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Surrogate Markers of 
Cardiovascular Disease

• Carotid IMT

• LVH

• Endothelial function(FMD)

• CRP

• Aortic stiffness



Parameters of Aortic Stiffness

• Aortic strain

• Aortic distensibility

• Aortic stiffness index

• Augmentation index

• Pulse wave velocity



Aortic stiffness and all-cause 
mortality

Laurent S et al. Hypertension.2001
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Applanation tonometry (SphygmoCor) 



Arterial stiffness index (ASI)
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BaPWV and ABI by Colin



PWV by Cardiac Catherization

BA

Aorto-iliac pulse wave velocity (PWV) was measured between aortic arch (A), just distal to 
the left subclavian artery ostium and right common iliac artery (B).





∆t

Aortic arch pulse wave

Femoral artery pulse wave

∆t is the time interval between two pulse waves.



PWV by Echocardiography



T2

T1

PWV =  length (Aortic arch-femoral a) / ( T2 – T1 )
meter/ sec



PWV with Age

Circulation. 1983; 68: 50–58



Relation between 10-year CVD risk and Aortic PWV

Hypertension. 1999;33:1111-1117



Odds Ratio of Being in High-Risk Group

MI CHD   CHD mortality  Stroke  CVD  CV mortality
PWV>13.5m/s   3.5    4.6          4.9              6.1     5.3         7.1
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Odds Ratios of Developing Hypertension during 4 yrs F/U in 

Relation to Aortic Stiffness (Multivariate Logistic regression models)
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PWV, m/s                    12.5              10.2           <0.001

Park CG et al. BLOOD PRESSURE 2004;13:1-7



Correlation between PWV and 
coronary artery calcification

P < 0.001

No calcification            ca: 1,2 segment             ca: above 3 segment
n=141                               n=27 n=18

PWV           10.15+/- 0.37                     13.14+/- 0.84                  16.62+/-1.05

P=0.001
P=0.096

Park CG et al. J Hypertens. 2002;20:S157



Correlation between PWV and 
coronary artery stenosis

stenosis 0               1 vessel             2 vessel              3 vessel 

PWV               9.82+/- 0.43           12.56+/-0.62         12.89+/-0.98      17.22+/-1.57                                                   

P=NS

P<0.005

P<0.05

Park CG et al. J Hypertens. 2002;20:S157



Aortic Stiffness and LVH



Correlation between PWV and LVMI
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Park CG et al. J Hypertens. 2002;20:S384



Aortic Distensibility and 
Cerebrovascular Disease
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Aortic Stiffness and 
Diabetes



Hypertension and type II DM 
on Aortic Stiffness
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Correlation between plasma adiponectin and PWV
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PWV in Non-Diabetic Hemodialysis Patients
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PWV and Obesity
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baPWV change

흡연



PWV and Endothelial Function
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Prognostic Value of Forearm Vascular Endothelial Dysfunction (FMD)
In hypertensive patients

Survival ratio



Correlation between PWV and 

Aortic Valve Calcification, and 

Aortic Valve Stenosis

Clinical Science 2004; 107:415–422



Odds ratio 95% CI P value

Cox proportional analysis for significant 
AS

Univariate analysis
Diabetes mellitus 3.4 1.5–6.1 0.01
Increased PWV 3.1 1.4–9.0 0.01
Systemic hypertension 2.6 1.3–6.6 0.01
Severe CAD ( two-vessel disease) 2.2 1.5–4.7 0.03

Increased AV calcification 2.2 1.3–2.9 0.01
Lower LV ejection fraction 2.0 0.8–3.8 0.1
Increased age 1.7 0.8–3.8 0.2

Multivariate analysis
Increased PWV 3.0 1.3–9.9 0.01
Diabetes mellitus 2.3 1.6–10.5 0.01

Systemic hypertension 2.2 1.1–5.2 0.03

CI, confidence interval. Clinical Science 2004; 107:415–422



Risk factors
;DM, salt, obesity, smoking

Arterial stiffness

Local PPCentral Aortic press

Carotid Atherosclerosis
Renal Atherosclerosis

DBP SBP

CHD, CHF, Arrhythmia, AS Stroke ESRD

Coronary perfusion      LVH, EF



Optimal treatment of 
Aortic Stiffness



Various Various AntihypertensivesAntihypertensives
;; Changes in Vascular StiffnessChanges in Vascular Stiffness
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Hypertension research. 2003;26:609-614



ARB on PWV

PWVb:before Irbesartan treatment, PWV12W:after 12 weeks of Irbesartan
treatment, PWV12W:after 12 weeks of Irbesartan reatment

* : p=0.06 compared to PWVb, † : p=0.007 compared to PWVb, NS:p>0.05           
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Figure 2. Change of PWV after Irbesartan treatment
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Effects of Isosorbide Mononitrate and AII Inhibition on 
Pulse Wave Reflection in Hypertension(SBP>150, DBP<100)

Hypertension. 2003;41:297 



Statin and PWV
Nonstatin(antilipid drug)

Pravastatin
Simvastatin
Fluvastatin



Aortic Stiffness: Na Reduction and Exercise

JACC 2001;38: 506-13



J Hum Hyperten 2001;15, 707-713



Effect of various medications on 
aortic stiffness

• ARBs
• ACEIs
• Nitrates
• Statin

• Salt restrictionfavorable

• VPIs
• Spironolactone
• Sildenafil

• Exercise
• Weight loss

promising

• Beta-blockers Not effective



Thank You for Your Attention !
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