited,

1. Natural course of unruptured intracranial

aneurysms

Many studies have investigated the natural course
{analysis of risk of rupture) of unruptured intracrani-
al aneurysms.810,20.30,37,38,41,62,45.98) Most studies were
retrospective and some were prospective, but no
randomized clinical trials have been published. In
general, higher rupture risks have been reported in
retrospective studies than in prospective studies.
Also, the independent risk factors are rather
difficult to clarify in retrospective series. Table 1
summarizes the natural course of unruptured in-
tracranial aneurysms from retrospective series. The

annual rupture risk of all intracranial aneurysms
was reported as between 1% to 3% in retrospective
studies. However, there is inevitable selection bias
in the included patients. Elderly, sicker patients or
patients with aneurysms carrying high management
risks tend to be observed conservatively.

Table 2 shows the three prospective studies pub-
lished. The international study of unruptured in-
tracranial aneurysms {ISUIA} including 1,692
prospective cases demonstrated the rupture rate is
about 0,78% annually, and is strongly related with
aneurysm size and anterior or posterior location
{Table 3).#9 Small anterior circulation aneurysms
rarely ruptured (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 annual-
ly). The SUAVe study in Japan included all small
aneurysms less than or equal to 5 mm, and demon-
strated that even small aneurysms can grow and rup-
ture.®® The annual rupture rate in the follow-up
period of 375 aneurysm-years was 0.8%. An addi-
tional 18 aneurysms (4.7%) grew more than 2 mm,
and 5 of them underwent repair of the aneurysm be-
fore its rupture, Considering the growing aneurysm

Table 1 Natural histery of unruptured infracranial aneurysms from retrospective series

Mean age

Annual rupture

Author (Year} No. of cases yrs) Follow up rate (%) Factors affecting rupture
Yasui et al, (1997 234 pt, 303 an 59,6 75.1 mos 2.3 multiplicity
Rinkel et al. {1998p0 3907 pt-yr — 1.9 (1.5~2.4); symptomatic, sex, size, location
0.7: <icm,
4.0: »>1cm
ISUIA {1998 727 pt, 877 an 58 8.3 yrs, 12,023 pt-yr  0.05: <1 ¢m, size
0.5: >icm
722 pt, 860 an 49.4 0.5
Juvela et al. (2000p9 142 pt, 181 an 41.9 18.7 yrs, 2575 ptryr 1.3 smoking, older age, size
Tsutsumi et al. (20000 62 pt 7.8 4.8 yrs 2.3 size
Morita et al. (2006 911 pt 3801 pteyr 2.7 size, posierior, symptom
Wermer et al, (200789 4705 pt, 6556 an 26122 pteyr 1.2: <5 yrs, age >60 yrs, female,
0.8: 5~10 yrs, Japanese or Finnish,
1.3: > 10 yrs size > 5 mm, posterior, symptom

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

Table 2 Natural history of unruptured infracranial aneurysms from prospestive series

Mean age

Annual rupture

Author {Year) No. of cases (yrs) Follow up rate (%) Factors affecting rupture
ISUIA (2003)® 1692 pt, 2686 an 55.2 4.1 yrs, 6544 ptyr 0.78 size, posterior location,
history of SAH
Yonekura (200449 329 pt, 380 an, 82 375 an®yr 0.8 {0.2-3) multiple, female, ACom,
all =5 mm basilar location, age >70 yrs
Ishibashi et al. {2008)® 419 pt, 528 an 2.5 yrs, 1039 pt-yr 1.4 history of SAH, size,

posterior location

ACom: anterior communicating artery, an: aneurysms, an’yr: aneurysm-year, ph: patients, pt-yr: patient-year, SAH:

subarachneid hemorrhage.

Neurol Med Chir {Tokyo) 50, September, 2010

— 147 —



Standards in Managing Unruptured Intrecranial Aneurysms

779

Table 3 Risk specific natural history (annual rupture rate) according to the prospective cohort of ISUIA II

Size
ISUIA II <7 mm
7~12 mm 13-24 mm =25 mm
Group 1 Group II
Cavernous IC {n=210) 0 0 0 3.0% 6.4%
ACIMC/C (n=1037) Y 0.3% 0.5% 2.9% 8%
Post-PCom {n = 445) 0.5% 0.7% 2.9% 3.7% 10%

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

posterior circulation.

