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Figure 2. BA HR MRI in SDPI. Bilateral medial SDPI on FLAIR sequence (a) with slight

stenosis (<30%) of BA proximal portion suspected on MRA (b).
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Plaque Type 1: shoulder enhancement.
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Millon A et al. Stroke. 2012;43:3023-3028
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Plague Type 2: shoulder and fibrous cap enhancement.
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Plaque Type 3: central enhancement related to a fibrous cap rupture.

Imm

Millon A et al. Stroke. 2012;43:3023-3028

e American
Heart
Association.



Plaque Type 3: central enhancement with large loose fibrosis area.
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High-Risk Plaque for Carotid Artery Stenting Evaluated With
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Table 2.

Statistical Values From the Results of the Multivariate Logistic
Regression Analysis That Show Independent Predictors for a New DWI
Lesion Related to CAS

Coefficients  Standard Error  PValue

Diabetes mellitus 0.644 0.442 0.145
Proximal balloon protection 0.687 0.456 0.132
LDL-cholesterol (log) 8.300 3.703 0.021
SIR (log) 4207 1.828 0.007
Plague volume (v) 0.157 0.056 0.042

® | DL indicates low-density lipoprotein; SIR, signal intensity ratio.

Tanemura H et al. Stroke. 2013;44:105-110



Scatterplot of Signal intensity ratio (A), plaque volume (B), and LDL-C (C) in the P- and N-

groups.
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Multiple cervical artery dissections in a 41-year-old woman (imaging 1 week after symptom
onset).

Pfefferkorn T et al. Stroke. 2011;42:1563-1568
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Axial fat-suppressed black-blood precontrast and postcontrast T1-weighted images (A, B), T2-
weighted images (C) and positron emission tomography CT images (D) of the cervical arteries of
the same patient as in Figure 1.

Pfefferkorn T et al. Stroke. 2011;42:1563-1568
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Axial fat-suppressed black-blood precontrast and postcontrast T1l-weighted images (A, B), T2-
weighted images (C), and positron emission tomography CT images (D) of the vertebral arteries of a
48-year-old patient with left-side vertebral artery dissection (imaging 3 weeks after symptom onset).

PET/CT

Pfefferkorn T et al. Stroke. 2011;42:1563-1568
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Axial MR images in black-blood technique of the same patient as in Figures 1 and 2 at
baseline (A, B) and 4 months later (C, D).
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Pathological photomicrographs of representative cases with recurrent IAD along their time course.

Ono H et al. Stroke. 2013;44:126-131

e American
“ Heart
Association.



Table 4. Pathological Findings of IAD Vessel Tissues at Various Times From the Initial Onset

Initial symptom H H* H H* H H H* H H H* H* H* H* H* N Nt  Nf
Days after onset 0 1 2 4 6 6 6 6 6 12 14 18 26 39 39 30  &m
Patient no. 1 2 3 4 5 5 6 6 6 7 8 9 10 Ih! 11 12 13
Lesion location PICA PICA ACA VA LtVA RtVA BA LtVA RtVA VA PICA ICA VA RtVA LtVA ACA VA
Underlying vasculopathy at NA NA NA None None None MNone None None None NA None None None None NA NA
autopsy

IEL disruption (+4) (+4) () (=) (=) ) (=) =) =) D () (D) () (D ) =D (=
Disruption of media by intramural  (++) (+) (+) ) + (+4) (=) =) @) (++) () =) =) +) +F4) (=D ()
hemorrhage

Subadventitial hemorrhage (++) (#) (+4+) () () (=) (=) () () D) =) D) ) (=) ) +  (+)
Subintimal hemorrhage +-) +-) (=) =) ) =) ) ) ) H) () () (=) =) () #=HD »
Granulation formation within (-) (+-) (=) (-) (+/-) (=) (+) (-) (-) (+) (+) (+) (++) () (+H) () (++)
pseudolumen

Intimal thickening around (=) (+-) +- ) (- (=) (+-) () (-) (+-) - +-) (++) (4 (=) ()
pseudolumen

