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Bioengineering/Biomedical Engineering
U.S. News Rank University

1 Johns Hopkins University (MD)

2 Massachusetts Institute of Technology

3 University of California—San Diego

4 Duke University (NC)

5 University of Washington

6 Case Western Reserve University (OH)

7 Georgia Institute of Technology

8 University of Michigan—Ann Arbor

9 University of Pennsylvania

10 University of California—Berkeley

11 Rice University (TX)

12 Northwestern University (IL)

12 Stanford University (CA)

14 University of Utah 15 University of Virginia
16 Rensselaer Polytechnic Institute (NY)

17 Washington University in St. Louis

18 Columbia University (Fu Foundation) (NY)
18 Columbia University (Fu Foundation) (NY)
20 Boston University 20 Harvard University (MA)
20 University of Texas—Austin

B UNIVERSITY OF MINNESOTA

Institute for Engineering

in Medicine

Medical Devices Center

University of Minnesota’s Medical Devices Center
A part of the institute for Engineering in Medicine

MISSION

The Medical Devices Center combines basic research, applied
translational research, education and training, and outreach/public
engagement to accelerate interdisciplinary medical device research
and development.




Schematic diagram of restenosis process
(Kraitzer et al. 2007)

{a) Platelet aggregation (b)) Inflammaiion

e et S T o B
! :f -y | "22 E:E -EBI

-ﬁ-*.-._-.* .-'*_-:*".q- -—-*.-._-h'-‘ **-:.'**

(¢) Proliferation (d) Remodeling

Endothelial cell layer must be sensitive to
the shear stress.

Shear stress

Vessel wall

Localization of atherosclerotic lesion
N
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Spain (1966)

Molecular Hypothesis of
Atherosclerotic lesion formation (Ross)
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Flow

ik

100 pm

Flow Exposed
(2 Pa, 48 h)

The cultured endothelial cells were elongated and aligned into the flow direction after

the shear stress stimulus for 48 hours.

Shape and orientation of endothelial cells are
determined by macro-scopic flow patterns.

Endothelial cell geometries depend on the location of arterial vessels, namely macroscopic local
blood flow pattern.

Brachiocephalic - "'
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Ascending
Aorta
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Aorta

Endothelial cell geometries at the subclavian artery (Sato et al. 1994)

Shear stimulus affects the cell functions

Albumin uptake intothe cells depends on the shear stress stimulus

20pm

The amount of albumin uptake is
determined by the fluorescent
intensity in the images

(a) without flow

(b) Shearstress 1Pa

(c) Shear stress 6 Pa

Shear dependency of albumin uptake into the cells
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* P <0.05 vs. control

Normalized albumin uptake as a function of imposed shear stress
(Kudo, Tanishita et al. Trans. JSME, 1998)




Shear stress effect on mitochondrial membrane
potential

JC-1 15
Low membrane potential ’ .

: green fluorescence emission
High membrane potential

: red fluorescence emission

Fluorescence was detected by
Confocal laser scanning microscope.

Normalized Value

0.5

777

MP: Mitochodrial membrane potential NoFlow  10dynicm: 60 dynicm:

A,;: Area of higher membrane potential Shear Stress
A;: Total area of mitochondria
Ag: A/A
Kudo et al. BBRC (2000)
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Distribution of WSS throughout one-fourth of arteries LaDisa et al.
(2005)

The favorite sites of cerebral aneurysm

Schematic diagram of the frequent
appearance of intracranial aneurysms
within the circle of Willis.

(A.G. Osborn, 1995)

*Anterior cerebral artery: 40%

*Internal carotid artery: 30%

Anterior
Communicating a.

Middle Cerebral a. =" *Middle cerebral artery:20%

*Basilar artery: 10%

Miscellaneous
(PICA)

UCLA Prof. Vinuela




Reconstruction of Cerebral Aneurysm

CT images 3D Surface Mode Epoxy Resin Model

eAbstraction of the vessel wall ~ ePhotoforming method
*Piling up eMaghnification (><2.6)
eSmoothing

Features of the morphology
eAsymmetrical shape of the aneurysm
*Presence of a bleb (daughter aneurysm)

Vector diagrams in the middle cerebral
artery (unruptured case)

Minimum phase (t=0's) Maximum phase (t=185)

Acceleration phase (t=1.05) Deceleration phase (t =3.05) 0020

Fig5-2 Velocity profiles of profile b measured with PIV I 000z

Vector diagrams in the middle cerebral artery
aneurysm (ruptured case)

Minimal phase

Flow separation

Recirculation
| r

Before After one year




Change of velocity profile with the
growth of aneurysm
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Wall shear stress profile
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wall shear stress

point
Wall shear stress in model A-1
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Treatment by intravascular surgery

frea-flowing blood

Use of Intravascular stent

The thrombus formation is
induced by making the
flow stagnant in the

Background

Treatment of cerebral aneurysms by stent improved significantly

(N

—
NN

1 ' (Tateshima et. al., 2009)

Fig.1 Figure showing Fig.2 Image of open-cell stent (left). PIV image of Jet flow was

aneurysm. intracranial stent in the vessel.  generated by stenting of the realistic aneurysm model (right).
7RO Hademenos, G.J and Mssoud, TF,
Fioure 6.9, Schematic disgram e generat i (1998) H > H To design a clinically useful, highly flexible, closed-cell stent H
excried 17§ an intravaseular stent on the hemodynamics. / \ )
°
°
°




