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Aix, SBPao and PWVao;
independent predictors of CV
morbidity and mortality
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Arterial Stiffness, Wave Reflections., and the Risk of
Coronary Artery Disease

'homas Weber, MD: Johann Auver, MD: Michael F. O'Rourke. MD: Erich Kvas. ScD:
Ehisabeth l\l.\.\lllg. MD: Robert Berent. MD: Bernd Eber. MD

Background —Increased artenal stiflness, determined invasively, has been shown 1o predict a higher nsk ol coronary
atherosclerosis. However, mvasive techmgues are ol hinmmted value for screemng and nisk stratihication m larger patient
groups

Wethods and Resulrs—We prospectively enrolled 4635 consecunive, sympriomaiic men undergoing coronary angiography
for the asscssment of suspected coronary artery discase. Artenal stiffness and wave reflections were -»w.n‘.nlml
noninvasively using applanation tonometry of the radial artery with a validated transter function to generate the
corresponding ascending aortic preasure w aveform Augmented pressure (AP) was defined as the difference |\ ‘tween the
second and the first systolic peak. and augmentation index (AIx) was AP expressed as a percentage of the pulse pressure
In umivanate analysis, a higher Alx was associated with an increased nsk for coronary artery discase (OR, 4.06 for the
difference between the first and the fourth quartile [ 1.72 to 9.587; P<20.01]). In multivaniate analysis, after controlling
[or age, heght, presence ol hypertension, HDL cholesterol, and medications, the association with coronary arteny
disease nsk remamed signiheant (OR, 6.91: P<0.05). The results were exclusively dnven by an increase in nsk with
premature vessel stffening in the younger patient group (up to 60 years of age). with an unadjusied OR between Alx
quartiles | and IV of 8.25 (P<0.01) and a muluple-adjusted OR between these quartiles of 16.81 (P2<0.05)

Conclusions— Alx and AP, noninvasively determined manifestations of arterial stiffening and increased wave reflections,
are strong, independent nisk markers for premature coronary artery discase. (Circulation. 2004;109:184-189.)

Key Words: coronary discasc ® waves ® artencs ® arterioscleros:s




’
= (T

Corrected Variables
Relative risk in the model

(10% BB

i

- L



Central Pressure More Strongly Relates to Vascular Disease
and Outcome Than Does Brachial Pressure
The Strong Heart Study

Mary J. Roman, Richard B. Devereux, Jorge R, Kizer, Elisa T. Lee, Jumes M. Galloway, Taugeer Ali,

Jason G. Umans, Barbara V. Howard

Abstraci—DBrachial blood pressure is predictive of cardiovascular outcome; however central pressure may better represent
the load imposed on the coronary and cerebral arteries and thereby bear a stronger relationship to vascular damage and
prognosis. Relations of brachial and central pressures to carotid anery hypertrophy (intimal-medial thickness and
vascular mass), extent of atherosclerosis (plaque score). and incident cardiovascular events were examined in the Strong
Heart Study. Central pressures were calculated using radial applanation tonometry. Among 3520 participants. central
and brachial pulse pressures were more strongly related to vascular hypertrophy and extent of atherosclerosis than were
systolic pressures. Central pulse pressure was more strongly related to all 3 arerial measures than was brachial pulse
pressure (r—={0.364 versus (.309 [or plague score; P=<ULIK] Tor comparnson ol Spearman cormelation coefhicient; r=10.203
versus (0.249 [or intimal-medial thickness: P<<0.002; r=0.320 versus 0.259 Jor vascular mass; P<<0.05). Among the
2403 participants [ree of clinical cardiovascular discase al baseline, 319 sullered [atal or nonfatal cardiovascular events
turing mean (ollow-up ol 482 1.3 years. Aller adpstment lor age, gender, current smoking, body mass idex,
cholesterol:HDL matio, creatimne, hbnnogen, diabetes, and heart rale, central pulse pressure prediclted cardiovascular
evenls more strongly than brachial pulse pressure (hazards ratio=1.15 per 10 mm Hg, y*=13.4, P<0.001 versus
hazards ratio=1.10, y*=6.9, P=0.008). In conclusion, noninvasively-determined central pulse pressure is more
strongly related to vascular hypertrophy, extent of atherosclerosis, and cardiovascular events than is brachial blood
Ercssﬁrr:. These findings support prospective examination of use of ceniral blood pressure as a treatment target in
future trials. (Hypertension. 2007:50:197-203.)
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Aortic Pulse Wave Velocity Is Associated With the Presence
and Quantity of Coronary Artery Calcium

A Community-Based Study

[Mtikhar J. Kullo, Lawrence F. Biclak, Stephen T. Turner, Patrick F. Sheedy 11 Patricia A. Peyser

