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AVF Complications

• Short term failure(18-53%) :
– Postoperative thrombosis
– Non-maturation

•• Long term failure:Long term failure:
–– Development of stenosis (patency)Development of stenosis (patency)
–– Steal syndrome (20%)Steal syndrome (20%)
–– Cardiac failure (Cardiac failure (↑↑CO 20%)CO 20%)

Table: M. Allon et al. Kidney International 2002



Increased Shear Stress
Frictional displacement of cell surface components

Second messengers
Kinase cascades activated
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(Patho) Physiology of fistula maturation



Hemodynamic Factors 

• Radiocephalic AVF: Shear stress, diameter, blood flow 
and BP at 1, 4 and 12 weeks were assessed

Time:                 1W       4W      12W

• Blood flow:       539      640      750      ml/min

• Shear stress:    24.5      18.1     10.4     dyn/cm2

• Diameter:          2.3       4.4        5.0      mm

• BP:                 144      138       145     mmHg

Corpataux et al: 
Nephrol Dial Transplant 17:1057-1062, 2002

(Patho) Physiology of fistula maturation
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Asif, Roy-Chaudhury, Beathard: CJASN 1:332-339, 2006
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Current practice preoperative workup

Quality Assessment of the vessels

Physical examination Duplex ultrasoundMedical History

Selection of the most suitable site for vascular 
access creation

NON-MATURATION  30-50%



pAtient specific image-based computational modeling for 
impRovement of short- and long-term outCome of 

vascular access in patients on Hemodialysis therapy
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Ultrasonography

Input parameters modeling tool



Input parameters modeling tool

Advanced 
ultrasonography

ØArterial & venous diameters

ØArterial & venous distensibility

ØArterial flow



Input parameters modeling tool
MRA



Input parameters modeling tool

MRA scanning

Contrast-enhanced Non-contrast
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ARTERIAL SYSTEM
VENOUS SYSTEM

Bessems et al 2007

Arts et al 2005, Bovendeerd et al 2006

Modeling activities
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Modeling activities



Lumped parameter modelling 

=

Image-based 1D network modelling



A schematic representation of the model. The location of the ACV in
relation to the AV-anastomosis and the caliber of the ACV were adjustable
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Pressure and flow as a function of time in the proximal radial artery before 
(left) and after (right) RC-AVF construction during one heart cycle
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Pressure and flow as a function of time in the distal radial artery before 
(left) and after (right) RC-AVF construction during one heart cycle
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Brachial artery flow for three simulated RC-AVF patients, determined
by the lumped parameter model and measured by duplex scanning before and 
after AVF construction
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The radial (left) and finger pressures (right) determined preoperatively by
the lumped parameter models and measured by respectively tonometry and 
the Penaz method
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Summary

üPatient-specific assessment & surgical planning

üMulti-scale computational modelling framework

üDedicated preoperative vessel imaging

üInput of high quality duplex scanning & MRA 
parameters

üImprovement of Short-term maturation
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