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Abstract
Responsive neurostimulation (RNS) is rapidly gaining traction as a therapy for medically
refractory epilepsy. Depth electrode placement for stimulation of a deep seizure focus may be
indicated after the focus has been electrophysiologically localized using depth
electroencephalography (depth EEG). We describe a simple technique whereby the bony
trajectories created during initial stereotactic placement of depth EEG electrodes are preserved
and reused for RNS with depth electrodes. This technique may help to improve targeting and
maximize surgical efficiency.
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Introduction
Treatment for epilepsy is complex and evolving. Classically, it begins with medical
management, first with a single antiepileptic drug (AED), then another, escalating to multi-
AED therapy [1]. Those who do not respond to medications may undergo laser-ablation or
surgical resection of the epileptic focus, or receive a vagal nerve stimulator (VNS) as an
adjuvant therapy [1-2]. Localization of the seizure focus prior to ablation or resection is often
attempted using implanted depth EEG electrodes (Figure 1) [3-4]. If the identified seizure focus
lies within a region of motor or speech eloquence, lesioning or resection may not be possible [5].
Likewise, patients with epileptic foci localized to the mesial temporal lobe are occasionally
excluded from lesioning or resection in the case of bilateral disease, verbal decline during
selective amytal injection (WADA test), or global memory deficit during a WADA test [6-7]. For
these patients, a new therapeutic intervention has emerged: responsive electrical stimulation
of the seizure focus [8-12]. Following depth EEG monitoring, it is most often desirable to
implant stimulating electrodes at the precise site through the identical bony entrance and bony
trajectory where a depth EEG recording electrode showed seizure initiation. We present a
simple technique for preserving depth EEG trajectory for responsive neurostimulator lead
placement. Informed consent was obtained from the patient for this procedure.

1 1

 
Open Access Technical
Report  DOI: 10.7759/cureus.549

How to cite this article
Miller K, Halpern C H (March 30, 2016) Stereotactic Bony Trajectory Preservation for Responsive
Neurostimulator Lead Placement Following Depth EEG Recording. Cureus 8(3): e549. DOI
10.7759/cureus.549

https://www.cureus.com/users/762-kai-miller
https://www.cureus.com/users/17529-casey-h-halpern


FIGURE 1: Depth EEG Intracortical Recording Identifies Seizure
Onset Locus

Technical Report
We describe a simple technique whereby the stereotactic depth EEG trajectory through skull
and brain tissue is reused for intracortical RNS.

Depth EEG lead placement
Bone fiducials are used for improved registration during stereotactic guidance of depth EEG
electrodes. They are placed on the day or morning prior to surgery, and a computed
tomography (CT) is obtained (used as the base/reference - “base-CT”). Anatomical magnetic
resonance images (MRIs), positron emission tomography (PET) scans,
magnetoencephalography (MEG), and EEG are reviewed in a meeting with the epilepsy
neurologist on the day prior to depth EEG placement, and trajectories are planned using the
Framelink application within the Stealth Navigation system (Medtronic, Minneapolis, MN, USA,
illustrated in Figure 2).

The Vertek Articulating Arm (Medtronic) is used in concert with the Precision Aiming
Device (PAD) (Medtronic) and Vertek probe (VP) (Medtronic) to align depth EEG trajectories to
stereotactic plan, in a manner similar to practice for common biopsy using the Medtronic Suite
(Medtronic, Minneapolis, MN, USA). Small caliber holes are obtained by passing the drill
through the PAD with the aid of a reducer, so that the trephination is aligned with the desired
electrode trajectory [13]. After verifying alignment with the VP, a rigid, slotted, cannula is
passed through the PAD (using a different reducer), and is therefore dually fixated by the PAD
and the bony hole. Depth EEG electrode leads are passed through the slotted cannula to pre-
determined depth, and held rigidly at the level of the skin for the percutaneuous placement
while the cannula is removed. Electrode leads are anchored to a rubber bumper, and rigidly
tethered to the skin, first with staples, then with suture (illustrated in bottom left inset of
Figure 1).
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FIGURE 2: Stereotactic Planning
(A) Sagittal slice through fused CT & MRI, showing depth EEG electrodes in situ. (B) The
trajectory for the RNS electrodes is determined by planning a trajectory that passes directly
through the trephination and terminates at the depth EEG site of seizure focus identification. (C)
Anatomical MRIs as well as specialized scans such at diffusion tractography are fused to the
base-CT, and allow direct comparison with planned trajectory. A pseudo-sagittal trajectory view
is shown. (D) As in (C), but for a pseudo-axial trajectory view.

RNS intracortical lead placement
Bone fiducials are used for stereotactic guidance of RNS lead placement as they are for the
phase 2 depth electrodes. They are placed on the day prior to surgery, and a CT is obtained
(used as the base/reference - “base-CT”). Anatomical MRIs as well as specialized scans such at
diffusion tractography are fused to the base-CT using the Framelink application within the
Stealth Navigation system. The previous postoperative CT from the monitoring period, showing
depth EEG electrodes in situ (“EEG-CT”) is also fused to the base-CT. The trajectory for the RNS
electrodes is determined by planning a trajectory that passes directly through the trephination
and terminates at the depth EEG site of seizure focus identification (Figure 3C). Note that
reusing the depth EEG preoperative plan will be less accurate, in many cases, due to
intraoperative variation from planned trajectories.

