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Arterial stiffness: An independent
determinant of Cardiovascular Risk

- Peripheral PP

- Central PP

- Augmentation Index
- PWV
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Aortic Pulse Pressure Is Related to the
Presence and Extent of Coronary Artery
Disease in Men Undergoing Diagnostic
Coronary Angiography: A Multicenter Study
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Central Pulse Pressure and Mortality in End-Stage
Renal Disease

Michel E. Safar. Jacques Blacher, Bruno Pannier, Alain P. Guenn, Sylvain J. Marchais,
Pierre-Mane Guyonvarc'h. Gérard M. London

Abstract—Damage of large arteries 1s a major factor in the high cardiovascular morbidity and mortality of patients with
end-stage renal disease (ESED). Increased aortic pulse wave velocity (PWV) and brachial pulse pressure (PP) are the
principal arterial markers of cardiovascular mortality described in these patients. Whether central (carotid) PP and
brachial-carotid PP amplification may predict all-cause (including cardiovascular) mortality has never been investigated.
A cohort of 180 patients with ESRD who were undergoing hemodialysis was studied between January 1990 and March
2000. The mean duration of follow-up was 52+36 months (mean*5D). Mean age at enfry was 51.5*16.3 years.
Seventy deaths occurred, including both cardiovascular and noncardiovascular fatal events. At entry, patients wnderwent
carotid PP measurements (pulse wave analysis), echocardiography, and acrtic PWWV (Deppler ultrasonography), together
with standard clinical and biochemical analyses. On the basis of Cox analyses. after adjustment of age, time on dialysis
before inclusion, and previous cardiovascular events, 3 factors emerged as predictors of all-caunse mortality: carotid PP,
brachial/carctid PP, and aoriie PWIV. Adjusted hazard rafios for 1-5SD increments were 1.4 (1.1 to 1.8) for carotid PP,
0.5 (0.3 to 0.8) for brachial/carotid PP, and“1.3 Tl 1.7 for PWN  Braclual bleod pressure, including PP, had no
predictive value for mortality after adjusfment. These tesults provide the st diwect evidence that in patients with ESED,
the carotid PP level and, mostly, the disappearance of PP amplification are strong independent predictors of all-canse
(including cardiovascular) mestality. (Hyperiension. 2002;39:735-738.)
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Central pulse pressure in ESRD patients
Hypertension 2002
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Aortic Pressure Augmentation Predicts Adverse
Cardiovascular Events in Patients With Established
Coronary Artery Disease

Julio A. Chirinos, Juan P. Zambrano, Simon Chakko, Amla Veerani, Alan Schob, Howard J. Willens,
Guido Perez, Armando J. Mendez

Abstract—FPulse pressure (PP), a marker of arterial stiffness, predicts cardiovascular risk. We aimed to determine whether
angmentation pressure (AF) derived from the aortic pressure waveform predicts major adverse cardiovascular events
(IMACE) and death independently of PP in patients with established coronary artery disease (CAD). We prospectively
followed-up 297 males undergoing coronary angiography for 1186*424 days. Ascending aortic pressure tracings
obtained during catheterization were used to calculate AP (difference between the second and the first systolic peak).
Avgmentation index { Alx) was defined as AP as a percentage of PP. We evaluated whether AP and Alx can predict the
risk of MACE {unstable angina, acute myocardial infarction, coronary revascularization, stroke, or death) and death
using Cox regression. All models evaluating AP included PP to assess whether AP adds to the information already
provided by PF. Both AP and Alx significantly predicted MACE. The hazard ratio {HE) per 10 mm Hg increase in AP
was 1.20 ({95% confidence interval [CI], 1.08 to 1.34; P<=<0.001); the HE. for each 10% increase in Alx was .28 (95%
CI, 1.11 to 143 P=0.004). After adjusting for other univariate predictors of MACE, age. and other potential
confounders, AP remained a significant predictor of MACE (HR per 10 mum Hg increase=1.19: 95% CL, 1.06 to 1.34;
P=0.002), as did Alx (adjusted HR, 1.28; 95% CI, 1.09 to 1.50; P=0.003). AP was a significant predictor of death (HR
per 10 mm Hg increase =1.18; 95% CI, 1.02 to 1.39; P=0.03). Higher Alx was associated with a trend toward increased
mortality (HR=1.22; 95% CI, 0,98 to 1.52; P=0.056). Aortic AP predicts adverse outcomes in patients with CAD
independently of PP and other risk markers. (Hyperfension. 2005:45:980-985.)

