Superior Accuracy and Precision of SEEG Electrode Insertion

UCDAVIS with Frame-Based vs. Frameless Stereotaxy Methods
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Stereo-electroencephalography (SEEG) is a We retrospectively examined electrode targets in A total of 81 SEEG electrodes were identified in 23 Frame-based SEEG insertion is significantly
commonly used method for intracranial monitoring in SEEG patients that were implanted with either frame- patients (40 amygdala and 41 hippocampal head). more accurate and precise, and results in
patients with medically intractable epilepsy. Depth based or frameless methods at a level 4 epilepsy Eight of 45 electrodes (18%) placed with the more clinically useful electrode contacts,
electrodes are inserted to localize seizure onset center. We focused on two commonly used targets: frameless technique and 0 of 36 electrodes (0%) compared to frameless insertion. This has
zones and map epileptic and neural networks in amygdala and hippocampal head. Stealth station placed with the frame-based technique missed their important implications for centers not currently
order to plan further therapeutic surgeries such as software was used to merge preoperative MR with target and were not clinically useful. Average using robotic insertion.
resection or neuromodulation. postoperative CT images for each patient, and Euclidian distance comparing actual to ideal A
coordinates for each electrode tip were calculated in electrode tip coordinates for frameless vs frame-
Due to the placement of SEEG electrodes in deep relation to the midcommissural point. These were based techniques were 11.0mm vs. 7.1mm (p < 1. Bartolomei ., Lagarde S, Wending F, McGonigal A, dirsa V. Guye M etal Defining
. S . . ] epileptogenic networks: Contribution o and signal analysis. Epilepsia 58: - :
brain structures, accuracy is important to ensure the compared to ideal coordinates, defined as 2mm 0.001) for amygdala and 12.4mm vs. 8.5mm (p < 2017
I Tallagl : . . . 2. Dorfer C, Minchev G, Czech T, Stefanits H, Feucht M, Pataraia E, et al: A novel miniature
|ntend_ed areas are sampled and to minimize lateral to the most medial point of the uncus _for thg 0.0Q1 ) for hippocampal head, respectively. Standard S s e L, el g e Ly e I M
complications. Various methods exist for placement, amygdala, and 2mm lateral to the most medial point deviations were 4.2mm vs. 2.2mm (p = 0.009) for Neurosurg 126:1622-1628, 2017
¥ : . . . _ 3. Dorfer C, Stefanits H, Pataraia E, Wolfsberger S, Feucht M, Baumgartner C, et al:
frame-based methods. The former includes robotic- for the hippocampal head. The two methods were hippocampal head. There were no hemorrhages or D e e
assisted insertion and frameless navigation then compared in regard to error (absolute distance clinical complications in either group. 4. Gonzalez-Martinez J, Mullin J, Vadera S, Bulacio J, Hughes G, Jones S, et al: Stereotactic
gwdance Systems, and the Iatter most Commonly tO target) and biaS (directional diStanCe tO target) Wlth AA . B ) gl&c‘?ment of depth electrodes in medically intractable epilepsy. J Neurosurg 120:639-644,
includes Leksell and CRW frame-based insertion. respect to this ideal location. : - 5. Gross R, Sung E, Mulligar; P, Laxpati N, Ma);o D, and Rolston J. Accuracy of frameless
. . . 3 % i -guided implantati depth electrod int ial epil itoring. J
DeSplte the WldeSpread use Of these teChnlqueS, 3 E_m J migrigxlgeM;Tg;qi !](?r12819.6p electrodes for intracranial epilepsy monitoring
recent meta-analysis was unable to find superiority = N e et
of one method over the others. , Neurosurg 26:574-581, 2016 '
gczo ; J— 7 7. Mehta AD, Labar D, Dean A, Harden C, Hosain S, Pak J, et al: Frameless stereotactic
: . : /,:,/ placement of depth electrodes in epilepsy surgery. J Neurosurg 102:1040-1045, 2005
We aimed to compare the accuracy, precision, and &4 // 8.Mullin JP, Shriver M, Alomar S, Najm I, Bulacio J, Chauvel P, et al: Is SEEG safe? A
safety of these methods. We hypothesized that 1 I = N complications, Epilepsia 57386407, 2016 o oA
] SR — - complications. Epilepsia 57:386-401,