Table 4 Summary of reports on the growth of unruptured iniracranial ansurysm

Author (Year) No. of cases Follow up

Enlargement rate

Pactors affecting rupture

Matsubara et al. (2004)'® 140 pt, 166 an 17.7 maos

10 {6.4%);

size, location (BA), follow-up period

2.4%: <5 mm,
8.8%: 5-10 mm,
50%: >10 mm;
2.85%: <1 yr,

8%: 2 yrs,

17.6%: 3 yrs;

40%: BA, 0%: MCA

Yonekura (2004)4 329 pi, 380 an,
375 an*yr

156 pt, 181 an

12 mos

Burns et al. {2009} 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%: >13mm

ACom: anterior communicating artery, an: aneurysms, an”yr: aneurysm-yeaz, BA: basilar artery, MCA: middle cerebral

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

could have ruptured unless treated, the annual rup-
ture rate is not negligible in such patients. A follow-
up study on unireated 419 patients at a single institu-
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 II) have
being conducted, and the preliminary results indi-
cate that the natural course is significantly related to
size as well as specific locations of the aneurysms.
Aneurysms located at the anterior communicating
and internal carotid-posterior communicating arte-
ries tended to rupture more frequently than other lo-
cations, even if small {unpublished data).

Several studies compared three-dimensional (3D)
images between groups of ruptured and unruptured
intracranial aneurysms. Aneurysms 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-

Neurol Med Chir (Tokyo) 50, 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. 7748 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 risk
factors found for aneurysm rupture.

1Ii, Management ouicome and risks

Numerous studies on the management outcome
for unruptured intracranial aneurysms are summa-
rized in Table 5.9742228.42,3) Raported and published
clinical outcomes are significantly different be-
tween various types of studies.*” The ISUIA%* found
that mortality was 1.6% and significant morbidity
{modified Rankin scale 3 or below or mini-mental
state examination (MMSE) score below 28) was
10.9% at the one month follow-up. Decline of cogni-
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Table 5 OQutcome of management of unruptured intracranial aneurysms

Risk

Risk factors

mortality: 0%;
morbidity: 6.5%

mortality:1.0% (0.4-2.0%);
morbidity: 4.1% {2.8-5.8%]}
mortality: 2.6% {(2.0-3.3%);
morbidity: 10.9% (9.6-12.2%)

morbidity: 4.3%;
complete occlusion: 91%,
unsuccessful coil: 5%,
delayed rupture: 1%
mortality: 3.5% (open surgery),
0.5% {egdovascv.ﬁal.)r); y
morbidity: 25% {open surgery),
11% (endovascular)
mortality: 1.5%;
morbidity: 11.7%

(1 mo}

size, location

none

old publication,
giant an,

posterior circulation
early seriss

OpER SUIEry

size, age,
location,
ischemic disease,
symptom

Author {Year] No. of cases Type of study
Wirth et al. (19839 107 pt, 118 an multicenter
open surgery retrospective
cohort,
12 centers
King et al. (189419 733 pt meta-analysis,
open surgery 28 studies
Raaymakers et al. (199818 2,480 pt meta-analysis,
open surgery 61 studies
Murayama et al. (199972 115 pt, 120 an case series
endovascular retrospective
Johnston et al. (2001)9 2,069 pt multicenter
16498: open surgery, retrospective
370: endovascular cohort
ISULA (2003p% 1817 pt multicenter
open surgery prospective
cohort,
81 centers
451 pt
endovascular

mortality: 1.7%,;
morbidity: 7.3%

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

an: aneurysms, pt: patients.

tive function accounted for the major part of the
morbidity, and the importance of measuring high
cognitive function for the clinical assessment of sur-
gical outcome of the patients was stressed. Risks
were higher in elderly patients and patients with
posterior circulation aneurysms. Endovascular
treatment had better outcomes in the group of elder-
ly patients. Survey of the outcomes of aneurysm sur-
gery in Japan found the surgical mortality of 4,396
UIAs 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.?-¥94) Some reported sig-
nificant decline of QOL long time after aneurysm
repair. However, preoperative anxiety was relieved
by the repair of the aneurysm and QOL also im-
proved.*¥ Meticulous surgical repair resulied in
decline of cognitive function in only a minimal num-
ber of cases.?¥ Our recent study (UCAS II) also fol-
lowed the QOL of patients {unpublished data). QOL
scores measured by 8F-8 and EQ5D immediately af-
ter treatment did not show any decline compared to
prior to surgery. Depression score measured by
SF36 mental health and vitality domain was low
compared to the Japanese normal population and
did not show change immediately after the treat-
ment. We are following these scores in the longer
ferm.

Surgical Strategy and Case Series
in Qur Institution

I. Surgical strategy

To accomplish the safest intervention, we need to
carefully assess the patient and involve updated 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 natural risks for rupture or
physical factors for the next 10 years. When we de-
cide to treat the aneurysm of specific patients, either
open craniotomy 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 coiling. Aneurysm repair in the location of
the basilar tip or in patients with very high medical
risks is often managed better by endovascular
methods. However, wide-based basilar ansurysms
are repaired by open clipping after thorough discus-
sion with endovascular specialists,
B: If the patient strongly prefers endovascular
management after thorough discussion, endovascu-
lar treatment is indicated.

