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Correlation between age and arterial calcium (Ca) concentration	


in the aorta and internal iliac artery in nonuremic control subjects	



Ibels et al.  Am J Med 1979 



Kuller, L. H. et al. Arterioscler Thromb Vasc Biol 1999;19:2189-2198 

Comparison of aortic total calcium score with coronary total calcium score 



5 

8 

11 

14 

17 

20 

10 20 30 40 50 60 70 80 90 
age (years) 

A
or

tic
 P

W
V 

(m
/s

) 

5 

8 

11 

14 

17 

20 

10 20 30 40 50 60 70 80 90 

AGE vs AoPWV 

age (years) 

ESRD patients – 
Control subjects -- 

A. B. 

ESRD aortic calcific. Positive –ESRD 
aortic calcific. negative – 

London GM et al Blood purification 2013 



Molecular and cellular mechanisms 
 for arterial remodelling in aging 

AAASP – age-associated arterial secretory phenotype 
  

Wang M. et al. Current Opin Nephrol Hypertens 2010 

Molecular pathways implicated in aging and 
Senescence-associated secretory phenotype 

Newgard CB and Sharpless NE  JCI 2013;123 

SASP - senescence associated secretory phenotype 

 



Wang M. et al. Current Opin Nephrol Hypertens 2010 



•  Nuclear lamina and posttranslational processing 

Cleavage impossible in HG for deletion of 50 aminoacids 
In the clivage site with accumulation of progerin and decreased lamin A 

ROS and inflammation activity  
accumulation of prelamin A 



Lamin A/C in fibroblasts from Young, Old and HGPS patients 

Scafidi Science 2006 

Young (9Y) Old (96Y) HGPS 



Ragnauth C. et al Circulation 2010;121:2200-10 

Oxidative stress reduces ZMPSTE24/FACE1 activity and accumulates Prelamin A 



Liu Y et al Circ.Res 2013 

Prelamin A accumulation promotes VSMC calcification 



Prelamin A accumulated in calcified VSMCs both in vivo and in vitro. 

Liu Y et al Circ.Res 2013 



Klotho levels are reduced in CKD mice and CKD patients, and soft tissue calcification is observed in CKD 
mice. 

Hu M C et al. JASN 2011;22:124-136 



Klotho 

Klotho 

 



Dietary and genetic evidence of phosphate toxicity 
accelerating mammalian aging. Ohnishi M and Razzaque MS Faseb 2010 24;3562 

DKO klotho/Napi double knock-out 
NPD normal phosphate diet 
HPD high phosphate diet 



Worman HJ et al. JASN 2007;18:2116 

Effects of low phosphate (PD) and low vitamin D diet (DD) 
On aortic calcifications in FGF23 knock-out (KO) mice 



KI 2011;79:1044 

KI 2013;83:984 



Effects of aldosterone and spirolactones on PIT1 expression 



Effects of aldosterone and spirolactones on calcification factors 



Schrier RW et al. Clin J Am Soc Nephrol 2010 Moreno JA et al JASN 2011;22:1315 

TWEAK: TNF-like weak inducer of apoptosis 



Advanced glycation end products induce calcification of VSMC through RAGE/
p38MAPK and upregulation of Runx2 

Tanikawa T et al.J Vasc Res 2009;46:572-580 

AGEs and mRNA expression of Runx2 



Al-Aly, Z. et al. Arterioscler Thromb Vasc Biol 2007;27:2589-2596 

Infliximab downregulates osteogenic BMP2-Msx2-Wnt programs in Ldlr-/- mice fed HFD 

HFD-high fat diet 



R.Detrano et alal 

. P <0.001 for all 



Correlation between calcium score and degree of stenosis is weak 

•  Calcification is not equivalent to coronary stenosis 

Gottlieb. JACC 2010 





Lin TC et al. Ann Biomed Eng 2006;34:1534-41 



AHA Recommandations  2010 

What is the role of coronary calcium measurement by fast CT scan in 
asymptomatic patients with high CHD risk ? 

 
The Committee does not advise CAC measurement in this selected patient 
stratum as they are already judged to be candidates for intensive risk reducing 
therapies based on current NCEP guidelines. 

