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Abstract Background Information

This project's purpose Is to design and construct a This project requires the design of a completely new in vitro model. This model will utilize a polyacrylamide alginate After numerous attempts, casting with BAM
reusable and anatomically accurate In vitro model for composite that can be optimized to better mimic the human body. There was no original system when this project material was unsuccessful. Further work
testing biomaterials that treat cerebral aneurysms. began. The in vitro model will be tested following the system setup in Figure 1. A thermocouple (TC) measures the requires continued casting trials with the
Unruptured brain aneurysms have various forms of fluid’s temperature, a pressure transducer (PT) measures the pressures, and a flow meter (FM) measures the flowrate BAM material. Casting with ClearFlex 50 in
treatments available. Common remedies for aneurysms, going into the model. The system establishes pulsatile flow using a peristaltic pump and a set rate of bypass occlusion. a two-part and casted model did work but
delivered via catheter, include clipping, embolization The main element that chanaes in the svstem is the aneurvsm vessel model. the model I1s not physiologically accurate.

Results - Casting

This model will be used untl a more
accurate model Is casted.

(clogging of the aneurysm), and flow diversion. In the

past 20 years, endovascular embolization has become MethOdS - DeSIgn COmOnentS Figure 8: Data Collected.

the preferred method of treatment. Northern Arizona / ) : This project includes an : ]
University’s Bioengineering Devices Laboratory (BDL) /_® Flow bypass a interchangeable parts Discussion

e o oo henenn e ()] desion eowing forderent i is atuntonal model that can be used for tre
research process, it is necessary to test and validate this | AN ¢ a\ components to _be SWItChed intended pUrpose of aneurysm blocking device testing.
novel treatment with an in vitro model. In contrast to prior @ In-line filter > N @ E without interfering with the T_he model includes three aneurysms that are of various
models, this model will strive to be anatomically correct. . . 7O\ \ _other elem_ents. The mod(_el sizes that are comparab_le o typical hum_an anedrysms.
Therefore, the team will use custom synthetic Fluidreservolr Aneurysi vessel model oducer 1S t_he main focus of this They are also located n common Iocayons along the
vasculature, in place of glass or a two-part mold, to Figure 1: In-Vitro model configuration. Model can be run in the lab or under C-arm fluoroscopy. project. vessel that are common _W|th patients. _Th|5 a”QW_S for the
construct a more compliant model with properties that MethOd S - CaSting Data ACCIUi SitiOn ?r(e)(;tt(i)r:gtetiténgar:re]tejlr;sdn?wiﬁez;oa?c;(r?]?c:;ellr;/?Sh;Isr]ig:ggicaarl]l?/
better mimic various types of vessels. The casting for the . . . .
vasculature will incorporate a 3D printed inner core and a Typical methods for creating in-vitro models include glass  The signal amplification (SA) box, Figure 6 (with correct environment without biometrics.
milled outer mold. The material used for the model is a blowing, two part mold with lost wax, and silicone tubing. = schematic), makes signals readable by the computer. COﬂClUSiOnS
polyacrylamide alginate composite, created in the BDL, This model was created using a PLA 3-D printed core, wax  The received signals are processed in LabView, then _ _ _ _
with tunable mechanical properties. Along with the novel CNC cast, and a polyacrylamide alginate composite  displayed, The material used for casting includes more minor
modeling method and material, the in vitro model will polymer (BAM) for the mold. The 3-D CAD and physical  as shown alterations in order for it to be suitable for the use in this
include a pulsatile flow, non-Newtonian fluid, and a models of the casting assembly are provided in Figures 2  in Figure 5. \' design. Future research on this project will heavily rely
flowmeter. With this more realistic testing regime, the and 3, respectively, and Figure 4 shows the casting Common [|[FG_—- B e on improving the model. Originally the cast was made of
biomaterial aneurysm treatment will quickly progress in | [ | human 60 — 140 mmHg the PLA and CNC milled. In order to heat the material
the FDA approval process to produce a commercially @ values after pouring a metal_cast was the_ best option. Stqmles_s
available treatment to patients. from the _ steel Is the best choice but aluminum was used in this
] ] PT’s, TC Temperature: 37 °C case to elevate the cast. Next the removal of the core
PrOjeCt Requwements and EM \ was improved. In the beginning we broke the small arms
L . were — dEERIEERVENTE O i of the core off and pulled it out. Then we tried dissolving
Tabl? = Erfgmee“ng Bequ'rements created. Flow Rate: 150 - 350 mL/min \\i\\\§\§\§§\\ the core which allowed it to become pliable and easily
Engineering Requirements Target and Tolerance Figure 5: Data Collected Figure 6: Inside of SA Box slide out of our model but severely dehydrated the

_ : model. Submerging in water rehydrated the model and
Accuracy of Anatomical +.05mm between |\/|Ode| F| UId returned it to its original state.
Measu-rements [HEEBUIEMETE _ Currently DI water Is the industry standard fluid for 9
Comp_llance of Vessel O_.4J_r0.2% change In Tunnels modeling blood through a vessel. CMC was used to 3 :
Material diameter more accurately model the properties of blood [1]. The

Physiological Accuracy of 2.54+40.5 mL/s Rheometer HR-2 was used to test the viscosity and
~lows T —— shear rate of the samples. Figure 7 displays the
_ _ Figure 2: 3-D CAD model of Figure 3: Casting assembly : - : :
Physiological Accuracy of 3.5+0.5cP, 37+.2°C, Non- casting assembly parts comparl_;:_o n with Di water, blood, and different CMC
=luid Newtonian (shear thinning) | | compositions. e
Casting Procedure: 12 ~CMC Wt% .025 Test 1 Q ubiade o
Transparency of Vessel Opacity of 15% or less * Mix polymer 10 =CMC Wi 025 Test 2 Figure 9: Metal block Figure 10: Casted vessel
Material * Insert core into cast

* Insert bottom stabilizers
 Close cast around core
* Pour in polymer

* Insert top stabilizer
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Accuracy of Data Acquisition Pressure +0.2%,
Temperature +.25%
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(@)

N

Accuracy of Manufacturing  +0.1mm from design

Processes « Allow material to cure — ACknOWIGdgmentS
Size 36"x36"x24” (LXWxH) * Take apart apparatus 2
e Remove/dissolve core Funding provided by NIH STTR collaborative grant (1 R41 NS097069-01A1)
- ‘ between the BDL and Aneuvas Technologies and NAU Technology and
> ; ° 0
WEIth 75lbs2 Figure 4: Pouring polymer into Connect model to SyStem 0 100 200 300 400 Research Initiative Fund (TRIF) - Research Development Grant (RDG).

casting apparatus Shear rate (Hz) Thank you to Dr. Becker, Trevor Cotter, and everyone in the Bioengineering

Engineering Design Figure 7: Viscosity vs. shear rate Devices Lab at Northern Arizona University.




