Flame-up process

Endothelial Injury Inflammation

*» Macrophage/mast cell/T cell
activation

« Lipid accumulation/Foam cell
formation

« Cytokine/GF release

+ Smooth muscle cell proliferation
+ Neovascularization

Plaque rupture

« Smooth muscle cell apoptosis
in the atherosclerotic plaque cap
« Secretion of metalloproteinase
and other connective tissue
enzyme

« Break down the collagen

« Exposure core to arterial blood
+ Induce thrombosis
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Formation of the Platelet Plug

Adhesion Aggregation

Activated Gplib/illa
Fibrinogen

Platelets von Williebrand
Factor/Gplb bind

Collagen ",
Gpla/llabind 4

v
vansraries ;_bﬁr’.;.z.’;»w_. »

Activation Platelet Plug

Thrombin

5 HT
TXA,

‘IEISH‘/'

i Tissue factor s
Monocyte \Ag %2,
F e gterleukin-6
> liiterleukin-1

nhibition

interleukin-6
e r‘l:'u‘dml

Supression

/o' fibrinolysis
TAFI

1w

1 Tissuefactor

SN e

1.Atrial wall
2.Flow (stasis)
3.Blood constituents (Hb, plt, inflammation, coagulation cascade)

Lancet 2009;373:155-166
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Recurrence by ischemic stroke subtype W Oxfordshire Community Stroke Project

I G N © Bamford et al. 1991

All stroke 2% 8% 16% 2y el !
’ ’ ’ © Use of clinical localization of the infarct
Extracranial 9% 11% 23% topography
atherosclerotic
Intracranial 8% 12% 16% © Provides information more relevant to
atherosclerotic h = -
e prognosis than to the underlyin
\ Cardioembolic 4% 7% 21% A \ the progriosis than to the underiying A
\ 7\ vascular pathology “
N Lacunar 1.4% 10% 14% / \ eTACI PACI LACI POCI /
4 /4 A
Cryptogenic 0.4% 6% 15%
Dhamoon et al., Neurology, 2006
SNUH® SNUH®

TOAST classification Modified TOAST classification

© Trial of ORG 10172 in Acute Stroke

Treatment (TOAST) Lag _
© Adams, 1993 = Artery to artery embolism
= In situ thrombosis

o LAA * Low flow
W ocE B\ A
N esvo \

© SOE

© SUE

SNUH® SNUH®

Large artery atherosclerosis Large artery atherosclerosis

Artery to artery embolism In situ thrombosis Artery to artery embolism + in situ thrombosis

SNUH® SNUH®
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Large artery atherosclerosis

Low flow or hemodynamic

Cardioembolism

SNUH® SNUH®

Cardioembolism

© 2/3: nonvalvular atrial fibrillation

Difficulty in subtyping CE

Definite risk

Possible/Probable risk

Atrial fibrillation

Patent foramen ovale

© Many cardiac problems may coexist with

Sustained atrial flutter

Atrial septal aneurysm

cerebral atherosclerosis, and atrial fibrillation

Sick sinus syndrome

Atrial or ventricular septal defects

Atrial myxoma

in left atrial

may occur just after an ischemic stroke.

Left atrial appendage thrombus

Subaortic hypertrophic cardiomyopathy

Recent myocardial infarction

Mitral valve prolapsed

© Clinical and radiological findings

E\ Left ventricular akinesia Calcified aortic stenosis ? fﬁ\ " Hemorrhagic transformation ?
\ Left ventricular thrombus Valve strands (7 \ = Mul ti I territ (7
“h\ Dilated cardiomyopathy Fibroelastoma ‘h\ u Ip e terri Ory
Prosthetic heart valve Left ventricular hypokinesia .A Sma”er number Of Old T2 hlgh Slgna| |ESIOnS
Rheumatic mitral stenosis
Infective endocarditis
SNUH® SNUH®

Small vessel occlusion

Small vessel occlusion ?

SNUH® SNUH®
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roke of Other Determined Causes

Avteral dissection Moyamoya dsesse Antitrombin I deficency
Radiaton-induced vasculopathy e Prtein G, deficiency
Migrainous infarction caomsL Factor  leiden mutation
Cerebral vascits Fibromuscular dysplasia Antiphophallid antbocy symdrome
Infectious vasculs Homocystinura Walignancy

Necrotisng vascults Fabry' dsease Pregnancy

Polyartertis nodosa Weartan's yndrome Oral contraceptives

Wegener's ganulomatosis Eiers Danos syndrome Polyythemia vera

Churg Strauss syndrome Essential thrombocythemia

Collagen vascular disease

Thrombotic thrombocytopenic purpura

Systemic lupus erythematosus

Chemotherapeutic agents

Rheumatoid arthritis

I\ Scleroderma

\ Sjogren's syndrome.

