2. R

Bl 770 20 A S s 7356 L ZOWIEEL TREE TR 500
TUoE Jﬁ' I PR T, i “s‘“wr“?‘* TR ORI AT 5, S0

CAVDIERIE OO VAL « L o NOSTE LTI T2 T | e S R R A
483 fi_ﬂ~1Wrwwﬁ11»‘".'{.‘?%?'“:1%4 a'i TNTIRIERD LN LM AT A 2 ML B
A% BE OB TR E LIRSS
%, L:c‘Ld ﬁm M,z*;»! Eiﬁﬁ?mﬁ- 'E“L T AU L T D D iR ORI A
T D7, FRLIZE DL YRI5 ﬂw.r; T HERA B ﬁlgg; TWAZ TSR
Thd 1-4), Fi=, ' '?":"{53',’*:?%f;’£:;B-%’t‘in.:»‘,ff;i‘(?%'s??’i‘ ER= e/ iy
B S I N AEHEMEHE 3-5), — 5T, [ HR
f--’iii‘-t;"‘ﬁ:??'??if{f/{fff‘*“f“ \.J*t% Fpdhitt A‘j‘ﬂd NI, EDOLARRRE T2 O E R E
SOEFRRE GOV THEBRM THE &0, —IRI0ITITE R TV e 2
MAE A, PEERE IS VLG T T 2% 1-6) Lasl . BRIz, &
A INARRU ZURAEN IR TR ORI 20 T F 0 AR A - TSR B 2

i

BIEZELL 7

3. By

ER T BT RS R

R, IR D IS T R A L Do T, R

FRTOLHNER, BEE 4":’.”5'5-11?::1112"&.?:.}.‘!f%':ii;"‘-‘IL- Al EE LR
DL E ORI T EWSANIT S,

=9

. WS

e ZESTINRES A IR S AU =B 2 0 5 I U VR )
i SO R PR PR AR l:,‘:::'fﬁglt-_-%,if OIS e =8 )

j%’LL/:Q

4-1. R
L]
1}

AR SRR AR A TR S o N BT 20104E2 H 252010 0 5 H (i
’)‘ $4 f\ 1 WI”JPHHLI*IP?)F J"*‘H : '*;'*fﬁiﬁht,«i;) 54
SO T B OTERE I T # 2 ou THIIELL Eisb 08 T i T

RS ‘/j

64



2
3) AR kT2 TR O IR
) AR E L BARL | BN~ A 7 — LR aL VY S D% I Y
fﬂu@ﬁﬁ’%i&ﬂ ]
1) B FER ST P A A R 7 L S o B R S e
2) RO ELEML | BN ~DAL 75— L Yo b EL LTS

4-2. HMM
FRONFEETEMMA L | S LR A s/ S m Bk 5,
(1) THBGRARRE ek 2 8 o Rfie
SRR LR | 700 TN SISO ERIRIR Lm T2 B R O R AR A2
LTI TRWDIZEIRD &N Em Pz CE A A0 D6 ER PR ol — R BE A
(2) BFR LIRS FE SO TR E LR B I
@) HEHER ORI R L OYAY | SO EEHIEUIDB S ORI L 3 R0
BB 2o (2 | A 3R
ZU B TR ME I EAR W R O R RS Y A | B A R
HEL T35 8 O 5 B 20 M0 Ll 22 %0~ 100% O §EI THEEL L 10 e & T
F a7 KB (VAS) v—%2 7

4-3. FERIE
King®OFE{TIFE 7) 48 | 88 s 8 g 304 O h% BT 3087 13

5. TAHEhIAEER

S a = La R T HRNTOE

Sy Ba TS| S o R
IR T | ARHEROBEITIE IO,

6. fiEdT Ik

WNAHCER, BoR BAEE, Ak, e, ﬁh%ﬂ(!ﬁm%@fa SUNERROTEA AR,

B LEHEAREOY v — REOB S~ TIZLILO, LIS B L ik
B4 A EIED— i A « 22T R0z
K AT e 2B OFHER W TRLD ML OB ENE OB AL 88D

65



PR A E R AR, 0~0.20: 4037 'iii’if‘(l.ﬁlw’).-‘w B 0L 0060 PR
v.'ﬁfr}’}

"‘ﬁiﬁ.(ﬁl%(ﬁ.%ﬂ g —Er 0.81~1.00:{RF e efr—F L3

£ Y

R L BSERER AR OVAS A~ DEIE DT Wileoxon HRTE . B ?’fv’l»hi‘f DEEIZEs
(THARIT, Kruskal-WallisfiE TR, U1 408 W00 £ 7opii 0,03 FRNCHE
32,

