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Introduction

Refractory epilepsy patients are defined as those patients 
that fail to achieve adequate seizure control despite the use 
of at least two adequately selected and doses anti-seizure 
medications, and account for about one-third of the epilepsy 
patient population [1]. The precuneus is a complex and highly 
connected structure in the parieto-occipital region with 
functional and anatomical connections to a variety of different 
parts of the brain and involvement in multiple neural pathways. 
Precuneus onset epilepsy is extremely uncommon, given that 
parietal onset epilepsy is only felt to be about 6% of all focal 
onset epilepsies and precuneus onset seizures are a subset 
of that, and knowledge about its prevalence and definitive 
treatment remains limited [2]. Manifestations and diagnosis of 

precuneus onset epilepsy are diverse and confusing and often 
missed, making this a rare and difficult condition to recognize 
and treat. Clear guidelines for treatment of this condition and 
similar epilepsies are lacking and expert opinion is diverse 
and often conflicting. RNS is a relatively newer modality 
of treatment for refractory epilepsy that involves placing 
a cerebral neurostimulator to electrically modify seizure 
networks in the brain. It has been used to directly target 
seizure onset zones or to modify seizure networks by targeting 
important transitional junctions in the seizure networks. The 
use of RNS to treat and control refractory epilepsy has been 
proven many times over and it is now being used to modulate 
seizure networks in poorly understood or poorly defined 
seizure networks in epilepsy patients as well. We present the 
case of a patient who underwent extensive evaluation of her 
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precuneus onset epilepsy and had RNS implantation with 
significant seizure reduction as a result. We hope that this case 
report contributes to our understanding of this rare epilepsy 
condition and improves management guidelines. This should 
help improve our understanding of precuneus onset epilepsy 
and greatly facilitate development of effective and innovative 
treatment approaches using neuromodulation to treat such 
complex and refractory epilepsy patients.

Results

A 28-year-old woman presented to our epilepsy clinic 
for evaluation of her refractory epilepsy. She had seizure 
onset at the age of 16 years and had seen multiple general 
neurologists over the years and had failed more than 3 
medications. She was on levetiracetam 3000 mg twice daily, 
lamotrigine 400 mg twice daily, and lacosamide 200 mg twice 
daily, and continued to have frequent seizures. She described 
two types of seizures: 1) Focal onset with impaired awareness 
seizures (FIAS) – aura of feeling weird followed by staring, loss 
of consciousness and manual automatisms affecting both 
hands (5-6 FIAS seizures per month) 2) Focal onset to bilateral 
tonic clonic seizures (FTBTC) – seizure onset with symptoms 
described in seizure type 1 progressing to generalized tonic 
clonic seizures / convulsions (1-2 FTBTC per month). She was 
presumed to have focal onset epilepsy of yet undetermined 
onset with rapid generalization, manifesting with 2 seizure 
types as described above.

Magnetic resonance imaging (MRI) imaging of her brain 

was unremarkable. PET scans revealed globally decreased 
metabolic pattern with multifocal regions of moderate 
metabolic defects, most pronounced in the left precuneus. 
Neuropsychological testing revealed low normal intelligence 
and mild cognitive deficits across multiple domains with 
greater involvement of the dominant hemisphere. Wada 
/ intracarotid amobarbital procedure (IAP) revealed left 
hemispheric dominance for language and memory. MEG 
revealed frequent epileptiform discharges from both 
precuneus regions, left more than right (Figure 1). Scalp 
EEG revealed seizures with independent onset from the left 
anterior (1 seizure) and right posterior (3 seizures) regions 
(Figure 2). Interictal bifrontal epileptiform discharges were 
also seen occasionally. 

She underwent intracranial EEG evaluation using a 
combination of subdural strip electrodes and stereotactic 
depth electrodes (Figure 3). Intracranial EEG captured 3 
seizures, two of them with left posterior onset with rapid 
spread to left frontal and right posterior regions, while 
one had a left anterior onset with rapid spread to left and 
right posterior head regions (Figure 3). Abundant interictal 
epileptiform discharges were seen in both posterior regions, 
left more than right.

She received an RNS implantation with 1 left frontal electrode, 
2 left posterior electrodes and 1 right posterior electrode 
(Figure 4). One of the left posterior electrodes and the left 
frontal electrode were turned on for recording and stimulation 
as they showed the most activity and earliest involvement on 

Figure 1: MEG showing epileptogenic dipole activity over both precuneus regions, left greater than right. 
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Figure 2: Interictal (top) and ictal (bottom) EEG screenshots showing posterior onset epileptiform discharges and right posterior onset 
seizures.

