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Treatment Planning

Andrew Chiu and Michael Zeineh

In addition to previously discussed neuroimaging for seizure 
focus localization, a multitude of other diagnostic tests may 
be performed for both localization and surgical planning. 
Approximately 22–25% of epilepsy cases are medically 
refractory [1, 2]. These patients may be referred for surgical 
evaluation as an alternative treatment option. In fact, up to 
80–90% of patients who undergo anteromesial temporal 
lobectomy (AMTL) for mesial temporal lobe epilepsy 
become seizure free [3, 4]. Accurate epileptogenic localiza-
tion is crucial for optimal post-surgical seizure control.

 High-Density Electroencephalography 
(HD EEG)

High-density electroencephalography (HD EEG) utilizes an 
increased number of scalp electrodes as compared to conven-
tional electroencephalography, resulting in greater spatial 
coverage and spatial resolution. Although there is improved 
localization of the seizure onset zone, HD-EEG requires 
increased preparation time and electrode maintenance [5]. 
When there is a concordance of PET/CT or PET/MRI find-
ings with scalp EEG localization, patients with medically 
refractory epilepsy demonstrate favorable postoperative out-
comes [6].

 Magnetoencephalography (MEG)

Magnetoencephalography (MEG) is a noninvasive tool 
that can be helpful in the evaluation of epilepsy. MEG uses 
a biomagnetometer to measure magnetic fields generated 
by electric currents in the brain. Not only does MEG offer 
greater temporal resolution compared to EEG, its measure-
ment of magnetic fields does not make it susceptible to the 

different electric conductivities of the tissues (e.g., scalp 
and skull) [6, 7].

MEG can be utilized to (1) confirm seizure focus localiza-
tion based on other noninvasive methods and thereby bypass-
ing long term intracranial EEG monitoring and allowing 
epilepsy surgery to proceed; (2) demonstrate bilateral, multi-
focal, or generalized ictal onset zones and thus obviating 
potentially unsuccessful epilepsy surgery; (3) identify focal 
ictal zones that were previously incorrectly characterized as 
multifocal, but with rapid progression of seizure spread; or 
(4) help localize eloquent cortex to guide surgical interven-
tion [8]. Of note, MEG is not as widely available as EEG or 
HD EEG.

 Intracranial Electroencephalography

Intracranial EEG evaluation for an epileptogenic zone can be 
utilized when noninvasive diagnostic tests including MRI, 
routine scalp EEG, PET, and/or MEG are either inconclusive 
or discordant. However, these more invasive procedures 
carry a risk of intracranial hemorrhage and infection.

Stereotactic electroencephalography (SEEG) involves the 
stereotactic placement of depth electrodes to elucidate the 
epileptogenic zone and is useful for the evaluation of deep 
brain structures (Figs.  44.1, 44.2, and 44.3). Alternatively, 
strip and grid electrode placement are utilized more for corti-
cal monitoring. Whether used individually or in combina-
tion, these invasive EEG techniques provide diagnostic 
information that can aid in epileptogenic focus localization 
and surgical planning [9].

 Functional MRI and Neuropsychological 
Testing

Many patients who are considered for surgical treatment of 
epilepsy will undergo neuropsychological testing to deter-
mine the risk of postoperative cognitive morbidity [10]. 
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Functional MRI (fMRI) examinations provide valuable spa-
tial information regarding language, memory, motor, and 
sensory dominance. In conjunction with identifying the rela-
tive position of epileptogenic lesions to sites of eloquent cor-
tex, fMRI studies may help determine postoperative deficits 
and therefore add to presurgical decision making [11, 12] 
(Fig. 44.4).

 Diffusion Tensor Imaging (DTI)

Diffusion tensor imaging (DTI) is an MRI technique that 
revolves around the concept of diffusion and the displace-

ment of water molecules. Measuring the diffusion of water 
molecules allows for the calculation of fractional anisotropy 
(FA) and mean diffusivity (MD); from this information an 
approximation of neuronal or white matter tractography is 
created. This is invaluable in presurgical work-up, giving 
surgeons an approximate roadmap of vital tracts that should 
be avoided intraoperatively. For example, the corticospinal 
tracts or arcuate fasciculi may need to be outlined and 
avoided depending on lesion location. The optic radiations 
such as Meyer’s loop often course along the ventricular tem-
poral horn but are difficult to accurately delineate with trac-
tography. This creates an opportunity for surgeons to have a 
discussion with patients regarding their postsurgical expecta-

a b c

Fig. 44.1 A 40-year-old female with medically refractory seizures. 
Coronal T1 BRAVO (a) shows the area of cortical thickening and blur-
ring of the gray-white matter junction (arrows). Axial CUBE T2 FLAIR 