Recanalizing vessel formationin - () () () ) &) & & & & = = H 6 H #H & ©

thickened intima

ACA, indicates anterior cerebral artery; BA, basilar artery; H, hemorrhagic onset; IAD, intracranial arterial dissection; ICA, internal carotid artery; IEL, internal elastic
lamina; Lt, left; N, nonhemorrhagic onset; NA, autopsied specimens were not available; PICA, posterior inferior cerebellar artery; Rt, right; VA, vertebral artery; (-),

none; (+/-); slight; (+), moderate; (++), severe.

*These patients did have early hemorrhagic recurrence.

+These patients showed aneurysmal growth. Note that all the 3 IAD vessel tissues with nonhemorrhagic onset contained both subintimal and subadventitial
hemorrhages.

Ono H et al. Stroke. 2013;44:126-131

e American
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Table 6. Relation Among Hypertension, Treatment Status, and Severe Microstructural Integrity Changes (OR and 95% CI)

DTI Parameterst Hypertension, All Hypertension Treatment Status
Treated Controlled (n=120) Treated Uncontrolled (n=151) Untreated
(n=96)
FA
NAWM 3.1 (1.8t05.7)" 2.8 (1.4t05.5)" 6.5 (3.3t0 12.7)" 1.7 (0.8 to 3.5)
WML 2.1 (1.2to0 3.5) 2.1 (1.1 to 4.0)" 2.7 (1.5t05.1)" 1.6 (0.8 to 3.0)
MD
NAWM 1.9 (1.0 to 3.6) 1.9 (0.9t04.2) 4.2 (2.0t09.1)" 0.7 (0.3t01.7)
WML 2.2 (1.2t0 4.0)° 2.1 (1.0t0 4.3)" 4.0(2.0t0 8.1)" 1.2 (0.6 t0 2.5)

Data are OR (95% CI) adjusted for age, sex, and cardiovascular risk factors. Normotensives are the reference group.
FA indicates fractional anisotropy ( X 1072); MD, mean diffusivity (mm?2/s x 1077).

normal-appearing white matter (NAWM) and white matter lesion (WML)

*P<0.05. **P<0.001.

tValues represent the lower tertile of the FA and the upper tertile of the MD severity distribution.



2010;41:450-454 BERE, Ut
TMRE& £ 0 I E B FERED IR SO/ ERDFHETHD

— == _ ) ==

7 7 T*E% (n - 129) JE ﬁ *E% Table 3. Univariate and Multivariate Associations (Correcting for All Explanatory Variables in the Table)
With Dichotomized Higher Basal Ganglia EPVS Scores

(n 124) -LT OV (n 97) éﬁ l:l-.l- Variable Univariate P Value Univariate OR (95% Cl) Multivariate P Value Multivariate OR (95% CI)

Et*};d) perlvascular Spaced) Age <0.001 1.08 (1.05-1.11)* 0.14 1.03 (0.99-1.08)

AN i = Hypertension 0.11 1,53 (0.91-2.58) 0.46 1.33 (0.63-2.81)
— ZE = f=  Diabetes 0.53 0.79 (0.38-1.65) 0.39 0.65 (0.24-1.74)
HIL-\ gE ‘j:7 ZZ:*EE , IR IZIB E ﬁ =] 1 Deep WNH <0.001 4.47 (2.94-6.80)° 0.02 2,03 (1.10-3.74)"
-E‘,—rﬁ % . i J—J . E ﬁ =) 1;75{._ Periventricular WMH <0.007 497 (3.20-7.50) 0.01 2.28(1.19-4.38)"
Male sex 053 1.18 (0.60-2.02) 0.13 1.83 (0.84-3.98)
% t F;ﬂ 5_ L,T: . cere b ral SM al I Centrum semiovale EPVS <0.001 7.58 (4.01-14.32)" <0.001 6.34 (2.87-14.04)"

Deep atrophy <0.001 2.20 (1.60-3.01)" 0.58 1.15 (0.70-1.87)

5 —_ (
VGSSE' d |Sease 0) E}l: l;.l:l'L, 'ﬁ j:a L \ T Lacunar stroke subtype (compared 0.03 1.78 (1.07—-2.96)" 0.003 3.16 (1.49-6.70)"

with cortical stroke)

%ﬁﬁf; L \ Fﬁ% -G& é 5 *Significant at P</0.05.

