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# Franklin D. Roosevelt, 32" President of the US
died of cerebral haemorrhage on April 12, 1945



* Admiral Ross Mclntire, the president’s personal
physician, asserted-

- the president had been in excellent health,

- there was no indication of Imminent danger,

- the cerebral haemorrhage “came out of the clear sky”
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Steve Early, press secretary for the
White House, stated officially that

“the President was given a thorough examination
by seven or eight physicians, including some of
the most eminent In the country, and was

pronounced organically sound in every way’

Ross CG. ‘Came out of clear sky,” says President’s physician.
St. Louis Post-Dispatch. April 13, 1945:A2



Blood pressure records of Franklin D. Roosevelt
from 1935 until his death on 12 April, 1945
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Data are from the diary of Dr. Howard G. Bruenn: Ann Intern Med 1970;72:579-591
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As late as 194)5...

» Hypertension was not considered a disease of
major clinical consequence by most physicians

¢ It was still viewed by the majority of physicians
as “‘essential” to force blood through sclerotic
arteries to the target organs



“... the hypertension may be an important
compensatory mechanism which should be
tampered, even were It certain that we
control it.”

- Paul Dudley White. Heart Disease. 2" Ed. New York, Mcmillon,1937:326



CHD Incidence Rate /
1000 Person Years

Hypertension: Historical Lessons
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Hypertension Treatment Significantly Reduced
Mortality and Morbidity

Estimated Cumulative

VA Cooperative Study Group —
Estimated cumulative incidence of all morbid events over 5 years
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Veterans Administration Cooperative Study Group on antihypertensive agents JAMA 1970;213(7):1143-1152.



Evolution of Perception of Hypertension

U In the past, the severity of HTN was classified
principally on the basis of DBP

1 Later SBP was found to be better guide than
DBP to evaluate CV and all-cause mortality

1 Recently pulse pressure emerged as an
Independent CV risk factor .

1 Today, the hypertensive patients should be
considered as having multiple risk factors

1.Hypertension 1999;34;386-87. 2. Hypertension 2000;35:1021-24. 3. Circulation 1999;100:354-60. 4. Arch Intern Med 2000;160:1085-89



HYPERTENSION

A “Syndrome” of
Metabolic Cardiovascular Abnormalities

= High Blood pressure

# Glucose Intolerance and insulin resistance
# Decreased renal function reserve

= Altered LV structure and function

= Altered compliance of arteries

a

Operil and Weber, 2000



Hypertensive Cardiovascular Diseases
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disease

Cerebrovascular
events




Pathophysiology of Hypertensive CVD

Background Haemodynamic Nonhaemodynamic
Genetic; age; sex; BP: wall stress; Ang Il; SNS; aldosterone;
obesity; race; etc volume overload; insulin resistance;

arterial stiffness haemorheological

. E

Biomechanical Stress
Cellular and sub-cellular signals
Activation of early proto-oncogens

!

Hypertensive Heart Disease
Altered coronary reserve; Endothelial dysfunction; LVH,;
Systolic/diastolic dysfunction; Perivascular fibrosis

v

Clinical Consequences
Stable angina; ACS; HF; SCD




Cardiovascular disease continuum
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Prevention of cardiobascular
events In hypertension

¢ Prevention of CV events Is the major goal in
hypertensive patients

¢ Evaluation should be comprehensive and
treatment has to be efficient right from the start
of the CV continuum



Haemodynamic assessment in
hypertensive patients

Central aortic blood pressure:-
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- Blood pressure measurement at the
aortic level
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Brachial Blood Pressure

¢ BP is customarily measured in the upper limb
by brachial cuff method
- Systolic pressure by palpation (Riva-Rocci, 1896)
- Systolic and diastolic pressure by auscultation
(Korotkov, 1905)

*¢* Brachial parameters (SBP, DBP, PP) are
powerful predictor of cardiovascular
structural damage, morbidity and mortality



Central Aortic Pressure

* Blood pressure at the key organ level (heart, brain

and kidneys)

* Central pressure Is a better predictor of coronary

disease than brachial pressure



Central Aortic Pressure Waveform

- IS a composite of the forward pressure
wave created by ventricular contraction and
a reflected wave from peripheral arteries



Central Aortic Pressure Waveform

® Pressure waveform if there was no
wave reflection (ie. the aorta was an
open-ended tube providing a simple
resistance to flow)
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Central Aortic Pressure Waveform

100 200

Systole

As the primary wave travels along the
arteries it generates reflected waves
from each bifurcation and from the
peripheral vascular beds.

all these small reflect-ed waves
return to the heart, summing to
create a reflected wave, starting even
before the end of systole.