(b) with associated signal abnormality (arrow). Concurrent PET (c) 
demonstrates corresponding interictal hypometabolism in the medial 
right parietal lobe (red arrow). Findings consistent with FCD

a b c

Fig. 44.2 The same patient and same hybrid PET/MR exam demon-
strating a mild increased signal (arrow) in the right hippocampal hilus 
on coronal T2 (a), but without architectural distortion or volume loss. 

PET images (b, c) with broad areas of hypometabolism in the right 
temporal lobe (colored arrows)

A. Chiu and M. Zeineh



521

tions and prognostications about what deficits may occur 
because of surgical treatment of epilepsy. However, it is 
important to note the limitations of resolution and overreli-
ance on tractography; the data should be used in conjunction 
with all other relevant clinical and imaging information 
available. DTI may yield both false positives and false- 
negative results with many ways of performing the same task 
yielding different results.

Another newer utilization of DTI in presurgical epilepsy 
planning builds upon the idea of dysfunction within white 
matter tracts of epilepsy patients [13, 14], both in temporal 
and extratemporal locations. DTI connectivity can poten-
tially serve as a noninvasive method of lateralization of tem-
poral lobe epilepsy, adding another tool to the presurgical 
arsenal, especially in patients with previously unrevealing 
work-up [15, 16].

a

b

c d

e

Fig. 44.3 Same patient with further evaluation by SEEG to determine 
epileptogenic zone. Stereotactic head CT (a, b) and 3D reconstruction 
(b) demonstrate intracranial EEG lead placement in the right temporal 
and right parietal lobes, in the regions of clinical interest. Seizures were 

localized to the right anterior and posterior hippocampus. Intraoperative 
MRI-guided laser ablation (c, d) of the right amygdala and hippocam-
pus resulted in postprocedural seizure freedom. Small amount of post-
procedural hemorrhage at the ablation site in the right temporal lobe (e)
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 Deep Brain Stimulation (DBS), Vagal Nerve 
Stimulation (VNS), and Responsive 
Neurostimulation (RNS) for Epilepsy Treatment

Patients who are not candidates for surgical treatment of epi-
lepsy, oftentimes due to lack of a discrete epileptogenic 
abnormality, do have other options to achieve seizure con-
trol. This includes either intracranial (vagal nerve stimula-
tion or VNS) or extracranial neurostimulation. Extracranial 
neurostimulation can either mean deep brain stimulation 
(DBS) or responsive neurostimulation (RNS).

Deep brain stimulation employs the use of electrical stim-
ulation to a neuronal structure to attain seizure freedom. Two 
recent large meta-analyses found statistically significant sei-
zure frequency reduction in trials of anterior thalamic DBS 
and hippocampal DBS [17, 18].

References

 1. Snead OC. Surgical treatment of medically refractory epilepsy in 
childhood. Brain and Development. 2001;23(4):199–207.

 2. Hauser WA, Hesdorffer DC. Epilepsy: frequency, causes, and con-
sequences. New York: Demos Press; 1990.

 3. Engel J Jr. Current concepts: surgery for seizures. N Engl J Med. 
1996;334:647–52.

 4. Engel J Jr, Williamson PD, Wieser H-G. Mesial temporal lobe epi-
lepsy. In: Engel Jr J, Pedley TA, editors. Epilepsy: a comprehensive 
textbook. Philadelphia: Lippincott-Raven; 1998. p. 2417–26.

 5. Chu CJ.  High density EEG  – what do we have to lose? Clin 
Neurophysiol. 2015;126(3):433–4.

 6. Johnson R, Rizk G, Kaur H, Ibekwe H, Atta M, Gayed 
I.  Refractory seizures: prediction of outcome of surgical inter-
vention based on results from PET-CT, PET-MRI and electroen-
cephaolography. Neuroradiol J. 2020;33(1):57–65. https://doi.
org/10.1177/1971400919881464.