OR indicates odds ratio per unit increase in the explanatory variable.
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CMB Positive Deep Lobar =l 2 213 L 202 235 1.78 — 1.78 el
N, S m— ﬁ Model 1° Model 27 Model 1° Model 27 Model 1° Model 2 i om Tose 101 =100 2095
I\ IEO) * \ll\uﬁ hsCRP 1.85 181 227 221 1.49 1.52 e
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Y (136- (118  (L.24-  (1.02-  (1.20-  (L.22- o) | 267
A 7] - 290° 26D 3305 299  35ef 379 ™ s 22”3 292'92333 o
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(1.40 (1.44 (130- (106 (1.01 (1.11 =i 1358 1 1
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Table 2. Association Between Atrial Fibrillation and MRI-
Measured Brain Volumes: The Age, Gene/Environment
Susceptibility-Reykjavik Study

aflXINBIEN XY /INSKE S
ZEITEEELTLNS. Il

No AF AF —_ s
Total brain volume Z:%E&HJROD B Hb\ i%j_ &‘.?Iﬁ(
Unadjusted 72.4(72.3-72.5) 70.2 (69.8-70.6)% ~ wr g e 4m
Model 1 72.1 (72.0-72.2) 71.0 (70.6-71.4)% fd‘ é . HP_(I 1 Ei% O) ﬁ GRS t (j: Eﬁ
G Mndeltt 2 | 70.2 (69.7-70.8) 60.4 (68.8-70.0)% B <afhh & *ﬁ BN =
ray matter voiume ol —_— —
Unadjusted 45.3 (45.2-45.4) 43.5 (43.2-43.9)% }}az. /}\ é ﬁ‘ —C L \ é éz.;- E 7]~ I]ng L, —C
Model 1 45.1 (45.0-45.2) 44.2 (43.9-44 5)% \ %)
Model 2 43.7 (43.2-44.1) 43.0 (42.5-43.5)% l' .

White matter volume

71 1 — - — — — —

Unadjusted 25.8 (25.7-25.8) 25.0 (24.8-25.2)%
Model 1 25.7 (25.7-25.8) 25.3 (25.1-25.5)% 1
Model 2 25.2 (25.0-25.5) 25.0 (24.7-25.3)+ En
WMH volume g - 4
Unadjusted 0.88 (0.86-0.91) 1.09 (0.99-1.20) 2
Model 1 0.89 (0.87-0.99) 0.99 (0.99-1.20)* oo
Model 2 0.96 (0.84-1.10) 1.00 (0.86-1.16) E ol B
AF indicates atrial fibrillation; and WMH, white matter hyperintensities.
Model 1: adjusted for age, sex, and education level. a5
Model 2: adjusted for age, sex, education level, body mass index, height, =

smoking, alcohol consumption, hypercholesterolemia, hypertension, diabetes o AP " x  p -

Y

mellitus, myocardial infarction, heart failure, and cerebral infarcts on magnetic
resonance imaging.

Data are adjusted mean percentage of total intracranial volume (95%
confidence interval).

Comparison with no AF: *P<0.05; 1P<0.01; and 3P<0.001.