In our institution, surgical managements are as-

Neurol Med Chir {Tokyo} 50, September, 2010
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sisted by the following advanced techniques 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 CT 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 aneurysm, and detect adjacent perfora-
tor and cranial nerves.’? More accurate imaging in-
corporating heart beat influence 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 monitoring 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 vertsbro-basilar
arteries,V 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 technique 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 technigue, open surgeons are now facing
more complex cerebral aneurysms, which cannot be
simply obliterated using the usual microsurgical

Neurol Med Chir {Tokyo) 50, September, 2010

techniques. We should be able to utilize skull base
and bypass techniques as routine additional
microsurgical techniques. The anterior clinoid
process including optic canal unroofing andlor
posterior clinoid process should be drilled in treat-
ing paraclinoid aneurysms or basilar aneurysms to
widely expose the adjacent anatomical structures
and create extra room for safe access. Such proce-
dures can be safely performed using the SONOPET
ultrasonic bone curettage instrument (UST-2001;
Stryker Japan, Tokyo) without the fear of causing
rolling-up injury to the important structures by the
drills.* Other cranial base approaches including an-
terior petrosectomy and combined petrosal ap-
proach, and transcondylar approaches are utilized
in managing vertebrobasilar complex aneurysms.
Bypass technique including superficial temporal ar-
tery {STA) to middle cerebral artery, Ay-A; anasto-
mosis or high flow technique, is often required in
the management of some wide neck aneurysms to
salvage parent arteries, especially aneurysms incor-
porating wide or thrombosed wall,12:33.38)

Combination of open and endovascular technique
in selected cases: If cases present possible difficulty
for both open and endovascular technigues, 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 intentionally partially oc-
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 selected in-
stitutions. When such endovascular technigques in-
cluding the soft flexible stenting method are availa-
ble widely, we should actively incorporate such
techniques.’®4) However, we need to carefully ass-
ess the long term outcome of such endovascular
procedures, since the ISAT showed f{requent
rebleeding after endovascular procedures.*® Current
endovascular technique is not completely reliable
protection 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 arieries. In selected
cases, clipping can be accomplished under the con-
trol of the endoscope to prevent occlusion of the per-
forating vessels.'521) Recently developed ICG tech-
nique is useful in assessing the patency of adjacent
arteries.?®

Cosmetic skin incision and craniotomy repair: To
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reduce patient’s burden in social life, we should al-
ways consider cosmetic concerns in assessing surgi-
cal cutcome. We should avoid facial nerve palsy af-
ter craniotomy 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. Our series of open aneurysm surgeries

From October 2006 through June 2008, 133 open
aneurysm surgeries for unruptured intracranial
aneurysms were performed by the authors utilizing
the above mentioned techniques. Bypass surgery
was included in 13 procedures and cranial base
technique 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 occlusion 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, obtained in all open
surgical cases, showed unexpected T, hyperinten-
sity in 6 cases. In addition to the severe morbidity,
four patients experienced four subdural hematomas,
which required surgical evacuation one to 3 months
after surgery. Seizure occurred 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
Kanto Medical Center, NTT Ec¢ during October 2008
through June 2009 (mRS =2, or MMSE <25 at dis-
charge)}

Size
Location
<10 mm =10 mm
Anterior circulation 0/92 1/26 {3.8%)
Paosterior circulation a/3 112 (50%])

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

CSF leak. No other clinical complication was noted.

Ii1. Ilustrative cases

Case 1 (Fig. 1): This 83 year-old female presenied
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 to
not consirict 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 ccclusion. Surgery was per-
formed through the left modified pterional-anterior
temporal approach involving anterior and posterior
clinoid resection using SONOPET. During surgery,

Fig. 1 Hlustrative Case 1. A, B: Pre- and pesi-opera~
tive three-dimensional angiograms showing a small left
internal carotid-posterior communicating aneurysm
successfully occluded by a clip graft. C: Endoscopic
image after initial clipping showing occlusion of the per-
forating vessel (arrow). D: After repositioning the clip,
the perforators were spared {arrow) and mofor evoked
potential recovered.
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Fig, 2 Ilustrative Case 2. A: Preoperative magnstic
resonance image using the Fast Imaging Employing
STeadystate Acquisition sequence showing several per-
forators in the right back side of the aneurysm {orrow)
and the left P, segment attached to the ansurysm dome.
B: Three-dimensional angiogram showing the large
basilar-superior cerebsellar avtery aneurysm with a rela-
tively wide neck through the narrowed neck {arrow). C:
After partial clipping across the neck, the ansurysm
dome was still patent. D: Endovascular coiling was
performed to ocelude the majority of the dome,

the clip could not be pushed across the neck duc to
the toughness of the wall and adhesion of the left P,
segment to the aneurysm wall. So the clip was inten-
tionally placed partially over the neck o produce a
narrow aneurysm neck. Since this aneurysm did not
occlude spontaneously, 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 left glant 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 giant
vertebral aneurysm was diagnosed. Aneurysm ob-
literation was performed using detachable platinum
coils in another hospital. However, even after the oc-
clusion, the aneurysm continued to grow by blood