Giant cell arteris

Takayasu's arteriti

Temporal arteritis

Hypersensitivty vasculits

Henoch-Schonlein purpura

Drugrinduced vasculitis

sarcoidosis

Behcet's disease

Uicerative colits

SNUH®
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Relative risk, Prevalence

SR o2 HIESH Cfet F2 HRIIRIES| Q17(01%(e=

© Hypertension (4-5, 25-40%)

TABLE 2. Population-attributable risk for major risk factors of ischemic stroke

e A _ENO, Factors Sex Prevalence (%) PAR(%) RR
© Dys"pldemla (2’ 6-50 /0) Hypertension Men 249" 19.5-305 212-2761
0 smoking (1.5_3’ 20_300/0) } Women 20.6* 17.1-26.6 212-2.761
Diabetes Men 720 28- 72 1.414-2081¢
(¢ Low activity (2.7, 20-300/0) - Women 59 41-72 17214-232
Hyperipidemia Men 62t 28- 40 1.46-167
¥ 0, Women 74 33- 47 1.46-1.67
= ObeSIty (2' 20 /0) Smoking Men 622 25 1.587
i i — -0, Women 557 32 1.6
\ © Diabetes mellitus (1'5 3’ 4-8 /0) / N Afral fibrilation Men 119 35 a2m /
- - 0, | Women 05 28 6850 1
\\\ © Alcohol (1 4’ 5-30 /0) \\\ Obesity Men 3530 66-235 12818724 7
| © Heart disease (2-4, 10-20%) . Horen o’ o =
© Atrial fibrillation (5.6-17.6, 1%) L 12 o e
History of stroke Men 16 33 317
Women 127 25 317
Park et al, | KNA, 2009
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Risk factor assessment

Step 1: Age

Years Points

35-39

Step 4: Systolic Blood Pressure

Systolic BP
(mm Hg)

Points.
if Untreated

Points
if Treated

Step 6: Adding Up the Points

Total cholesterol =

45-49

Systolic blood pressure s

120-129 0 1

55-59 Point total

65-69 Step 7: CHD Risk

L|=Zx HINIEO| OF =
Point Total _10-Year Risk | Point Total _10-Year Risk =HEF ZYECl & 241y F

75-79 13
Step 2: Total Cholesterol

5, 60MOl HI%l 70ME= 2 oH,
80N 44 FE2

\ HEF WNEO|

\ oI,

Points at
Age 50-59

Points at
Age 40-49

Points at
Age 20-39

Points at
Age 60-69

Points al
Age 70-7'1

L
(mg/dL)

4 3 2 1 0

160-199

240-279

o
IS
~
-

Step 3: HDL-Cholesterol
HDL-C
(mg/dL)

Points  step 5: Smoking Status

Pointsat  Points at
Age 20-39 _ Age 40-49

Points at
Age 50-59

Points at
Age 60-69

Points at
Age 70-79

50-59

I

<40

SNUH®
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(B (B B | F20009F20008
mmmm%m

- - ) . _ A —Al
701 P<0.001 pd — Male
y ¥ Female
05 619 657 684 714 756 801 80.5 4.9 0.4 Age J/ﬁ Y
J &l jar

250

61.8 644 673 717 765 77.0 53 05 -

050

€
o
=)
~
\
H
Age, yr
L]

000

; 002 200 310 205 2006 007 208 22092110

\ m 656 700 728 755 792 833 83.8 46 05 2 \ l

NN p, & N

w 69 82 84 82 75 68 6.8 -07 00
J A

2009 Life Tables for Korea, KOSIS Jung et al., Cir Cardiovasc Qual Outcomes, 2012
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Home BP versus Hospital BP

25 7Y ot _— p—
ASKe ustaine:
% <120 ad <80 Mypertenson | Hypertnsion
Home BP
R, 120139 o 8089 | (13585 mimHg)
Evy Tger ﬁuﬂai?g White Coat
| 1EMH 2 140-159 or 90-99 | od Hypertension
.r | = ? .3 . (SNBP) (WCH) ?
| 2 TEy >160 or >100 Hospital BP
(140/90 mmHg)
SNUH® SNUH®

