Biomechanical Modeling of Brain Shift During Neurosurgery
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Introduction B. Swelling
 Craniotomies for glioma tumor resection are often RESECT Case 23
challenging as brain shifting (due to fluid loss, gravity, o § N ——
pressure changes, edema, etc.) causes a mismatch when o
Intra-operative anatomical positions are compared to pre- ’g? —
operative imaging Tel i |
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* Low accuracy In pre-op planning due to uncertainty in brain S .| —— |
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shifts increases the difficulty of the procedure and the risk l l l c —
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of harm to healthy tissue and further complications Iz |
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* Biomechanics and Finite Element Modeling (FEM) can be : i |
utilized to accurately simulate brain shifts (i.e., sagging or S At S |
swelling) for improved surgical planning v | B G ) B = | |
e 2 &%) .
Optimizing atlas to generate simulated Initial TRE Poroe All Poroe 7poi
.. POI with lowest TRE Optimizations, opt
Brain tissue
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Fig. 2. Flowchart depicting general methodology of simulating brain shift in three phases:. pre-processing (mesh generation), processing (FEM), and post-processing
(optimization).

Fig. 6. Box and whisker plot of RESECT case 23 (swelling). Poroelastic optimized target
registration errors are compared to initial TRE (original pre-op landmark without simulation).
Optimized TRE with 7 POls (about half of all) are also reported to demonstrate accuracy of
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Ccrcbrﬂ-gpinﬂl : a ~ model with fewer data. Having fewer POI TREs impacted accuracy assessment more than
fuid Non-Grav Dir: Known Parameters: iUS Data with sagging.
uid (CSF) XY,XZ.VZ Craniotomy Region, Grand Truth POl
Gravity Direction, Brain .
"Head Orientation \ Stem Location Y, COHCI usion
(a) Preoperative medical image (b) Brain shift p | N / inverse Model \ * Poroelastic model is more accurate than viscoelastic

- -f} At' T LU [ . . - - -

Fig. 1. lllustration of brain shift from (5) Chen et al, 2017, IEEE Xplore oS Lovel ) as C (Mo} - ) (Ml - &) /D B ~ o Supports prediction that Including more physical
eve I eparsd @) = + : : .
b W v]ie) elormed fmage parameters increases simulation accuracy

 Poroelastic also took less time due to nature of its formula —
elastic modulus does not vary with time whereas visco does
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- Brain shift simulated is due to the craniotomy prior to Swelling/Edema . / o . . . .
. . . _ 78 N | * Currently working on improving run time and accuracy
tumor resection through the following steps (Fig. 2): S I :
TREs 5 :
. o Pre-process mesh making takes >4 hours, FEA
- FEMs were created from a 3D mesh generated using N~ / \ / orocgssing takes 4-12 hoursg
several modeling software systems (RayStation, SimLab, PREOP INTRAOP
' ' o FEM code runs into some bugs due to minor errors In
Hyperl\/lesh, and various C SCI’IptS) Fig. 3. Flowchart displaying atlas simulation process based on known and unknown parameters. Based on grand truth data, atlas is optimized with a linear combination formula, : 9
« Two material models were used in the EEM Computation. producing a deformed image. POI types color coded as: pre-op (blue), intra-op (green), simulated (purple). lllustrations from references (6), (7), and (8). mesh mOde“ng
. . . . L . « Future works: developing deep learning to automate
o Viscoelastic — material with combination of viscous Results ping P J

. o . . iImulation pr nd translate work to clini
and elastic properties (i.e., gelatin). Models sagging simulation process and translate work to clinic

A. Sagging: Poroelastic vs. Viscoelastic

o Poroelastic — material is porous and elastic (i.e., References
Sponge). Takes Into account more Complex physics RESECT Case 17 RESECT Case 25 1) Lesage et al, 2020, IPEM, “Viscoelastic biomechanical models to predict inward brain-
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(braln dra!nage)_’ and predICted 1_:0 prOd_UC? more N r I 2) Sun et al, 2013, Journal of Translational Engineering in Health and Medicine, “Near
accurate simulations. Models sagging, shrinking and 7r | | Real-Time Computer Assisted Surgery for Brain Shift Correction Using Biomechanical
: — | — | Models”
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LU 1 LLJ I 5) Chen et al, 2017, IEEE Xplore, “A simple brain shift estimation for neuronavigation
» Finite element analysis (FEA) simulations were computed s “ T | — 5 L based on finite element method and hydrostatics” | |
: @ | | | @ T N 6) Bom et al, 2018, Acustica e Vibracoes, “Arduino-based Head-tracking device: assembly
using open-source software GetFEM on the MD Anderson Rl | | _ | 5 | + and application in acoustics’
SeaDragon super-computer E | E 5 | | . 7) Dreamstime, royalty-free, https://www.dreamstime.com/measuring-cups-different-fluid-
= ol I . T | :|: S levels-measuring-cups-scale-different-fluid-levels-flat-design-simple-imagel89837634
e FEA results were visualized on ParaView & | _:_ = | - | 8) Cohen-Gadol, 2022, The Neurological Atlas, “Brain Tumor: What the Patient Needs to
i L e Know”
-"I - -
 Accuracy of the model Is determined using target | T | | | R
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Fig. 4,5. Box and whisker plots of RESECT cases 17 and 25 (sagging). Target registration error (TRE) is the distance between the grand truth intra-op POI and the simulated
point. Viscoelastic and poroelastic optimized target registration errors of all and 7 POIs are compared to initial TRE (original pre-op landmark without simulation). Optimized TRE
with 7 PQOls (about half of all) are reported to demonstrate continued accuracy of model with fewer data. Poroelastic model was found to produce lower TREs than viscoelastic.
Using less POIls produced slightly less accurate and precise TRES.