Figure 1. Mean brain volume expressed as percentage of total
intracranial volume (with standard error [SE] bars) in individu-

als without atrial fibrillation (AF), with paroxysmal AF, and with
persistent/permanent AF. Adjusted for age, sex, education level,
hypertension, myocardial infarction, diabetes mellitus, heart failure,
smoking, alcohol consumption, hypercholesterolemia, body mass
index, height, and cerebral infarcts on magnetic resonance imaging.
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50 year-old / male
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Ujie H et al., Neurosurgery 1999  Aspect ratio < 1.6: high mean wall shear stress
Animal: rabbit aortic bifurcation, vein pouch
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Ujie H et al., Neurosurgery 1999  Aspect ratio > 1.6: low flow - wall degeneration

Animal: rabbit aortic bifurcation, vein pouch




from biomechanics of blood flow to biology of aneurysm wall

higlT oscillatory shear stress
rupture area

for aspect ratios over 1.8
low mean shear stress
wall degeneration

high shear stress
growth matrix
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stent use for the purpose of flow diversion and thrombosis
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3 Months
(n=7§)

6 Months
(n=64)

PED Angiogy

Total Occlusion - "
Remnant: n

12 Months
(n=46)

24 Months
(n=18)

SMCs & Multiple other colls

unllammalow C. epithelial C,
Endothelial C, Fibroblasm
colonise this matrix for healing

Polymarphonuciear
leukocytes (FMNs)

aphic - rollow

Release proteases

ENEYMes): pro
(p'o‘p B loproteinast
s nd MMP& &

Total Occlusion 51 ‘1
Remnant 13 ‘

2 Cases LEQ, 1 Neuroform,



Neurol Res. 2006; 372-380
Intracranial aneurysms: links among inflammation, hemodynamics and vascular remodeling
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rupture
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v ok growth
baseline activation
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hemodynamic force — activate factors in vessel wall
matrix metalloproteinases (MMPSs)



Neurol Res. 2006; 372-380

Intracranial aneurysms: links among inflammation, hemodynamics and vascular remodeling

Adaptive outward remodeling Maladaptive outward remodeling

Normal remodeling Aneurysm

growth

? Increased hemodynamic stress W
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B Activation of endothelial cells
> Recruitment of inflammatory cells

| Outwardvascular remodefing ] t

|
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Normalized stresses @
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Adapted and stabllized aneurysm

Ancurysmal rupture

outward vascular remodeling

hemodynamic stress activate
endothelial cell

activation of inflammatory cell
secretion of MMPs

degrade internal elastic lamina
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Integrated biomedical informatics for the management of cerebral aneurysms

- there is a life cycle of aneurysms

- predictors & modifiers:
Integration of parameters
encompassing genetics,
biology and biomechanics of a
complex system ( physiome)

- drivers: biomechanics of flow

- treatment: flow diversion with stents,

personalized medical treatment

B & == www.aneurist.org
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Table 4. Meta-Analysis: Intraprocedural Complications and Postprocedural Hemorrhage

Rate in Ruptured Rate in Unruptured Rate in All

CGomplications Aneurysms, % 95% Cl Aneurysms, % 95% Gl Aneurysms, %  95% Cl
Intraprocedural rupture 10.7 7.4-15.1 5.0 2.3-10.4 8.3 6.0-11.4
Morbidity due to intraprocedural 18 0654 1.2 0.30-4.6 1.4 0536
rupture

Mortality due to intraprocedural 31 1.56.3 1.2 0.3-46 24 1247
rupture

Morbidity due to thromboembolic 2.2 1.0-5.0 1.3 J30-5.1 1.9 0.9-3.9
complications

Postprocedural hemorrhage® 2.4 1.0-6.0 0.9 0.2-4.3 1.6 0.6-3.7

*All cases were fatal.
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Table 5. Nested Case-Control: Hemorrhages and Control Subjects (Matched by Site and Size)—Frequency
of Asplirin Use

Control Subjects Cases
P for Linear Association
No. Percent No. Percent OR Conditional Odds®
Use of aspirin (grouped) 0.025

Never 109 73.6 39 26.4 1

Less than or equal fo once a mo 23 79.3 G 20.7 0.80
More than once a mo to 2 times a wk 14 7.8 4 22.2 0.86
Three times a wk to daily 67 88.2 9 11.8 0.40