Central Aortic Pressure Waveform

100 200

Systole

The pressure in the aortic root is the
sum of the outgoing and reflected
wave (the green wave).

note importantly how the reflected
wave boosts the coronary artery
perfusion pressure — the aortic root
pressure — during diastole when over
95% of perfusion of the sub-
endocardium takes place.



Central Aortic Pressure

Central aortic pressure parameters and

LV load are determined not only by CO Elastic artery
and PVR, ! (PP)
but also by -
- the stiffness of conduit arteries and <«—— Major reflection
- the timing and magnitude of pressure - Muscular artery

wave reflections

PVR (MAP)
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Arterial Stiffness and Central Aortic
Pressure Waveform

« |n elastic vessels, because PWYV is low,

reflected wave tends to arrive back at the aortic
root during diastole

« |In the case of stiff arteries PWV Increases and
the reflected wave arrives back at the central

arteries earlier, adding to the forward wave and
augmenting the systolic pressure



Central aortic pressure waveform
with compliant arteries

> Blood pressure in the aortic root is the sum of the
and reflected wave.
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Central aortic pressure
waveform with stiff arteries
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Changes of arterial waveform
with age
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Arterial Stiffness and Risk of
Cardiovascular Events

Arterial stiffness Is generally accepted as a
predictive factor for cardiovascular morbidity
and mortality



Atherosclerosis, arterial stiffness
and central aortic pressure

' —Central Aortic N

Blood Pressure
—Pulse pressure

Atherosclerosis

T Sympathetic
. Modulation : dilation
1 Angiotensine Il

1 Central wave
reflection

T Large artery
stiffness

Conge :
heart failure

Diabete;

JE Deanfield Circulation 2007;115:1285-1295
Adapted from Dart AM and Kingwell BA. J Am Coll Cardiol. 2001;37:975-84.



Assessment of Arterial Stiffness

¢ Pulse pressure
*» Pulse wave velocity (PWV)

s Central pulse wave analysis:
- central pulse pressure
- central systolic pressure
- augmentation index



Central pulse waveform analysis

Systolic pressure (P1)

Augmentation Pressure I
P2

—_—

Pulse
pressure

Diastolic pressure :
(P3)

Augmentation index: 100X(P1-P3)/(P2-P3)

Am J Hypertens. 2001;14(8 pt 1):804-810.



Pulse pressure amplification in brachial
artery and central aorta In subjects with
compliant and stiff large arteries

Arterioscler Thromb Vasc Biol. 2003;23:554-566



Clinical implications of central aortic pressure
In patients with stiff arteries
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* patients with arterial stiffness has a very different
aortic pressure waveform.

* This has three important clinical implications.



Central aortic pressure in patients with
stiff arteries
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3 Important clinical implications:

* First, the central systolic pressure
and central pulse pressure is
Increased.

°* anincrease in the central pulse
pressure that drives cerebral blood
flow increases stroke risk.

>*

This change in central systolic
pressure can occur without any
changes occurring in peripheral cuff
systolic pressure.



Central aortic pressure in patients with
stiff arteries

3 Important clinical implications:

* Second, there is an increase in left
ventricular load (LV load).

* |ncrease in LV load accelerates
increase in LV mass and increases
risk of LV hypertrophy

100 200

Systole




Central aortic pressure in patients with
stiff arteries

3 Important clinical implications:

* Third, the pressure that is perfusing
the coronary arteries during diastole
IS reduced, increasing the risk of
myocardial ischemia.

