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Abstract- Aneurysmal subarachnoid hemorrhage (SAH) is extravasation of blood into the subarachnoid space which kills 
people. Traditionally platinum coils have been used to fill the hemorrhage so blood extravasation is prevented. Herein, we 
introduced both polymeric and platinum nanofibers which enhanced the performance of the blood extravasation prevention. 
Nanofibers were produced via electrospinning and were electroplated with platinum, forming metalized nanofibers. These 
fibers were installed inside a fluidic channel and their permeability was tested. We show that these fibers are superior to 
commercial platinum coils in reducing permeability. These newly developed nanofibers are expected to reduce the SAH 
operation cost with their reduced size and low material cost. Because these fibers are superior to the commercial coil in 
reducing permeability, it is expected that lesser amount to be used for the SAH operation for the same prevention effect. As a 
result, the operational risk involved with multiple deliveries of platinum coils into SAH would be reduced. The theory 
describing the permeability of these nanofibers is proposed and tested. 
 
Index Terms- Metalized Nanofiber, Aneurysm Embolization, Permeability, Packing Density 
 
I. INTRODUCTION 
 
Aneurysmal subarachnoid hemorrhage (SAH), which 
means that the blood escapes from subarachnoid 
hemorrhage[1], occurs in the United States only tens 
of thousands of people every year. Approximately 5% 
of US stroke patients are associated with aneurysm 
SAH. Once developed, 40% to 44% of patients die 
and survive within 30 days, but 10% to 20% of 
survivors have disabilities[2]. Since the ISAT was 
reported, American Interventional and Therapeutic 
Neuroradiology, the American Society of 
Neuroradiology and the German Society of 
Neurosurgery have reported that vessels for patients 
suffering from ruptured cerebral aneurysms I have 
approved the use of my treatment. More recently, the 
US Food and Drug Administration (FDA) has 
approved GDC treatment for all brain-associated 
aneurysms[3]. 
However, although intravascular coil embolization is 
often preferred in intracranial aneurysm management, 
there are several challenges that need to be addressed 
for the safe and extended use of vessel coiling.[4]. 

 

 
Figure 1. a. schematic of Aneurysm after swelling of the aorta, 

b. coil embolization 
 
We wanted to increase the availability of packaging 
because of the smaller diameter of the nanofiber mats 
compared to conventional platinum coils and because 
of their high efficiency and low cost coil coil 
materials. 

II. RESULT AND DISCUSSION 
 
Figure 2 shows the fabrication process for platinum 
nanofibers used in fluid channels. Nanofibers ejected 
the polymer solution from the charged orifice, 
electroplated with platinum, and electrospun into a 
hollow copper square frame. The platinum nanofiber 
mat was made of yarn with a thickness of 1/4-mm 
scale so that its thickness could be compared to the 
thickness of commercial platinum coils. Yarin was 
finished by rolling or twisting the platinum mats 
produced. The thickness of the cylindrical "rope" of 
yarn shape is determined by the amount of initial 
nanofiber mat. The larger the matte size, the thicker 
the rope rope. 
Figure 3 shows the PVA fluid passing through the Y-
shaped fluid channel. Figures 3a and 3b are plan 
views of an apparatus in which the left (L) channel is 
installed with a circular disk containing yarn 
nanofibers (N = 1, where N represents the number of 
oblique ropes of the same length). The right (R) 
channel is a straight clean channel with no 
obstructions in the path.The syringe pump flow rate 
was set at 1 ml / min, so the total volume collected 
was 10 ml during the 10 minute collection period. As 
a result, or in all cases, the total volume of the left 
and right vessels is 10 ml, regardless of N (degree of 
obstruction in the left channel passage), as shown in 
Figure 5c. 
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Figure 2. Fabrication of platinum nanofibers via 

electrospinning and electroplating. 
 

