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The study of valve hybrid fractal stent 
for the next generation brain aneurysm 
treatment

Introduction
In this study, we focused on novel therapeutic 

device for the brain aneurysm. The worst cause 
of death is heart vessel disease and second one 
is cerebrovascular disease. The typical symptoms 
of vascular disease are vascular occlusion and 
aneurysm. In the previous study, clipping of the 
aneurysm is used as the treatment of the brain 
aneurysm. However, the skull of the patient is 
cut so we need a lot of time for hospitalization 
and cure. So, the minimally invasive medical 
method was developed using catheter, stent and 
coil. The catheter is inserted from the blood 
vessel of the thigh, and the coil or stent is moved 
into the brain aneurysm through the catheter 
[1-5]. These methods are succeeded in reduce 
of the burden of the patient but these method 
had problem of blood clot or flowing out of the 
coil. So, the flow-diverter stent was developed to 
solve these problems. 

The flow-diverter stent has fine mesh patterns 
at the surface to obtain a flow diverter effect. 
The flow diverter effect is that controlling the 
flow in any direction. It is possible to suppress 
the inflow of the blood into the brain aneurysm 
[6-10]. However, this method also has a problem 
of blood flow control. Therefore, new medical 
devices to the brain aneurysm are needed. 

Our research group developed a novel hybrid 
fractal stent to solve these problems [11-15]. We 
aim combination of stent treatment and coil 
treatment. The hybrid fractal stent has holes 
to through the coil and fractal pattern at the 
surface to get the fractal effect. However, the 
hybrid fractal stent has a problem. The hybrid 
fractal stent has a hole for insertion of catheter 
and coil. If the size of the brain aneurysm neck 
is smaller rather than the hole, the fractal effect 
is not activate enough. 

We propose a valve hybrid fractal stent as the 
new device of endovascular treatment. The stent 
has valve mechanism and the surface of the valve 
is fabricated the fractal pattern. It can be cover 
the hole for coiling. This paper shows the design 
of the valve hybrid fractal stent, experimental 
result and evaluation. 

Valve hybrid fractal stent 
We propose the valve hybrid fractal stent is 

a stent which is fabricated the valve into the 
hole for the insertion of a catheter for the coil 
treatment. A catheter push the valve to open it, 
and the coil is inserted into the brain aneurysm. 
Thus, it is possible to prevent the inflow of blood 
from the hole of catheter.

FIGURE 1 shows the model of the valve 
hybrid fractal stent. FIGURE 1 (a) shows the 
sheet of the valve hybrid fractal stent. By using 
the fractal structure, the intravascular cells 
can grow and cover easier through the fractal 
pattern. It is assist the stent is buried in the early 
to vascular endothelial cells. FIGURE 1(b) and 
1(c) show the part of the valve and Activation of 
the valve with catheter.

PIV experiment of the valve hybrid 
fractal stent

 � Design of the valve hybrid fractal stent
FIGURE 2 shows a schematic model of the 

valve fractal stent. In this study, to observe the 
effect of fluid suppression of the valve hybrid 
fractal stent, we use sheet of the stent. The 
stent sheet is made by wet etching method, the 
thickness is 0.05 [mm], and made by stainless 
plate (SUS310). Normally, stent is made by laser 
processing machine, but the processing accuracy 
is not enough for this valve hybrid fractal stent. 

We propose a novel flow-diverter stent, “valve hybrid fractal stent” to treat the cerebral aneurysm what is one of a 
cerebrovascular disease. The stent has a valve part to path through a coil. The valve has fractal-pattern structures. So, 
the blood speed flowing into cerebral aneurysm is reduced. We had experiment of Particle Image Velocimetry (PIV) 
for evaluation of the inflow of cerebral aneurysm. By the experiment result, we visualized the stream line by using the 
cerebral aneurysm model. We succeeded in a speed reduction of the inflow with our valve hybrid fractal stent.
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And we use stainless plate because the nickel-
titanium is difficult of wet etching. 