7. BRI IUML

SABEEEA R ~ ORI T

8. fREEABELE

e E ”/n(}‘if arai% fl&[.. ), gt "}:f'ﬁj] HLEEE
(2007411 ) R frds
{ERIFAE 5 ¢80 b

2Lz A

VRO f ?‘?Th:“il
it FH2000E4 H BETTIEIERD ) 4 J§ FL
l""i‘{ﬁﬁ@‘%}ﬁ{l‘{i: S, i'l—.ﬂ"" ST GE O ANE BRI o T o — L

B L TR bt

:~

9. WFFEE N

TR 2P PR S 2 B B (R I BT i e e s
Ao BN TR e SRR T i 38 1 o A e
(HZ1- REREF3E- —8%- 008: {CEFF . B mes)

10. WFoCHERSR

W 0T s R S i

11. 3R

1 Cassileth BR, Zupkis RV, Sutton=Smith K, &1 al, Information and participation preferences

66



among cacer patients, Ann Intern Med 1980:92:832 -6,

2 BEwde |, Kazis L, Ash A, et al. Measuring vatients’ desire for autonaorytdecizion making and
information-seeking preferences among medical patients. ] Gen Intern Mad 1989:4:23-30.
3 Faden RR, Becker C, Lewis C, et al. Disclosure of information to patients in medical care,
Med Care 1981:19:718-33,

4 Stiggelbout AM, Kiebert GM. A role for the sick role. Patient prferences regarding
information and participation in clinical decision—making. CMAJ 1997:157:383-9, .

5 Murray E, Davis H, Tai S5, et al. Randomized controlled trial of an interactive muitimedia
decision aid on hormone replacement therapy in primary care. BMJ 2001:323:490-3.

6 Ende ], Kazis L, Ash A, et al. Measuring patients” desire for autonomy: decision making and
information-seeking preferences among medical patients. J Gen Intern Med 198%;4:23- 30,
71T King Ir, H Yonas, M B Horowitz, A B Kassam, M S Roberts. A failure to comimunicate:
patients with cerebral aneurysms and vascular neurosurgeons. | Neurol Neurosurg Fsychiatry
2005:76:550-554.

8 Landis JR, Koch GG, The measurement of observer agreement for rategorical data.

Biometrics 1977:33:159-74.

67



AR UBIIRA LB HT SN Tc B S A~

AEAH  Egio2 g H & B4 i

AHDBEERITONT, SAEOEBESIFOI L TREB FAL

FHENOEBIZOVT, bolb B TITEAMES

1G-Sl = SO DS i o DO

[1] BAORBIREO-HOREOLEZ, FHTHS,

1 RKULMZESES 2 #5485 3 ELohELNSEFSES
4 EEhELSEFSERLEN 5 38 bk 6 FEo={F3E i

[2] BAORBIREOL-HOBREOLEL, 2L EBRHTTHAD,

1 KM ESES 2 55 3 EBohENIEFSES
4 EEhENDSEFSEEL 5 50 6 FEol={EF58bi

[3] BSORBIREO-HOBEDLEL, AR TITBAZRTIETHE,

I RWIZESES 2 383 3 EBLMENSEESIR-S
4 ELRMELSIEZS DL 5 £33 6 For{E5- b

[4] BHORBIREO-OOREDMLEIL, MR S&U CAT R+, MEERS
ETRBERTIIETHD.

1 RULMZESES 2 2585 3 ELLMNENIEEIRS
4 LHoMELIEEIBDAL 5 EH-HIEL 6 Fol(F3E b

[5] 4BORROEHLYICIXRBIREDAMRIRBEABRTE-,

1 RWNNZESRES 2 385 3 EBLLMEIEES/S
4 EHoMELIEESEBDEN 5 EIR-bHIEL 6 Eo1=(E3E DI

[6] SEORROEOYICIRBIRED:-HOBREONEHNBRTET-,

I KWMZESHES 2 #5885 3 EhiohElVviEEsES
4 EBuhENIETSEDE 5 5/ bHIEN 6 FEo{EI bR
EAUTIR, MO RBIGREG ST GES Y conm 1 B

68



L& Bl ) B T B2 SR RN B RS 0 BB S A O se I L T

AR FrioegE  H B 5 4,
’QAJ »H ﬁ ][ TS “,, ;uj:u,'}g;’r!ﬁ"‘g;:’ VT +m LT b l’ TihEA [_“twr.
NRUE, ZORETAZO& 5T FEC (RO BB A TS B S AU B BVETEL v )