Figure 3: LEFT) Intracranial EEG implantation schematic plan consisting of surface strip electrodes and depth electrodes. RIGHT) Screenshots 
from intracranial EEG showing independent seizure onset from left posterior and left anterior regions with rapid spread to other parts of the 
brain (limited montage only shown).
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intracranial EEG and to permit greater coverage of her seizure 
network. Our surgeons were not comfortable with resection 
due to risk of deficits, and thalamic insertion of electrodes for 
targeting was felt to be too experimental at the time and not 
having enough data to support it. Our proposed approach 
was felt to be safest and most likely to target the seizure 
network effectively. She remains on 2 anti-seizure medications 
at present (levetiracetam 1500 mg twice daily and lacosamide 
100 mg twice daily) and has had 90 percent seizure reduction 
thus far with 1 FIAS per month on average (subclinical) and 
1 FTBTC every 3-4 months. Patient data management system 
(PDMS) data from the RNS device has shown good capture of 
seizure data after implantation (Figure 4).

Discussion

Precuneus onset epilepsy remains uncommon with its exact 
prevalence unknown. It is often misdiagnosed or falsely 
localized due to its extensive connectivity, variable semiology, 
limitations of testing modalities and rarity of occurrence [2]. 
Diagnosis can be challenging in many cases, especially if 
non-lesional on MRI or other imaging modalities, as testing 
is often discordant or falsely localizing. Quantitative PET 
imaging made a significant difference in diagnosis in our case 
as it pointed us towards the precuneus as the major player 
in the patient’s seizure network. The value of PET imaging, 

especially with quantitative analyses, in the evaluation of a 
presurgical patient is high [3] and this was proven again in our 
patient. MEG remains an excellent investigative modality for 
surgical epilepsy [4] and has wonderful value in evaluating 
our patient and assisting in surgical decision making. We were 
able to use results from quantitative PET imaging and MEG 
to understand the patient’s seizure network better, especially 
due to discordance seen in scalp EEG and neuropsychological 
testing, making network localization more difficult.

Intracranial EEG remains the gold standard of seizure 
network localization and we sought to modify our approach 
accordingly. The precuneus shows high levels of connectivity 
due to its associations with cognitive functions like visuo-
spatial imagery, episodic memory retrieval and self-processing 
operations, namely first-person perspective taking and an 
experience of agency [5]. Exploring such a large network 
using only subdural electrodes would be challenging and 
probably inaccurate, while performing stereotactic EEG only 
would limit our ability to cover cortical regions in the posterior 
quadrant bilaterally. We thus chose to use a hybrid approach 
consisting of depth electrodes placed along the midline 
from anterior to posterior along with cortical strips over both 
hemispheres, with greater left sided coverage. This approach 
gave us the ability to study a larger network and minimize 
surgical morbidity as well.

Figure 4: LEFT) RNS implantation schematic shown with 2 active strip electrodes over left anterior precuneus and left frontal regions in red 
and 2 inactive strip electrodes over left posterior precuneus and right precuneus regions shown in blue. RIGHT) Screenshots from PDMS 
showing good seizure capture from the implanted RNS device.
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Our intracranial EEG evaluation did reveal that while the left 
precuneus was the major node in the seizure network, there 
was early and rapid involvement of the left frontal and right 
precuneus regions as well. We were unable to identify a single 
target that would help us achieve seizure freedom through 
resection. Surgical resections in the precuneus regions have 
been associated with visuospatial and cognitive impairment 
[2] and our surgeons were not keen on performing a left 
precuneus resection, especially as it was in the dominant 
hemisphere. Deep brain stimulation (DBS), while approved for 
the treatment of refractory epilepsy [6], was felt to be a newer 
modality and not favored by the surgeons or the patient either.

RNS was felt to be our best option going forward, due to 
its diagnostic and therapeutic utility. There have been a few 
studies demonstrating the utility of RNS in multifocal epilepsy 
with electrode placement in the anterior nucleus of the 
thalamus, although the number of patients in these studies are 
small (1-3 patients each) [7]. Other case series have also talked 
about the utility of targeting the pulvinar of the thalamus for 
epilepsy of posterior quadrant onset [8]. We felt that these 
numbers were small and not strong enough to warrant a 
similar intervention. We thus decided to implant four strip 
electrodes for the RNS system and activate one over the left 
precuneus and another over the left frontal region to enable 
maximum modulation of the seizure network. We have left the 
inactive electrodes in place over the posterior part of the left 
precuneus and right precuneus for a change in modulation 
parameters in future as needed.