Kevy Words: arterial stiffness ® cardiovascular events B coronary angiography
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Augmentation pressure and cardio-vascular events in CAD patients
Chirinos et al, Hypertension, 2005
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Endothelial Dysfunction and
Prognosis in Hypertensives

225 Never-Treated Hypertensives With ACh-Induced Forearm Blood Flow
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Perticone F et al. Circulation. 2001:104:191-196.



PWV is an independent determinant of LV hypertrophy

PWV m/sec
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Bouthier et al, Am Heart J 1985
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Impact of aortic stiffness attenuation on survival
of patients with end stage renal failure
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Hypertension

Blood Pressure Response Under
Chronic Antihypertensive Drug Therapy

The Role of Aortic Stiffness in the REASON (Preterax in
Regression of Arterial Stiffness in a Controlled Double-Blind) Study

Athanase Protogerou, MD,* Jacques Blacher, MD, PuD,t George S. Stergiou, MD,*
Apostolos Achimastos, MD,* Michel E. Safar, MD+

Athens, Greece; and Paris, France

Diastolic blood pressure <80 mmHg
{p=NS)

. Systolic blood pressure <140 mmHg
and diastelic <00 mmHg (p=0.001)

I:' Systolic blood pressure =140 mmHg
(p=0.001)

Patients (%)

zm:l 3r'1:|
CF PWV; tertiles
ZNER M Percentage of Patlents* With Effective Blood Pressure Control After 12 Months of Treatment

*Population with increased dosage (n = 154), similar results were found in the whole population (n =375)
after 2 months (i.e., before dosage increase) and at 12 months. CF PWV, = baseline carotidfemoral pulse wave velocity.
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Comparison of Oral MK 421 and Propranolol in Mild to
Moderate Essential Hypertension and Their Effects on
Arterial and Venous Vessels of the Forearm

ALAIN Ch. SIMON, MD, JAIME A. LEVENSON, MD, JEAN D. BOUTHIER, MD,
ATHANASE BENETOS, MD, APOSTOLOS ACHIMASTOS, MD, MARIE FOUCHARD, MD,
BRIGITTE C. MAAREK, MD, and MICHEL E. SAFAR, MD

Am J Cardiol, 1984




Enalapril vs Propranolol on large artery geometry and mechanics
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Enalapril vs Propranolol on large artery geometry and mechanics
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FIGURE 3. Changes in forearm circulation after treatment with MK 421
and propranolol. Values are mean £+ standard error of the mean. * p
<0.05; ** p <0.07; *** p <0.001. BP = blood pressure.

Simon A, Am J Cardiol, 1984



Vascular effects of intravenous infusion of the
angiotensin converting enzyme inhibitor perindoprilat

Athanase Benetos, Jean Philippe Santoni and Michel E. Safar

This study was aimed at evaluating the hemodynamic changes after acute inhibition
of the renin—angjotensin system in hypertensive patients. Twenty-one subjects with
essential hypertension were randomized into three groups of seven subjects each.
In group |, the direct vascular vasodilator dihydralazine was administered at a dose
of 4pug/kg per min. Groups il and Iil received a continuous intravenous infusion of
the angiotensin converting enzyme (ACE) inhibitor perindoprilat at a dose of 1pg/kg
per min and 2.5 pg/kg per min, respectively. Brachial artery hemodynamics and aortic