[1] (\..(DE%E."AJCD@ ELF Bl4%) ﬁﬂﬂﬁﬁwtmmliwﬂ!t&%fﬁ'&%éo

1 RWNMZZESES 2 £385 3 ELLMELVIEESRS
4 ELLMELNIEEIBHAEL 5 F3- bl 6 For=<EI B DAL

[2] RBIRBO-HOBREOLEZ. oA LEBRHTHD,

1 RKWMZEIES 2 585 3 ELoMhELIEEFSRES
4 EELhENSEFSEDELY 5 58 bz 6 Fo1={F58 b

[3] WBIAREO-HOBEORER, AR TITEBZRTIILTHE,

I KWMZESES5 2 585 3 EBLhENSEESIRES
4 ELLMENSIEFSEPAL 5 T8I 6 Eo-<EF58 b

[4] BEBIAREOI-HOBREOREL, MR H&LU CAT ¥ vy, NEEHLE TR
BERTIKIETHS,

1 KWNZESRS 2 T/ 3 ELohENSEEFSRS
4 E%Bﬁ‘tt‘ak{‘?mxb&tv‘ 5 3B 6 i?f:(%afﬂb@{.\

[5] 4BOBROLLYICIIRBIREDEEBBRENSBETEL,

PR & 5) 2 385 3 ELBDMELSEESRS
4 ELEHMNENIEESBDhAL 5 T3/ 6 FEor={E3 8 b

[6] 4BOERRORLYIZIRBIKEO-HOBREOLEBHFBRTEL,

1 KULMZFSES 2 585 3 EELENSEFSES
4 EEbhENSEFSEDLE 5 38 biz 6 Fo1={F58 b

69



PElide & OB & AT 5 R
FPRUIDWTE ZAMBIEOLL B &L T

BTl O b T T2 80,

BAREZ AR TRBBMBLIIES . S HR0FERD N =ri-05E Lo aThEk:
(COEPREICERGRBEERILI VR T DR

R U — —

0 10 20 30 40 50 60 70 80 20 100%

ZUVE LT MM ENER WAL OARICHSIAE SO DA

0 10 20 30 40 50 i 70 80

70



2F4—A

HWReEme Rk 4 A 2]

MREEE (1) EERE O (2) REEHAR (3) BOF
BREEBIRBOE (ATFToDh >@OMIEERA) BOXKEE - Z20oH® (JL
fi - ek HIDKHI=&H 5 BRE BXE JoHER)

@ ATRREBIR Qa7 EENR (BIEERA)
@ KIEHR  OPIEBIR
@M BIR % 3T E B
®A0OHI<H LKA
OB BhiR DR EE BT
i @ K REhR !
BEEOMUIZH D BIRE
OSBRI Y
=2 B ORBIIRE ( ) ( ) 7 &
(SAH I T LB Z) mm
=D H ORBARE { ) ( ) " &=
mm
= DB OREIRE ( ) ( ) 7 &=
mm

EREOHS B, LBICHBIREEET AN AT IR AV I
SAH R % B (#HB: ) e
B BT 5 RBF R H# A A
s EhBRAR RO W 5 & MRA (MRD , 3D-CTA (CT) , DSA, #off ( )
R BB D 7 &

BE. BXOHERE BOBE #WK mm/ » A

71




Original Paper
—

Cerebrovasc Dis 2010;30:491-499
DOI: 10.1159/000317087

JUYEARS
Cerebrovascular
Diseases

Received: November 16, 2000
Accepted: June 11, 2010
Published online: September 22, 2010

Practical Decision-Making in the Treatment
of Unruptured Cerebral Aneurysm in Japan:

The U-CARE Study

Yukinori Akiyama®  Kiyohiro Houkin® Kazuhiko Nozaki® Nobuo Hashimoto®

“Department of Neurosurgery, Sapporo Medical University, Sapporo, ®Department of Neurosurgery,
Shiga University of Medical Science, Ootsu, and National Cardiovascular Center, Suita, Japan

Key Words
Practical decision-making - Cerebral aneurysm - Clipping -
Coiling

Abstract

Background: Decision-making during the management of
unruptured cerebral aneurysms is a delicate process for both
neurosurgeons and patients. Guidelines are evidence-based
references that can aid in making decisions. However, neu-
rosurgeons do not always follow guidelines in clinical prac-
tice. The purpose of this study is to verify the hypothesis that
there is substantial dissociation between treatment guide-
lines and practical decision-making due to a bias in treat-
ment selection for unruptured cerebral aneurysms. This bias
is dependent upon dlinician-driven factors such as experi-
ence and specialty, and patient-driven factors such as pa-
tient preference. Methods: This study was performed using
internet questionnaires. A total of 282 randomly selected,
qualified Japanese neurosurgeons (out of approx. 6,000 reg-
istered neurosurgeons), including 45 endovascular special-
ists, participated in this study. Radiological and demograph-
ic data from 88 cases of unruptured cerebral aneurysm were
opened on the Web. Participating neurosurgeons decided
on the treatment for each case (clipping, coiling or observa-

tion). Results: Variations in treatment selection were not sig-
nificant between neurosurgeons and endovascular special-
ists, except for aneurysms such as anterior choroidal artery
aneurysm. However, contrary to the guidelines, aneurysms
larger than 10 mm tended to be treated conservatively be-
cause the risk of treatment is high, while aneurysms smaller
than 5 mm in diameter were often selected for intervention
(clipping or coiling). Conclusions: This study revealed that in
real-world clinical practice, physicians are not always faithful
to the current guidelines. In making practical treatment deci-
sions for unruptured cerebral aneurysms, the patient’s will
and the recognition of unavoidable, treatment-related risks
seriously influence neurosurgeons’ decisions.