BP(mmHg) Anti-HTN
200
180 TABLE 3. Effect of Lowering Blood Pressure on Stroke, Myocardial Infarction, All Vascular Events,
and Death
160 Rate in Control Heterogeneity,
Outcome Trials ~ Events ~ Subjects Group, % OR 95% CI P P
140 Stroke, all 75T 15527 15 076 063092 0005 001
Stroke, fatal 7 329 15827 24 0.76  0.56-1.03  0.08 0.16
120 Stroke, nonfatal 7 1268 15527 9.2 079 065-095 0.01 0.042
100 Myocardial infarction, all 6 555 15428 4.0 079 063-098 0.03 0.19
‘:,“ / f!‘ Vascular events, all 6 2225 15428 16.0 079 066-095 0.01 0.002 /
\ 80 / \ Death, vascular 7 852 15527 59 086 0.70-1.06 0.16 0.066 /
\ \ 7 \ A Death, all 7 1427 15521 96 091 079-105 0.18 017 7
R\ 60 / TR 0dds ratio (OR) and 95% confidence intervals (CI) determined using a random effects model. é
0 2 4 6 8 10 12 14 16 18 20 22 Time
® Masked HTN Good controlled group Rashid et al. Stroke 2003
SNUHY SNUHY
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Impaired autoregulation

(%)
100

Normotensives (young)

% Normotensives (old) YOUNG o5y
& v \ 1 ] A
§ /A—H%enensives (severe, old) _
= L — 0
2 50 // A Hypertensives with stroke 237 !I’S”I /\/\
[
2
A [ © Resting blood pressure \
N\ o . /I a ol Yy
\ o /\  Lower limit of autoregulation of cerebral blood flow / \ /
A\ | | | | £ N\ —
AR 0 | OLD o5y

0 50 100 150 200

Mean blood pressure = Diastolic blood pressure + Pulse pressure/3 (mmHg)

SNUH® SNUH®

Change of blood pressure parameter Prevalence of ISH
g ISH SBP>140 DBP < 90 mm Hg
(mmHg) B SDH SBP > 140 DBP > 90 mm Hg
ﬁg ] Women IDH SBP < 140 DBP > 90 mm Hg
140 SystolicBP e | 100
130 1 :
120§ o SOM| OFF: 2rTget §ofstes . :
Z o H
Er o 50-60M: AFTHY Egg o :
Y .
| o|T. OHOL \ N :
5\ 5 ./_——'\'\ o, . 60E" I¥ =d ? .}‘ > a 40 : ?
\ DiastolicBP ~~ Women 2 N o ; &
36 41 46 51 56 61 66 71 76 81 & 0 H LW
e <40 4049  50-50 60-69 70-79 80+
Age (y)
Franklin SS, et al. Hypertension 2001
SNUH® SNUH®

BP variability

Comparison of SBP lowering effect

§ 20
é 2,435 patients with recent TIA or stroke
* <65 : 11.9% risk 1
reduction 1 ‘ 10 !
f /
(5.3% vs 18.0%) 1
| 5 8 /
H /
* 65< : 9.1% risk 26
| i 3
. reduoct|0n ; m i /
\ (3.6% vs 14.3%) P4 AN 1 g A
\ —@— Age ¢65: 11.9% (5.3% to 18.0%) < \ 4+ ‘
I - =9~ Age 165: 9.1% (3.6% to 14.3%) A\ ]
P for heterogeneity of slopes = 0.38 24 s T
. T T T T T T 07 _ T T_1
0% 05 42 9 6 3 0 3 6 T s 4 s e s R LA
Difference in reduction in systolic blood pressure (mmHg) Categoryof masimun 56 i
Blood Pressure Lowering Treatment Trialists’ Collaboration meta-analysis. British medical journal 2008 Lancet, 2010
SNUH® SNUH®

20154 terdAntste| ME9| S /



& |

Therapeutic target

O SBP as a more informative CV risk factor in
patients older than 50 years

O Arterial Stiffness
= Carotid-femoral PWV
*PP is an independent marker of CV risk

\: © In subjects > 50 years of age, arterial

stiffness becomes the main determinant of
increased SBP and PP

SNUH®

80 10

0 Myocardl nacton
@ Microvasculrend poits

Microvascular end points E

P<0.0001

37% decrease per 1%
reduction in HbA;;

Adjusted incidence per 1000 person years (%)

05
Fatal and non-fatal stroke

P=0.035

PL%UT

11 reduction in HbAy

Stratton et al. BM/. 2000

SNUH®

Covariates in Multivariable Model

» '
Ol ¢
QO 4 ™.
O

W v‘*‘d" a\“é\.\q\ve‘? o‘“ & oF

Study, Year (Reference) Events/Persons, n/n*

RR(95% CI)

Cardiovascular disease (coronary heart disease + stroke)