Neurol Med Chir (Tokyo) 50, September, 2010

A: Three-dimensional an-

Fig. 3 IHustrative Case 3.
giogram shewing a large left vertebral artery aneurysm,
B: After coil obliteration of the aneurysm, there is back
flow from the distal laft vertebral artery to the top of the
aneurysm (arrow). C: Magnetic resonance angiogram
showing a large mass compressing meduila, D: After
clipping of the distal and proximal left vertebral artery,
angurysm mass and ceil substance was partially ve-
meved and the brain stem was decompressed,

back flow from the distal vertebral artery and his
neurological function detericrated including dys-
phagia, dizziness, and right hemiparesis. Endovas-
cular trial to occlude the left distal vertebral artery
was unsuccessful. We planned fo occlude the distal
vertebral artery by clipping and decompression of
the aneurysm at the sscond stage surgery. Left an-
terior petrosectomy was chosen and the clip was
placed on the left distal veriebral artery just above
the aneurysm. There were several perforators from
the vertebral ariery, 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 alter surgery. At the last follow-up exami-
pation, 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.)

— 152 —



784 ) A. Morita et al.

typel

Fig. 4 Conceptual types of the natural course of in-
tracranial aneurysms. Three types of natural course oc-
cur affer the formation of intracranial aneurysms.”® In
type I, the aneurysm continues to enlarge till the phase
of rupture, Most subarachnoid hemorrhage (SAH] could
be cawsed by such apeurysms, since many small
aneurysms cause SAH, whereas small unruptured
aneurysm rarely ruptures. In type I, the aneurysm stops
growing, but with some physiclogical or seme ether ex-
ternal stimuli, regrowth starts and eventually ruptures.
There might be several steps repeating these grow and
halt phases. In type III, the aneurysm stops growing and
remains stable,

Discussions

Current knowledge on the origin and growth of the
cerebral aneurysms suggests three types of origin
and natural course of unruptured intracranial
aneurysms (Fig. 4%9)). 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 unrup-
tured infracranial 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 aneurysms 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 anterior communicating,
posterior communicating and basilar artery
aneurysms, and history of subarachnoid hemor-
rhage; Group 2 risk factors {evidenced by retrospec-
tive case series and studies), history of smoking,
multiplicity of aneurysms, higher age, symptomatic
aneurysm, Japanese or Finnish population, and
shape of aneurysm (irregular or high dome/neck ra-
tic). Such evidence leads us to believe that unrup-
tured intracranial 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 cutcomes 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 cutcoma.
Thereafter, we need to carefully decide the indica-
tions for management by assessing the natural
course and institutional outcome in managing in-
dividual aneurysms.

According to the ISUTA 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 longterm
outcome of ISUIA cases with mean follow-up of 9.2
years reported that the overall outcome was better in
treated than untreated patients. Relatively risk-
matched patient groups were extracted from the
prospective patient cohort of ISUIA 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-

Neurol Med Chir {Tokyo) 50, September, 2010

— 153 —



Standards in Managing Unruptured Intracranial Aneurysms 785

tracranial aneurysms.

In Japan, even carefully designed prospective stu-
dies showed relatively low overall morbidity and
mortality in managing unruptured intracranial
aneurysms.’® To 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 obtain
good recovery.

In 2008, the revised guidelines of the Society of
Screening of Asymptomatic Cerebral Disorders in
Japan were published. Recommendations were
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
western 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://iwww.
snh.or.jp/isbd/pdi/guideline2008.pdf).

i) Interventions for  unruptured  cerebral
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.