ty were evaluated non-invasively. Vascular reactivity was evaluated by the
cold-pressor test. In all three groups, an identical decrease in blood pressure was
observed (P < 0.001), followed by a slight (but not significant) decrease in the heart
rate in both perindoprilat groups, and an important tachycardia in the dihydralazine
group (P < 0.001). Brachial artery diameter was increased in the high-dose perindoprilat
group from 0.437 £ 0.014 to 0.479 & 0.013cm (P < 0.02), but remained unchanged in
the two other groups. No significant changes in brachial artery mean blood velocity and
blood flow were observed. In group Ill, aortic distensibility increased almost twice as
much as in the two other groups, but this difference was not statistically significant. The
pressor response to the cold-pressor test was not modified in the three groups; the heart
rate response was almost completely abolished in groups Il and I, but increased in the
dihydralazine group (P < 0.01). These results suggest that (1) intravenous administration
of perindoprilat decreases blood pressure without increasing the heart rate, and inhibits
tachycardia during the cold-pressor test, and (2) since only higher doses of ACE inhibitor
may be capable of inducing vasodilatation in the large arteries, despite having an
identical hypotensive effect and the same degree of plasma ACE inhibition, the two
different doses of perindoprilat induced different vascular effects. We propose that
higher doses of perindoprilat may be necessary in order to inhibit vascular ACE, or
to stimulate vasodilating systems.

Journal of Hypertension 1990, 8:819-826

Keywords: Arterial compliance, vascular renin, angiotensin system,
angiotensin converting enzyme inhibition, vascular reactivity.




Vasodilating effects of Dihydralazine and Perindopril
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Differential Impact of Blood Pressure-Lowering Drugs on
Central Aortic Pressure and Clinical Outcomes
Frincipal Results of the Conduit Artery Fundion Evalation (CAFE) Stady

The CAFE Investigaios, for the Anglo-Scandineian Cardisc Outoomes Tirigal (ASCOT) Investigators

CATE Steeiing Comnities and Wiiting Comeniftee: Boyan Williames, MD, FRCP; Peter 5. Lacy, Phiy;
Sinon M. Thom, MD, FRCP; Kennedy Crosckshank, MD; Alice Staoton, MB, PhDD, FROPL,
Diavid Ciodlier, MEBS, Phi; Alun [ Hughes, MEBES, PhDx H. Thusion, MDD, FRCP

sty Advieor Micheel O'Rourke, MD, FRACP

Backgrowsd—Differsni blocd presure (BEPJowerng dmgs could have different sfeds on ceniral aodic pressums and ihos
cardiovascular omoome despile similar effects on brachial BP. The Conduit Anery Funciion Evalmation { CAFE) sudy, a subsudy
of the Anglo-Scandinawian Candiac Ootcomes Tnal (ASCOOT), sxamined the impact of 2 different EP l:-'M!nnE—Eﬂll‘l‘l-Eﬂ:
satercdol = thiazide-based versws amladipioe = pendopril based therapys oo deeived cenial aovtic prssures and hemodhmamics.

Methods aad Resmts—The CAFE 5Iu-:|'l- recmited 2199 patients in 5 ASCOT centers. Badial ariery applanation tonomeiry and
pulte wave anal¥sis were wed to derive ceniral aortic pressures and hemedemamic indexes on rapeaied visiis for op to 4 vears.
Mot |:-.I|-=11I5 received combination therapy throoghout the sindv. Despile similar brachial sysbolic BPs befwesn ireameni
groups (A0.7 mm He; 95% CI, —04 o 17; P=02), thers were subsiantial reductions in ceniral acriic presswss with the
amiodipine regimen veentral ooeic sysialic E:F' A4 3 mm Hg: 95% C1, 13 o 54; P<0.000]; cenral aortic pube pressure,
AS0 mm He; 56% C1, 2.1 to 39; P<O0001). Con proporionalhazards modeling showed thai ceniral pulss pressnrs was
significanilty associabed with a posi hoc—defined composie outcome of oial cardiovascolar evenis’procedures and
development of remal impairment in the CAFE ochont iunadusted. P<2000001; adjosied for haseline vanahbles, P</0.0G}.