Abstract—We nvestigated the relationship of aortic pulse wave velucily (aPWV), a measure of central arterial stiffness,
with the presence and quantity of coronary artery calcium (CAC) in a community-based sample of adults without prior
history of hcart attack or stroke (n=401. mcan age 59.8 ycars, 53% mcn). ECG-gated wavcforms of the right carotid
and right femoral artery were obtained by applanation tonometry, and aPWV was calculated using established methods.
CAC was measured noninvasively by electron beam computed tomography. and CAC score was calculated. aPWV was
significantly correlated with log(CAC +1; r=041: P<0.0001) and pulse pressure (r=047: P<0.0001). Multivariabhle
logistic and linear regression models were used to identify independent predictors of the presence and quantity of CAC.
respectively. In multivariable logistic regression analyses. aPWV was associated with the presence of CAC (/=0.011)
after adjustment for age. male sex. total cholesterol. high-density lipoprotein cholesterol. diabetes. history of smoking.
systolic blood pressure, body mass index, and use of hypertension and statin medications. In multivariable linear
regression analyses, aPWV was significantly associated with log(CAC +1) after adjustment for the covariates
enumerated above (£<<0.0001). aPWV remained significantly associated with both the presence and quantity of CAC
even after the additional adjustment for diastolic blood pressure. We conclude that aPWYV is related to subclinical
coronary atherosclerosis independent of conventional risk factors (including indices of blood pressure) and may be a

biomarker of cardiovascular nsk 1in asymptomatic individuals. (Hypertension. 2006:47:174-17Y.)







Prognostic Value of Aortic Pulse Wave Velocity as Index of
Arterial Stiffness in the General Population

Tine Willum Hansen. MD, PhD; Jan A. Staessen, MD, PhD; Christian Torp Pedersen, MD, DMSc;
Susanne Rasmussen, MD. PhD: Lutgarde Thijs. MSc: Hans Ibsen, MD, DMSc¢: Jorgen Jeppesen, MD, DMSc

In conclusion, in a general population of Western European
extraction, APWYV predicted a composite of cardiovascular
outcomes above and beyond 24-hour mean arterial pressure
and traditional risk factors. In combination with the previous
studies in patients?-* and populations,”!'" our present findings

support the notion that measurement of arterial stiffness is
useful in clinical practice for risk stratification.

Circulation. 2006;113:664-670




Arterial Stiffness and Risk of Coronary Heart Disease
and Stroke

The Rotterdam Study

Francesco U.S. Mattace-Raso, MD, PhD: Tischa .M. van der Cammen, MD, PhD:
Albert Hofman, MD, PhD: Nicole M. van Popele, MD, PhD: Michiel L. Bos, MSc:
Maarten A.D.H. Schalekamp, MD, PhD: Roland Asmar, MD, PhD; Robert S. Reneman, MD, PhD:
Arnold P.G. Hoeks, PhD: Monique M.B. Breteler. MD, PhD: Jacqueline C.M. Witteman, PhD

Background—Arterial stiffness has been associated with the risk of cardiovascular disease in selected groups of patients.
We evaluated whether arterial stiffness is a predictor of coronary heart disease and stroke in a population-based study
among apparently healthy subjects.

Methods and Results—The present study included 2835 subjects participating in the third examination phase of the
Rotterdam Study. Arterial stiffness was measured as aortic pulse wave velocity and carotid distensibility. Cox
proportional hazards regression analysis was performed to compute hazard ratios. During follow-up, 101 subjects
developed coronary heart disease (mean follow-up period, 4.1 vears). and 63 subjects developed a stroke (mean
follow-up period, 3.2 years). The risk of cardiovascular disease increased with increasing aortic pulse wave velocity
index. Hazard ratios and corresponding 95% Cls of coronary heart disease for subjects in the second and third tertiles
of the aortic pulse wave velocity index compared with subjects in the reference category were 1.72 (0.91 to 3.24) and

Conclusions - Aortic pulse wave velocity is an independent predictor

of coronary heart disease and stroke in apparently healthy subjects.
(Circulation, 2006;113:657-663)

Conclusions—Aortic pulse wave velocity i1s an independent predictor of coronary heart disease and stroke in apparently
healthy subjects. (Circulation. 2006,113:657-663.)




