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Relationship Between Blood Pressure 

and Stroke in over 1 Million Subjects 

Lancet 2002; 360: 1903-13  



Relationship Between Blood Pressure 

and MI in over 1 Million Subjects 

Lancet 2002; 360: 1903-13  



Pooled Results of Randomised Trials of BP Lowering  

 47,500 patients in 17 trials. About 5 years of Treatment, DBP Reduced 

by 6mmHg, SBP approx 12mmHg. Diuretics and Beta blockers. 

HDFP 

MRC 35-64 

SHEP 

MRC 65-74 

13 others 

All 

0.5 1.0 0.75 
Odds ratio 

Stroke 

Total 1360 strokes 

OR=0.60 

p<0.0001 

0.5 1.0 0.75 
Odds ratio 

CHD 

Total 2038 CHD events 

OR=0.84 

p<0.0001 



Effective Drug Therapy for 

Hypertension 

• 1940s   Sympathetic blockers 

• 1950s  Thiazide diuretics 

• 1960s   b-blockers 

• 1970s  Calcium channel blockers 

• 1980s  ACE inhibitors 

• 1990s  AT1 blockers 

• 2000s  Direct renin inhibitors 

 



Is it the drug you use or blood pressure 

reduction per se………? 
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Number at Risk: 

Chlorthalidone 15,255 14,477 13,820 13,102 11,362 6,340 2,956 209 

Amlodipine  9,048  8,576  8,218  7,843  6,824 3,870 1,878 215 

Lisinopril  9,054  8,535  8,123  7,711  6,662 3,832 1,770 195 

 

Cumulative Event Rates for the Primary Outcome (Fatal 

CHD or Nonfatal MI) by ALLHAT Treatment Group  

RR (95% CI) p value 

A/C 0.98 (0.90-1.07) 0.65 

L/C 0.99 (0.91-1.08) 0.81 

Chlorthalidone 

Amlodipine 

Lisinopril 



Staessen et al Hypertens Res 2005; 28: 385-407 

Blood Pressure Reduction and Cardiovascular Prevention 

ALL CARDIOVASCULAR EVENTS 



Blood Pressure Reduction and Cardiovascular Prevention 

Staessen et al Hypertens Res 2005; 28: 385-407 

FATAL AND NON-FATAL STROKE 



“The hypothesis that new antihypertensive drugs might 

influence cardiovascular prognosis over and beyond 

their antihypertensive effect remains unproven. Our 

overview emphasizes the need of tight blood pressure 

control, but does not allow determining to what extent 

blood pressure must be lowered for optimal 

cardiovascular protection” 

Staessen et al Hypertens Res 2005; 28: 385-407 



Stroke and Angiotensin II Receptor Blockade 

Staessen et al Hypertens Res 2005; 28: 385-407 



Boutitie et al J Hypertens 2007; 25; 1543-1553 



Boutitie et al J Hypertens 2007; 25; 1543-1553 

Effect of Drugs that Raise or Lower  

Angiotensin II Levels on Stroke 

(26 studies 206,632 patients 7,108 strokes) 



Benefit beyond blood pressure  

reduction………….? 



Dahlof et al. Lancet 2002;359:995 



LIFE: Primary Composite Endpoint 

death, MI, or stroke 

Dahlof et al. Lancet 2002;359:995 



LIFE: Primary Composite Endpoint 
 

STROKE M I 

Dahlof et al. Lancet 2002;359:995 



Half Full……….? 

……….Half Empty ? 



Central Blood Pressure 



The increasing interest in systolic blood pressure and pulse pressure 

as predictors of cardiovascular events stimulated by trial evidence  

of the beneficial effects of lowering blood pressure in the elderly and  

in isolated systolic hypertension has stimulated the development of 

techniques for measuring large arterial stiffness. Two of these have  

been developed for possible use as diagnostic procedures namely 

pulse wave velocity and augmentation index as measured with the  

SphygmoCor device……Aortic blood pressure (the pressure exerted  

on the heart and brain)  may be different from that measured in the  

arm and be a both a better predictor of outcome and may be  

differently affected by antihypertensive drugs 



Peripheral Versus Aortic Pressure 

Pauca AL et al. Chest 1992;102:1193 

SBP 

SBP 

MAP DBP 



Pressure Amplification 



McEniery et al Eur Heart J 2014 (in Press) 



The Basic Technique 

Non-invasive recording of pressure waves 

Mathematical analysis and quantification 

Central pressure Wave reflection Arterial stiffness 

Aortic/carotid Augmentation Index Pulse wave velocity 



Pulse Wave Analysis 

P2 

P1 
AG 

PP 

TR 

Incisura 

TF 
AIx = AG/PP TR 



Laurent et al., Eur Heart J 2006; 27: 2588-2605 



Central Pulse Pressure Predicts Mortality in ESRF  

n=180; mean age 25; 4 year follow up 

Safar et al, Hypertension 2002;39:735 



Roman et al Hypertension 2007; 50: 197-203 





Overlap in Aortic Systolic Pressure Despite no Overlap in 

Brachial Systolic Pressure (n=5648) 

McEniery et al Eur Heart J 2014 (in Press) 



Central Blood Pressure 

Is it differentially affected by drugs….? 