Copyright € 2010 S. Karger AG, Basel

Introduction

It is well known that the rupture of intracranial ce-
rebral aneurysm is a major cause of subarachnoid hem-
orrhage, resulting in serious mortality and morbidity.
Therefore, it is theoretically rational that the detection
and preventive management of unruptured cerebral an-
eurysms may decrease the incidence of subarachnoid
hemorrhage and its consequent mortality and morbidity.
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Unruptured cerebral aneurysms can be divided roughly
into 2 types: asymptomatic and symptomatic. The former
is often discovered by ‘Brain Docs’, a medical check-up
system developed in Japan, or a detailed inspection of
other cerebral disorders such as cerebral infarctions. The
development and spread of high-resolution image modal-
ities such as magnetic resonance angiography (MR A) and
computed tomography angiography in Japan have in-
creased the frequency with which asymptomatic unrup-
tured cerebral aneurysms are now discovered.

The prevalence of unruptured cerebral aneurysm is
assumed to be 2-6% in adults in Japan. While the rupture
rate of unruptured cerebral aneurysms is estimated to be
1%, subarachnoid hemorrhage is presumed to occur in
20-60 patients per 100,000 people per year. Moreover, the
mortality and morbidity rates of subarachnoid hemor-
rhage (50 and 25%, respectively) translate into 10-30 pa-
tient deaths and 5-15 severe physical disabilities resulting
from subarachnoid hemorrhage per 100,000 people per
year.

The preventive management of unruptured cerebral
aneurysms can substantially decrease morbidity and
mortality due to cerebral aneurysm rupture. There are
many complex issues surrounding unruptured cerebral
aneurysms. Among them, treatment selection is a pri-
mary concern. Evidence-based guidelines function as a
reference for treating unruptured cerebral aneurysms.
However, decision-making is not always straightforward
in particular cases in daily clinical practice. It is unlikely
that physicians and patients simply follow these guide-
lines without exception.

We conducted this study to reveal the practical deci-
sion-making processes employed by neurosurgeons in
cases of unruptured cerebral aneurysms, and the prima-
ry factors that influence their decisions. This study is the
first in the literature regarding unruptured cerebral an-
eurysm that can be classified as a practice variation study,
although such studies have been undertaken in other
fields.

Methods

Study Design

This study was performed as one of the substudies of the
Unruptured Cerebral Aneurysm Study on Risk Communication
and Evidence-Based Decision-Making (U-CARE), a compre
hensive study on unruptured cerebral aneurysm supported
by a grant from the Japanese Ministry of Health, Welfare and
Labor (No. H16-03, chief researcher: Nobuo Hashimoto). We
have opened a website (http://u-care.sapmed.ac.jp/cgi-bin/
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WebObjects/u-TREAT) that is accessible only to selected mem-
bers with a password. Eighty-eight selected patients with unrup-
tured cerebral aneurysms who had consulted the Sapporo Med-
ical University and Kyoto University were enrolled from 2005 to
2006. Patients” demographic data, such as their gender, age, oc-
cupations, symptoms, present illness, personal and family his-
tory and preferences, and radiological data, such as magnetic
resonance imaging (MRI), CT and/or MRA, were posted on the
website in accordance with personal information protection
laws (fig. 1).

Two hundred eighty-two neurosurgeons, randomly selected
from approximately 6,000 neurosurgeons certified by the Japa-
nese Society of Neurological Surgeons, have joined this study. Of
these, 45 were also licensed endovascular specialists certified by
the Japanese Neuroendovascular Society.

Participating neurosurgeons proffered decisions for each case,
selecting the following 3 choices of (1) surgical treatment, (2) coil-
ing and (3) conservative observation, via the Internet. Basic atti-
tudes toward the Japanese guidelines for treating unruptured ce-
rebral aneurysms were also surveyed.