We designed the hinge mechanism of the 
valve to prevent the blood flow. FIGURE 3 
shows the model of the hinge mechanism. We 
analyze it as the beam structure. Here, l is length 
of the beam, a is distance from edge to the center 
of gravity, P is load of the center of the gravity, 
θ is deflection angle, y is deflection, E is young’s 
modulus and I is second moment of area. 

The moment of the point C is M= P·a

FIGURE 1. Model of the valve hybrid fractal stent. 
This stent has a valve mechanism for through a 
catheter. 
(a) Valve hybrid fractal stent sheet
(b) Valve hybrid fractal stent enlarged view
(c) Activation of the valve with catheter

A

B

C

FIGURE 2. Schematic model of the valve fractal 
stent. The deflection is calculated by using 
beam model.

FIGURE 3. Schematic model of fractal pattern. 
These parameters decide the efficiency of the 
fractal effect.
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The pressure in the vessel it is assumed that 
100 [mmHG],

100[mmHG]=133.32×103 [Pa]=133.32×102 
[N/m2]

This pressure is loaded to the valve, the 
pressure of loaded to the center of gravity P is

( )6 21.69 10S m−= ×
P = 133.32×102×1.69×10-6=0.023 [N]　
While the thickness of the beam is 50 [µm], 

the second moment of area of the beam is
I=1.875×10-5　　

Young’s modulus is 3500 [Kg/mm2].
The maximum deflection of the beam is

57.671 10maxy −×＝ [mm]　
This result shows that the beam can prevent 

the blood flow.
Then, we design the fractal patter. FIGURE 

3 shows the model of the fractal pattern. Dr. 
Nagata, et. al. [16] calculated that the distance of 
the flow diverter effect is related with the fractal 
pattern and the after the flow interaction length 
scale [17-21].

Therefore, the after the flow interaction 
length scale is

2
2

*
1.838478/ 33.8

0.1valveX L t= = =

Effect mesh size is
2 24 4 3.41 1 0.65782 0.31064

21.80184992eff
TM
P

σ ×
= − = − =

 [mm]
The distance from the fractal pattern is X 

[mm], 
*

X
X = 0.045 is the border of the flow 

diverter effect.
Here, *0.045 0.045 33.8X X= = × = 1.521[mm]. 

So the flow diverter effect is activated over 
1.521[m]. The size of the aneurysm is about 8 
[mm], so the flow diverter effect is activated in 
the brain aneurysm.

FIGURE 4 shows the fractal stent sheet. This 
sheet is made by wet etching process of MEMS. 
It is made of stainless plate which the sickness is 
0.05 [mm] (TABLE 1).

Model of aneurysm
To observe the flow of the inside of the 

brain aneurysm model, we need a transparent 
model. We use transparent polymer, Poly-
(dimethylsiloxane) (PDMS), for the base of 
the model. We use PDMS (DOW CORNING 
TORAY SILPOT 184 W/C, Toray co.) and 
ABS mold of the brain aneurysm which is 
made by 3D printer. To smooth the surface of 
the ABS model, we use acetone. The processed 

mold is soaked in the non-cured PDMS, then 
the PDMS is cured by heater. The ABS mold 
is solved by the acetone, we can made the 
transparent aneurysm model. FIGURE 5 shows 
the computer model of the aneurysm. The size 
of the radius is φ 8[mm] and the size of the neck 
is 4 [mm]. 

We use 3D printer （UP Plus, OPT 

FIGURE 4. Model of the valve fractal stent. The 
thickness of these stent is 50 [µm]. This sheet is 
fabricated by wet etching process.
(a) Valve fractal stent sheet
(b) Valve fractal stent enlarged view
stent sheet is attached between the an 
aneurysm and vessel. 

Table 1: Parameters of Fractal structure.

