
Vascular prostheses

Aortic conduits Vascular stents



Blood circulation

Arteries, capillaries, veins
Artery Vein

Mechanics

Diffusion



Vascular pathology - Atherosclerosis



Vascular Grafts

Must be flexible.

Designed with open 

porous structure.

Often recognized by 

body immunoprotective

system as foreign 

material.



Review article



Vascular Grafts: optimal specifications

Achieve and maintain homeostasis.

Porous.

Permeable.

Good structure retention.

Adequate burst strength.

High fatigue resistance.

Low thrombogenicity.

Good handling properties.

Biostable.



Vascular Grafts: Textile Materials Design

Waves
➢ Manufactured by interlacing two sets of 

yarns (warp and weft) oriented at 90° to each 

other.

➢ Low axial stretch - Poor radial compliance

➢ Crimping gives some axial elasticity and 

bending ability

➢ Poor compliance can be fatal as it can 

change the transmission characteristics of 

pulse waves



Vascular Grafts : Textile Materials Design

Knits

➢ Looped filament construction: a 

continuous interconnecting chain of 

yarn loops spirals around the graft 

circumference

➢ Better matching vascular biomechanics 

– long term failure in vivo

➢ Different technics proposed in 

combination with basic Knitted structure 

to overcome that weak point.



Vascular Grafts : Textile Materials Design

Braids

➢ Like Woven textiles but the yarns are in 

angle each other (different than 90o)

➢ Better radial dilatation

➢ Axial stretching/lateral compression –

good for endovascular stenting (in 

conjunction with metallic mech)



Vascular Grafts : Textile Materials Design

Electrospun

High DC voltage pulls polymer 

solution from a syringe tip to a 

metallic collector. As the solute 

evaporated the dry yarns deposited to 

the collector surface

A novel polymeric fibrous microstructured

biodegradable small caliber tubular scaffold for

cardiovascular tissue engineering

Andreas Dimopoulos1, Dionysios N. Markatos1, Athina

Mitropoulou1, Ioannis Panagiotopoulos2, Efstratios

Koletsis2 and Dimosthenis Mavrilas1*

Axially aligned PCL microfibers



Comparable to the natural 

vessels (veins and arteries)

1. Jenkins, T. L. et Al.,(2019)

2. Lorenzo S. et Al., (2010)

3. Hao-Yang Mi et Al., (2019)

5. Steven G. et Al., (2011)

7. Hao-Yang Mi et Al., 2018
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Vascular Grafts: Properties under 

consideration

Braids, weaves, and knits.

– Porosity

– Permeability

– Thickness 

– Burst strength

– Kink resistance

– Suture retention

– Wall thickness

– Tensile properties

– Ravel resistance 



Vascular Grafts Permeability

E.g.: ISO 7198:2016/2017

Braids

– 350 to 2500 (ml/cm2)/min) 

Knits

– Loosely Woven Knits

» 1200 to 2000 (ml/cm2)/min 

– Tightly Woven Knits 

» 2000 to 5000 (ml/cm2)/min 

Weaves

– Below 800 (ml/cm2)/min 



Arterial grafts

Mechanical – geometrical mismatch

Stress distribution end to end 

anastomosis vessel to graft

Stress distribution side to end 

anastomosis vessel to graft 

Anastomosis angle before a 

bifurcation



Arterial grafts

Mechanical – geometrical mismatch

Arterial compliance 

restores part of the pulse 

wave energy during 

ejection

It is reimbursed during 

diastole (no cardiac 

ejection phase)

Smoothening of the 

hydraulic shock

Partial filtration of the 

pulsation of blood flow



Mechanical mismatch

Resulted distal complications



See Chapter 9



Aortocoronary bypass

Design of anastomosis

Autograft: Patient’s artery or vein?

Polymer grafts. Are they 

inappropriate?



Details

Stented balloon angioplasty

Stent material

Design of final configuration

Contraction techniques – installation in catheter

καθετήρα

Dilation - anchoring techniques. Possibility for 

overstressing vascular wall

Possible malfunctions: slippage – restenosis

Drag eluted stents

Stenting results in 

stiffening of the 

vascular site



Flow recovery in stenosed artery

Stenting results in stiffening of the vascular site



Endoprosthesis in abdominal aorta 

aneurysm including iliac arteries

http://www.goremedical.com/contentTypeDeta

il.jsp?action=contentDetail&N=8062%208239

&contenttype=8754&R=1276626160078

Video



Arteriovenular bridge anastomosis

(fistula)

Concerns all people imposed in extracorporeal haemofiltration (3 

times/week)

Alternatively percutaneous haemofiltration

Hydraulic join of artery - vein

Big blood velocities (low resistance)

Conditions appropriate for extracorporeal blood circulation 

(hemofiltration)

Longevity: 1-2 years



Measuring arterial stiffness

RAD = D/Ds

EPm = ΔP/(ΔD/DS)

Koniari et Αl, 2013, 2015

Video



Angioplasty: Esophagus stent



Catheterization: Esophagus stented 

endoprostheses


