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Multimodal invasive and noninvasive

neuroimaging and SEEG analyses prior to

surgical treatment of MRI-negative occipital

lobe epilepsy

Occipital lobe epilepsy (OLE) is by far the least common epi-

lepsy among the extratemporal epilepsy group and is often

under-recognized or misdiagnosed to its variable electroclinical

manifestation from extensive connectivity to extra-occipital cor-

tices (Jobst et al., 2010). Consequently, invasive intracranial

(icEEG) recordings are frequently required in OLE and often

demonstrate extensive epileptogenic zones (EZ) (Heo et al., 2018;

Jobst et al., 2010). Due to anatomical variation in the sulcal and

gyral patterns of the occipital lobe, it is further challenging to

detect subtle lesions on MRI (Alves et al., 2012). Standard pre-sur-

gical noninvasive modalities such as ictal single photon emission

computed tomography (SPECT), fluorodeoxyglucose positron emis-

sion tomography (FDG-PET), and magnetoencephalography (MEG)

have been shown to guide that optimal icEEG coverage in MRI neg-

ative OLE to improve seizure freedom as well as the quality of life

by preserving visual function (quadrantanopia vs. hemianopsia),

although they can still be inconclusive (Heo et al., 2018; Jobst

et al., 2010). Voxel-based morphometric (VBM) MRI post-proces-

sing and MRI co-registered FDG-PET offer an adjunct to other non-

invasive presurgical evaluations in refining the optimal icEEG

electrode placement (Chassoux et al., 2010; Huppertz et al.,

2009). In addition, an EZ electrophysiologic biomarker, ‘‘EZ finger-

print,” has been recently described using time–frequency analysis

and validated in focal epilepsies (Grinenko et al., 2018). Here, we

present an MRI-negative DR-OLE patient who underwent prospec-

tive application of the post-processing MRI and MRI co-registered

FDG-PET leading to optimal stereo-encephalography (SEEG) elec-

trode placement, complemented with post-processing of electro-

physiological data using ‘‘EZ fingerprint” pipeline (Jian, 2018,

2020) to localize the EZ further.

Before the SEEG implantation, preoperative 3 T T1-weighed

1 mm isotropic Magnetization Prepared Rapid Acquisition with

Gradient Echo (MPRAGE) images were acquired and post-pro-

cessed using a morphometric analysis program (MAP) in Statistical

Parametric Mapping (SPM; Wellcome Department of Cognitive

Neurology, London, United Kingdom) within MATLAB 2022a

(Math-Works, Natick, MA, U.S.A.) (Huppertz et al., 2005, 2009)

The z-score of 4 was used to identify highlighted areas on the junc-

tion file (Huppertz et al., 2009, 2005). FDG-PET scan was overlaid

on the MRI using SPM. SEEG electrode was adjusted according to

the highlighted region detected with post-processing MAP and

MRI-PET evaluations. EZ electrode contacts were predicted using

the ‘‘EZ fingerprint” pipeline (Jian, 2018, 2020), where the support

vector machine prediction model was trained using the patient

data from our previous study (Grinenko et al., 2018).

The patient was a 34-year-old right-handed male with long-

standing history (�21 years) of focal epilepsy, factor V Leiden

mutation, and recurrent acute kidney injury. Seizure semiology

was described as right visual field blurring (about 5–10% of the sei-

zures) with the feeling of the eye pulling toward the right side last-

ing for 2–10 s, followed by right hemianopsia. If prolonged, he

became amnestic to the event, followed by right face clonic and

head deviation to the right side with secondary generalization.

After failing seven antiseizure medications, he continued to have

seizures once to twice per month. No interictal spikes, but the

scalp ictal onset was noted as an intrusion of paroxysmal fast

activity evolving over the left occipitotemporal region with diffuse

bihemispheric involvement. MRI was unremarkable (Fig. 1A). FDG-

PET scan showed overall diffuse subtle decreased metabolism over

the left parieto-occipital regions. SPECT and MEG were unable to

be performed. MRI post-processing analysis using MAP highlighted

an area in the tip of the left lingula cortex (z > 4) corresponding to

gray-white junction blurring (Fig. 1B) with corresponding localized

hypometabolism of FDG-PET over MAP+ (Fig. 1C). SEEG monitoring

was proposed to investigate the hypotheses of the left occipital

lobe (lingula), parietal, and lateral posterior temporal region

(Fig. 1D). With the post-processing data, electrode F’ was planned

to pass through the MAP+/MAP + PET region (Fig. 1E). Continuous

spikes and polyspikes were noted only over mesial lingula F’1-3

(i.e., mesial to the margin of the MAP + ) (Fig. 1E, F). A total of

21 stereotypical seizures were recorded. EEG onset was noted as

the resolution of spike activity in left medial lingula gyrus (F’ 1–

3) with the intrusion of low voltage fast activity synchronous with

left lateral occipital gyrus (O’13–15), fusiform gyrus (post: F’ 6–9

contacts, ant: E’1–5) followed by involvement of fast activity in

the lateral superior occipital gyrus (V’7-10), calcarine sulcus (D’

4–6) within a few milliseconds. Within one second, intrusion of

fast activity was noted in the primary visual regions O’ mesial

was noted, and the patient reported right-sided upper quadran-

tanopia, showing adequate anatomo-functional-electro-clinical

correlations of SEEG orthogonal latero-medial trajectory implanta-

tion (Fig. 1F and Fig. 2). The electrode stimulation of the mesial

lingula cortex (F’ 1–2) at 0.5 mA (50 Hz, 300 lsec pulse width

and 4 s train) (Fig. 2) triggered a typical spontaneous seizure.