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

i) Aneurysms more than or equal to 5 to 7 mm

Neurol Med Chir {T'okyo) 50, September, 2010

ii-ii) Smaller than above but

ii-ii-l} Symptomatic

ii-ii-il) 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.

ivj I 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. Aneurysm 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) Long-term 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
based 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 to achieve
safe surgery for this disease, which is mostly asym-
ptomatic, 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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o accomplish safe aneurysm surgery, it is
important to understand the microanat-
omy around the aneurysm such as perfo-
arteries and cranial nerves preoperatively,
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To assess the microanatomy before surgery, sev-
eral kinds of modalities are used. Two-di-
mensional digital subtraction angiography with or
without J-dimensional (3D} rotational angiog-
raphy is the gold smndard in aneurysm surgery.
On the other hand, there have been reports re-
centy that 3D compured tomography angiogra-
phy (CTA) is sufficient for the assessment for the
surgery."™® Magnetic resonance imaging (MRI)
can provide minute anatomical informaton on
structures such as cranial nerves and cerehellar
tentorium.”? Each has its advantages and is used
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complemnentarily. But because the CTA and MR angiography
usually demonstrate only intraluminal anatomy of cranial vessels
and aneurysm, we use fast imaging employing steady-state ac-
quisition (FIESTA) images of MRI, in addition to 3D CTA and
digital subtraction angiography when necessary, 1o see the outer
envirtonment of the aneurysm to anticipate whether perforating
arteries or cranial nerves adhere to the aneurysm,

A steady-state acquisition sequence, FIESTA intensifies the
contrast between water and solid swucture with high signal-to-
noise ratio.'>?’ In brain MRI, minute anaromic structures such
as blood vessels and cranial nerves are contrasted to the cere-
brospinal fluid (CSF), 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 1o June 2009, 123 patients with 140 unruprured
cerebral aneurysms (UCAs) were weated in our institudion. Eight cases
were symptomatic. Surgical clipping was performed for 114 parients with
133 aneurysms, and FIESTA images werc raken in 82 patients. MRI and
MR angiography were routinely obtained for preaperative evaluation of
the unruptured intracranial aneurysms, and a FIESTA sequence was
added as our deparrment protocol. Adding this sequence was not assessed
by institutional review board. The locations and sizes of the ancurysms
are shown in Table 1,

Three-dimensional CTA is used mainly to decide on surgical in-
dication and to determine the trearment modality. Digital subtraction
angiography with 31D rotational angiogrmphy is performed routinely.

FIESTA FOR UNRUPTURED ANEURYSMS

FIESTA Images

Imaging was performed by a 1.5-T MRI system (Signa CV/i, GE
Medical Systems) using a standard quadrarare head coil. The FIESTA
images were obrained with other scanning modalities with the following
parameters: echo time, 1.9 milliseconds; minimom repetidion time, 6.3
milliseconds; flip angle, 45% and scan time, 3 minutes 16 milliseconds,
according to the installed program. The field of view was 160 X 160
mum; the marrix was 256 X 192; and the slice thickness was 1.0 mm.

Evaluation

The FIESTA images were assessed preoperatively on the screen of the
workstation by the primary surgeons (T.K.. A M., §.5.) o dewermine
whether the hypothalamic artery ariscs closely to anterior communi-
caring artery (Acom) ancurysms and wherher any perforating arreries,
small vessels, or cranial nerves are adhered to the aneurysm in middle
cerebral arrery (MCA} or joweal carotid artery aneurysms. When
visualizing the outside of the aneurysm and adjacent arteries, if there is
no CSF berween them, we speculated thae thete might be tight adhesion
between these structures,

During operation, the ancurysm was dissected circumferentially
before and sometimes after obliteration of the aneurysm. The perforatars
or other nervous structures indicated by FIESTA images were explored,
The presence of perforaring arteries was confirmed with the endoscope if
needed.

In internal carotid~posterior communicating artery cases, the oculomotor
nerve was observed before or after the application of the clip and confirmed
wherher there was attachment or adhesion berween the nerve and the
aneurysm. [n aneurysms at other locations, the existence of perforators and
the adherence of nearby arteries or nervous structures also were assessed.

RESULTS

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

TABLE 1. Characteristics of All Aneurysms and Quicome”

Patients :

Sex, n (%)

Mate 40 (325)
Female 83 {67.5)

Mean age {range), ¥ 61.7 {39-89)

Location Small (< 7 mm) Medium (7-14 mm)
Acom 17 10
IC-PC ' 10 13
MCA 24 20
VA-BA 1 1
Others : 13 : 11
Total

Size, mm 81 (3-53}

Glasgow Outcome Scale

Vs 1
5D 2

S MD : 1

Large (15-24 mm) Giant (= 25} Total, n %
} o 27 200
3 0 26 195
3 1 48 36.1
2 2 & 4.5
2 0 26 195
133

“Acom, anterior communicating artery; IC-PC, Internal carotid-posterior communicating artery; MCA, middle cerebral artery; MD, moderate disability; 5D, severe disability;

VB-BA, vertebrobasilar systemy; VS, persistent vegetative state.
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identification of Presence or
Adhesion During Actual Surgery

Detection of hypothalamic artery aroun
‘Hypothalamic artery detected by FIESTA +
* Hypothalamic artery detected by FIESTA =

und Acom complex aneurysm (n = 20)

