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Arterial Pathophysiology and Cardiovascular 

Diseases in CKD
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Prevalence of discrete plaques on common 

carotid artery in control subjects and ESRD 

patients

Controls ESRD

Age (years) 48.5 ± 16 51 ± 16 NS 

Plaques (%) 17.8% 56.3% < 0.01

Type of plaques

• Calcified 23.1% 91.5% <0.01

• Soft/mixed 77% 9% <0.01

London et al Sem Dial 1999
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Evolution of Carotid diameter with progression of CKD stages

Briet M. et al Kidney Int 2006



0.80

0.90

1.00

1.10
C

o
m

m
o
n

 c
a
ro

ti
d

 a
rt

er
y

 I
M

T
h

(m
m

)

Age related changes in Carotid IMTh

0.40

0.50

0.60

0.70

10 20 30 40 50 60 70 80 90

Age (years)

C
o
m

m
o
n

 c
a
ro

ti
d

 a
rt

er
y

 I
M

T
h

(m
m

)

Controls

ESRD patients



Mechanical stresses in the blood vessel

flow Q

R

σθσθσθσθ

circumferential wall stress fluid shear stress

sq = P x R

h

t = 4 µ Q

p R 3

h



Baseline BA diameter (mm) 4.12 ±±±± 0.13 4.56 ±±±± 

0.11 

< 0.01 

BA compliance (m2.kPa–1.10–7) 0.45 ±±±± 0.02 0.37 ±±±± 0.02 < 0.01 

BA distensibility (kPa–1.10–3) 3.5 ±±±± 0.22 2.6 ±±±± 0.19 < 0.001 

BA incremental elastic modulus (kPa.103) 3.0 ±±±± 0.22 5.0 ±±±± 0.42 < 0.001 

Baseline mean flow velocity (cm/s) 4.6 ±±±± 0.40 3.4 ±±±± 0.30 < 0.01 

Baseline mean flow (ml/min) 39 ±±±± 4.6 33 ±±±± 3.6 NS 

Controls ESRD

Brachial artery characteristics

flow Q

Baseline mean flow (ml/min) 39 ±±±± 4.6 33 ±±±± 3.6 NS 

 

Baseline mean SR (s
–1

) 53 ±±±± 2.9 39 ±±±± 3.5 < 0.01 

Baseline peak SR (s
–1

) 365 ±±±± 23 324 ±±±± 26 < 0.05 

Whole blood viscosity 

(cPoise) 
3.57 ±±±± 0.07 2.79 ±±±±0.06 <0.001 

 

 

Baseline mean SS 

(dynes/cm
2
) 

19 ±±±± 1.15 10.7 ±±±± 1.0 <0.001 

Baseline peak SS (dynes/cm
2
) 129 ±±±± 9 83 ±±±± 5 <0.001 

    
    

    

Verbeke et al JASN 2007

t = 4 µ Q

p R

3



Paracrine effect(s) of endothelial MPs predisposing to endothelial dysfunction in 
vivo

Boulanger, C. M. et al. Hypertension 2006;48:180-186
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Evolution of Carotid Circumferential wall stress

with progression of CKD stages

Briet M. et al Kidney Int 2006
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Shroff et al Circulation 2008;118:1748-57
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Evolution of Carotid elastic modulus with progression of CKD stages

Briet M. et al Kidney Int 2006
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Characteristics of arterial system in controls  and ESRD 
patients

Controls ESRD 

•Peripheral/femoral PWV (m/s) 11.0 ±1.75                     11.20 ±1.80

Age (years) 48.5 ± 16 51 ± 16 Age (years) 48.5 ± 16 51 ± 16 

•Aortic PWV (m/s)                                9.70 ±1.80                    10.60 ±2.5**
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Resistance

Left

ventricle

A. Systole
In normally compliant arterial system

important part of the stroke volume

is stored in the arteries during ventricular

systole stretching the arterial walls
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During ventricular diastole the previously
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the stored volume insuring continuous 
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Oxygen Limitation Model
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for Metabolism
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Hanon O et al. Stroke 2005;36:2193