100 200

Systole




Increased arterial stiffness independently Increases
the risk of all three major CV outcomes

0

100 200

Systole

Increased Central
Pulse Pressure

Increased LV Load

Decreased Coronary Artery
Perfusion Pressure in
Diastole

This earlier return to the heart of the
reflected pressure wave (due to
stiffening of the arteries) changes
the aortic root pressure waveform,
... With' 3 key clinical implications

Central pulse pressure increases ...
Increasing risk of stroke and renal
failure

LV Load increases.... increasing LV
mass, and accelerating progress
towards LV hypertrophy and heart
failure

Coronary artery perfusion pressure
in diastole reduces.... increasing
risk of myocardial ischemia



Impact of antinypertensive
drug treatment on
cardiovascular outcome



Effects of Antihypertensive Drug Treatment
on CV I\/Iortality and Morbidity

CVD CHD
Deaths Events
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20,
50

-00 -

Strokes

Combined result from 17 randomised, placebo-controlled treatment trials;
decreased in events-treated compared to control

Arch Intern Med. 1993;153: 578-581 and JACC, 1996; 27: 1214-18



% Reduction

-10-

-15 -

-20 -

-25

BP Reduction by Drug Classes

ARB B-blockers Diuretics CCB ACEI

-13.21

-14.84 -14.98
-16.23

-19.8

= SBP
m DBP

Am J Cardiovasc Drugs 2005;5:1-10



The Anglo-Scandinavian Cardiac
Outcomes Trial

Anglo-Scandinavian

ascoOt

Cardiac Outcomes Trial

Randomised controlled trial of prevention of CHD
and other vascular events by blood pressure lowering
and by cholesterol lowering



ASCOT:. Primary Objectives

To assess non fatal Ml and fatal CHD of the standard
anti-hypertensive regimen (B-blocker +/- diuretic) with a
more contemporary regimen (Ca channel blocker +/- ACE
Inhibitor)

To compare the effect on non fatal Ml and fatal CHD of a
statin vs. placebo among patients with a total cholesterol
< 6.5 mmol/l



ASCOT:BPLA

Same degree of BP reduction with

Perindopril/Amlodipine and Atenolol/Thiazide

B-blocker + diuretic

1;: (mm Hg) COVERSYL 4 to 8 mg + amlodipine

163.9

164.1 136.3

135.5




IS It sufficient to control brachial BP
to prevent cardiovascular outcome?

Follow up of 100 hypertensives treated with
B-blocker + diuretic for 4/6 years’

* ? Number of events
. & [IIIIIIII D>
eart failure @ F >
Anglo-Scandinavian
i ra
i i se

ascot

= 47 events/100 treated patients!



ASCOT: BPLA

All-cause Mortality: -14% reduction

Atenolol + thiazide

COVERSYL 4 to 8 myg

+

amlodipine

'1 4% total mortality
HR =0.86 (0.78-0.96)

F=0.005




ASCOT: BPLA

Cardiovascular Mortality: -24% reduction

Atenolol + thiazide

COVERSYL 4 to 8 mg
+
amlodipine

- 2 4% cardiovascular mortality
HR=0.76 (0.65-0.91)

P=0.0017




ASCOT: BPLA

Fatal and Nonfatal Strokes:-23% reduction

Atenolol + thiazide

COVERSYL 4 to 8 mq
+ amlodipine

-23%0 strokes

HR=0.77 (0.66-0.90)
F=0.0007

Time {y)

G




ASCOT showed long-term superiority of
Amlodipin/Perindopril regimen compared to
Atenolol/Thiazide regimen with respect to CV
events with similar BP control

What Is the missing link ?



+* Different effects of drug classes on central
aortic pressure parameters may be a
potential mechanism to explain the
different clinical outcomes between two
treatment arms in ASCOT Trial



The CAFE Study

GUIEWREER 93 The Conduit Artery Function Evaluation
(CAFE) study, a substudy of ASCOT
examined the impact of two different BP
lowering-regimens on central aortic
pressures and haemodynamics.




Effects of Perindopril based regimen and
Atenolol based regimen on central aortic SBP

= central aortic SBP
versus atenolol

mum Hag SEP
i

-5

-8

Atenolol

22.5

Coversyl
based regimen

Asmar et al. Hypertension. 2001;38:922-926.