Morgan et al., Am J Hypertens 2004; 17: 118-23 

Fall in SBP and PP at Brachial Artery and Aortic Root  

with Different Classes of Antihypertensive Agent 



Morgan et al., Am J Hypertens 2004; 17: 118-23 

Fall in SBP and PP at Brachial Artery and Aortic Root  

with Different Classes of Antihypertensive Agent 



Morgan et al., Am J Hypertens 2004; 17: 118-23 

Fall in SBP and PP at Brachial Artery and Aortic Root  

with Different Classes of Antihypertensive Agent 



ASCOT Study 
n=19,257, mean age 63 

B Dahlof et al. Lancet 2005;366:895 

Stroke All cause mortality 



Blood Pressure in ACSOT 

B Dahlof et al. Lancet 2005;366:895 



Benefit beyond blood pressure  

reduction………….? 



Wilkinson et al. Lancet 2006; 367:267-9 



CAFE Investigators, Circulation 2006; 113: e-pub 

Systolic BP 

Systolic Pressure 

    Difference 

(Brachial minus 

Central Aortic) 

 

Effects of Atenolol / Thiazide and Amlodipine / Perindopril 

on Systolic Blood Pressure in the CAFÉ Study 



CAFE Investigators, Circulation 2006; 113: e-pub 

Systolic BP 

Systolic Pressure 

    Difference 

(Brachial minus 

Central Aortic) 

 

Effects of Atenolol / Thiazide and Amlodipine / Perindopril 

on Systolic Blood Pressure in the CAFÉ Study 



Dahlof et al. Lancet 2002;359:995 

NO CENTRAL PRESSURE 

MEASUREMENTS 



Dhakam et al Am J Hypertens 2006; 19: 214-219 

Double Blind Randomised Cross Over Study 
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Atenolol 

Eprosartan 

  Change in 

Pulse Pressure 

    (mmHg)  

Brachial Aortic 

NS P=0.005 

Dhakam et al Am J Hypertens 2006; 19: 214-219 

Differential Effects of Eprosartan and Atenolol on Brachial  

and Aortic Pulse Pressures 
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Effect of Eprosartan or Atenolol on N-terminal pro-BNP 

Dhakam et al Am J Hypertens 2006; 19: 214-219 



Boutouyrie et al Hypertension 2010 (e-Pub ahead of print) 



Boutouyrie et al Hypertension 2010 (e-Pub ahead of print) 

Effect of Amlodipine/Valsartan or Amlodipine/Atenolol 

on Peripheral Blood Pressure 



Boutouyrie et al Hypertension 2010 (e-Pub ahead of print) 

Effect of Amlodipine/Valsartan orAmlodipine/Atenolol 

on Central Blood Pressure 



Boutouyrie et al Hypertension 2010 (e-Pub ahead of print) 

Effect of Amlodipine/Valsartan orAmlodipine/Atenolol 

on aPWV and AIx 



Jamerson et al N Engl J Med 2008; 359: 2417-2428 



Jamerson et al N Engl J Med 2008; 359: 2417-2428 

Effects of Treatment on Systolic and  

Diastolic Blood Pressure 



Jamerson et al N Engl J Med 2008; 359: 2417-2428 

Effects of Treatment on Primary Composite End Point 



Jamerson et al N Engl J Med 2008; 359: 2417-2428 

Effects of Treatment on Primary Composite End Point 

NO CENTRAL PRESSURE 

MEASUREMENT 



Matsui et al Hypertension 2009; 54: 716-723 



Changes in Aortic Parameters in the Olmesartan/Azelnidipine 

And Olmesartan/Hydrochlorthiazide Groups 

Matsui et al Hypertension 2009; 54: 716-723 



Changes in Brachial Blood Pressure in the Olmesartan/ 

Azelnidipine and Olmesartan/Hydrochlorthiazide Groups 

Matsui et al Hypertension 2009; 54: 716-723 



Changes in Central Blood Pressure in the Olmesartan/ 

Azelnidipine and Olmesartan/Hydrochlorthiazide Groups 

Matsui et al Hypertension 2009; 54: 716-723 



Mackenzie et al Hypertension 2009; 54: 409-413 



Ruilope & Schaefer Adv Ther 2013; 30: 1086-1099 



Absolute Change in Central Systolic Blood Pressure 

Ruilope & Schaefer Adv Ther 2013; 30: 1086-1099 



Forest Plot of the Differences Between Patients Treated with 

OLM/AML 40/10mg and PER/AML 8/10 mg 

Ruilope & Schaefer Adv Ther 2013; 30: 1086-1099 



Laurent & Boutouyrie Hypertension 2014; (In Press) 



Laurent & Boutouyrie Hypertension 2014; (In Press) 



Laurent & Boutouyrie Hypertension 2014; (In Press) 

Reduction in aPWV from Baseline at Weeks 24 and 52 

Nonadjusted and Adjusted to MAP Reduction 



Laurent & Boutouyrie Hypertension 2014; (In Press) 

Reduction in Carotid Stiffness as Assessed by Elastic Modulus 

After adjustment for Circumferential Wall Stress 



Mason et al Br J Clin Pharm 2012; 74: 141-146 



Central systolic BP different from peripheral systolic BP 

 

Central systolic BP  better predictor of outcome than 

peripheral BP 

 

Central and peripheral BP differentially affected by 

antihypertensive agents 

 


