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How to Avert Vascular Calamity In
Athero- and Arteriosclerosis?

Ju Han Kim
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€ Longevity is a vascular question
, Sir. William Osler (1849-1919)
- The principles and practice

of medicine (1898)




€ 1755 - Von Haller used the Greek term, “atheroma”, to describe
a space filled with gruel-like material

€ 1833 - Frenchman Jean Frederic Martin Lobstein first used the
term “ arteriosclerosis,” Greek for “hardening of the arteries”, to
describe calcified arterial lesions

€ 1852 - Johnson described the lesions of “arteriolosclerosis”, a
thickening of arterioles in the kidney in Bright’s disease

€ 1903 - M®nckeberg described “medial calcific sclerosis”

&€ 1904 - Marchand coined the term “atherosclerosis”



General Comments

e Arteriosclerosis

— Thickening and loss of elasticity of arterial
walls

— Hardening of the arteries

— Greatest morbidity and mortality of all human
diseases via

Narrowing
Weakening




— The dominant pattern of arteriosclerosis

— Primarily affects the elastic (aorta, carotid, iliac)
and large to medium sized muscular arteries

(coronary, popliteal)

—small arteries and
arterioles (hypertension and DM)
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Diabetes
mellitus

Coronary Heart Disease



Inflammatory Role in the Evolution of
Atheromatous Plaque
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No ST Elevation

UA

Unstable
Angina

NSTEMI

NQMI

QwMI

Myocardial Infarction




Classical Atheromatous Plaque

Fibrin Cap

Lipid Core




Mechanisms

Targeted approaches
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Recommended medications

Medication Recommendation

Aspirin All patients should take 75-150mg/day unless CIx

Clopidogrel Should be prescribed for up to 12 months after ACS

B blocker Should be prescribed for most Pt. after MI unless Clx
: carvedilol, bisoprolol, metoprolol - should use in HF

ACE inhibitor Should be given early after ACS
Statin Should be initiated in hospital for all ACS patients

Warfarin Recommended after MI for high risk thromboembolism
: A. fib, mural thrombi, CHF or previous embolization Hx

Nitrates All patients should be prescribed unless Cix
Insulin/OHA Good glycemic control should be obtained and continued

Aldactone Should be considered early after MI in those with HF




Other considerations

Factor Recommendation

Lifestyle All patients should be given advice on lifestyle changes
advice : smoking cessation, good nutrition, moderate alcohol,
regular physical activity & weight management

Rehabilitation Should have access cardiac rehabilitation services

Chest pain All patients should be provided with a action plan

action plan : sublingual NTG - aspirin - calling ambulance

Fish oil Omega-3 fatty acids from fish oil is recommended

Psychosocial All patients should be assessed for cormobid depression
and level of social support

factors
Diabetes Early glucose tolerance test should be considered

ICD Should be considered in persistent severe LV dysfunction




Numerous
Risk Factors
High LDL
Low HDL
High BP
Diabetes
Smoking
CRP
Metabolic Syn
Lp(a)
Homocysteine
Dense LDL
Lp-PLAZ2
ApoB/ApoA
Family History
Sedentary Life
Obesity
Stress

?
Over 200 risk
factors have

been reported.

Carotid IMT and Plaque
Measured by Ultrasound

Examples of Arterial
o\ Structure Tests
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Aortic and Carotid Plaque
Detected by MRI

Coronary Calcium Score
Measured by CT

Brachial Vasoreactivity
o D p— Measured by Ultrasound

Vascular Compliance
Measured by Radial Tonometry

Examples of Arterial
Function Tests

Microvascular Reactivity
Measured by Fingertip Tonometry



structural I
& functional” Sfru?tura
\’ = =
OR=38, AUC=0.9 A iene
OR=11, AUC=0.8 .

- = —=" IMT+FRS
OR=4, AUC=0.7 i
o %
OR=2, AUC=0.6
¢ hs-CRP

OR 1, AUC‘O S LDL & HDL

Smoking

Hypertension

“ Diabetes etc.