Is there evidence that coronary calcium measurement is better than other 
potentially competing tests in intermediate risk patients for modifying 

cardiovascular disease risk estimate? 
 

In general, CAC measurement has not been compared to alternative approaches 
to risk assessment in head-to-head studies. This question cannot be adequately 
answered  from available data. 



Paradigm change 
•  Cardiology switched from anatomy to function 
•  Recommandations 2004: tight stenosis with lumen reduction >  50% 
•  Recommandations 2010: functional evaluation FFR: <0.8 ischemia 

(functional flow rate) 

Pd – wire pressure ( ) 
Pa – aortic pressuire	
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r = 0.754 
P < 0.0001 

Pannier et al. Artery 2007 

Correlation between aortic calcification score and 
 aortic PWV in ESRD patients 

 



Briet M et al KI 2012 

Smaller Fraction 
of O2 Available 
for Metabolism 

O2 Extraction 
 

Capillary 
Transit Time 

Blood 
Velocity 

(NOT capillary 
recuitment) Normally 2-3 seconds 

Oxygen Limitation Model 



measured pressure 
wave 

forward/incident 
pressure wave 

reflected pressure 
wave 

pulse wave velocity 

Pressure wave analysis 
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12 m/s 

PWV 

PWV 



Decreased Coronary Artery 
Perfusion Pressure in Diastole 
 increased risk of MI 

Increase in left ventricular load (LV 
load) accelerates increase in LV mass  

 increased risk of LV hypertrophy 

PP 

Increase in the central pulse pressure that 
drives cerebral blood flow  
 increased stroke risk 
 Increase chronic kidney disease. 

Role of increased central aortic and pulse pressures   
 in the increase of cardiovascular events 



Briet M et al. KI 2012 



Briet et al KI 2012 Reflection coefficient=RefP/Forward P 



Mitchell GF et al Brain 2011;134:3398 Mitchell GF et al Brain 2011;134:3398



Henskens et al Hypertension 2008;52:1120

Aortic PWV and White matter Hyperdensities (WMH)

Elias,	
  M.	
  F.	
  et	
  al.	
  Hypertension	
  2009;53:668-­‐673

The interaction of PWV and age in relation to the global composite cognitive score





Al-Aly, Z. et al. Arterioscler Thromb Vasc Biol 2007;27:2589-2596 

TNF-{alpha} directly activates Msx2-Wnt signaling with subsequent ALP induction 



Towler D et al Ann NY Acad Sci 2006;1068:327-33 

Working model for arterial media calcification 



Briet M et al KI 2012 



Hu M C et al. JASN 2011;22:124-136 

Klotho regulates phosphate uptake and calcium content and VSMC dediferentiation 
By regulating Pit-1 and 2 and Runx2 



Final AHA RECOMMENDATION 



O’Neil et al. KI 2011;79:512 



Calciphylaxis Registry: 
Role of calcification inhibitors: serum Fetuin-A 
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Courtesy of Dr. Brandenburg V 



Calciphylaxis 
role of calcification inhibitors: serum MGP 

Referenz PTCA Aortenstenose HD CUA 

E. Cranenburg / V. Brandenburg et al. J Vasc Res 2008;45:427–436 
 

  Very low levels of circulating 
calcification inhibitors fetuin / MGP: 
cause versus effect? 



Calciphylaxis Registry: PTH levels [pg/mL] 
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Courtesy of Dr. Brandenburg V 



Role of vitamin K antagonist usage and CUA 

Hayashi M et al; NDT 2012 

 Clear association between VKA usage and calciphylaxis: Causality? 