P=0.14 for these grouping. P value of never versus ever=~0.0529. Tested using conditional logistic regression.
*Considering an equally spaced scoring of 4 levels using the conditional logistic model.
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Table 2. Angiographic and Clinical Results

PR

)

Table 1. Patients, Aneurysms and Device Characteristics
Patients Aneurysms Presentation Size (mm)/LocationType FD Type/Size (mmi)/Cailing
1 1 Recumence 9. 2MCASaccular SED/2 5 15/No
2 2 Recumence B.0VPericalosal/Saccular SED/2.5 20/No
3 3 Incidental 2.0VAcoA/Saccular SED/2.5 20/No
4 4 Recumence 19.6/MCA/Saccular 2 PEDS/2.5x 1272 5x 1 2/Yes
5 5 Incidental 3.AcoA/Saccular SED/3.5:x 25/MNo
i Incidental 3.4/Acol/Saccular
B 7 Incidental 13, WMCA/Fusiform 2 PED=/2.75:x 20/2.75 x 18/No
7 B Incidental 3.1/Acod/Saccular SEDf2.5:x 15/Mo
0 Incidental 2. 0VAcoA/Saccular

2 10 Incidental 15.2/Acof/Saccular SEDV3.0x25/Yes
] 1" Recumence 10.0/AcoA/Saccular SED/2 5 15/No
10 12 SAH 1.2/AZ*/Blister 2 SEDs/2 5 15/2.5x 15Mo
11 13 Recumence 4.0VAcoA/Saccular SED/2.5 20/No
12 14 Recumence 9. 3MCAFusiorm PED 3.25x18Mo
13 15 Incidental E.0vPericalosalFusiform SED 2.5: 15/MNo
14 16 Incidental T.5/AcoA/Saccular SED 2.5 200 Yes
15 17 Recumence 10.0/PCA/Fusiform SED 2.5 15/Na
16 18 Incidental 2.1/81/Saccular SED 2.5 20/No (A1)Yes (Acok)

10 Incidental B.4AcoA/Saccular

20 Incidental E.5Pericalosal/Saccular SED 2.5x15/es
i7 2 Recumence 0. 2/Acod/Sacoular 2 SHO/2 520025 25/Mo
18 22 Recumence E.WAcoA/Saccular PEDVZ 5 16/Mo
19 23 Incidental §.2/MCAFusiiomm SED/2.5:< 25/MNo
20 24 Incidental G6.5/AcoA/Saccular SEDV2.5x15/Yes
21 25 Recumence 3.VACoA/Saccular SED/2.5: 15/No
22 26 Incidental 13. TMCAFusiform 2 SEDs/2 5 15/2.5x 20MNo
73 2 SAH 1.5 /Blister PEDV3.0x 16Mo
24 28 Incidental 1.7/AcoA/Saccular SEDS2.5: AN
25 20 Incidental 6.0/ Fusiform PED/3.0:< 18/ Yes
% a0 Recumence 6.4/AcoA/Saccular SED/2.5: 2/No

FD indicates flow diverters; MCA, middle cerebral artery, SED, silk embolization device; AcoA, anterior communicating artery; PED,
pipeline embolization device; SAH, subarachnoid hemaorhage; PCA, posterior communicating artery.
“Anterior cerebral artery, second segment.

Angiographic Results Side Branche Fiow Modified Rankin Scale
Patients Aneurysms Immesdiate Follow-Up at Follow-Up (TIMI) Al Discharge At Follow-Up

1 1 NA 0 3 0 0
2 2 0 0 3 0 0
3 3 1 1 0 0 0
4 4 ] 1 2 4 3
5 5 ] 1 0 0 0
B ] 1 0 0 0

B 7 ] No FA Mo FU 0 No FU
7 8 ] 1 0 0 0
9 0 1 0 0 0
2 10 0 0 3 0 0
9 1 0 1 2 0 0
10 12 0 1 0 0 0
11 13 0 0 3 0 0
12 14 ] 0 3 0 0
12 15 ] 1 NAt 0 0