Risk Factors

0.2 0.4 0.6 0.8 1.0
False positive rate

Pepe et al. Am J Epidemiol 2004; 159:882

)
o
©
—
)
=
- —
2
o
Q.
Q
-
-
-




NON-INVASIVE SCINTIGRPHY
METHODS PET

CARDIO-CT

ARTERIOGRAPH (Aix,PWV

CORONAROGRAPHY
INTRAVASCULARIS ULTRASOUND (IVUS
60% 70%

Remodeling

Nach Erbel. HERZ 1996;21,75-77



PWV Arterial MRI SPCA Carotid DPCA
Ultrasound Alx

Ease of use + - + +++ +++  +++
Quality of validation e 4+ +++ ++ + +
Affordability + - + +++  +++ +++
Freedom from operator bias ++ + +++ ++ B ++
Evidence of prognostic value +eb RS + + + +
Endothelial function testing1 + o + +++  +++ ++

Systolic Pulse Contour Ananlysis(SPCA), Diastolic Pulse Contour Analysis(DPCA)



Time interval

Pulse Wave Velocity (PWYV)

= Distance / time interval
Distance/At



© Pressure recorded
in the brachial artery

o Doppler ultrasound
amplifies the sound
of arterial blood flow

Pressure recorded

in arteries of the ankle
after cach arterial flow
is located

G Sound of arterial
blood flow
located in ankle

> 1.2 Abnormal vessel
hardening form PVD

1.0~1.2 Normal range
0.9~1.0 Acceptable
0.8~0.9 Some arterial disease
0.5~0.8  Moderate arterial disease

<0.5 Severe arterial disease




CAVI = Pulse Wave Velocity(PWV) + Arterial compliance(stiffness)
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Expression of B with PWV using the relationship of velocity and

elasticity (Bramwell-Hill’s equation)

- (= v (55

20 Ps 2
CAVI = ,p |In P PWV

Dilatation
, ~ | AP | V atatio
PWV - D - AV
_ aP D |
U 2p | aAD | AD
e O e D :Diameter of Artery
‘ D | = 2p PWV - Z1D :Change of diameter with dilatation




Carotid IMT uses sound waves to
create images of the carotid
artery. IMT measures the
thickness of the inner artery wall
to determine the presence of
vascular disease.

Intermal carotid artery
Extermal carotid artery

Common carotid artery

Ultrasound
Waves

Carotid
artery

Transducer




Left CCA Left Bulb
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- "‘ =¥ —: Bifurcation and origin of ICA CCA

Mannheim Consensus. Cerebrovas Dis 2007
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367 Living men (mean 78 yrs), 48 months F/U, 70 deaths

Total plaque score

No plaque

1~2 plaques

3~4 plaques

5~6 plaques

7~12 plaques

>1 plaque on both sides

Any plaque

Subjects
at risk, n

60
98
90
75
42
220
307

Events,
n

4
16
16
23
11
52
66

HR (95% CI)

1.00

2.89 (0.96-8.69)

2.91 (0.97-8.73)

4.89 (1.69-14.15)
4.53 (1.44-14.23)
2.00 (1.15-3.46)

3.48 (1.27-9.54)

Stork et al. Circulation 2004:110:344~8



Younger and older

Younger

Central PP
Brachial PP 2l




Reflected wave

Forward wave

Observed wave

SN

Younger
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r—_ tMyocardial 02 demand
|Coronary perfusion

- LVH and CHF

- Myocardial stiffening
- Aneurysm formation E——

and rupture 1 Vascular endothelial damage
& Mechanical fatigue

Central
J Reel;lga‘l:tiv;:ve Atherosclerosis

1 Aortic stiffness

- Stroke

- Myocardial Infarction
- Renal Failure




& A specific marker for coronary atherosclerosis
€ Higher Ca ** = Higher coronary artherosclerotic burden
€ Reproducible

€ Predictor of coronary event




1-10

11-100

101-400

>400

atherosclerotic plaque  more significant
burden obstructive lesion (>90%)

Rumberger et al. Mayo clin Proc 1999;74:243-252

Calcium Atherosclerotic Probability of Implications
score plaque burden significant CAD for CV risk
No detectable plaque  Very low (<5%) Very low
Minimal detectable Very unlikely (<10%) Low
plague burden
Mild atherosclerotic Mild or minimal Moderate
plaque burden
Moderate High likelihood of Moderately
atherosclerotic plaque  nonobstructive CAD; high
burden possibility of obstructive
disease
Extensive High likelihood of one or High