Patients’ Data and Physicians’ Data

Patients were aged from 29 to 77 years (median 62.5). Present-
ed aneurysms included internal carotid artery (ICA, n = 34), mid-
dle cerebral artery (MCA, n = 38), anterior cerebral artery (ACA,
n=17), vertebralartery (VA, n = 6), basilar artery (BA, n= 11) and
posterior cerebral artery (PCA, n = 4) aneurysms. The distribu-
tion of the aneurysm locations in this study seemed to be similar
to the distribution occurring in the general practice. Patient de
mography included personal history, family history and requests
regarding the aneurysm management (clipping, coiling, conser-
vative and reliance on doctors expertise).

Physicians” data included subspecialty, working facility (e.g.
location, hospital size, University hospital) and experience (num-
ber of annual cases of unruptured cerebral aneurysms).

Data Analysis

We calculated that if all 327 doctors responded completely to
all 88 cases, there would be 28,776 total answers. The real average
response rate has reached approximately 80%, and consequently
enormous data (as much as 23,000 answers) have been collected.
The data consist of many factors, including both clinician-driven
and patient-driven factors. Analysis in this study focused on 5 fac-
tors significant to daily practice: (1) aneurysm location and sub-
specialty; (2) aneurysm size and doctor's decision; (3) patient’s
preference, and (4) basic attitudes toward the guidelines. All data
were collected via the Internet and analyzed with software SPSS
version 16.0 (SPSS Inc., Chicago, I11, USA).

Ethical Considerations

All of these lines of inquiry have been executed with strict at-
tention to the protection of individual information and the in-
formed consent of the persons being studied, in accordance with
the Ethics Indicator of Epidemiologic Study by the Ministry of
Health. This study design was approved by the ethical committees
at Sapporo Medical University and Kyoto University. All patients
have agreed to join this study and have provided written informed
consent.
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Case presentation

Member’s page

Case selection
Case information
General information 7 MRI

Treatment choices

¥ MRA

General Information

Case number 15 Work Housewife
Age 65 y.0. Sex Female
Present iliness Vertigo History DM, HT

Family history

Patient's sister had ANs

Second opinion

Shape of ANs

Saccular type

Size of ANs

More than 10 mm

Location of ANs

Left and right internal cerebral A.

Patient's preferences

Follow doctor's opinion

Fig. 1. Representative picture of the website of this study. General and radiological information are shown.

ANs = Aneurysms;

Results

Demonstrative Data

Inan ACA aneurysm, endovascular surgeons preferred
coiling to treatit (fig. 2). The huge aneurysms tended to be
conservatively observed by both neurosurgeons and en-
dovascular specialists (fig. 3). A large MCA aneurysm and
an internal cerebral/posterior communicating artery an-
eurysm tended to be aggressively treated with operative
and endovascular treatment, respectively (fig. 4).

Aneurysm Location
In MCA, BA, VA and PCA aneurysms, there was no
significant selection bias in terms of subspecialty (fig. 5).

Decision-Making in the Treatment of
Cerebral Aneurysm

M = diabetes mellitus; HT = hypertension.

However, endovascular surgeons significantly preferred
coiling to treat ICA and ACA aneurysms. In particular,
there was a significant difference in the treatment of ICA/
anterior choroidal artery aneurysms depending on sub-
specialty. Unsurprisingly, there was no significant varia-
tion in treatment practices for BA and VA aneurysms be-
tween neurosurgeons and endovascular surgeons. Endo-
vascular surgeons significantly preferred coiling to treat
internal cerebral artery and ACA aneurysms.

Aneurysin Size
The relationship between aneurysm size (fig. 6) and
treatment decision was analyzed only in ICA aneurys
since the number of aneurysms in this location was

Cerebrovasc Dis 2010;30:491-499 493
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B Observation

100
20
80
_ 70
Fig. 2. A 57-year-old female consulted a i 60
doctor because of her headache. She had a 3 50
tamily history: her father and brother died g w©
of subarachnoid hemorrhage. She had a 30
10-year history of hypertension and hy- 20
perlipidemia. Her wish for treatment of 10
her aneurysm was subjected to her doctor’s 0
opinion. In an ACA aneurysm, endovas-
cular surgeons preferred coiling to treat it. N
A = Anterior; F = foot.

Neurosurgeon Endovascular
specialist

enough for analysis to produce statistically significant
results. ICA aneurysms with diameters less than 4 mm
were often considered as a subject for treatment, while
aneurysms larger than 10 mm often tended to be conser-
vatively observed. Clinicians tended to choose interven-
tions such as clipping or coiling for the treatment of in-
termediately sized aneurysms (5-9 mm diameter).

494 Cerebrovasc Dis 2010:30:491-499
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Patient Prefereiices

Most doctors generally followed their patients’ re-
quests (fig. 7) that their aneurysms be managed with con-
servative observation. However, doctors did not always
adhere to their patients’ requests for aggressive treat-
ments such as clipping or coiling.