Calciphylaxis Registry: outcome 

STS-treatment 

No STS-treatment 

STS unknown 

50% 

516     days 

Courtesy of Dr. Brandenburg V 



Calciphylaxis Registry: 
Reported treatment strategies (“state-of-the-art” therapy) 

  
 “nephrological” 
 
- Stop calcium containing phosphate-binders 
 
- Use calcium-free phosphate binders 
 
- Intensify dialysis (duration, frequency) 
 
- Lower dialysis bath calcium (e.g. to 1.00 mmol/L) 
 
- Stop active Vitamin D 
 
-  Give Sodium thiosulfate (STS) i.v. 
 

 bisphosphonates 
 parathyroidectomy 
 cinacalcet 
 FFP infusion 
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Calciphylaxis outcome  
literature data 

A Kaplan–Meier estimate of patient survival following a diagnosis of CUA compared to control cases matched for age, modality, duration and 
year of commencing renal replacement therapy. Survival was significantly worse in patients diagnosed with CUA (HR for death 2.9, 95% CI 1.2–6.9, P = 0.017). 





Correlation Between CCr (C-G formula) and Aortic PWV 
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Calciphylaxis Registry: Co-medication [%] 
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Courtesy of Dr. Brandenburg V 



Calciphylaxis outcome  
literature data 

A Kaplan–Meier estimate of patient survival following a diagnosis of CUA compared to control cases matched for age, modality, duration and 
year of commencing renal replacement therapy. Survival was significantly worse in patients diagnosed with CUA (HR for death 2.9, 95% CI 1.2–6.9, P = 0.017). 



Calciphylaxis Registry: Patient characteristics 
April 2012 (5.5 yrs) 

N = 144 pts      median age: 69 yrs 
N = 27 pts / yr     age range: 20 – 88 yrs 

60% female 

40% male 

Courtesy of Dr. Brandenburg V 



Calciphylaxis Registry: underlying Renal Disease [%] 

HD [78%] 

PD [5%] 

CKD [9%] 

no CKD [4%] 

transplant [4%] 

 vast majority of registered  pts are hemodialysis pts 
Courtesy of Dr. Brandenburg V 





Worman AJ et al. JCI 2009;119:1825 
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TNFα, IL-1, 
RANKL, ROS, 
glucose, AGEs, 
oxLDL→TLR2/4 

BMP2/4 

MGP, Noggin 
Chordin,Gremlin, 
Follistatin, shear stress 

BMPR I/II 

DNA binding of 
Smad4/R 

SmadR:Runx2 

Smad4 
R-Smad 

I-Smad 

Runx2,Msx2 
ALP,Osterix 

Wnt3a 
Wnt7a 

Wnt antagonists 

LRP5/LRP6 
Frizzled receptors 

β-catenin  

dickkopf 1 
SOST 

DNA binding of 
Smad: β-catenin  

β-catenin:TCF:LEF 

MMP9,MMP2 
Cathepsin 

Matrix remodelling 
Elastolysis 

Osteochondrogenic Gene  
program 

Arterial Calcification 

Doxycyclin 
MMP antagonists 

OPN,OPG 
Fetuin, Adiponectin, 

Pyrophosphates.. Adapted from Shao et al. Ann NY Acad Sci 
And Bostrôm et al. Circ Res 2011 

BMP- Msx2-Wnt signaling in arterial calcifications 
AOP *** (Accentuated Osteogenic Program) 

 

AOP 
*** 



Moreno JA et al JASN 2011;22:1315 TWEAK: TNF-like weak inducer of apoptosis 



Briet M et al. KI 2011 



Briet M et al. KI 2011 



NC/DC –necrotic core/dense calcium 
AMI-acute myoc.inf; UAP-unstable ang.pect. 

SAP-stable ang.pect  Kono K et al. KI 2012;82:344-51 





Prognostic factors for mortality evaluated by coronary scan: 
 Degree of stenosis; Proximal localisation ; Number of vessels  

  

Ostrom . JACC. 2008 
Min. JACC 2007 





The concept of fractional flow reserve (FFR). QSmax           : 
hyperemic myocardial blood flow in the presence of a stenosis,  
QNmax  : normal hyperemic myocardial blood flow, Pd: distal 
coronary pressure, Pa: aortic pressure, Pv: venous pressure, R: 
hyperemic myocardial resistance.   

Pd – wire pressure ( ) 
Pa – aortic pressuire	
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Consequences  of stiffening  
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Oxygen Limitation Model 



Henskens et al Hypertension 2008;52:1120 

Aortic PWV and White matter Hyperdensities (WMH) 