Intraoperatively for placement of the RNS lead, a skin incision is made that incorporates both
the trephination trajectory as well as an exposed portion of the skull where the craniotomy will
be made for placement of the RNS stimulator ferrule (NeuroPace, Mountain View, CA, USA). A
cannula is then passed through the planned trajectory, using the PAD under stereotactic
guidance. The existing trephination forces accurate reproduction of the depth EEG path.
Because of the thin cross-section (2.1 mm) compared with the skull thickness (typically 10-13
mm), the depth EEG trajectory is reproduced in a physically direct, mechanically
constrained fashion. The RNS depth electrode is then passed through the cannula to the target
with a DL-330-3.5-K NeuroPace depth electrode (4 electrodes per lead, 3.5 mm spacing),
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confirming depth to target at the skull surface. A plastic sheath identical in diameter to the
trephination is used to anchor the RNS lead within the trephination (Figures 3D, 3E). The
plastic sheath is then anchored to the bone using a low profile 3- or 4-hole plate. The RNS lead
is then inserted into the RNS stimulator, and the RNS stimulator is placed within a craniotomy
in the standard fashion.

FIGURE 3: Technique for RNS Intracortical Lead Placement
(A) Bone fiducials are used for stereotactic guidance of both depth EEG as well as RNS lead
placement. (Note that craniotomy is from prior grid placement in this patient and unrelated in
present context.) Trajectory of depth EEG for lead that defined seizure onset locus is shown in
blue. (B) As in (A), trajectory of depth EEG for lead that defined seizure onset locus is shown in
blue. White circles show bone trephinations for other depth EEG leads. (C) The bony path of the
prior lead placement (trephination) assists with RNS lead placement. Because of the thin cross-
section (2.1 mm) compared with the skull thickness, the depth EEG trajectory is reproduced in a
brute force fashion. (D) A plastic sheath anchors the RNS lead within the trephination. (E) The
plastic sheath is anchored to the bone. (F) Intraoperative photograph of RNS lead placement
using the Precision Aiming Device with the Vertek Arm under stereotactic guidance. (G) The
plastic sheath anchors the RNS lead within the trephination. (H) The plastic sheath is anchored
to the bone using a 3-hole plate.

Discussion
It is important that there be a seamless transition from diagnostic workup to therapeutic
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intervention in epilepsy. This requires close collaboration and interaction between neurologists
and neurosurgeons at every stage. If neurologists determine in the course of their
electrophysiological monitoring that a seizure focus has been directly captured by a depth
electrode, then this technique is indicated. However, this technique would not be applicable if
the focus is determined to be near, but not directly at, a depth EEG electrode site.

The technique we describe here helps to streamline the surgical intervention by creating two
points of rigid fixation for the cannula though which the stimulating electrodes are placed,
reducing and correcting minor errors in trajectory associated with the Vertek arm. The plastic
sheath with 3-hole plate anchor maintains fixation without need for a burrhole-plug anchor
and convex cover (with raised profile) at each insertion site that is used more commonly with
responsive neurostimulation (e.g. with the NeuroPace device). Additionally, this technique
circumvents the need for new holes in the skull.

Conclusions
This technique represents a simple and low-profile technical variant that we feel will improve
accuracy, minimize invasiveness, and streamline surgical intervention. Steps such as this
preservation of bony trajectory will optimize efficiency as stereotactic surgery for epilepsy
becomes more frequently performed. Furthermore, it will maximize the probability that
stimulation for seizure abortion is delivered to the precise location where epileptic activity has
been identified with depth EEG.
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Disclosures
Human subjects: Consent was obtained by all participants in this study. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of
interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three
years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that
could appear to have influenced the submitted work.

References
1. Elger CE, Schmidt D: Modern management of epilepsy: a practical approach . Epilepsy Behav.

2008, 12:501-539. 10.1016/j.yebeh.2008.01.003
2. Missios S, Bekelis K, Barnett GH: Renaissance of laser interstitial thermal ablation . Neurosurg

Focus. 2015, 38:13. 10.3171/2014.12.FOCUS14762
3. Behrens E, Zentner J, Van Roost D, Hufnagel A, Elger CE, Schramm J: Subdural and depth

electrodes in the presurgical evaluation of epilepsy. Acta Neurochir. 1994, 128:84-87.
4. Spencer SS, Spencer DD, Williamson PD, Mattson R: Combined depth and subdural electrode

investigation in uncontrolled epilepsy. Neurology. 1990, 40:74-79.
5. Pondal-Sordo M, Diosy D, Tellez-Zenteno JF, Girvin JP, Wiebe S: Epilepsy surgery involving

the sensory-motor cortex. Brain. 2006, 129:3307-3314. 10.1093/brain/awl305
6. Abosch A, Bernasconi N, Boling W, Jones-Gotman M, Poulin N, Dubeau F, Andermann F,

