Watchman Procedure Heart Catheter Trainer
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Introduction and Motivation Mathematical Model Finite Element Analysis

The purpose of the project is to create a trainer for the Watchman atrial Vessel model: e Finite element analysis was used to determine the minimum force &
occlusion procedure for Parkview Health. This procedure helps to Assumptions: requirements that will be absorbed by the heart to determine its S
minimize the risk of blood clots forming that eventually cause strokes in . Pseudo-steady state ‘ thickness and material needs. The tests were conducted using
patients with atrial fibrillation. Currently, there are some digital trainers » Oscillating flow A - ANSYS workbench and ANSYS Discovery to run fluid and pressure
which offer little customization of the procedure as well as physical * Cylindrical coordinates N test. Unfort.unately, only 1 of the fluids tests was run succegsfully but
trainers that can cost upwards of $20,000. The team used 3-D modeling * Incompressible fluid these provided a pressure value of 620 Pa that was applied to the
software to edit hearts to fit the apparatus and an Arduino driven pump * Newtonian fluid interna stlrj]r_fices Off f I heart co_m%ofnenht. c-lr his show?d . tlh al 3
system able to create pulsatile flow. * Fully developed flow - ApR* (1 - (1)2> cos(wt) ZmIrrr]1lrrr1n:‘J(;? solf(t: rre]zisns moate:?arlns IS required Tor hard resign materials an
« Edge effects neglected Z 4l R '

» Laminar flow
The device utilizes a set of vinyl and PVC pipes to mimic the vasculature « No external forces . .

of the aorta and vena cava. The heart itself is from a scan of a patient’s * No-slip boundary condition EIeCtrlcaI SyStemS CO”CIUSK)”S

heart resulting in a detailed mesh. The heart was then edited using a -
variety of different 3-D modeling software’s in order to incorporate the |
heart into the piping. Pulsatile flow is used to mimic the beating of the Atria moglel: Pr V1 P2; V2 Wall " o
heart. Flow is driven by a piston pump driven by a NEMA 34 stepper Assumptions: - Atrium -
motor controlled by an Arduino microcontroller. The microcontroller also * Steady State

takes inputs from a flowmeter and water pressure sensor. These values ) :\rllcortnpressfllbl_z fluid
are then fed to an LCD display with adjustable units. The microcontroller ewtonian Tl

« Created pulsatile flow through a clear tubing
system with adjustable pulse rate.

« Successfully edited and 3-D printed a scan of a human
heart that could be integrated into tubing system

. . . * No external forces 5V « Tubing and silicone insertion points allow for needles and
also allows for different pulse settings to create varying heart rates for 60V o .
. . . P Ground catheters to be placed within the system for practice
the trainer. The device has also left space on the apparatus and within Ap = —= (v —v{) i
L . . 2 B Watchman procedures to be performed.
the program to allow for modifications to be made for practice different _ _ Stepper Wire
orocedures Mathematical models such as those shown above are used in software o P — |
G | processes such as FEA and creating the pump code. Use of D12 to Driver * Leaking throughout the system proved to be a problem,

mathematical models in software provides estimate output values for DultontaOU2 but was fixed for the finished product
pressure and velocity gradients of fluid flow. In specific case of FEA, A14 to Display
these models provide virtual simulation resulting in points of high stress DY  The final device design consistently brings itself to
or f_ailu_re In an imported CAD model. Coding Using th_e moc_lel _for Circuit design shown above for controlling the motor, buttons, screen biologically accurate flow rates.
oscillating blood flow allows the pump to produce a flow with oscillating and sensors originates from an Arduino Mega microcontroller. The

characteristics. system can be plugged into the wall, but a safety kill switch must be _
turned on in order for the voltage source to be powered safely. The FUture DIreCtIOnS

Computer A|ded DeSign voltage source will be set between 50V and 60V and directly power a

stepper motor that drives a piston pump. A 5V USB plug will connect

e Add a second insertion point

Watchman Procedure

The CAD was created using a mix of NX 12.0 and Mesh mixer to maintain the voltage source to the Arduino which will power the remaining e Streamline CAD process
Atrial Fibrillation (AF) is a common arrhythmia affecting over 33 million and accurate internal geometry complete with interconnected heart components. e Create Womersly flow
individuals worldwide. [1] A common treatment for AF utilizes the  compartments. These models where created in two |
Watchman catheter device to close the left atrial appendage (LAA) | _ | e Expand trainer for more
reducing symptoms attributed to AF including strokes. Parkview Health Three major tests were performed to ensure the success of the project procedures (ECMO)

consisting of testing silicone insertions, printed heart material, and
precision and accuracy of pump system. Silicone Testing showed some
leaks when catheter was inserted resulting in redesign with thicker

silicone. Material testing showed Siraya Blue to be the most structurally . .