“ACom, anterior communicating artery; AChor, anterior choroidal; An, aneurysm; CN, cranial nerve; FIESTA, fast imaging employing steady-state acquisition; IC, internal carotid;

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

Anterior Communication Artery Aneurysms

Among 20 cases with anterior communicating artery aneur-
ysms assessed with FIESTA image, the interhemispheric
approach was used in 9 cases and the prerional approach was used
for the others, The Acom complex was dissected circumferentially
in all cases. In 18 aneurysms (90%), the FIESTA image indicated
the presence of a hypothalamic artery close to the aneurysm and
no other perforating braches. In all of them, the origins of the
hypothalamic arteries were confirmed during surgery at the site
that preoperative FIESTA image had shown, with no other
perforating arteries around the Acom corplex (Figure 1), In the
other 2 aneurysms {10%), no definite perforator was seen on
preoperative FIESTA image. During actual surgery, only several
small arteries 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 ancurysm, the right A2 was
adhered tightly to the aneurysmal dome, which was well andc-
ipated because the preoperative FIESTA image showed a lack of
CSF berween the aneurysm and the parent artery (Figure 1).

MCA Aneurysms

In 36 aneurysms assessed with FIESTA image, 5 aneurysms
(14%) seemed artached to the anterior temporal attery or other
small arteries and required dissection from the arterics. Another
31 aneurysms (86%) showed no adhering artery on the pre-
operative image. However, during surgery, in 4 of them (13%),
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the perforating arteries were found to 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 100%, respectively (Table 2).

In a case of symptomatic giant thrombosed anewrysm, it was
difficult to assess the adhesion of vessels owing to the absence of
CSF between the aneurysm and brain, but the lendculostriate
artery was identified preoperatively (Figure 2).

Internal Carotid-Posterior Communicating Aneurysms

The relationship berween the aneurysm and the oculomoror
nerve and anterior choroidal artery was assessed in 18 internal
carotid~posterior communicating artery aneurysms, including
symptomatic cases (Figure 3). In 10 cases (56%), the oculomotor
nerve appeared to fuse with the aneurysm on the preoperative
FIESTA image. In all 10 cases, it was confirmed that there was at
least attachment between them during surgery (Figure 4). In the
other 8 ancurysms (44%), there scemed o be CSF space between
the 2 structures by the preoperative FIESTA images. During
surgery, the oculomotor nerve was separate from the aneurysm in
all of them.

The detection rate of oculomotor nerve atachment to the
internal carotid-posterior communicating artery aneurysm was
100% sensitivity and 100% specificity (Table 2).

In this series, only 2 cases (12.5%) showed adhesion of the
anterior choroidal artery to the aneurysm on preoperative FIESTA
images. This finding was confirmed in surgery, and no other an-
curysm had adhesion to the anterior choroidal artery (Table 2).
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FIGURE 1. A bosed anteriar f aﬂe@z angwryom. A, computed tomography afier contrase em’mmemena B. wm;.u‘ rele:y' image o the ﬂzzemym -1
through C-4, consequent fust i nm:gmg ploying steady cquisition inminges (several slices are omisred), Arrows point to the bypothalamic arvery; arrowhead points 1 the
Azsegmmrgf the antérior cerebral arsery. D, intracperative vi mg_f‘ti;e ngi}t&:tgmmt Note that she artery adberes tightly to the aneurysm {aww&md) E after mrgﬁd and
meticulous dissection of the A2 sy ﬁom the anetrymh. Arvow poiris 19 the hypothalamic ariery bebind the A2 segmens.
Other Aneurysms bifurcation aneurysms were precisely depicted in preoperative
Small arteries or perforating arteries around the aneurysm were  FIESTA images (Figure 5). Arteries larger than approximarely 0.5
also assessed preoperatively in aneurysms of other locations.  mm in diameter were detected as long as chere was some CSF

Critical arteries such as thalamoperforating arteries around basilar ~ space around the aneurysim or the aneurysm was not giant.

FIGURE 2. A case of gidnt thrombased middle mémf artery anzm:wn &, plain mmpated ta;:wgra;ly ©r Shous povianenrysmal edemna and s!ngt midline sb:ﬁ Left
5 ﬁmrzzl lotw-densisy area is due 10 a previows sub hnoid he (Du,sn B, virtnal realizy image of CT. mgwgmyby C, 110 cercbrospinad fluid signal can be idenvified. The
lenticulostriate artery can be :d’mtzﬁed (Howble arvowheads). The aneutysm is shown by an asterisk. D, i rasive vigw zy‘ier ion of barge pars cf the fzmmjyrm Ml p
and M1d, provimal and distal portion of rk herizontal segment of the middle cerchral arsery. L i : .
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FIGURE B. A large insernal carotid-posterior communicating artery aneuryon, A, preoperative virtual reality image of
digital subtraction angingraphy. It is difficnlt w distinguish vhe origin of tf:e anserior choroidal artery. C through 4, consecutive fust iy
(FIESTA) fmages, Arvow points to the anterior chovoidal artery oviginasing, ﬁam the internal carotid reery (ICA; C-1) and. renning near the ancirysm (C-4). D, during the
aperation, the anterior churoidal arteries were idemtified bebhind the anewrysm (An), as was expecied from the FIESTA image. B, sthematic drawing of D