Akiyama/Houkin/Nozaki/Hashimoto




Fig. 3. A 66-year-old female consulted a
doctor because of her headache. She had
had an operation for a lung carcinoma 5
years before this consultation. She had a
medical screening for brain metastasis
Two aneurysms were found incidentally in
the left (¢) and right (d) internal cerebral
arteries. She entrusted the treatment of her

Decision (%)

@ Operation
olntervention
© Observation

aneurysms to her doctor. Huge aneurysms
tended to be conservatively observed by
both neurosurgeons and endovascular
specialists. H = Head; P = posterior.

Neurosurgeon

Endovascular
specialist

Neurosurgeon  Endovascular

specialist

Busic Attitudes toward the Guidelines

The basic attitudes toward the Japanese guidelines are
shown in figure 8. It was revealed that only 33% of par-
ticipating neurosurgeons and endovascular specialists
(92 out of 282 neurosurgeons) strictly followed these
guidelines,

Discussion

Unruptured cerebral aneurysms are frequently diag-
nosed by the Brain Docs system, which is run by many
hosplmlﬂ in Japan. The purpose of the Brain Docs system
is not only to find unruptured cerebral aneurysms, but
also to detect asymptomatic brain disease. This system
has developed in the context of the spread of high-perfor-
mance MRI/MRA. Itis reported that cerebral aneurysms
are detected in, at most, 6-7 per 100 persons that have
medical check-ups using high-resolution MRI/MRA [1].
According to the statistics of the Society of Japanese Neu-
rosurgeons, approximately 10,000 unruptured cerebral
aneurysms are treated in Japan per year. Among these

Decision-Making in the Treatment of
Cerebral Aneurysm

76

10,000 aneurysms, 8,500 are treated by craniotomy and
cipping or other surgical procedures, 1,500 are treated by
endovascular techniques and some aneurysms are treat-
ed by both surgical and endovascular treatment [2]. Tt is
estimated that medical expenses for these treatments to-
tal approximately 20 billion yen (200 million USD) per
year.

The main purpose of treatment of unruptured intra-
cranial aneurysms is the prevention of rupture, since the
prognosis for ruptured cerebral aneurysms is not always
optimistic and ruptures frequently result in high rates of
mortality and morbidity [3]. However, this logic can be
rationalized when the benefit obtained by the treatment
overcomes the risk and mortality/morbidity that accom-
pany treatment. Therefore, decisions regarding the treat-
ment of unruptured cerebral aneurysms are made by the
integrated evaluation of the natural course of each aneu-
rysm and the predicted risk of each treatment.

The management guidelines regarding unruptured ce-
rebral aneurysms are primarily evidence-based facts
about the risk of aneurysm rupture and the treatment-
associated risks. It is well known that the guidelines differ

Cerebrovase Dis 2010:30:491-499 495




Rt MCA

Fig.4. A 57-year-old male consulted a doc-
tor because he had a head injury. A right
MCA (e)and a leftinternal cerebral/poste-
rior communicating artery (f) aneurysm ‘gg ]gg E’?‘I‘);'?;m‘on
were found incidentally. His wish for the 80 80 B0bservation
treatment of his aneurysms was endovas =70 70
cular treatment. In internal cerebral/pos- (5 60 60
terior communicating artery aneur 2 50 | 50
both neurosurgeons and endovascular g gg‘ ;g
specialists chose endovascular treatment. 20 20
However, in the MCA, both surgeons and 10 10
endovascular specialists chose operative 0 04
treatment even if the patient wanted endo Neurosurgeon  Endovascular Neurosurgeon Enduvftsgular
N e specialist f specialist
vascular treatment. P = Posterior; H =
head; L = left.

subtly among countries, since there are differences in
health care systems and epidemiological factors. In Japan,
for example, according to the guidelines of the Japanese
Brain Doc Society, unruptured cerebral aneurysms in pa-
tients younger than 70 years and aneurysms larger than
5 mm in diameter should be considered for treatment
based on the comprehensive evaluation of several other
medical conditions. Meanwhile, aneurysms smaller than
3 mm in size should be conservatively observed, and an-
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eurysms larger than 7 mm in size are generally considered
subject to treatment. The guidelines of the American
Heart Association contain many cautious descriptions
based on extensive evidence, although the numerical val-
ues for the treated aneurysms are not always described in
these guidelines. Treatment is generally recommended for
aneurysms larger than 10 mm in diameter [4].

