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Some pathophysiology  
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The concept  of Windkessel  

Windkessel  literally means air chamber and is a German translation of a 
concept described by Stephen Hales, who linked the effect of the 
elastic arteries in dampening the arterial pulse to that of an air 

chamber in 18th century fire engines  



ÁIncreases  systolic  and decreases  
diastolic  BP. 

 
ÁI ncreases pulsatile  component of 

central BP.   
 

ÁDamages microvasculature leading to 
coronary slow flow , kidney failure , etc.  
 
ÁInduces  atherosclerosis  development  
 

Arterial  stiffness  ð CV risk  



Forces acting on the vessel wall  



Wall  

Blood pressure  

Wall stress = Pr/h  

Circumferential  
t ension 

Forces acting on the vessel wall  



Ruptured coronary plaque  

V. Fuster, JACC 2005.  



Pulse wave velocity  

Safar M, Jankowski P. Atherosclerosis  2011; 218: 263  



Central blood pressure  



Ascending aorta        Brachial artery  

Sys. BP    122       134 mmHg 
Diast . BP     81       80 mmHg 
Mean BP    99       98 mmHg 

Patient  A.K ., 55 y ð dgn.: CAD  



Pulse wave in the  aorta  
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Primary wave  



In the arterial 
system, the 
secondary wave 
returns and interacts 
with the wave that 
created it, with a 
similar effect on the 
curve as seen on the 
bottom wave of the 
diagram.  

 



Pulse wave in the  aorta  
augmentation 
of pressure 
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Prognostic  value  
of arterial  stiffness  



Prognostic value of stiffness  

Mitchell GF et al. Circulation 2010; 121: 505.  N=2232  
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Aortic pulse wave velocity  



PWV ð CV risk  

Ben- Shlomo Y et al. J ACC 2014;  63:  636 .  
Vlachopoulos C et al. JACC . 2014;  63:  647 .  



Prognostic  value of stiffness  

Arterial  stiffening  could be an 
integrate  measure of  the  damages 
occurred  at  the  vascular  level over  a 
long period .   

Boutouyrie P et al. Hypertension 2002; 39: 10.  



Prognostic  value  
of central BP  



Safar M. et al.  Hypertension 2002 ; 39:735  . 

Central PP ð risk  of death  in  
end-stage renal  disease 

months 

1 tertile  

2 tertile  

3 tertile  



Prognostic  value of PP in CAD patients  

Brachial pulse pressure
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p = 0,7437

Central pulse pressure
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The Aortic  Blood Pressure and Survival  Study  

N = 1109, follow - up: 55,0 ± 17,2 months  

P. Jankowski et al. Hypertension 2008; 51: 848.  



The Aortic  Blood Pressure and Survival  Study  

Variable 
Hazard ratio 
(95% confidence 

intervals) 

Wald 
statistics 

p 

Central PP (per 10 mmHg) 1.13 (1.05 ï 1.22) 10.07 < 0.001 

EF (per 10 %) 0.84 (0.75 ï 0.94) 9.57 < 0.01 

Mean coronary stenosis  
(per 10 %) 

1.18 (1.06 ï 1.32) 9.14 < 0.01 

Creatinine level (per 10 
µmol/l) 

1.03 (1.01 ï 1.05) 5.05 < 0.01 

Previous infarction 1.38 (1.03 ï 1.86) 4.68 < 0.05 

Sex  1.44 (1.03 ï 2.02) 4.49 < 0.05 

Diabetes  1.39 (1.00 ï 1.95) 3.85 < 0.05 

Central pulse pressure is the best predictor  

Jankowski P. et al. Hypertension 2008; 51: 848.  N=1109  



Central vs peripheral  BP 

The influence of central PP on CV risk  

Vlachopoulos C et al. EHJ 2010; 31: 1865.  



Central vs peripheral  BP 

Pini R i wsp. JACC 2008; 51: 2432.  

CV events risk  

Vlachopoulos C et al. EHJ 2010; 31: 1865.  



Central vs peripheral  BP 

Wang KL et al. J Hypertens 2009; 27: 461.  

The risk of CV death  

N=1272  

Hazard ratio  
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24- hour monitoring  
of central BP  



Central hemodynamics 


