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Endovascular Surgery
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Which device for which 
specific patient?

Procedure planning of endovascular surgery: key question

Endograft design and biomechanical
aspects
• Radial force
• Vessel wall damage
• Hemodynamic effects
• Compliance/stiffness

How can we investigate all these issues?
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No stent

fresh frozen

Measuring PWV in vitro TEVAR stiffens the artery

Pulsatile system based on Windkessel principle

Ex-vivo porcine aortas to measure aortic stiffness

• Fifteen thoracic aortas of healthy pigs of a hybrid breed
(10- to 12-month-old, 160-180 kgs) No pigs were
sacrificed specifically for the purpose of this study

• The aortas were collected within 30 min after slaughter
and transported at 4C in isotonic saline solution and used
for experiments on the same day

• Each specimen was surgically prepared from the aortic
root to the celiac trunk by removing excess connective
tissue and ligating side branches.

About the model:
• [      ] Geometry and mechanical behaviour
• [      ] Extensive leakage not easy to handle
• [      ] Timimg for experimensts: material

properties and mechanical response change in 
time



Ex-vivo porcine aortas to measure aortic elongation



?Is porcine model a 
representative model of the 

human population
experiencing endovascular

repair? 

Model reliabilty



• The available literature was
searched for studies reporting data
on porcine or human thoracic aortic
mechanical behaviour

Comparative Analysis of Porcine and Human Thoracic Aortic Stiffness



• A four fibre constitutive model was
used to transform the data from
included studies.

• Thus, equi-biaxial stress stretch
curves were generated to calculate
circumferential and longitudinal
aortic stiffness

Comparative Analysis of Porcine and Human Thoracic Aortic Stiffness



Comparative Analysis of Porcine and Human Thoracic Aortic Stiffness

The stiffness of young porcine aortic tissue shows good correspondence with human tissue aged <60 years, especially in 
the ascending aorta. Young porcine aortic tissue is less stiff than human aortic tissue aged > 60 years.



Mock arteries: 3D printing as an option

Is there any other option to 
get mock arteries for such

experiments? 

Wall thickness

Shore hardness 3D printing technology

Ink blending
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PROBLEM: on MDCT images vessels’ 
wall is not visible

ARTERIES
VEINS

SOLUTION: procedure for automatic
vessels’ wall generation

FINAL GOAL: compute vessels’ wall
with realistic morphological and 

mechanical properties

S Marconi, E Negrello, V Mauri, L Pugliese, A Peri, F Argenti, F Auricchio and A Pietrabissa, ”Toward
the improvement of 3D-printed vessels’ anatomical models for robotic surgery training”, The 
International Journal of Artifical Organs, 2019.



Vessels’ Wall Generation
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LIMITATIONS:
• 3D printer resolution;
• Deposition modality;
• Printing material;
• Support material;

SOLUTION: (e.g.: deformable photopolymer resins)

• Thickness limited to 0.8 mm to avoid delamination
or tearing problems. 

S Marconi, E Negrello, V Mauri, L Pugliese, A Peri, F Argenti, F Auricchio and A Pietrabissa, ”Toward
the improvement of 3D-printed vessels’ anatomical models for robotic surgery training”, The 
International Journal of Artifical Organs, 2019.



3D Printer

ObJet 260 Connex 3 – Stratasys®
Ø Technology: Material Jetting
Ø PolyJet printer with photopolymer resins;
Ø Different colors & materials (deformable and transparent);
Ø Big/small models with fine details (16 μm);

Printing Materials
Ø VeroClear (rigid & transparent resin);
Ø Vero – family (rigid & colored resins) (e.g. VeroCyano, VeroWhite, VeroMagenta, etc.);
Ø TangoPlus (deformable & semi-transparent resin);
Ø Agilus30 Clear (deformable & semi-transparent resin);

To produce 3D printed models
suitable for surgical simulation
(e.g. compliant and deformable

vessels) 



3D printed deformable model used to 
simulate the surgery Surgical Simulation Robotic Surgery

Robotic Surgical Simulation

PRO
• 3D printing is a promising solution fro 

surgical training phantoms
• The vessels’ wall generation enables 

the restoration of the correct size
• Mechanical properties are satisfactory 

to practice on the model with surgical 
instruments 

CONS

• Technological limitations still exists
• Delamination problems at low thickness
• Removal of support material inside 

vessels’ lumen

Courtesy of 3D4MED – Prof. Pietrabissa - UniPV
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