Roselll della Rovere etal,, 213 2.56(1.10-5.98) He——— . Y X X
2003 (54)

Florkowskl et al,, 1998 (24) 2142 143 (1.02-2.00) refp— X X X x x X X X

Agewall et al,, 1997 (52) 2/9% 154 (1.14-2.09) oy X X X X X X

Kuussto et al, 1994 (36) B 12909470) fe— LEXEd ¥

Mattock et al,, 1998 (53) 200138 1.25(1.01-1.55) — X X X

Galltal, 1995 25) 21 130(110-1.60) [ 4= X X

Stand et al., 1996 (26) 581223 1.18(1.02-135) B X X X X

Lehto etal, 1997 (32) /059 103(096-.15) & EEy R X

Statton et al., 2000 (40) G06/3042 116(1.0941.27) ] X X X X X

Moss et al, 1994 (44) 241/1194 110 (1.04-1.47) B X X X X X

I Pooled 1787635 118(1.10-126) s

Selvin E et al. Ann Intern Med. 2004

SNUH®
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VADT
ADVANCE

Glucose Lowering & Complications

© Diabetes & non-diabetic dysglycemia may be
independent risk factors for CVD.

© Tight glucose control in diabetic patients usually
benefits the microvascular complications, not the

Early DM Benefit Benefit macrovascular complications.
\ - it © Controlling combined RFs (HTN, HL) is more effective
vance o Benefit; i 7/ than tight glucose control for preventing stroke. Z
\ DM Possible Harm Reneht \ Bre P 4
SNUH® SNUH®
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Atherogenic dyslipidemia

Multiple Risk Factor Framingham
Intervention Trial (n=5.209)
- (MRFID) (1=356.222) o
3'2 Q 125
= Increased LDLc i . o o
= Hypertriglyceridemia a2 gu 100
= Low HDLc £s &8
2y 0 g% g2
cd 8 e 75
= 4 Q ]
W Small, dense LDLT! Cardioprotective HDL [l ¥ 58 d & °
\ apoB - | ut B % o
\ (apoB) PR (apoA-1) N \ 8 o °%® HE Z
N & -9 Q 25
& o
0 0 C
= 140 180 220 260 300 <204 206-234 235-264 265-294 2295
Vascular Disease Cholesterol (mg/dL) Cholesterol (mg/dl)
Stamler | et al. JAMA 1986; Castelli WP et al. JAMA 1986
SNUH® SNUH®

— =
LDLE==IAEIE ApoB/ApoA-1
—fl—  Secondary Prevention 4S-PL LDL C apoB/apoAl  apoB/apoA-
) Primary Prevention [} (mmolLY)  (mgdll)  (men) (women)
25+ 1.6 62 0.510 0.414
20 77 0.595 0.491
LIPID-PL 26 101 0.722 0.606
20 | 3.0 116 0.806 0.684
~ 3.6 139 0933 0.799
i 40 155 1017 0.877
15
.2 | riiere o,
g age andgender Change in INT (mean, 95% confidence interval)
@ 10 WOSCOPS-PL » By ApoB/ApoA|
I\ HPS-| Rx () / I\ G /'/"’/3/ Tetle 1(032:078) || @.-7012) /
\ TNT-Rx B [ 0 i . — v
\ 51 \ i = Tertile 2 (>0.74-0.97) (21,8-34)
\} AFCAPS-RX ° \\ fole L —t—
\ 5 i ° AFCAPS-PL \ :‘1 Tertile 3 (>0.97-1.74) (20,6-33)
m I T
50 70 90 110 130 150 170 190 210 sptlopon (cuce) umiyear
LDL Cholesterol (mg/dL) e mom oW W ow ow W
Modified from LaRosa JC et al. NEJM 2005 Walldius and Jungner, | Intern Med, 2006; Wallenfeldt et al, Stroke 2004
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Other risk factors Stroke incidence and prevalence

© Smoking
© Alcohol Recurrence

0 N (]
O Inactivity ..1 \ Incidence

it

© Metabolic syndrome

\ C] SIeeP.apne'a ' ’B Prevalence A
§ © Nutrition, vitamin \\}
© Air pollution
© Intestinal microorganism Mortality
SNUH® SNUH®
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Incidence fall by 30% (1.38/1000py->1.04)

© Prevalence increase by 12.5% (6.4 to 7.2)

‘1A "B

IT= e »

g e En

8| T~

g '] £
N . . P
N j PR I e e S Z

1909 2000 2001 2002 203 2008 2005 2006 2007 2008
Year

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Year

#-18-3) + 4054 5569
~+-70+ -+ Total UK.