 7. Stefan H. The role of MEG in epilepsy diagnosis and treatment. 
In: Consensus paper on the international workshop on MEG, 
University of Erlangen-Nuerberg, Germany, 2–3 May 2003.

 8. Schwartz ES, Dlugos DJ, Storm PB, Dell J, Magee 
R, Flynn TP, Zarnow DM, Zimmerman RA, Roberts 
TP. Magnetoencephalography for pediatric epilepsy: how we do it. 
AJNR Am J Neuroradiol. 2008;29(5):832–7.

 9. Nagahama Y, Schmitt AJ, Nakagawa D, Vesole AS, Kamm J, 
Kovach CK, Hasan D, Granner M, Dlouhy BJ, Howard MA, 
Kawasaki H. Intracranial EEG for seizure focus localization: evolv-
ing techniques, outcomes, complications, and utility of combining 
surface and depth electrodes. J Neurosurg. 2018;25:1–13.

 10. Lee KH, Lee YJ, Seo JH, Baumgartner JE, Westerveld M. Epilepsy 
surgery in children versus adults. J Korean Neurosurg Soc. 
2019;62(3):328–35.

 11. Shaikh Z, Torres A, Takeoka M.  Neuroimaging in pediatric epi-
lepsy. Brain Sci. 2019;9(8):190.

 12. Sidhu MK, Duncan JS, Sander JW. Neuroimaging in epilepsy. Curr 
Opin Neurol. 2018;31(4):371–8.

 13. Corrêa DG, Pereira M, Zimmermann N, Doring T, Ventura N, Rêgo 
C, Marcondes J, Alves-Leon SV, Gasparetto EL. Widespread white 
matter DTI alterations in mesial temporal sclerosis independent of 
disease side. Epilepsy Behav. 2018;87:7–13.

 14. García-Pallero MA, Hodaie M, Zhong J, Manzanares-Soler R, 
Navas M, Pastor J, Vega-Zelaya L, Delgado-Fernández J, Sola RG, 
Torres CV. Prediction of laterality in temporal lobe epilepsy using 
white matter diffusion metrics. World Neurosurg. 2019;128:e700–
8. https://doi.org/10.1016/j.wneu.2019.04.238.

 15. Nazem-Zadeh MR, Bowyer SM, Moran JE, Davoodi-Bojd 
E, Zillgitt A, Bagher-Ebadian H, Mahmoudi F, Elisevich KV, 
Soltanian-Zadeh H. Application of DTI connectivity in lateraliza-
tion of mTLE.  In: 38th Annual International Conference of the 
IEEE Engineering in Medicine and Biology Society (EMBC), 
Orlando, FL, 16–20 August 2016.

 16. Kamiya K, Amemiya S, Suzuki Y, Kunii N, Kawai K, Mori H, 
Kunimatsu A, Saito N, Aoki S, Ohtomo K.  Machine learning of 
DTI structural brain connectomes for lateralization of temporal 
lobe epilepsy. Magn Reson Med Sci. 2016;15(1):121–9.

 17. Sprengers M, Vonck K, Carrette E, Marson AG, Boon P. Deep brain 
and cortical stimulation for epilepsy. Cochrane Database Syst Rev. 
2017;(07) https://doi.org/10.1002/14651858.CD008497.pub3.

 18. Li MCH, Cook MJ. Deep brain stimulation for drug-resistant epi-
lepsy. Epilepsia. 2018;59(2):273–90.

Fig. 44.4 Axial fMRI image from evaluation of a patient with tempo-
ral lobe epilepsy demonstrating strong left hemisphere language domi-
nance. Activation of Broca’s, Wernicke’s, and basal temporal language 
areas are stronger on the left during visual naming (purple), auditory 
naming (teal), and object naming (green) paradigm tasks

A. Chiu and M. Zeineh

https://doi.org/10.1177/1971400919881464
https://doi.org/10.1177/1971400919881464
https://doi.org/10.1016/j.wneu.2019.04.238
https://doi.org/10.1002/14651858.CD008497.pub3

	44: Treatment Planning
	High-Density Electroencephalography (HD EEG)
	Magnetoencephalography (MEG)
	Intracranial Electroencephalography
	Functional MRI and Neuropsychological Testing
	Diffusion Tensor Imaging (DTI)
	Deep Brain Stimulation (DBS), Vagal Nerve Stimulation (VNS), and Responsive Neurostimulation (RNS) for Epilepsy Treatment

	References