T T O S

Budoff (2009) CHD

Becker (2008) CVE
(CD, MI)

Folsom (2008) CHD

<400

>400 494 20.6 (11.8-36)

0

0<CAC<75th

>75th 5.2 (4.03-

0 o 1

1-99 4.7 (2.5-8.7)

100-399 11.5 (6.2-
21.5)

>400 16.1 (8.5-

30.8)



Baseline Percent Atheroma

Change Percent Atheroma

Volume Volume
42.0 - 0.6 -
>
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< 38.5 - o 0.3 - P=0.04
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150 oo [ 1]
Yes No Yes No

ILLUSTRATE (N =1180)

Incidence fo cardiovascular death, Ml, hospitalization for
unstable angina, stroke and coronary revascularization

Nicholls S. AHA Scientific Sesseions 2007
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Attack Hidden Heart Risk!

W SHAPE

Find out why you need to check your heart Heart .Attack Deaths Since Jan. 1, 2008 Saciety for Heart Attack Prevention and Eradication
and arteries regardiless of your cholesterol. E= United States 3,117,663 g

| = World 14,697,554 | About SHAPE | | SHAPE Professional Ste |
Heart attack kills, don’t delay! B COPY AND PLACE ON YOUR WEBSTE

[ What You Should Know J[ SHAPE Your Heart “ Events “ Donate | [ Home l News / Headlines

DON,T RELY ON RlsK FACTORS! ﬁ.rm‘:rican Heart Month Stories Leave 7

SHAPE Task Force Both Encouraged
land Concerned

Winston Churchill
Prime Minister during WWiII

Jim Fixx

ISHAPE Appoints Executive Director
Famous US Marathoner

ISHAPE Continues Push to Advance

o Not ovemeight © Ovemelght ;Hearl &ttack Prevention Guidelines

¢ Not Fit ISHAPE Welcomes New ACC/AHA Risk
Assessment Guidelines
¢ Heavy Smoker

e Very Fit
© Non-Smoker

IThree Clinics Achieve Certification as
g PE HeartHealth Centers of
LIVED TO AGE 89 Excellence —

DIED OF A MASSIVE HEART
ATTACK AT AGE 52

-

We are a nonprofit organization that promotes early detection and preventive intervention to reduce heart attack risk in apparently healthy
people. I got involved with SHAPE after losing my husband without warning to a sudden, unexpected heart attack at age 49. If you or someone
you love has been touched by a heart attack, please join our effort. Learn more.

- JoAnne Zawitoski, Chair, SHAPE board of directors

http://www. shapesociety.org




Step 1

Step 2

Step 3

LDL
Target

Re-test Interval

Apparently Healthy Population Men>45y Women>55y

< : : o >
Exit ‘ Esit All =75y receive unconditional treatment

Atherosclerosis Test |-

|

|

= Coronary Artery Cakium Score {CACS)

= Carotid MT (CMT) & Carotid Plaque?

Negative Test

« CACS =0

« CIMT <50 percentile

Positive Test
= CACS 21

» CIMT >50™ percentile or Carotid Plaque

No Risk Factors® + Risk Factors =CACS <100 & <75"% = CACS 100-399 or >75"% = CACS >100 & >90"%
»CIMT <1mm & <75"% »CIMT >1Imm or>75"% or CACS >400
& no Carolid Pbque or <50% Stenotic Plque =>50% Stenofic Plaque®
l l l _ ABI<0.9 l 1
Lower Moderate RP>4g
Risk Risk Opional
<160 mg/di <130 mgidl <130 mg/dl <100 mg/dl <70 mgidi
<100 Optiomal <70 Optional
510 years 510 years Individualized Individualized Individualized
= Myocardial
Follow Existing 3
Guidelines IschemiaTest
F + +
Angiography | <— | Yes No | |




Abnormal
: vasoconstriction 1 PAI-1/
Activate SNS Shrorobnsis

Platelet

Angiotensin Il St

t Aldosterone

t Vasopressin 1 Endothelin

.