Lee S, BMJ Open, 201 |
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Risk factors

% HT “ DM 2 Dyslipidemia
09- 09- 1 09-
ot o %
“
TR T T T TR T T aaar  Kr  Tar ma ar Ta +
Calendar year
w PSCE w Smoking “ Previous stroke ) |
w “ - 7
“ “ i
EEEEE] R 02 03 o 05 06 0 08 0 10 “m o o4 05 06 o o8 0 10

Calendar year

Jung et al, Cir Cardiovasc Qual Outcomes, 2012
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2010.11

\ RatientSANO] J 46,098

MRE., e
26,566 (57.6)

3,117 (6.8)

29,266 (63.5)

13,863 (30.1)

Wt | oo 99

PreviStroke;

8965(19.4) |
15,196 (33.0)

9,092 (19.7)

SNUHY

LAA - S

VO CE SUE

FE e

RR (95% CT)

sEYEEESE

Calendar year

A-ICAS

A-ECAS A-ICAS+A-ECAS P-CAS

Calendar year

Jung et al, Cir Cardiovasc Qual Outcomes, 2012 J
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A Common aetiology
a0 —
A 5 - =
= Visit (< 3hr) Any thrombolysis rt-PA s o A
= ! 3w
G u @ s
i N
L “ ©
gl e 1
e ul T %0 730 103 1640 1900 2160 2620 2080 3240
T e e e e e e I Days after stroke
Calendar year Calendar year Number of patiens ot risk
U t0ee 108 TSTe St 08 2mss 18 TS 1y 1
SO s TS et A0 M4 204 1665 T 1S4 1
C Unadjusted Age-adjusted \ ce 6196 4128 2886 1903 143 882 531 28 S5 1
\ B R e e B ) |
» 30-d mortality | 1-yr mortality ’,‘,} 30-d mortality 1] 1-yr mortality \ 1 HR (95% CI)* /
i N\ Rideain 7
g . Large artery atherosclerosis 1.0 (Reference) 1.00 (Reference)
& Small vessel occlusion 0.66 (062-0.71) 055 (050-0.60)
TR Cardioembolism 141(130-153) 147 (134-161)
Calendaryear Other determined aetiology 185 (1.56-220) 119 (091-155)
Kim et al,, Eur Heart , 2013
-
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Ethnic distribution of RFs

Total

Asi:
CVD  Noth  Latin  Westem Eastem  Midde Asiaincl
ponidto  Ameita  Ametea Ewpe B at  opan  Viod o mee
N essn ey (edto) (2% (w22l (aser)  (JoPEn (0020%9)
(n=18,992) x
e asar oo LI@F LAl 10| FfRIc
Mean age £SD, years sossto1  7Tromos OO 700605 6464903 6808101 | 67.909.7 65597  70.9:8.8 o Ji? 'R J o PIC|,
Male 595 sz 3 ez 07 3 65.1 614 696 585
Hypertension w2 ws om0 s 576 24 780 809 744 70
- o IR|@WFO| BT TR
Hypercholesterolemia 580 ne s el uz 72 425 a7 359 614 5 = [l
Atrial fibrillation 14 160 0 151 157 100 77 70 86 103
Diabetes 2 433 a1 7 %9 493 38.2 396 365 29 e A=|%' Mﬂ?ql ﬂE‘ H?ﬂ EE1I §-| IE’:I
Treated diabetes 30 389 ®8 3 24 Y 335 373 2856 185 o
Diabetic nephropathy 85 114 67 86 a1 167 72! T 77 15 5 =
SFELO] 12! LIEF ME FRC
Obesity (BMI230) 25 353 220 254 259 223 53 6.9 34 258 e -b == = [ = ud -
Waist circumference obesity 425 534 %1 %2 506 394 164 206 107 44

A
I  current smokers 142 143 69 150 178 136 138 12,0 16.2 68 d \ A=A K ﬁ° T1otc /
[N Former smokers En as s a2 23 319 356 2738 4538 520 . © .I._ls| | IE I § II— L /

1
P 88 9 79 132 68 88 45 42 48 42 ; W\
Carotid plaque 20 204 29 451 a8 a4 ] 205 218 187 [ 118 .\\ y © H?oll ﬂ °I_' A I%“. o I EAF_’: L A
ABI<0.S 70 60 65 108 105 59 36 25 51 21
Mean ABI measured 5D 091:022 0826023 0802 ogm022 09022 091021 0.96:020 095:0.19 0.97:0.20 | 101048
Intermittent caludication 51 59 48 80 28 23 24 17 34 45

REACH Registry Investigators, Cerebrovasc Dis. 2008
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