The 21 seizures were analyzed through the ‘‘EZ Fingerprint”
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Abbreviations: MEG, magnetoencephalography

EEG, electroencephalography

MRI, magnetic resonance imaging
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SEEG, stereoelectroencephalography

SPECT, single photon emission computed tomography

FDG-PET, fluorodeoxyglucose positron emission tomography

EZ, epileptogenic zone

VBM, Voxel-Based Morphometry

SPM, statistical parametric mapping
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Fig. 1. A: Region of left lingula gyrus corresponding with MAP + regions, B: MAP + left lingula gyrus (z score of 6.8), C: Corresponding decreased glucose metabolism FDG-PET

overlaid on the MRI using statistical parametric mapping (SPM, http://neuroimage.usc.edu/brainstorm), D: Electrode implantation trajectories and plan on the Talairach grid,

E: F’ SEEG electrode contact piercing through the voxel based morphometry lesion with the major interictal activity is noted in the mesial contacts (F’1-3), F: Interictal ictal

transition with resolution of spike activity in left medial lingula gyrus (F’ 1–3) with the intrusion of low voltage fast activity synchronous with left lateral occipital gyrus

(O’13–15), fusiform gyrus (post: F’ 6–9 contacts, ant: E’1–5) followed by involvement of fast activity in the lateral superior occipital gyrus (V’7-10), calcarine sulcus (D’ 4–6)

within a few milliseconds (red line). Within one second, intrusion of fast activity was noted in the primary visual regions- O’ mesial electrodes (blue dotted line), with the

patient reporting right side upper quadrantanopia. H: comparing normalized time–frequency pattern (between interictal and ictal 40 seconds) of predicted contact F’ 1–2

(the pattern of preictal spiking, fast activity with corresponding suppression) and no predicted EZ contact E’1-2. I: Postsurgical MRI overlaid with the F’ contact resulting in

the resection of F’ 1–9 contacts. Abbreviations: LFF, low-frequency filter; HFF, high-frequency filter.

Fig. 2. Electrode location in relation to the perfect anatomo-functional-electro-clinical correlations of stereo-EEG orthogonal latero-medial trajectory implantation following

the stimulation F’ 1–2 contact at 50 Hz, 300 ls, 4 s train at 0.5 mA. The stimulation triggered the stereotypical ictal event. Right after the stimulation artifact, there was

intrusion of synchronous polyspikes activity involving the left lateral occipital gyrus (O’13–15), fusiform gyrus (post: F’ 6–9 contacts, ant: -E’1–5) followed by involvement of

fast activity in the lateral superior occipital gyrus (V’7-10), calcarine sulcus (D’ 4–6) within a few milliseconds. Within seconds, intrusion of fast activity was noted in the

primary visual regions- O’ mesial contacts, and the patient reported right side upper quadrantanopia (blue dotted line). After a few seconds, the patient reported right

hemianopsia (redline) when the intrusion of fast activity was noted in V’ mesial contact.
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pipeline, where F’1-2 and F’3-4 were predicted to be within the EZ

(Fig. 1H). The patient underwent resection of the lingula cortex

(Fig. 1I), resulting in quadrantanopia. Pathology was unable to be

analyzed due to the tissue being damaged, but the patient

remained seizure-free for 41 months without language

abnormality.

The case highlights the clinical challenges of OLE. MRI/MRI-PET

post-processing can provide an important adjunct to the presurgi-

cal evaluation for optimal SEEG electrode placement, overcoming

the limitation of intrinsic poor spatial limitation of SEEG. In this

particular case, although interictal ictal SEEG transition (ictal

onset) was fairly extensive with synchronous fast activities in

the vast majority of the occipital lobe and the basal temporal

regions, the optimal SEEG electrode trajectory (F’ electrode) led

to exploring the exact relationship of EZ, irritative zone, lesional

zone, and symptomatogenic zone in OLE. The EZ electrophysiologic

biomarker, the ‘‘EZ fingerprint” pattern is the complex pattern of

the electrical biomarker EZ, including the combination of preced-

ing spikes and multiband fast activity with concurrent suppression

of low frequencies, clearly differentiated the EZ from areas of prop-

agation (Grinenko et al., 2018). It has been illustrated that analyz-

ing the fast activity alone is often over-estimated relative to the

fingerprint for localization of the EZ (Li et al., 2020). In our case,

EZ was limited to the left lingula cortex (mesial to the lesion),

and the data was prospectively complemented by the number of

predicted EZ electrodes using the ‘‘EZ fingerprint” software. In

summary, the prospective use of the combined MRI post-proces-

sing and MRI-PET data with the ‘‘EZ fingerprint” predictive model

should be used as a complementary tool in the armamentarium for

the presurgical evaluation of ‘‘MRI-negative” drug-resistant OLE

patients.
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