14 16 ] No FA Mo FU 0 No FU

15 17 ] No FA Mo FU 0 No FU
16 12 1 1 HA 0 0
19 ] 1 3 0 0

2 ] No FA No FU 0 No FU
i7 21 ] 1 2 0 0
18 2 1 1 2 0 0
19 3 ] 1 0 0 0
20 24 0 1 3 0 0

Fal 25 0 No FAJ Mo FU 0 No F
2 % NA HA 0 0
23 o 0 1 0 0 0
24 28 0 1 2 0 0

25 2 ] No FU Mo FU 0 No FU
26 0 1 1 3 0 0

TIMI indicates Thrombolysis in Myocardial Infarction: FAU, follow up; NA, not applicable.

“Angiographic results: 0=no tofal occlusion; 1=total occlusion.



Patient 16, Aneurysms 18 and 19: Woman age 51 Years with fortuitous multiple aneurysms
(also Figure 2).

:,{;: 2, 2 N\ = X L) §
Pistocchi S et al. Stroke. 2012;43:1032-1038
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Six-month follow-up angiography.

Pistocchi S et al. Stroke. 2012;43:1032-1038

American
Heart
Association. Copyright © American Heart Association, Inc. All rights reserved.




Patient 24, Aneurysm 28: Woman age 35 Years With Familial History of Polycystic Kidney
Disease and Lethal SAH Presenting With an Incidental AcoA Aneurysm (also Figure 4).
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Thirteen-Month Follow-Up.
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Table 2. Outcomes for Endovascular Treatment of Intracranial

Aneurysms With Flow Diverters

W/ e

I_I/V\[:

Outcome Rate 95%Cl  F(%)
Complete aneurysmal occlusion =6 months  76.0  70.0-81.0 69.0
Procedure-related morbidity 5.0 4.0-7.0 15.0
Procedure-related mortality 4.0 3.0-60 350
SAH <30 days 3.0 2.0-5.0 0.0
SAH =30 days 2.0 1.0-3.0 0.0
SAH total 4.0 3.0-5.0 4.0
Intraparenchymal hemorrhage <30 days 3.0 2.0-4.0 0.0
Intraparenchymal hemorrhage >30 days 2.0 1.0-2.0 0.0
Intraparenchymal hemorrhage total 3.0 2.0-4.0 0.0
Ischemic stroke <30 days 5.0 3.0-8.0 480
Ischemic stroke =30 days 3.0 2.0-4.0 0.0
Ischemic stroke total 6.0 4090 56.0
Perforator infarction 3.0 1.0-50 60.0

Table 3. Outcomes by Aneurysm Size and Location

Outcome Odds Ratio 95% CI
Ischemic stroke
Aneurysm size (small/large vs giant)* 0.26 0.07-0.91
Aneurysm location (anterior vs posterior)* 0.15 0.08-0.27
SAH
Aneurysm size (small/large vs giant)* 0.10 0.02-0.42
Aneurysm location (anterior vs posterior) 1.89 0.43-8.21
Perforator infarction
Aneurysm size (small/large vs giant) 0.33 0.09-1.25
Aneurysm location (anterior vs posterior)* 0.01 0.00-0.08
Intraparenchymal hemorrhage
Aneurysm size (small/large vs giant) 0.43 0.11-1.65
Aneurysm location (anterior vs posterior) 0.48 0.17-1.35

Cl indicates confidence interval; and SAH, subarachnoid hemorrhage.

Cl indicates confidence interval; and SAH, subarachnoid hemorrhage.
*Denotes statistically significant results. Odds ratio <1.0 favors the
characteristic mentioned first.



KRITMERNEDEEZ LITH>TLVS (luminal)

MRA : flow

CTA : contrast

DSA : flow with contrast
Simulation : flow

ZTDIENMMEEDHERMNEE LGS (abluminal)

MRI : plague image, vessel wall image
MRI + contrast : inflammation

US : plague

US + contrast : vasa vasorum

FDG PET : inflammation
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