[n this study, the variations in practice between the
neurosurgeons (who primarily prefer clipping) and the

Akiyama/Houkin/Nozaki/Hashimoto
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Treatment selection (%)

Treatment selection
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B Operative treatment
O Endovascular treatment
O Observation

Fig. 5. Relation between aneurysm location and treatment selection by neurosurgeons and endovascular spe-

cialists {endovasc.). Endovascular surgeons s

gnificantly preferred coiling to treat internal cerebral (IC) and

ACA aneurysms. There was no significant difference between neurosurgeons and endovascular specialists in
MCA, BA, VA and PCA. * p < 0.03, ** p < 0.05.

endovascular specialists are not necessarily significant,
exceptin the cases of some partict aneurysm locations,
such as the anterior choroidal artery aneurysm, which is
becoming controversial regarding treatment selection. It
is therefore quite conceivable that the decision-making for
the treatment of the ACA aneurysm ditfers according to
subspecialty. Indeed, as far as the choice of aneurysm
treatment (clipping or coiling) is concerned, there is not
necessarily a well-established guideline at this point.

The most interesting variation in practice that has
been revealed in this study is that of the relationship be-
tween aneurysm size and treatment decision. In both the
Japanese and American Heart Association guidelines,
treatment of small aneurysms (less than 4 mm in diam-
eter) is not recommended, while large aneurysm size
(more than 10 mm in diameter) is considered a good in-
dication for treatment. However, this study revealed that
the size recommendations in these guidelines are not al-
ways followed in practice.

Risk factors concerning rupture have been well inves-
tigated, including but not limited to age, sex, smoking,
hypertension, symptomatology and family history of
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subarachnoid hemorrhage [5-8]. Among these predict-
able risk factors, it is well known that aneurysm size and
location are among the most reliable predictors for rup-
ture. Larger aneurysms have a much higher rate of rup-
ture, as has been reported by many authors, including
Juvela et al. [5], who demonstrated that aneurysms great-
er than 7 mm in diameter are twice as likely to rupture as
those less than 6 mm in diameter. Additionally, Rinkel et
al. [6] demonstrated a 5.5-fold higher rate of rupture in
aneurysms over 10 mm in diameter compared to smaller
aneurysms. Wiebers et al. [7] also demonstrated that an-
eurysms over 10 mm in diameter are easier to rupture
than smaller aneurysms.

The reason why this strong evidence is not well re-
flected in clinical decision-making is quite apparent. The
treatment outcomes regarding the smaller aneurysms are
excellent. However, the surgical risk of complications
with permanent consequences is not low enough in the
treatment of large aneurysms. Raaymakers et al. [9] re-
ported that giant aneurysms in the anterior circulation
demonstrated a 7.4-fold higher mortality and 26.9% mor-
bidity, while giant aneurysms in the posterior circulation
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Fig. 6. Aneurysm size and treatment selection in the ICA. Aneu-
rysms even less than 4 mm were often treated with surgical or
endovascular interventions, Most neurosurgeons in Japan tend to
choose conservative observation for aneurysms larger than 10
mm in diameter.
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Fig. 8. Basic attitude of doclors to the official guidelines concern
ing unruptured cerebral aneurysms in Japan. Note that only 33%
of neurosurgeonsand endovascular specialists in Japan follow the
guidelines.

demonstrated 9.6% mortality and 37.9% morbidity. On
the other hand, nongiant aneurysms in the anterior cir-
culation had 0.8% mortality and 1.9% morbidity [9]. We
believe this study clearly demonstrates that there is a de-
fensive tendency to avoid high-risk aneurysm treatments
[10]. This tendency is likely influenced by the steadily in-
creasing rates of malpractice and lawsuits in Japan.
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Fig. 7. Patient’s wish and doctor’s treatment selection. Most doc-
tors generally followed their patients’ requests that their aneu-
rysms be managed with conservative observation. However, doc-
torsdid notalways adhere to their patients’ requests for aggressive
treatments such as clipping or coiling.

Itis unsurprising that the management guidelines for
unruptured cerebral aneurysms are not always well es-
tablished compared to the guidelines of other diseases.
The whole scheme of natural history and treatment risk
of unruptured cerebral aneurysms has not been defined
clearly enough to support the establishment of a practi-
cally reliable set of guidelines. As a result, decisions made
by physicians in clinical practice are dissociated from the
official guidelines. Our data indicate that only 33% of
participating neurosurgeons and endovascular special-
ists (92 out of 282 neurosurgeons) strictly followed these
guidelines. This does not mean that evidence-based
guidelines are not amenable to clinical usage. However,
in real-time clinical situations, the tendency to avoid
high-risk treatment options dominates the decision-
making processes of both doctors and patients. In con-
clusion, this study revealed that the present guidelines
are not always used as a gold standard in practical deci-
sion-making when treating unruptured aneurysms. Rec-
ognition of unavoidable risks related to treatment seri-
ously influences the practical decision-making of neuro-
surgeons.
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Role of Shear Stress in the Blister Formation of
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BACKGROUND: The development of cerebral aneurysms is related to hemodynamic
stress,