ypused tomog iphy angiography. B, Lateral mage of
1g seeacly-state aeguisition

1,
- ic-Taldd

Clinical Gutcome

"There were no morbidities associated with taking MRIs, and no
cerebral infarctions resuldng from circumferental dissection were
detectable on postoperative C T. Overall clinical outcome is shown
in Table 1. The surgical ourcomes of those padents with FIESTA
imaging at 3 months after the operaton included 79 excellent
recoveries, | moderate defici, 1 severc deficit, 1 persistent vegetative

state, and no deaths according to the Glasgow Outcome Scale. Two
morbidity cases were those with symptomadc thrombosed giant
aneurysms.

DISCUSSION

Management strategles for UCAs are dewermined by balancing
between natural rupture risk and surgical morbidity. The ruprure

/s nerve (arrowhead) is f followed
abm'mtwn of the oo nfrw by comp

Flt‘.‘ﬁ}RE 4. Tize sme ease as-in. Fzgure 3 Al zlzrmxgé Ad, f[zrt xmgmg empfa}mg smtdysms‘r mgmsrmn imagm The
o the midbrain (A1) to_the porus oculomotorins (A-%). B, intravperasive
ing the anctrym, ;}astenarb snder zempom:y clipping of the cervical internal
 carotid artery and psilateral Al segment of the anserior cercbral arvery.
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FiGﬁRE 5. A awe of &whr atio mrym, A, anter rios v sterior vew of zi:e d;gw! angwgmpby BI zbmugix B4, f:::r fmaging emptmng:teady-sm acqm;mar{
*itnages. Origin of the right ibeiamopmfbrmng artery (TPA) is very dose 1o the neck of. anewrysm (B-1, arvow). The lefe TPA is dightly apart from the neck of the anewrysm and
goes righsward over the dome of the aneurysm B-4).C, mﬂwpgmtme wew via xi;e kﬁorb:to,qgomam anteriv tmpomi appro;zc/; Arrow ma’m;tes the YPA. An, memy.wx, :

PL PL segment of the posterior mtbrdl artery.

rate of UCAS varies from 0.05%/y to 2.7%/y.'¢"'® Nonetheless, if  around the aneurysm is important to avoid clinical mosbidity.
raprure occurs, clinical outcome is grave; hence, suigical By undesstanding the reladionship and location of the perfo-
interventions are recommended in a selected group of patients.  rating arteries or cranial nerves and the aneurysm preoperatively,
Because the ruprure rare is not very high, surgical morbidity must ~ we can assess and minimize the risk of the intervention. This
be very low to intervene in the natral history. knowledge helps surgeons communicate risk to patients. In

Several factors are associated with surgical morbidity such as some complicated cases, such knowledge can direct interven-
age, size, posterior circulation, and patient comorbidities, In  tional method {open surgery vs endovascular) and the surgical
actual surgery, preserving perforating arteries and cranial nerves  approach to take.

FIGURE 6. Anserior communicating artery (Acom) aneurysm with large lamina terminalis cistern. A, virtual reality zmdge aof the computed romography angi B, fast

imaging emplaying sieady-stare acquisition image shows u relasively Jarge cerebrospinal fluid space avound the anesiyom; The aneniyysm is shoun eﬁy an asrerisk. C,
intracperazive view through the left prerional approach. The Acom comples: is exposed widely Igy gentle rerraction wirhous resection Lfrf’;e rectal gyrus affer minimal dissecrion of

arachnoid membrane dmi pabecnla.
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For this purpose, 3D CTA and MRI have been recruited in
addition to, or instead of, convendonal or 3D rotational angiog-
raphy. Three-dimensional CT and its original image daw can
provide informadon about the relationship berween the aneurysm
and bony structure, which is especially important for assessing
paraclinoid and posterior fossa aneurysms. MRI can show the CSF
and its contrast with soft tissue such as nerves and brain, Several
reports state that either is sufficient for the preoperative evaluation
for the surgery of aneurysms. 2% 1120 However, these modalicies
are complementary and should be used together.”