Cross-sectional side length: T 3.4[mm]
Inhibition rate: σ 0.65782[%]
Side length of the valve: Lvalue 1.838478[mm] 
Short side of Triangle Tr1:Tr1s 0.579828[mm]
Long side of Triangle Tr1:Tr1l 0.82[mm]
Short side of Triangle Tr2:Tr2s 0.42[mm] 
Long side of Triangle  Tr2:Tr2l 0.59397[mm] 
Short side of Triangle Tr3:Tr3s 0.445[mm]
Long side of Triangle Tr3:Tr3l 0.629325[mm]
Short side of Rectangle  Rs 0.1[mm] 
Grid thickness of the fluid 
direction: t

0.1[mm]

The study of valve hybrid fractal stent for the next generation brain aneu-
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Technologies Co., Ltd.） which the accuracy 
is 0.15 [mm]. FIGURE 6 (b) shows the ABS 
mold of the brain aneurysm. We cut this 
model at the neck of the aneurysm, and both 
models are soaked in the non-cure PDMS. 
Then the PDMS with mold is heated at 80 
degree for two hours for curing. After cure 
the PDMS, the mold are dissolved by acetone. 
Between the aneurysm neck and blood vessel, 
the stent sheet is put on and the PDMS molds 
are pressed by metal jig to prevent the leaking 
of the liquid.

PIV experiment
We use particle and pulsatile pump for PIV 

experiment. A laser beam is irradiated to the 
model to detect the particles, and the movie is 
recorded by the high-speed camera. The movie 
is analyzed by the PIV software. FIGURE 7 

shows the experimental set-up. We use pulsatile 
pump （Harvard apparatus pulsatile blood 
pump 1405-048, Harvard Appartus CO., 
LTD.) to flow the liquid mixed with pure water 
and polystyrene beads the radius is φ 4[µm] for 
flow visualization. We use fiber laser (YML-5-
1064, IPG CO., LTD.), and record the movie 
by using high-speed camera (Photron 1DP, 
Photron CO., LTD.). (TABLE 2) shows the 
parameters of the experiment.

Experimental result
We perform the PIV experiment using the 

mold and the stent sheet, and non-stent model 
for the control. We use the experimental system 
as shown in FIGURE 7, and the movie of the 
experimental results are analyzed by using PIV 

FIGURE 5. Experimental model of PIV. The mold is 
made by 3D printer. The stent sheet is attached 
between the an aneurysm and vessel.

 

 
(a) 3 dimension model of aneurism 

(b) Mold of the aneurism 
 

Aneurism: φ8 [mm]

Introitus of Aneurism: φ4 [mm]

Vessel: φ4 [mm]

(c) PDMS model of aneurism 

FIGURE 6. Experimental device. The high speed 
camera observe the particle patterns.

FIGURE 7. Experimental result of the PIV. Analysis 
result -no sutent. 

Table 2: Experimental condition.

Pump setting 60[STROKES/MIN]

Frame rate of camera 125[fps]
Density of particle 2.0[g/L]
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software (DETECT. DipMotion2D). FIGURE 8 
shows the result of the analysis. The maximum 
speed of the non-stent flow is 31 [mm/s] and 
the maximum speed with stent is 19 [mm/s]. 
So we succeeded in 49% reduction of the blood 
flow using our stent sheet. The flow pattern of 

non-stent is that the flow make a vortex at the 
center of the aneurysm. The flow with the stent 
is reduced the vortex flow of the outside of the 
aneurysm.

Conclusion 
We propose a novel flow-diverter “valve hybrid 

fractal stent” to treat the cerebral aneurysm what 
is one of a cerebrovascular disease. The stent has 
a valve part to path through a coil. The valve has 
fractal-pattern structures. So, the blood speed 
flowing into cerebral aneurysm is reduced. We 
had experiment of Particle Image Velocimetry 
(PIV) for evaluation of the inflow of cerebral 
aneurysm. We use particle and pulsatile pump 
for PIV experiment. A laser beam is irradiated 
to the model to detect the particles, and the 
movie is recorded by the high-speed camera. 
The movie is analyzed by the PIV software. By 
the experiment result, we visualized the stream 
line by using the cerebral aneurysm model. 
We succeeded in a 49% speed reduction of the 
inflow with our valve hybrid fractal stent.

In near future, we realize the cylindrical shape 
valve hybrid fractal stent and its experiment of PIV, 
and cell growth evaluation to cover the stent.

FIGURE 8. Experimental result of the PIV. The flow 
is reduced to 49%. Analysis result –with valve 
fractal stent.
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