OBJECTIVE: To elucidate the role of shear stress in the blister formation of cerebral
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METHODS: Among B2 aneurysms dy d duri theter-based 3D ional angi-
ography (3DRA), 4 aneurysms enlarged with blister formation during a mean follow-up
period of 10.1 month. Three of these 4 aneurysms were analyzed in this study. The
regions of blister formation were characterized by comparing 3DRA before and after
blister formation, and computational fluid dynamic simu lations were performed based
on the aneurysm geometry before blister formation,

RESULTS: The spatially averaged shear magnitude was lower in the aneurysm region
(097 + .39 Pa) than in the parent artery (275 + 0.92 Pa). The spatially averaged shear
magnitude of the blister-forming area was extremely low (048 = 0,12 Pa), and the
shear magnitude dropped precipitately to subphysiological levels, iting in a high
shear gradient near the border of the blisterforming area.

CONCLUSION: These data suggest that low shear magnitude may trigger the pro-
gression of cerebral aneurysms and that blister formation is associated with high shear
gradient in the large regien of low shear magnitude on the aneurysm wall.
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FIGURE 1. Corepiirstion of 510 saafices e i affer blier formation Thvee-dimesuion.l sirfoces ifre (A) end afer (1)
4 semiausmati fosbion suing Avizs 5 haed o dhe narwdied musval infirmason-haed algoriiwe (C). Wikice armu indises

bisrer formarion were conegis mawd
she bcanion of Mister fiemation.

Case 1 (Figure 2)

An unmupouced left middle cerebral arery (MCA) ancwrysin
(size 3.8 tm) in 2 3B-yeur-old female enlarged 15 months afier
initial 3DRA Magnsic resonance gaphy was obuined
every 5 months, and oo changes in size or shape were docu-
mented unil the Lt examiadon. Repear 3DRA showed an-
curysm enlargement 10 5.7 mm. Deformation was noted only in
the upper porion of the aneurysm. The bloodstream of the
parent arery did not inpinge directly against the ares of sub-
sequent blisier formadon.

The spatially averaped shear magninde of the blistes-forming
aea wis exremey low (067 Pai. The shew irude s

Case 3 (Figure 4)

A 59-year-old made with an unpnued basilartip aneurysm
(size, 9.7 mun) developed a subarachnoid hemarthage 1 manth
alter initial catheter anglography and 3DRA. A repear catheter
angiography, 1o ather ancurysms were documenied, and 3DRA
after bleeding showed a soull, newly fomied blisier on the dght
i 1 laspect of the s, Thus, this was
presumed w© be the culprit kesion.

The bloodstrearn from the basilar amery entered ino the are
eurysin from the right side, crearing an area of shear nagninde of
approximacly 3 Pa The sparially wersged shear nuagnitnde of

moderaely elevaed in the area adjacent 1o the blisier Farmaion,
i irately 0 subphysiological level (<71 Pa)
near the border of the blister-fomning area.

Case 2 (Figure 3)

A 4% yearold feouk with 2 unmprored anewyans s the
AComA 6.0 mm) and the kit MCA (10,3 mm) develapesd
subrarae hoaid hemon duge 2 months ater inivial 3DRA. Repeated
JDRA afier bleeding reveaked newly formed blisters in the
AComA ancurysm, which was confiomed a5 the culpric lesdon
during surgical clipping of bath aneurvsms. This AComA an-
eurysin was supplied by the left anterior cerebeal anery.

Blood inflow from the paent anety was dinecied againet the
tight beral wall of the anewsm, weuling in moderaely devaed
shear magninide within phusiological levels (-2 Pay, and the shea

guitude deceasad 1o a subphysiological level (<1 Pai near the
haorder af the blisterforming ares. The region of subssquent blinet
faestion wis bocated a1 dhe 10p of the ancurysm, where the shear
magnimde was exemely low 10,40 P
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the bli ing ares wis Iy low (0,42 Pa).

DISCUSSION

Eonthe preseon study, comy | luid dyamic si
were uwed to claraetize 3 anenrsms thar enbuged or auprured
with bliser formation during the observation periods. The shear
magnitude dwpped precipivaey ro suhphysological level near
the horder of the blister-forming area, and blisier Formation
ocaured in the ares with low shear nuagninude.

Inuirively, high shear magninde would be expeaed ro pro-
mote the enlargemment and mpowe of cercbral aneurysims, because
that promotes the fommation of cerebral aneurvsms, However, the
shear magnitude of the area of subsequent Bister formarion was
low in the subphysiological level in this smdy. This could be
explained by the wle of low shear magnitude in the endothelial
functions and in the wscular disesse processes. Prolonged none
physiological shear conditions, including either sxcessively high
or exeessively Jow shear nagnivude, nay rigger vascular disease
prcesies ™ High shear nagninde near the vessel branch pains