Difference in brachial SBP and
central aortic BP in CAFE study

Brachial SBP decrease = Central aortic SBP decrease

mm Hg

0 Atenolol / Thiazide

Amlodipine / Coversyl 4 to 8 mg

Time (y)

1 2 3 4 5 6

P<0.2 i .
B Amlodipine / Coversyl Central SBP difference: 4.3 mm Hg

Atenolol / thiazide P<0.0001

The CAFE investigators. Circulation. 2006,113:1213-1225.



_ower Augmentation Index with
Amlodipine/Perindopril regimen

Augmentation Index (%)

35 -
30 -
25 -
A
lio
10 -
5

0

P < 0.0001

Aten/Thiaz

Amlod/Perind

The CAFE investigators. Circulation. 2006,113:1213-1225.



CAFE: Summary

« Amlodipine £ Peridopril showed substantial and
consistent difference in central aortic BP and
haemodynamics compared to Atenolol/Thiazide,
despite similar brachial SBP changes

« Differential effects on Central aortic SBP and
central aortic PP may explain the differences in
clinical outcomes observed in ASCOT-BPLA

« Central aortic PP may be a determinant of CV
outcome

The CAFE investigators. Circulation. 2006,113:1213-1225.



How Perindopril decreases
central aortic pressure?

" Central aortic Atherosclerosis
l blood pressure Prevents
! Pulse pressure Atherosclerosis
V N tric
! Central wave - Endothelial ! sympathetic dilation

Modulation:
! Angiotensine Il

dysfuncti
Corrects

Endothelial

dysfunction

reflection

 Large artery
SUESS

Conge:
heart failure

JE Deanfield. Circulation. 2007;115:1285-1295.
Adapted from Dart AM and Kingwell BA. J Am Coll Cardiol. 2001;37:975-84.



Perindopril decreases angiotensin Il and
Increases bradykinin and NO

Perindopril Corrected RAAS

Renin D
T Angiotensin | 7
d Angiutensin 1l M‘T Bradykinin

2% 80, 0 ee® a0 e

____L

Morishita T, Tsutsui M, Shimokawa H, et al. Jpn J Pharmacol. 2002;88:100-107.



Perindopril corrects endothelial dysfunction

RAAS inhibition’
“ Angiotensin lI
-~ Bradykinin

Activated RAAS'

-~ Angiotensin Il

COVERSYLA#8ms

g ——— S iy Ly dim— Elrmom iy

Normalizes and controls
blood pressure over 24 hours

/7 Arterial vasoconstriction

" Vascular hypertrophy:
~ endothelial dysfunction
~ endothelial apoptosis
~ atherosclerosis

Reduces vascular hypertrophy:®

- corrects endothelial dysfunction®
- decreases endothelial apoptosis”
- prevents atherosclerosis*®

1- Dzau VJ, Antman EM, Black HR, et al. Circulation. 2006;114:2850-2870. 2- Ceconi C, Fox K, Remme WJ, et al. Cardiovasc Res. 2007;73:237-246. 3-Thybo NK, Stephens N, Cooper
A, et al. Hypertension. 1995;25:474-81. 4- Candido R, Jandeleit-Dahm KA, Cao Z, et al. Circulation. 2002;106:246-253. 5- Fennessy PA, Campbell JH, Mendelsohn FA, et al. Clin Exp
Pharmacol Physiol. 1996;23:S30-S32.



Perindopril inhibits the development
of atherosclerosis

Without COVERSYL With COVERSYL

Atherosclerosis Normal

Candido R, Jandeleit-Dahm K, Cao Z, et al. Circulation. 2002;106:246-253.



Perindopril prevents arterial stiffness
iIndependent of BP reduction

Without Coversyl Stiff artery With Coversyl Elastic artery

Tropeano A, Boutouyrie P, Pannier B, et al. Brachial pressure-independent reduction in carotid stiffness after
long-term angiotensin-converting enzyme inhibition in diabetic hypertensives. Hypertension. 2006;48:1-7.