Olivier A: Factors predictive of suboptimal seizure control following selective
amygdalohippocampectomy. J Neurosurg. 2002, 97:1142-1151. 10.3171/jns.2002.97.5.1142

7. Spencer D, Burchiel K: Selective amygdalohippocampectomy. Epilepsy Res Treat. 2012,
2012:382095.

8. Boon P, Vonck K, De Herdt V, Van Dycke A, Goethals M, Goossens L, Van Zandijcke M, De
Smedt T, Dewaele I, Achten R, Wadman W, Dewaele F, Caemaert J, Van Roost D: Deep brain

2016 Miller et al. Cureus 8(3): e549. DOI 10.7759/cureus.549 5 of 6

https://dx.doi.org/10.1016/j.yebeh.2008.01.003
https://dx.doi.org/10.1016/j.yebeh.2008.01.003
https://dx.doi.org/10.3171/2014.12.FOCUS14762
https://dx.doi.org/10.3171/2014.12.FOCUS14762
http://link.springer.com/article/10.1007/BF01400656
http://www.neurology.org/content/40/1/74.short
https://dx.doi.org/10.1093/brain/awl305
https://dx.doi.org/10.1093/brain/awl305
https://dx.doi.org/10.3171/jns.2002.97.5.1142
https://dx.doi.org/10.3171/jns.2002.97.5.1142
http://www.ncbi.nlm.nih.gov/pubmed/22957229
https://dx.doi.org/10.1111/j.1528-1167.2007.01005.x


stimulation in patients with refractory temporal lobe epilepsy. Epilepsia. 2007, 48:1551-1560.
10.1111/j.1528-1167.2007.01005.x

9. Velasco AL, Velasco F, Velasco M, Maria Nunez J, Trejo D, Garcia I: Neuromodulation of
epileptic foci in patients with non-lesional refractory motor epilepsy. Int J Neur Syst. 2009,
19:139-147. 10.1142/S0129065709001914

10. Bergey GK, Morrell MJ, Mizrahi EM, Goldman A, King-Stephens D, Nair D, Srinivasan S, Jobst
B, Gross RE, Shields DC, Barkley G, Salanova V, Olejniczak P, Cole A, Cash SS, Noe K, Wharen
R, Worrell G, Murro AM, Edwards J, Duchowny M, Spencer D, Smith M, Geller E, Gwinn R,
Skidmore C, Eisenschenk S, Berg M, Heck C, Van Ness P, Fountain N, Rutecki P, Massey A,
O'Donovan C, Labar D, Duckrow RB, Hirsch LJ, Courtney T, Sun FT, Seale CG: Long-term
treatment with responsive brain stimulation in adults with refractory partial seizures.
Neurology. 2015, 84:810-817. 10.1212/WNL.0000000000001280

11. Sun FT, Morrell MJ, Wharen RE: Responsive cortical stimulation for the treatment of epilepsy .
Neurotherapeutics. 2008, 5:68-74. 10.1016/j.nurt.2007.10.069

12. Miller KJ, Burns TC, Grant GA, Halpern CH: Responsive stimulation of motor cortex for
medically and surgically refractive epilepsy. Seizure. 2015, 33:38-40.
10.1016/j.seizure.2015.10.011

13. Dorfer C, Stefanits H, Pataraia E, Wolfsberger S, Feucht M, Baumgartner C, Czech T:
Frameless stereotactic drilling for placement of depth electrodes in refractory epilepsy:
operative technique and initial experience. Neurosurgery. 2014, 10:582-590.
10.1227/NEU.0000000000000509

2016 Miller et al. Cureus 8(3): e549. DOI 10.7759/cureus.549 6 of 6

https://dx.doi.org/10.1111/j.1528-1167.2007.01005.x
https://dx.doi.org/10.1142/S0129065709001914
https://dx.doi.org/10.1142/S0129065709001914
https://dx.doi.org/10.1212/WNL.0000000000001280
https://dx.doi.org/10.1212/WNL.0000000000001280
https://dx.doi.org/10.1016/j.nurt.2007.10.069
https://dx.doi.org/10.1016/j.nurt.2007.10.069
https://dx.doi.org/10.1016/j.seizure.2015.10.011
https://dx.doi.org/10.1016/j.seizure.2015.10.011
https://dx.doi.org/10.1227/NEU.0000000000000509
https://dx.doi.org/10.1227/NEU.0000000000000509

	Stereotactic Bony Trajectory Preservation for Responsive Neurostimulator Lead Placement Following Depth EEG Recording
	Abstract
	Introduction
	FIGURE 1: Depth EEG Intracortical Recording Identifies Seizure Onset Locus

	Technical Report
	Depth EEG lead placement
	FIGURE 2: Stereotactic Planning

	RNS intracortical lead placement
	FIGURE 3: Technique for RNS Intracortical Lead Placement


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