Vascular
Myome smooth muscle 1 Collagen
gro growth

Remodelling

Burnier M, Brunner HR, Lancet 2000;355:637-45
,Brown NJ, Vaughn DE, Adv Intern Med 2000;45:419-29



24h Blood pressure (mm Hg)
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% change of serum hsCRP

% change of serum hsTNF-alpha
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Angiotensin Il plays a central role in atherosclerosis

Oxidative stress Inflammation
NAD(P)H oxidase activity 4 Vascular permeability 4, leukocyte infiltration 4
Reactive oxygen species 4 Activation of signalling pathways
LDL peroxidation, LOX-1 4
mediators
« Adhesion molecules (VCAM.1, ICAM-1..)
* Chemokines (MCP-1, interleukin 8...)
Nitric oxide ¥ Angiotensin |l * Cytokines (irterloubin 1 & :u TNFa)
* Growth factors
Vasoconstriction Proliferation of vascular
Activation of plasminogen smooth muscle cells (VEBMCs)
activator inhibitor type-1 (PA)-1) Maltrix deposition
Platelet aggregation Matrix metalioproteinase (MMP) activation
Endothelial dysfunction Tissue remodelling

Schmeeder ot al. Lancet 2007 368:1208-19



Study design and primary end-point

100 patients with stage | hypertension are characterized at
baseline before being treated for 1 year to obtain a goal
blood pressure of £120/80 mmHg as defined by JNC-7

Resistance vessel remodeling was determined using the
gluteal fat biopsy technique in the hypertensive patients
and a group of normotensive healthy volunteers

The primary end-point was the degree of vascular
remodelling as obtained from changes in wall/lumen ratio of
gluteal subcutaneous resistance vessels obtained from
percutaneous biopsy of patients assigned to each of two
treatment arms (olmesartan and atenolol) compared to the
normal volunteers

Smith RD, et al Am J Cardiovasc Drugs 2006;6:335-42
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Effect of treatments on augmentation index
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Atenolol treatment Olmesartan treatment
45 -
40 - p<0.05
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- ey
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Smith RD, et al Am J Cardiovasc Drugs 2006;6:335-42



Effect of treatments on inflammatory cytokines

Tumor Necrosis Factor a Transforming Growth Factor B
35 35 -
30 A T 30 4
25 1 T 25 1
P <0.05
E 20 ¢ E 20 4 salka
? 15 4 15 P <005
? ar
10 - 10
5 4 5 .
0 - — - 0 .
Wk 1 Wk 52 Wk 1 Wk 52 WK 1 Wk 52 WK1 WK 52
Atenolol Olmesartan Atenolol Olmesartan

Smith RD, et al Am J Cardiovasc Drugs 2006;6:335-42



Olmesartan medoxomil but not atenolol
reverses vascular hypertrophy

19 ]
Olmesartan has shown effect on vascular

remodelling in subcutaneous small-resistance
arteries in HTN patients

12

Normal Wi, 1 T wk.82 Wk 1 Wk 52
Atenolol Olmesartan

Wall to lur

Smith RD, et al Am J Cardiovasc Drugs 2006;6:335-42



Olmesartan has shown antiatherosclerotic effects

Baseline PLQ-V
= 33.7 uL (median)

AT OLM
(n=41) (n = 36)

Baseline PLQ-V
<33.7mL (median)

4.0 4 AT OLM
(n=35) (n=42)

2:0
00l Impact of Olmesartan on

204 Progression of Coronary Atherosclerosis

401 A Serial Volumetric Intravascular Ultrasound Analysis
604 From the OLIVUS (Impact of OLmesarten on progression of

coronary atherosclerosis: evaluation by IntraVascular UltraSound) Trial

Change in plaque volume (uL)

8.0
| O UUIICHalall | 1
1
-12.0 - I p=0.023J
¥ b= 0.014 vs, baseline MEAN CHANGE IN PLAQUE VOLUME FROM