In Figure 3c, the effect of N is verified. As the 
number of yarn fibers (or ropes of the same length) 
increases, flow filtration through the left channel 
becomes more difficult and the flow rate becomes 
smaller. The case of Figures 3a and 3b corresponds to 
the image of the second row of Figure 3c, where a 
small disturbance in the flow path of the left channel 
is installed with N = 1; A relatively small amount of 
fluid was thus collected at the left vent. This 
difference in fluid collection becomes more important 
as N becomes larger. As a result, when N = 4, 
complete flow cancellation has occurred in the left 
channel and the total volume of fluid flows through 
the right channel only. Snapshot in Figure 3c. 
 
The permeability (K) of the disk in the left channel 
has been estimated using the Poiseuille and Darcy’s 
equations described in Figure 3. When there is no 
fiber in the disk, the flow physics is governed by the 
Poiseuille’s flow. When there are fibers, then the 
permeability in the disk is described by the Darcy’s 
law. When the disk is fully blocked, the flowrate in 
the right channel (Q2) is equal to the total flowrate 
(Q0) and, of course, the permeability of the disk is K 
= 0 because Q1 is zero. When the disk is perfectly 
opened, then Q1 = Q2 = Q0/2, in which case the 
permeability ofthe disk should be reduced to a simple 
Poiseuille’s flow; K = R1/8. 

 

 

 

 
Figure 3. Barrier effect of nanofiber in Y-type channel 

 
Figure 4 describes the details of the channel. The left 
channel comprises three different parts namely, l1, l, 
and l2. The disk length is l, which is described by the 
Darcy’s law because it contains fibers. The rest of the 
left channel, l1 and l2, are described by the 
Poiseuille’s flow. 
 

 
Figure 4. Variables in Y-type channel 

 
If the pressure changes at the two outlets are the 
same, then Q1 can be expressed as: Eq (1).The value 
of K can be obtained as shown in Eq. (2), where Q1 + 
Q2 = Q0. 
 

 
Figure 5. SEM images of (a) pristine PAN fiber. (b) pristine Pt-

plated PAN fiber. (c)-(e) yarned PAN fiber. (f) Pt coil. (g)-(i) 
yarned Pt-plated PAN fiber. 
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Figure 4 shows scanning electron microscopy (SEM) 
images of electrospun nanofibers, electroplated 
nanofibers, platinum coils, and yarn ropes. In Fig. 5a, 
electrospun nanofibers having a size range of 0.15 to 
0.45 μm are shown. This PAN nanofiber was 
electroplated with platinum and its size increased to 
0.1 ~ 0.7 μm as shown in Fig. 5b. The Pt nanofibers 
were made of cylindrical ropes and yarns. Depending 
on the amount of platinum nanofibers in the "matte" 
form, the rope thickness varies from 150 to 500 μm 
close to the size of commercial platinum coils, as can 
be seen in Figures 4c, d, e and f. And Figure 4f shows 
a PCL nanofiber in yarn having a thickness of 250 
μm. Figure 5i is an enlarged view of one spot taken 
from a yarn rope having a thickness of 800 μm in 
Figure 5h. Similarly, similar to the Pt nanofibers 
shown in FIG. 4B, another enlarged image taken in 
fig. 5i is shown in fig. 5J, and the shapes are similar. 
Figure 6a shows the effect of PAN fiber diameter on 
K. The total volume or mass of the fibers for all three 
diameters is the same. This is when the surface to 
volume ratio is smaller. As a result, the drag force is 
larger for a small diameter case, which in turn 
impedes or decelerates efficient flow. Figure 6b 
compares the permeability changes for fiber types of 
PAN, PCL and Pt at a fixed flow rate and fiber 
diameter. As shown, Pt is most efficient in blocking 
flow with the smallest permeability. 

 

 

 
Figure 6. The permeability (K) change per varying (a) PAN 

fiber diameter, (b) fiber types (i.e., PAN, PCL, Pt). 
 
CONCLUSION 
 
We have confirmed the effect of using polymer 
nanofibers to block fluid flow to replace coils used in 
aneurysm embolization. PCL and PAN were used as 
polymers and Pt was electroplated on PAN 
nanofibers. Experiments based on flow rate confirm 
that the permeability is consistent even when the flow 
rate changes. And the small diameter of the fiber is 
effective when blocking the fluid.  
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