
Targeting vascular damage 
(stiffness, calcifications) in 

CKD: 
beyond blood pressure
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Case #1:    Variances in Cuff BP vs. Central BP
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TWO PATIENTS … in the periphery, both (red & blue) have identicalBP (140/80)
– BUT...... Centrally there is a critical Systolic BP (Sp) differencebetween patients:
– WHY the different Aortic Sp?… the patients have  different Arterial Stiffness !

140/80



Case #2:     Variances in Cuff BP vs. Central BP
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SAME PATIENT  - before & after drug intervention (GTN for angina)

– There is No changein Cuff Sp  …but … . a Big changeAortic Sp

– Hypertension,  Diabetes,  Renal,  Heart Failure => ALL require CV drug therapies.

Conclusion

Brachial cuff BP is NOT adequate for 
Systolic BP management
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– PWV

– relating change in diameter/area to distending pressure
– arterial pressure waveform analysis.

� ��#�!"�&��&�$'��!���� ���'%� ��! (
– endothelium-dependent (flow mediated)
– endothelium-independent (NTG) 

– vascular responses of the brachial artery by high-
resolution imaging
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� TA / � TB = differences between the ECG and tonometer waveforms
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Distensibility = 2( � D/D)/(SBP - DBP), where D is carotid diastolic diame ter and � D is change 
in artery diameter during systole. The stiffness pa rameter ß = ln(SBP/DBP)]/(D/D).



2 D TM RF Signal

IMT

Signal averaging 
10-10 000 RF lines

Spatial
resolution 200-400 µm 20-40 µm

Echotracking is 3 to 10 x more precise 
than usual image based techniques
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• Wall Track system 

• NIUS system
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Tsh

LVET

DDDDP

PP
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DDDDP = augmented pressure

PP = pulse pressure

Tsh = time to shoulder

LVET = LV ejection time

Aortic arterial pressure waveforme

Composite measure Composite measure ––
related to: 
1) Stiffness

2) Peripheral reflective 
properties



If the patient �s 
arteries get 
stiffer � .

• PWV ��� �
• the reflected 

wave arrives 
sooner back at 
the heart

• There are three
important 
clinical 
implications

Figure 5
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DPP

First
• increase in 

central PP
• i.e. increase in 

(pulsatile) stress 
on (cerebral) 
blood vessels

=
• increased

stroke riskFigure 6

Increased Central
Pulse Pressure
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Second

• increase in
LV load

= 
• increased

LV mass

Figure 7

Increased LV Load
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Third
• reduced 

coronary 
diastolic 
perfusion 

=
• myocardial 

ischemia .
Figure 8

Decreased Coronary Artery
Perfusion Pressure in

Diastole
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CONCLUSION:

Arterial stiffening independently  increases the ri sk of all 
three major cardiovascular outcomes.



Frimodt-Moller, M. et al.
NDT. 2008 23:594-600; 

Bland-Altman plot:
inter-observer variation in AIx (%)
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Brachial -ankle vs carotid -femoral PWV 
as a determinant of CDV structure and 

function
Yu et al, JHH 2008
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AG

Pulse 
pressure

Endothelial function testing
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ChengesChenges in Aix in Aix –– may test may test 
EDDEDD--vasodilatation and vasodilatation and 

EIDEID--vasodilatationvasodilatation



Mullen, M. J. et al. Circ Res 2001;88:145-151

Methods of stimulating increased blood flow

Doppler or Millar probe 
?
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Pannier B et al. Kidney Int 2001

P<0.0001 P<0.0001



Boulanger, C. M. et al. Hypertension 2006;48:180-18 6

Uraemia – stiffness - endothelial dysfuction -
microparticles





Philosophy and pathophisiology

� ��	
��
���
�����
� �
����� �
���	���

� �������	��
���
��
������	���������	��� 

�  ���!����
���
�����
� �������� �
���	���
� "�	��
����#��	
��
�������$
��� �%&�
�	$������

�	��
��
��
������	

�  '��(�&� '� (�$� '� )�&��
��!!���$���

��&��$�	
�	%��*



��������"�
����8��������	��
��	���������9�	
�
'
��8������-�
������'����
����



:����'&�%)���&��$���!����
*������������������	������	���

Goodman W, London G, Raggi P et al AJKD 2004;43(3):572-9.
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Calcification score: cut-off 390;sensitivity 83%;sp ecificity69%; PPV41%;NPV94%
Aortic PWV: cut-off 10.75 m/s;sensitivity 84%;speci ficity 73%;PPV72%; NPV93% 
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Sigrist, M. K. et al. CJASN 
2007;2:1241-1248

Scatter plot of 
change in CaSc 
against 
change in PWV 

at 12 mo (r = 0.52, 
P < 0.001)

and 
at 24 mo (r = 0.33, 
P = 0.003)
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Laurent et al European Heart J. 2006



PWV, Aix, etc - are they alsoalso useful in 
CKD / dialysis populations ?
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A. Covic, et al. Kidney Int 2000; 57(6):2634.
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Aortic Stiffness and Mortality in ESRD: 
PWV and AIx
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N = 241, F/U = 72+/-41 months
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N = 189, F/U = 52+/-36 months



In younger dialysis pts. impact might be different 
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CS>400 adds 15-28 yrs of age
CS<10 lowers age by 8-10 yrs
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Kidney Blood Press Res2007; 30(2) :97-107.
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Guerin, Guerin, CirculationCirculation 20012001



SIMPLE THINGS: CONTROL BP
Annual PWV progression 

(adjusted for initial PWV, age, HR, and sex) 
in treated hypertensive subjects as a function of M AP control

(Benetos, Circulation 2002)



Control BP, but
all antihypertensives are equal?

Low doses of losartan and trandolapril improve 
arterial stiffness in hemodialysis patients.
Ichihara et al. et al Am J Kidney Dis. 2005 May;45(5 ):866-74.

CONCLUSION: In hemodialysis patients, trandolapril is as  effective as 
losartan in decreasing PWV independent of its depresso r effect and in 
suppressing elevated IDL-C levels.



Vascular compliance changes under ACE-I 
in non-diabetic CKD

Mimura et al JHH 2008
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Targeting VC and stiffness 
with the same strategies – is it possible?

• The case of vit D

• The case of P binder

• The case of statins



Effects of Vitamin D on 
Arterial Stiffness and VC

London J �
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Statin therapy and VC
Callister, N Engl J Med 1998

Quinibi, Kidney Int., 2005, 67 (suppl 95), S43-S50
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(Ichihara, Nephrol Dial Transplant 2002)

Statins have a favorable effect on:

PWV, inflamation (CRP), oxidized lipids



Other strategies

Ji-Won Lee, Hypertension Research 2007; 30:5-11

Pioglitazone in type 2 diabetic nephropathy –
Nakamura, Metabolism , 2004, 53: 1382



Glycemic control is always mandatory
Tomyiama, Hypertension 2006
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N = 152 white and black adults aged 20-to 40 years
mean annual PWV changes = 29.9 cm/s/year (regression ) for those with 4.5 kg annual 
weight loss and 18.2 cm/s/year (progression) for th ose with 4.5 kg annual weight gain
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Other strategies
+��
���,��������������� ���� ���"--#.�&/0�"1&2�3 "1&4��

�
������
����5 �������������
�������������+��

���� ����6�
��������� ��������



�������	
/������� $���	

4����
���������-���4������� �	�����
������	

 !�	������	�����	�����1���8�"	���
����E	��

��������	����� $��������
�� �������� ==(>5@�>5F<

� 3�)�456���%	��#�	��	����#�	�

� -�	��	����%����
�
��
���
����
��
���	������
�
���
&�	���
������7��$��������#��
�
�8�
��
���$$�%�����
�7��$����!���$��!
��	��	���%	����%

��
����
��
�#!����#�	
���	�$��������!���
��� ��
	���.�



Effects of anemia correction on FMD
and brachial artery compliance

Verbeke et al JASN 2007
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(multivariate analysis) -
independent factors:

GFR and CRP

Differences RTR vs controls

- in GFR = 2/3 of the �â
- in CRP = 1/3 of the �â
in PWV and AI
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