frame_based insertion Would be more aCCU rate and Amygda|a Head of the hippocampus Qc;istan::fmm:get’Y::s(mm)zo ngowelll M, ROdionOfoR, Dllehl BS,WehrI;(TErg, Zomlbori G, Klnghow J,etal: A nO\ﬁ)l geth(id
- I ” ) i or implementation of frameless Stereo in epilepsy surgery. Neurosurgery upp
precise as Compared to frameless insertion’ with Figure 2. Localization of individual electrodes. referenced to the target location (axis 4:525-533; discussion 533-524, 2014
. . origin) for amygdala (A-B) and hippocampus head (C-D) electrodes. (A) and (C) show 10.Ortler M, Sohm F, Ei W, B R, Dobesb J, Trinka E, etal: F -based
equal safety profiles for the two techniques. the 2-dimensional projections on the Y-Z plane; (B) and (D) show electrode locations in frameloss placoerrr:]ent oflfr?t?;hippo?::renrpal dgpt?wseleeg(ra(;des irrl1np:tientes with rrz:‘rr]:ctsr?e "
3-dimensional space. Electrodes are color coded according to the surgical procedure: epilepsy: a comparative in vivo (application) study. Neurosurgery 68:881-887; discussion
frameless (red) or frame (blue). Ellipses (2D or 3D) indicate 95% confidence interval for 887, 2011
OBJECTIVES .elec’;:pde positi(;)n. In (A) and (C), larger dots indicate mean coordinates for each 11. Roessler K, Sommer B, Merkel A, Rampp S, Gollwitzer S, Hamer HM, et al: A Frameless
Insertion procedure. Stereotactic Implantation Technique for Depth Electrodes in Refractory Epilepsy Using
A Intraoperative Magnetic Resonance Imaging. World Neurosurg 94:206-210, 2016
o Compare frame-based insertion using a CRW g eror, o b 12. Serletis D, Bulacio J, Bingaman W, Najm |, Gonzalez-Martinez J: The stereotactic
. . . . approach for mapping epileptic networks: a prospective study of 200 patients. J Neurosurg
frame (|nteg ra) and frameleSS Insertlon USIﬂg the Figure 1. Anatomical reference and surgical target. The left panel depicts axes of . 121:1239-1246, 2014
. . . . reference: medial-lateral (X), anterior-posterior (Y) and ventral-dorsal (Z). Euclidean 13. Tandon N, T BA, Fried ER, Joh JA, Von All G, Th MS, et al:
StealthStatlon 87 (MedtrOnlC) naVIgatlon SyStem distance reflects an estimate of total distance from the midcommissural point across all Analyiri]s g?Morb?;?y and gﬁtcrgrils Assgcigf:dnwnh Sge ofrginbdurm g:g: VS =
for Commonly used temporal SEEG targets_ three axes. The right panel depicts surgical targets that are defined a priori based on Stereoelectroencephalography in Patients With Intractable Epilepsy. JAMA Neurol, 2019
anatomical landmarks, and |r?|d|cated _hgre VYIth red dOt\? in coronal MR FLAIR image for B 14. Vakharia VN, Sparks R, O'Keeffe AG, Rodionov R, Miserocchi A, McEvoy A, et al:
. |dent|fy which insertion method is su perior in amygdala and coronal MR with gadolinium image for hippocampal head. These ideal 2 Accuracy of intracranial electrode placement for stereoencephalography: A systematic
o coordinates are defined as 2mm lateral to the most medial point of the uncus for the E review and meta-analysis. Epilepsia 58:921-932, 2017
termS Of accu racy, preC|S|on, and Safety_ amygdalg, and me lateral to the most medial point of the hippocampus at the level of § i 15. Verburg N, Baayen JC, Idema S, Kilitsie MA, Claus S, de Jonge CS, et al: In Vivo
the choroidal point (blue arrow) for the hippocampal head. 2 Accuracy of a Frameless Stereotactic Drilling Technique for Diagnostic Biopsies and
0 Stereoelectroencephalography Depth Electrodes. World Neurosurg 87:392-398, 2016
16. Zhang G, Chen G, Meng D, Liu Y, Chen J, Shu L, et al: Stereoelectroencephalography
based on the Leksell stereotactic frame and Neurotech operation planning software.
Figure 3. Error and bias in electrode localization. (A) For each electrode, we calculated Medicine (Baltimore) 96:e7106, 2017
two different metrics of deviation between ideal and real electrode location:
error (absolute difference) and bias (signed difference). (B) Location error for all electrodes, ACKNOWLEDGEMENTS

pooled across targets (hippocampal head/amygdala), in all axes (X/Y/Z) and overall
Euclidean distance (Euc). (C) Bias for all electrodes in X/Y/Z axes.
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