sound material for printing the heart while still maintaining translucency. therature Clted

Pump tests showed promising results with major concerns due to leaking S | | | j
[1] Black-Maier E, Piccini JP and Granger CB (2019) “Left Atrial Appendage Closure: A Therapy Uniquely Suited for Specific

that has since been resolved. Populations of Patients with Atrial Fibrillation,” Journal of cardiovascular electrophysiology, 30(12), pp. 2968—2976. doi:
10.1111/jce.14182.

[2]“Left atrial appendage closure devices,” Arizona Heart Rhythm Center. [Online]. Available:
http://azheartrhythmcenter.com/resources/procedure-instructions/watchman-device/. [Accessed: 15-Nov-2021].

[3] M. O. H.I. T. K. TURAGAM, M. A. D. H. A. V. LAVU, M. U. H. A. M. M. A. D. R. AFZAL, V. E. N. K. A. T. VUDDANDA, M. O. H. A.
M. M. A. D.-A. L. I. JAZAYERI, V. A. L. A. Y. PARIKH, D. O. N. I. T. A. ATKINS, S. U. D. H. A. R. A. N. . BOMMANA, L. U. I. G.
l. DI BIASE, R. O. D. N. E. Y. HORTON, R. O. N. G. BAIl, V. 1. J. A. Y. SWARUP, J. I. E. CHENG, A. N. D. R. E. A. NATALE, and
D.H.A.N.U.N. J. A Y. A LAKKIREDDY, “Catheter ablation for atrial fibrillation in patients with watchman left atrial appendage
occlusion device: Results from a multicenter registry,” Journal of Cardiovascular Electrophysiology, vol. 28, no. 2, pp. 139-146,
2017.

[4] H. Ayhan, S. Mohanty, O. Gedikli, C. Trivedi, U. Canpolat, A. C. Tapia, Q. Chen, D. G. Della Rocca, C. Gianni, A. Salwan, A.
Annanab, B. MacDonald, A. Mayedo, J. D. Burkhardt, R. Horton, G. J. Gallinghouse, L. Di Biase, A. Al-Ahmad, and A. Natale, “A
simple method to detect leaks after left atrial appendage occlusion with watchman,” Journal of Cardiovascular Electrophysiology,
vol. 31, no. 9, pp. 2338-2343, 2020

[5] A. Khan, “Diagram of the different morphologies of the left atrial appendage.” [Online]. Available:
https://researchgate.net/figure/Diagram-of-the-different-morphologies-of-the-left-atrial-appendage-A-chicken-wing-
B_figl 328723774. [Accessed: 15-Nov-2021]. .

[6]S. Boyles, “Critically ill covid-19 patient better after ECMO treatment,” Medical News, 16-Apr-2020. [Online]. Available:
https://www.medpagetoday.com/infectiousdisease/covid19/86003. [Accessed: 25-Apr-2022].

Acknowledgements

has tasked the design group with creating a heart catheter trainer for the
Mirro Center of Research and Innovation. The trainer will allow for new
physicians to be trained on the procedure as well as experienced
physicians to practice for upcoming procedures.

e Create Dbiologically accurate
pressure within the system

Left atrial occlusion is a procedure In
A chcnwrs Q- which the LAA is closed off using devices
Vil Vil delivered via catheters inserted through

the right femoral vein, passing through i
the inferior Vena Cava into the left atrium . . .
where a transeptal puncture is used to f Mean of Means 11.149 gr. Gccl)ng(—:?rilconeslgser_tlct).n help .-
pass the catheter into the left atrium and STD 2.59295 randon Lathey = o-L printing consuitan
6 Gt G Guews LAA. [3] [4] The Watchman Left Atrial > Count 30 * Trine _UnlverS|ty
oy i Appendage System is a device designed < = SEM 0.473406 * Parkview Health
to close off the LAA by establishing a ot ' 5
opening that promotes cardiac tissue Hypothesized Mean 10 COntaCtS
ingrowth. [4] [2] These shapes include t T-statisitc 2 427346 | |
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