BASELINE AT TWO-YEAR FOLLOW-UP:
GROUPED BY BASELINE PLAQUE VOLUME

p O Yipaque yolures o Salctio 0. BELOW AND ABOVE THE MEDIAN

OLM = olmesartan; NS = not significant

Stumpe KO, et al. MORE study. 2007



Impact of Olmesartan on
Progression of Coronary Atherosclerosis

A Serial Volumetric Intravascular Ultrasound Analysis

From the OLIVUS (Impact of OLmesarten on progression of

coronary atherosclerosis: evaluation by IntraVascular UltraSound) Trial

Atsuhi et al. JACC 2010:55:976-82



Prepresentative serial volumetric IVUS analysis

in the control group

Baseline
Measured lengths = 52mm
Lumen Volume = 320.7 mm3

Plaque Volume = 207.4 mm3

Vessel Volume = 528.1mm3
Percent Plaque Volume = 39.3%

Baseline
PCI, IVUS

14-m Follow-
Measured lengths = 52mm

Lumen Volume = 309.1 mm3
Plaque Volume = 221.2 mm3
Vessel Volume = 530.3mm3
Percent Plaque Volume = 41.7%

A24? pa_lﬁents randomize_d

Control (n=121). Olmesartan (n=126) |
15 Discontinued 17 Discontinued

4 Adverse Events

2 Deaths

2 Laboratory Abnormality
7 Withdrew Consent

5 Adverse Events

0 Deaths

4 Laboratory Abnormality
8 Withdrew Consent

12-16months
Follow-up
CAG, IVUS

_jos completed serial NUS

109 completed serial IVUS

4 rejected: poor image, etc.

6 rejected: poor image, etc.

102 completed serial IVUS

103 completed gerla_l IVUS

Atsuhi et al. JACC 2010;55:976-82




Table 6 Changes in IVUS Parameters
From Baseline to Follow-Up

Control Olmesartan
(n = 121) (n = 126) p Value
Nominal change
Atheroma volume (mm?) 7.1(1.8-12.4)* —2.6(—7.9-2.8) 0.011
Lumen volume (mm?) 0.3(—8.7-9.3) 0.4 (—7.6-8.3) 0.989
Vessel volume (mm?) 7.8 (2.5-10.5) —2.1(—8.5-2.5) 0.178
PAV (%) 1.1(0.1-2.1)t —0.1(—0.9-0.8) 0.085

Change in total atheroma
volume and PAV

Atsuhi et al. JACC 2010:55:976-82



Meta-analysis of 38 1° & 2° prevention trials, with > 98,000 patients

0.0

-0.2
=~ . _ Total mortality, p=0.04

Mortality i Tt
log odds ~
ratio Mortality in CHD, p=0.012
-0.6
-0.8 7
-1.0 T T T T ! 1 I I

0 4 8 12 16 20 24 28 3
Cholesterol reduction (%)

Gould AL et al. Circulation 1998:97:946-952



Recommendations for Lipid Goals in Patients

Goals

i i i DO
Highest-risk patients, including
those with 1) known CVD or 2) <70 <100 <80
diabetes plus one or more additional
major CVD risk factor
High-risk patients, including
those with 1) no diabetes or <100 <130 <90

known clinical CVD but two or more
additional major CVD risk factors or
2) diabetes but no other major CVD
risk factors




Rosuvastatin vs placebo

+0.03 — placebo

+0.0131 mm/yr
(n=252)

+0.02 —

P<0.0001
(rosuvastatin vs. placebo)

Progression

2 Time
N 1 ~ (years)
0.00 - T i .

P=NS
(rosuvastatin vs. zero slope)

| rosuvastatin 40 mg
-0.01 -0.0014 mm/yr
(n=624)

Change in IMT of 12 carotid
sites (mm)
+
o
o
[
|

Regression

=== Placebo; change in CIMT (95% CI) ~= Rosuvastatin 40 mg; change in CIMT (95% CI)

Crouse JR lll et al. JAMA 2007;297:1344-1353



Benefit of Intensive LDLC Lowering on Plagque
Progression

3 Progression (P=0.001)
- pravastatin 40 mg
| =
= g - W atorvastatin 80 mg
()
o3
| =
G S
L
(@) E 1- P=0.02 between treatment groups
e
g 2
o g
U« 0
2% I
No change (P=0.98)
-