Precuneus onset focal epilepsy is highly diverse and variable 
in its symptomatology and involvement of different cerebral 
regions in the seizure network. Misdiagnoses are common in 
this complex and poorly understood condition, often due to 
limitations in scalp EEG localization from unclear onset or rapid 
generalization or different appearance on EEG of different 
seizures in the same patient, or lack of clear localization of 
seizure onset zone on imaging like MRI or PET, or discordance 
between different imaging modalities due to large or variable 
seizure network involvement, or limitations in sampling with 
intracranial EEG using either subdural grid electrodes or 
stereotactic EEG due to poorly defined networks or surgical 
limitations or operator inexperience, or lack of utilization of 
quantitative analyses of imaging like PET or EEG. Diagnostic 
approaches and treatment guidelines for such conditions are 
lacking, due to limited number of properly diagnosed and 
studied cases, restrictive collaboration across different centers 
on such cases and relative novelty of newer treatments like 
RNS or DBS for such large and diverse seizure networks. Our 
case highlights the importance of a detailed and quantitatively 
analytical approach to such patients with poorly understood 
seizure networks and emphasizes the importance of a 
customized and innovative approach to properly define their 
seizure networks and develop an appropriate treatment plan 
maximizing the utility of the RNS device. The details of our 
case showcase the efficacy of intracranial EEG, especially using 

hybrid approaches, the necessity of quantitative analyses 
to ensure concordance and understanding of the network 
and the importance of correctly implementing the use of 
neuromodulation with the RNS with appropriate targeting 
to ensure good patient response and seizure control. It is our 
fervent desire that lessons learned from this case be used to 
reinforce the importance of advanced testing and analytical 
techniques in epilepsy surgery, imaging analyses and develop 
newer approaches and innovative treatments for complex 
epilepsy patients using newer neuromodulation techniques 
like RNS or DBS.

The above case report does highlight some limitations. Many 
centers may not possess sufficient expertise or resources 
to offer a complex, hybrid intracranial EEG evaluation. 
Most centers offer subdural grids and stereotactic EEG in a 
sequential manner rather than as a hybrid approach, and 
this can often provide conflicting and confusing results. Our 
center was able to avoid this quagmire by using quantitative 
PET and MEG analyses to understand the seizure network 
better prior to intracranial EEG evaluation, a technology 
that is somewhat limited with very few experts available to 
implement and modify it, thus making it difficult for most 
centers nationwide to offer such diagnostic techniques to 
their patients. Our RNS implantation plan is clearly customized 
to the patient and was made in consultation with multiple 
experts and their expert opinions. While this highlights the 
absence of clear guidelines on management in such cases, it 
also points to differences in management of complex cases 
amongst experts. Many experts at other centers on reviewing 
our approach, in hindsight, stated that they would have used 
other treatment options like non-targeted RNS therapy or DBS 
or VNS or different targets like the thalamus or hippocampi 
or additional medications or possibly targeted resections 
as well. Finally, our case report represents our customized 
experience with a single patient only and can be used to 
develop approaches for other patients; but would require 
significant extrapolation, as no two patients are like and all of 
them require customized approaches. While we would have 
liked to describe our approaches to multiple patients with 
such epilepsies, this condition is extremely rare, and we have 
not had other patients with this condition at our center. This 
finding does highlight the need for greater collaborations 
across multiple centers to enable greater standardization 
of care and better dissemination of knowledge and expert 
opinion. 

Conclusions

Posterior quadrant onset, and especially precuneus onset, 
refractory epilepsy remains challenging to diagnose, evaluate 
and treat. Quantitative analyses of imaging improve the 
diagnostic yield in identifying such cases and delineating 
the seizure network, especially in the event of discordant 
imaging or EEG. Stereotactic EEG remains the gold standard 
for studying the seizure network in such cases and permits 
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exploration of extensive networks and anatomically distant 
regions of the brain. RNS remains a great choice of therapy 
in such patients, although more data is needed to determine 
targets for electrode placement to maximize efficacy of 
treatment. DBS may be an excellent option for such patients, 
but data in this regard is lacking. More research is needed to 
improve diagnostic accuracy and therapeutic efficiency in 
patients with these disorders.
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