2007 Guidelines for the Management of Arterial Hypertension

The Task Force for the Management of Arterial Hypertension of
the European Society of Hypertension (ESH) and of the European
Society of Cardiclogy (ESC)

Authors/Task Force Members: Giuseppe Mancia, Co-Chairperson (Italy),

Guy de Backer, Co-Chairperson (Belgium), Anna Dominiczak (UK), Renata Cifkova
(Czech Republic), Robert Fagard (Belgium), Giuseppe Germano (ltaly), Guido Grassi
(Italy), Anthony M. Heagerty (UK), Sverre E. Kjeldsen (Norway), Stephana Laurent
(France), Krzysztof Narkiewicz (Poland), Luis Rullope (Spain), Andrze] Rynkiewicz
(Poland), Roland E. Schmieder (Germany), Harry A.). Struijker Boudier (Netherlands),
Alberto Zanchetti (Italy)

laurnal of Hypartension 2007, 25:1105-1187
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Table 3 High/Very high risk subjects

& B > 180 mmHg systolic and/or > 110 mmHg diastohc
e Systolic BP > 160mmHg with low diastolic BP (<70 mmHg)
#® Diabetes melltus
® Metabolic syndrome
¢ > 3 cardiovascular nsk factors
* One or more of the following subclinical organ damages:
— Electrocardiographic {(particularly with strain) or echocardiographic
(particularly concentric) left ventricular hypertrophy
= LJit und evidence of camohd artery wall thickeming or placgue
= Increased artenal stiitnecs

- Moderate increase In serum creatining

— Reduced ecstimated glomerular filtration rate or creatinine clearance
— Microalbuminurnia or proteinuna
® Established cardiovascular or renal disease

Table 4 Availability, prognostic value and cost of some markers of
organ damage (scored from 0 to 4 pluses)

CV predictive
Markors value Availability Cost

Electrocardiography
Echacardiography

Arterial stiffness (Pulse wave velocity)

Ankle-Brachial index

Coronary calcium content

Cardiac/Vascular lisgue composilion

Circulatory collagen markers

Endothelial dysfunction

Cerebral lacunaeWhile matler lesions

Est. Glomerular Filtration Rate or
Craatiming Clearance

Microalouminuna
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ARTERIAL FUNCTION (STIFFNESS) EVALUATION |
WITH OSCILLOMETRIC OCCLUSIVE METHOD
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Sensitivity

ROC Curve
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TensioMed™ Arteriograph
Arterial Stiffness Report

Name:

Date of Birth: 1950.09.04. Height: 170 cm : Cholesterol: 6.70 mmol

Sex: Female Weight: 60 kg

Comment:

10 year risk of fatal CVD (EHRC scorell 19 (low risk)
S

Examination dale and time: 2007.0524. 1405 JUG-SY: 52 cm
Operator's name: DR. BENCZUR BELA
Sys: 117 mmHg Dia: 76 mmHg HR: 67 /min MAP: 90 mmHg PP: 41 mmHg

PWVao: 1051 m/s SBPao: 111.35 mmMg

Aix aorlic: 22 Ye J 99 ms







TensioMed™ Arteriograph
Arterial Stiffness Report

Name:
Date of Birth: 07.10.1938. Height: 167 cm BMI: 3048 Cholesterol:

Se)(: For - wei 2 Fat el ] il
Comment: Bisoprolol

Examination date and time: 12.01.2006. 0945 JUG-SY: 58 cm
Operator's name: ARTERIOGRAM
Sys: 157 mmHg Dia: 94 mmHg HR: 68 /min MAP: 115 mmHg PP: 63 mmHg

Aix brachial: < 9.07 %) . 345 ms

Alx aortic: 36.4




TensioMed™ Arteriograph
Arterial Stiffness Report

Name:
Date of Birth: 07.10.1938. Height:

Cholesterol:

390 mmoll

Sex: Female Nainht:
Comment: Nebivolol

10 year risk of fatal CVD (EHRC scBreyT™5°: (meaedum nsk)

Examination date and time: 29.11.2006. 1345
Operator's name: ARTERIOGRAM
Sys: 141 mmHg Dia: 77 mmHg HR: 70 /min

MAP:

JUG-SY:

98 mmHMg

54 cm

PP: 64 mmHg

Aix brachial: . 355 ms

9.80 m/s

Alx aortic: 209




TO SCREEN FOR EARLY ATHEROSCLEROSIS AMONG
ASYMPTOMATIC, APPARENTLY ,,HEALTHY” SUBJECTS
FOR IMPROVING CV RISK ASSESSMENT

AND

TO ASSESS THE EFFECT OF THE THERAPY ON
VASCULAR FUNCTION AMONG PATIENTS WHERE
ATHEROSCLEROSIS HAS BEEN ESTABLISHED
(CAD, POST MI, STROKE, PAD)



Mi, PAD



Atherosclerosis timeline
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Endothelial dysfunction

From first decade From third decade From fourth decade

Growth mainly by lipid accumulation Smooth muscle] Thrombosle,
and collagen hematoma

Pepine CJ. Am J Cardiol. 1998,82(suppl 10A):23S-27S.








