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Background Methods Results mplant Specialists want to understand the blood fow with Interpretation
. . . . . . . . . respect to lead placement, evaluate the interaction between . . .
Implantable cardiac pacemakers are used to modify and treat irregular Cardiac leads on the market are designed to treat specific heart Interviewees agreed that a VR based simulation of lead mull)ti e leads 111)1 2 heart. select a lead for a specific batient’s Leads are manufactured 1n a series of lengths and the recommendation
heartbeats [1] and invented 1n 1958 [2]. conditions. To demonstrate the value of a large scale user driven variations within the heart and with fluid flow would be ana toIr)n and predict the’ fibrosis orowth im 1; ct on 11; ad 1s to coil excess lead length under the pacemaker housing in the pocket.
exploration of many design variations, a design space was developed valuable to their analysis and design of new leads. Designers movemZnt anl(ji extraction broce dﬁres P This simulation would allow manufactures to recommend how much
| b 4 for use cases use full to engineers and medical professionals. wish to compare cardiac leads within one simulated p ' lead should be left in the heart cavity and how to manage multiple
| » Leads : i -
% ' (inside the subclavian vein) . . . . . . . environment and discriminate between deylce and blood flow Twenty cardiac leads were evaluated from manufacturer’s leads.
: — First, nine engineers and medical professionals were interviewed to simulations. They also want to prepare guidance documents roduct information. Use cases focused on external lead
== determine the opportunities for an anatomical, fluid-structure- for doctors implanting devices that recommend the lead length b cometrv and lead .lacemen ¢ Parameters were narrowed o Defining the design space, enables using computational resources to
interaction computational model of implanted cardiac lead to help with left 1n the heart based on anatomical characteristics and & Y P ' generate hundreds of design instances. These design instances within

include lead length 1n the heart cavity, lead diameter, lead
stifftness and attachment location. Internal lead geometry 1s
integrated to create a lead stiffness.

future cardiac lead device designs. management of multiple leads in a heart. the VR environment will reveal how the lead impacts blood flow. The
visualized continuous design space can be used to identify a lead

design for a specific patient’s anatomy.

Second, the design space of a cardiac lead was defined and simplified.

A survey of cardiac pacemaker leads was conducted of the major c
: manufactures in the United States. These companies included g .8 Simplifying the parameters for a computational model 1s important to
\ | bcienerazw ) Medtronic [3], Boston Scientific [4] and St. Jude Medical [5], who '('-'-'5 © o efficiently compute hundreds of simulations in a reasonable time frame
(4 | (,,SC{Z";EZSS,,;ZJ-Z',’) manufactured 93.1% of pacemakers 1n 2015 [6]. Published information E' X | i E for create a continuous design space to complete understanding of the
. RAlead . was collected from their respective websites to document variations in © —_ " o = design options. However, waiting days, weeks or even months for a
Jelual-cha JERENEes also have this lead) designs and included external lead geometry, fixation locations and — % g - complete design space 1s unrealistic in todays fast paced design
' ) (V] ommm °
P AT o , materials used in the leads, but did not include information about g = 5 S| © ﬁ process. Simplified design models open the opportunity for real time
’ (SZ;%'LZZZ,?LZ?'Z;‘Z?E' have this third lead) overall stiffness of the leads. o S . = <l a a0 generation of computation models. As a designer 1s 1terating through
" = ‘-_'é Accuity™ X4 4671,4672 X | X design options, the software could be generating models fill in the
: Human anatomy was evaluated to determine minimum and maximum = S 7740 7741 7742 7731 design space based on the direction of the designer. This process will
~ % RVLead distances from the Superior Vena Cava (SVC) to the appendage 8 S | Ingevity™ MRI ’ ’ ’ ’ X| X | X reduce the number of pre-generated models that are geometrically and
=N BN 2/ devicesligRe this lead) attachment point. Four DICOM stacks of human heart anatomies from “ 7732,7735, 7736 visually out of spec, but could have seemed numerically feasible.
the University of Minnesota (UMN), Visible Heart Laboratory (VHL), CapSure Sense MRI™ SureScan™ 4074, 4574 X | X
Atlas of Human Cardiac Anatomy [7] were uploaded into Mimics [8]. , ™ ™
https://upload.wikimedia.org/wikipedia/commons/thumb/b/b0/PPM.png/350px-PPM.png Splines were generated to define the lead pathways. é) EEDBUIREIFN OIS DAlR ™ ST DA, SIbE X X SU pe ror Vena Cava (SVC)
O |SelectSecure 3830 X X
Devices have no fixation or fixed to the heart wall. No fixation leads 3 , -y
lay in the bottom of heart cavities, while fixed leads have tines § Sprint Quattro Secure 6346M X X X
(passive) or a helix screw (active) to attach to the heart. Lead Superior Vena Cava (SVC) Spring Quattro Secure S™ 6935, 6935M, 6947, 6947M X X | X
geometries and material properties vary between companies, with . Py -~ , — -y
geometric sizing based primarily on the internal components of the Spring Quattro Secure S MRI™ SureScan 6335, 6335M, 6947/, 694/M X X X
lead. Durata™ 7120, 7121, 7122 X X
IsoFlex® 1944T, 1948T X | X
Passive Active Fixation v OptiSense® 1999 X X
FIA TS /ﬁ\ 3 = | QuickFlex® 1258T X —
~ ) '. = = . _ : T, | I
o a - @ 7 |Tendril® ST 1888TC X X P A Cardiac
-~ Tendril® SDX 1688T/TC X X | S Lead
g, Tendril MRI™ LPA 1200M X X
|
***Additional leads are available on the market.
Information about these leads are not available on company websites.
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Resu |t5 (CO ntin ued) The third parameter was stiffness of the lead and was difficult
to define. During our interviews, engineers discussed targeting