Magnetic resonance imaging has many characteristic
sequences, and MR angiography might be sufficient to
understand the aneurysm and nearby large arteries. In posterior
fossa surgery such as microvascular decompression or removal of
acoustic neurinoma, constructive interference in steady-state
imaging (CISS) is often used to assess the cisternal struc-
tures.”*? In CISS, the contrast between the CSF and the
surrounding structures is intensified; as a result, the nerves or
small vessels are depicred.

Like CISS, FIESTA is a field echo sequence in which free
induction decay, spin echo, and stimulated echo signals produced
by radiofrequency pulse are combined simulraneously, so high
signal-to-noise ratio can be accomplished. Owing 1o complete
rephasing, this sequence has flow compensation, resulting in images
with fewer flow artifacts compared with CISS imaging.'*'

In the preoperative assessment of UCAs, the contrast between
water and solid structure is intensified, so we can understand the
relationship of the nerves and vessels around the aneurysm, both
of which are located in the CSF. In this study, we proved thar the
sensitivities and specificities of FIESTA imaging were 100% in
detecting hypothalamic artery around Acom aneurysms, oculo-
motor nerve attachment to the posterior communicating artery
aneurysm domes, and anterior choroidal artery adhesion w the
postetior communicating artery aneurysms. Although the spec-
ificity was 100%, sensitivity was 56% in detecting vessel adhesion
around the MCA ancurysms. In cases with MCA aneurysms,
there may be unexpected perforating branches during surgery that
could not detected by FIESTA images. Howeves, if the FIESTA
shows some branches, there will definitely be some important
branches around the aneurysm.

In addition, we can predict the extent of the cistern around the
aneurysm, which correlates with the difficulty in dissecting the
aneurysm. For example, we prefer an interhemispheric approach
for Acom aneurysms because of the ease of recognizing the an-
atomic structures of the Acom complex, including the origin of
hypothalamic arreries, Tn those cases with large lamina rerminalis
cistern on preoperative images, however, we use the prerional
approach because it is casy to expose the Acom complex without
damaging the rectal gyrus (Figure 6).

Because the absence of CSF between an aneurysm and known
structures such as adjacent main arterial trunks indicates adhe-
sion, FIESTA images are useful for assessing the risk for ancu-
rysmal dissection from adjacent arteries and clipping and for
considering other treatment modalities.
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It is often difficult to distinguish which line or dot stands for
nerves or vessels on a single slice. However, by examining con-
sequent slices to detect connecting structures, we can judge what
they represent. Using a workstation or a personal computer with
an imaging tool for digital imaging and communications in
medicine (DICOM) data sets of the FIESTA image, it becomes
much easier to grasp the course of the perforators and cranial
nerves by showing the images consequenty.

Cranial nerves were distinguished from small vessels in all
cases by following their course from the brainstem or dural edge
using the knowledge of microneuroanatomy. Thus, for an
internal carotid-posterior communicating artery aneurysm, we
could assess whether the oculomotor nerve was artached to the
aneurysm by following it from the emergence at the midbrain.
Although it was still difficult to assess how tight the adhesion
was, there was a tendency for tghter adhesion between the
aneurysm and oculomotor nerve in the actual surgery in cases
with the more numerous slices of attachment on the FIESTA
images.

Although FIESTA can provide much information on the
microscopic anatomy around the aneurysm, this technique has
several limitations. Sensitivity in detecting adjacent arteries
around the MCA ancurysms was relatively low (56%), prob-
ably owing to a relatively small amount of CSF around these
aneurysms. Small arteries that adhered to and had become flat
on the surface of rather large aneurysms could not be distin-
guished on the preoperative FIESTA image. It was also
difficult to judge whether there were any vessels when the
aneurysm was large and buried in the cerebral cortex because
there is no CSF between the aneurysm and the brain tissue. In
MCA aneurysms or large aneurysms, a FIESTA image should
not be relied on to depict all the important arteries around the
aneurysm.

In this series, only open surgical cases were assessed by FIESTA
images. In our institution, the majority of referred UCAs are
wreated surgically because of our specialty. We have performed 13
endovascular coilings during the same period, which were in-
dicated because of patient preferences and surgeon judgment,
including anticipated difficulty in separating perforating arteries
by FIESTA images as stated above.

Imaging with FIESTA is introduced mainly to provide
thorough information about the aneurysms before surgery.
During actual surgery, after such preoperative prediction, we
use modern surgical adjunctives such as neuroendoscopy and
indocyanine green videoangiography. Both are very useful for
detecting perforating arteries and nervous tissue and con-
firming intactness after clip application. Using all available
techniques should lead to minimizing surgical morbidity.
Although the introduction of FIESTA does not seem to con-
tribuce directly to surgical outcome, careful preoperative ana-
tomic prediction is an essential step for successful surgeries, and
this method can provide very useful anatomic information to
minimize surgical morbidity and ro decide on management
modalities.
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