Scuteri A et al. J Hypertens 2007;25:1035



Correlation Between CCr (C-G formula) and 

Aortic PWV
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Arterial Impedance Gradients

Zc-characteristic impedance; Zr-peripheral resistance
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Pressure transmission in the presence of arterial stiffness gradients
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Pressure transmission in “low peripheral resistance” organs (kidney; brain) 

when arterial stiffness gradient is decreased or abolished
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Characteristics of arterial system in controls  and ESRD 
patients

Controls ESRD 

•Forward pressure (mm Hg)                    38 ± 11                        44 ± 16**

•Wave reflection (% of PP) 17 ±17 25 ±15***

•Reflected pressure (mm Hg)                   11 ± 6                          14 ± 8*

•Reflected wave arrival time (ms)         128 ±15                       108 ± 16**

•Zr (dynes.s.cm-5)                                 2309 ±530                   2260 ±1175 

•Zc (dynes.s.cm-5)                                   179 ± 52                      214 ±103**

•ΓΓΓΓ (reflection coefficient)                      0.85 ± 0.04                    0.81 ±0.06**

•Aortic PWV (m/s)                                9.70 ±1.80                    10.60 ±2.5**

•Peripheral/femoral PWV (m/s) 11.0 ±1.75                     11.20 ±1.80

*P<0.05; **P<0.01; ***P<0.001
ESRD: fmin=4.62Hz ; Control: fmin=3.90Hz
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Arterial changes in CKD

• Premature Aortic Aging: increased diameter 

and stiffness.

• Accelerated in the presence of calcifications

• Lost or Impairement of Hydraulic Filter : high 

Systolic and Pulse pressure in Aorta and Central 

arteries (LVH poor Coronary perfusions), and 

abnormal pressure transmission to microcirculation 

(impaired vasodilation)
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Superimposed simultaneous phasic recording of aortic (Ao),
left ventricular (LV) pressures and coronary blood flow (CBF)

(Buckeberg et al. Circ Res. 1972)
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Effects of age on arterial stiffness and wave reflections

For males (circle and solid lines) and females (squares and dashed line)

Augmentation index

Augmented pressure

Carmel M. McEniery et al .JACC 2005;46:1753
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Clinical Characteristics

Controls (n=59) ESRD (n=121) P-value

Age (yrs) 48±±±±13 51±±±±15 NS

Weight (kg) 76±±±±15 64±±±±13 <0.0001

Height (m) 1.70±±±±0.11 1.64±±±±0.11 <0.001

Systolic BP (mmHg) 144±±±±21 152±±±±30 0.020

Diastolic BP (mm Hg) 86±±±±14 83±±±±15 NS

Mean BP (mm Hg) 105±±±±15 106±±±±18 NS

Pulse Pressure
(mm Hg)

58±±±±15 68±±±±24 <0.0001



Coronary Artery Calcification in 
Young Dialysis Patients
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Goodman WG et al. N Engl J Med. 2000;342:1478-1483.

Calcification scores nearly doubled 

in a majority of patients with 

positive initial scan when 

rescanned at 20 months



Effect of arterial stiffness on timing of forward 

and reflected Waves

Systolic 

Augmentation 

Pressure (Aix)

PWV  8 m/sec PWV  12 m/sec

Negative 

Aix

Positive

Aix

.

Forward-traveling wave 
Backward-traveling reflected wave 
Actual (composite) wave

T T

T - traveling time of pressure wave to reflecting sites and back
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Oxygen Limitation Model

Smaller FractionSmaller Fraction

of O2 Available

for Metabolism

O2

Extraction

Capillary

Transit Time

Blood

Velocity

(NOT capillary

recuitment) Normally 2-3 seconds
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Traub, O. et al. Arterioscler Thromb Vasc Biol 1998;18:677-685



Mechanical stresses in the blood vessel

flow Q

R

σθσθσθσθ

circumferential wall stress fluid shear stress

sq = P x R

h

t = 4 µ Q

p R 3

h
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