The first parameter studied was the lead length 1nside the right

:

}-? atrtum. The lead travels into the right atrium through the SVC spec%ﬁc oYerall le.ad stiffness, howeYer the.s ¢ values are not .
v medironic comcontent damyimedisonic.com01crhifbradsy and must bend around the anatomy to attach to the appendage ioubhsl.led in the 1.1terature. Many artlcles. d1§cuss the oresults of I nfe rior Vena Cava IVC
products/leads-and-delivery-pacing-750x7 50.pn§ https://www.slideshare.net/ Abomustafa/anatomy-of-the-heart-42723933 tip. Manufactured leads vary from 35 cm (Me dtronic, ead st1ffn§ss testing [19]9 Wlthout quantlfylng the stiftness of
CapSureFix Novus MRI SureScan 5076) to 100 cm leadst§ ;u(cillf}il ' Onp lp];l bﬁlcqtlon EI’O{H getlssgulg ?\Iy/stemels ’1 g
Finite element analysis (FEA), computational fluid dynamics (CFD) (Medtronic, Sprint Quattro 6947 and 6944) in length. The four %ﬁ:ﬁ?;ff One fﬁgy cini;;ﬁg the distal stfffnessn;?a[segiés of
and bench-top simulations are used to evaluate cardiac leads. These anatomies were studied from the University of Minnesota leads cc).ncluding that polyurethane leads are stiffer than Acknowledgements
simulations analyze only one lead and struggle to compare and test Refe rences Visible Heart Laboratory. The hearts had an average silic:o,ne rubber leads [10] Joint funding for this work was received from NSF (1IS-1251069) and
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To address this issue, we present a simplified parameterized design pacemaker". Pacing and Clinical Electrophysiology. 5 (2): 278-82. dot: lead. Diameters varied from 4.1 Fr (1.36 mm) for a pediatric atrium, whtle research 15 showing the benelits ol His-Bundie for the enlightening conversation about cardiac lead implantation; Megan

pacing. His-Bundle pacing paces the top of the septum to
transmit signal through the natural electrical conduction

10.1111/3.1540-8159.1982.tb02226.x. PMID 6176970.
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space for cardiac pacemaker leads 1n the right atrtum. This information 3] Medtronic. (2016) Healthcare Professionals: Pacing Leads. http://

Will b§ us§d tp run .multip.le simulat.ions of leads. in blood flow, for tinyurl.com/hxIp98b. Accessed October 20, 2016 system [12]. helping to direct this methodology to impact cardiac lead designs.
visualization in a single virtual reality (VR) environment and allow the [4] Boston Scientific. (2016) Leads. http://tinyurl.com/hleevib Accessed
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Superior Vena Cava 6] Diment, D. (2015) IBISWorld Industry Report OD4080 Pacemaker
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(0,3) 7] The Visible Heart Laboratory. (2016). Atlas of Human Cardiac Anatomy. 5 Er 3 Er
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X 9] Quizlet. (2016). Cardiology Anatomy. http://tinyurl.com/zosgmey. :
(5:2) 1 [10] Cameron, J., Mond, H., Ciddor, G., Harper, K., & McKie J. (1990) S“ﬁness 8 N/mm 10 N/mm 1 N/mm 3
Stiffness of the Distal Tip of Bipolar Pacing Leads. PACE 13:1915-1920. Location 1 Location 2 Variations
r = radius of curvature doi: 10.1111/3.1540-8159.1990.tb06916.x. .
K = stiffness of lead [11] Saraswat, P. (2015) Living Heart Human Model: Pacemaker Lead Insertion Attachment Appendage His-Bundle p)
d = di ter of lead E_lnd_ Cardiac Cycle Simulation. Simulia: Dassault Systemes. — -
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Stiffness: 8 N/mm Stiffness: 9 N/mm Stiffness: 10 N/mm
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