Nissen SE et al. JAMA 2004,291:1071-1080



Comparision of % LDLCholesterol Reduction and Change in Atheroma Volume
20

15 o

-
o
\
\
\

—

— -
- W - -

—

mm?3
\

Change in Atheroma Volume,

-80 -70 -60 -50 -40 -30  -20 -10 0 10 20

Nissen SE et al. JAMA 2004,291:1071-1080



Regression with High Dose Statin Therapy

349 patients treated with rosuvastatin 40 mg for 2 years
LDL-C 60.8 mg/dL and increase HDL-C by 14.7%

Percent Atheroma Atheroma Volume Most Total Atheroma
Volume Diseased 10 mm Volume
0.0 - 0.0 - 0 -
-2.5 -+ -5 -
E E
R 0.5 4
° = £
-5.0 - -10 -
P<0.001
P<0.001 P<0.001
-1.0 - -7.5 - -15 -

Nissen SE, Nichollas et al. JAMA 2006;295:1555-1565



REVERSAL
pravastatin

|

A_phls‘ Progression
placebo

1.8 -

RZ2 = 0.97
4 P<0.001 CAMELOT
placebo &

1.2 -

0.6 - REVERSAL
_ atorvastatin

\

- Regression

-0.6 -
- ASTEROID
rosuvastatin

-1.2 T T T T T T T
50 60 70 80 90 100 110 120

Median change in percent
atheroma volume (%)

Mean LDL-C (mg/dL)

Nissen SE et al. JAMA 2006



JUPITER

Multi-National Randomized Double Blind Placebo Controlled Trial of
Rosuvastatin in the Prevention of Cardiovascular Events
Among Individuals With Low LDL and Elevated hsCRP

*Rosuvastatin 20 mg (N=8901 *MI
*No Prior CVD or DM yastatin_20 mg (N=8901) Strike
*Men >50, Women 260 -Unsta.ble
* LDL <130 mg/dL -Placebo (N=8901) e
* hsCRP 22 mg/L | run-in -CABG/PTCA

Argentina, Belgium, Brazil, Bulgaria, Canada, Chile, Colombia, Costa Rica,
Denmark, El Salvador, Estonia, Germany, Israel, Mexico, Netherlands,
Norway, Panama, Poland, Romania, Russia, South Africa, Switzerland,

United Kingdom, Uruguay, United States, Venezuela

@W @t al, Circulation 2003,;108:2292-2297.



JUPITER Primary Trial Endpoint: M1,
Stroke, UA/Revascularization, CV Death

Cumulative Incidence

Number Needed to Treat (NNTS) =25

HR 0.56, 95% CT 0.46-0.69
P <0.00001

Placebo

“ Rosuvastatin

I Ridker et al. NEJM 2008;359(21):2280-2



CAFE-LLA: Statin therapy does not influence
central aortic pressure or hemodynamics

Peripheral S8P
145 9 Diff Mean (AUC) = -0.1 (-1.8,1.6) mmHG, p=0.9
140 4
135 4 § 1380
1138
g 130
E 125 1 1243
e 1237
120 ——r®
115 - Cantral SBP
Diff Mean (AUC) =-0.5 (-2.3, 1.2) mmHG, p=0.5
110 . - . . - - v .
0 0s 1 15 2 25 3 35 AUC

Diff. Mean (AUC) = 0.4 (-0.2, 1.0) mmHG, p=0.2

u g
%]
E
'-
=4-Placebo
‘ Ll L Ll L
0 05 1 15 2 2 3 35 AUC
1'Imei\'ears)s
Atorvastatin 0 135 190 195 s 11 457
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Treatment of Atherosclerosis

Plauge rupture
Thrombosis
Stenosis

Risk factor
modulation

Vascular surgery




Modifiable Risk Factors
(potentially controllable)

Hyperlipidemia
Hypertension
Cigarette smoking
Diabetes Mellitus

Elevated Homocysteine

Factors that affect hemostasis and thrombosis
Infections: Herpes virus; Chlamydia pneumoniae
Obesity, sedentary lifestyle, stress




Conclusions

e Risk factors evaluation
e PWV, Al, Carotid IMT
e Optimal BP control with ARB

e Optimal Lipid control with statin
e Others (?)

From Artherosclerosis without Atheroma
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Attention !