Concusions—BP-lowering drugs can have substaniially differert effects on cenral acriic pressures and bemodynamics
deapiie o similar impaci on brachial BP. Moreover, central aortic pulse pressure may be a determinank of clinical
ouicomes, and differences in ceniral aoriic pressurss may be a poiential mechanism io explain the different clinical
ouiomes between the 2 BP freatment arme in ASCOT. (Ceroimton. 2006: 11312112255

Foev Words: acria m areriza ® blood pressure m hemodynamics m hyperiension
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Valsartan vs Amlodipine: Improvement in
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62%*

Valsartan Amlodipine

In this single-blind crossover study, 12 hypertensive patients were randomized to valsartan and
amlodipine for 8-week treatment periods that were separated by a 2-week placebo washout. Intra-
arterial infusions of ACh were used to assess stimulated endothelium-dependent nitric oxide

release.

*P <0.05 vs baseline.

Tzemos N et al. Am J Hypertens. 2001;14:A66-A67.



Valsartan Improves Vessel Elasticity

Valsartan HCTZ Placebo

Ain
Augmentation
Index
-21.71
-30 (n = 20)

Valsartan improves arterial compliance in patients with
—40 hypertension.
Effects are independent of BP reduction.

Klingbeil AU et al. J Hypertens. 2002;20:2423-2428.



A Il Induces Superoxide Production in Human
Vascular Tissue

Human Internal Mammary Arteries Incubated With 1.0 umol A
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*P =0.001 vs control.
Berry C et al. Circulation. 2000;101:2206-2212.
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Role of A Il In Vascular Disease
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DBP and PWV in normotensive and hypertensive subjects according to the

AT, R A5C genotype
Normotensives Hypertensives
100 100
- DBP (mmHg) 80
60 60
40 40
AA AC I AA AC cC
** **%*
18 P 18
16 PWV (m.sec™) 16
14 14
12 12
10 10
8 8
6 **:n<0.01 6
AA AC cC *x% - 1) < 0,001 AA AC cC

Benetos et al; Circulation 1996



Carotid artery compliance according to the ACE I/D genotype
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Hemodynamic Parameters Before and After
Perindopril Treatment According to Angiotensin Il
Type 1 Receptor Al%C Genotype

AA AC+CC
Parameter Base Perind Base Perind P
SBP (mm Hg) 155+3 14643 159+6 14043 <, 05
DBP (mm Hg) 0212 87+2* 9613 8512 <05
MBP (mm Hg) 114+2 108+2 11714 103+3 <05
HR (bpm) 6612 7012 6712 69+4 NS
PWYV, m/s 12.5+0.4 11.5£0.3 14.4+1.0 11.5+0.7 <0018

*P<.03, P<.01, P<.001, baseline vs treatment; §P<.02, after adjustment for age and changes in mean
BP.

Benetos, A. et al. Hypertension 1996;28:1081-
1024



Hemodynamic Parameters Before and After
Nitrendipine Treatment According to Angiotensin
Il Type 1 Receptor Al5C Genotype

AA ACH+CC
Parameter Base  Nitrend Base  Nitrend Inter P
SBP (mm Hg) 158+3 14043 158+2  146+2* NS
DBP (mm Hg) 96+2 87+2* 06+2 89+1* NS
MBP (mm Hg) 119+2  106+2 11742 109+£2* NS
HR, bpm 6912 70+1 71+3 T5+3 NS
PWY, m/s 12.2+0.6 10.8+0.6* 13.9+0.8 13.9+0.9 <01

*P=.01, P=.001, haseline vs treatment; P=.01, after adjustment for age and changes in mean BP.

Benetos, A. et al. Hypertension 1996;28:1081-
1024



Changes of PWV

after Perindopril or fs
Nitrendipine :
In AT1-R AA homozygotes (top) .
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Benetos, A. et al. Hypertension 1996;28:1081-
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Main effects of Angiotensin Il on the CV system

Angiotensin Il

/\

Vascular Structure and Function

Blood Pressure Homeostasis Modification of Disease Progression
Stiffness Glomerular Atherogenesis
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Optimal Cardiac, Vascular and Renal Protection in
high risk patients

Earlier and more aggressive BP control

Pharmacologic blockade of the RAAS
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