ESH/ESC-2007 guidelines emphasize the
Importance of central aortic blood pressure

3.1.7 Central blood pressure

Due o the vanable supenmposition of incoming and

reflected pressure waves along the artenal tree, aortic
and central systolic and pulM evsolic and pulse pressure (Le. the pressure exerted at
affecred by anohypertensn
Invasive measurement of
confined this 1ssue to res
method has been describe
aortc blood pressure by calculating the “"augmentation
index™ from the pulse wave pressure contour recorded
from a peripheral artery [ 164, 165). Use of this method has

from the conventonally measured brachial pressure [162].
Furthermore, the claim has long been made that pernipheral

confirmed that the effects of antithypertensive drugs on

central systolic and pulse pressure do non invariably
reflect those seen at the brachial artery level [166,167].
Furchermore, the results obrained 1n a large subsoudy
performed within a randomized tnal have shown that
central pulse pressure as assessed from the "augmenta
rion index” 15 significantly related to cardiovascular
events [1066]. However, the prognostic role of central




Summary (1)

¢ Brachial blood pressure parameters (SBP, DBP,
PP) are powerful predictor of CV structural
damage, morbidity and mortality

¢ Arterial stiffness and raised PP are independent
risk factors for CV disease

¢ It Is concelvable that the measurement of arterial
stiffness and estimation of central pressures could
become an important part of the assessment of
hypertensive patients



Summary (2)

¢ Thus far, pharmacotherapy has focused on
BP-lowering properties of antihypertensive drugs

¢ Reduction of arterial stiffness, and thereby
reducing central systolic and pulse pressure Is an
additional target






Increased arterial stiffness independently Increases
the risk of all three major CV outcomes

Aortic
150 Stroke

Increase in the central pulse pressure
that drives cerebral blood flow

» increases stroke risk..

PP Increasein LV load accelerates increase LVH
' in LV mass

» increases risk of LV hypertrophy

100 ' '
' Decreased coronary artery
: perfusion pressure in diastole
- » increases risk of coronary events
80
CHD
70

0 100 200 300
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Relative Risk of Stroke and CHD
According to Diastolic Blood Pressure

Stroke S : Stroke and usual DBP

Relative Risk of Stroke

Stroke leading to intracerebral
hemorrhage into putamen and
ventricle

76 84 91 98 105 mm Hg

Sy
)

Approximate Mean Usual DBP

Coronary Heart Disease
4.00; Coronary heart disease and usual DBP N ) 3[”
Cardiac hypertrophy and anteroseptal PR

=

o infact with coronary heart disease

' /

76 84 91 98 105 mm Hg _ EROLE, W Angina
Approximate Mean Usual DBP ;

Lancet. 1990:335:765-767



Perindopril along the CVVD continuum

Perindopril
(PROGRESS)

Perindopril
(EUROPA)

Perindopril
(PREAMI)

Perindopril
(PERTINENT)
Perindopril
(PEP-CHF)
Perindopril : _
(ASCOT-BPLA) Perindopril

(ESRF)




Overwhelming evidence

Number of patients

— 50 000
PREAMI ! Post-MI

Perindopril provides EUROPA?

12 218 all risk CAD patlents
-20% CV death-Mi-cardiac amest
P=0,0003

result in -~ landmark PROGRESS®
trials comprising m—
patients 11 140 type 2 diabetic patients

on going trial

AIRE? 2006acute MI ASCOT-| T
SOLVD treatment® PEP= -27% Pt =l
PEP=-16% P=0036 =mea = 19 257 hypertensives

SDL\;B-p 2&?‘?3?0“ n HOPE -24% CV mortality
° e 0541 High Risk patients P=0.001
TRACE? post-Mi ANBP22 RRR In MI, stroke, CV death=

Total mortality G:Ph' h}lfﬁrte:sim -22% P<om
== L] =05

DIABHYCAR® COVERSYL

alderly HT patients
L I e 4912 Type 2 diabetics r=s5

1% P=m DREAM 3
CAMELOT? 5260 patients

CAD hypertensives CONSENSUS 112 —
-2% Death + nontatal MI acute M patients Ramipril
+ nonfatal stroke +10% Death P26
P

Enalapril

ot In 50% cases

e ramipril provides

Trandolapril

negative result




