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Abstract
Background: Closed-loop responsive neurostimulation (RNS) is an established 
non-resective neuromodulatory therapy for individuals with drug-resistant epi-
lepsy (DRE). RNS systems are typically programmed to detect and respond to pre-
defined seizure onset patterns, with detector settings often remaining unchanged 
for extended periods.
Aims: To describe the delayed recognition of a novel seizure onset pattern in the 
acute and chronic clinical settings.
Methods: The case of a 35-year-old female with history of drug-refractory tempo-
ral lobe epilepsy who presented with increasing seizure frequency and headaches 
was reviewed.
Results: We demonstrate emergence of a new seizure onset pattern in a 35-year-
old female with DRE who had undergone RNS implantation 5.5 years prior to 
presentation.  Guided primarily by strong clinical suspicion, with live electro-
corticography (ECoG) serving as a confirmatory tool, we identified a previously 
unrecognized seizure onset pattern linked to a rare, delayed intraparenchymal 
hemorrhage associated with an RNS lead. Longitudinal ECoG analysis in this 
patient, who experienced over a 95% reduction in seizures since implantation, 
revealed evolving seizure patterns over several years that contributed to delayed 
detections.
Conclusion: This case underscores the risk of misdiagnosis when acute changes 
in seizure patterns occur, in the context of detections programmed to identify spe-
cific patterns. Longitudinal analysis of ECoG in the same patient showed changes 
in seizure patterns over several years that were detected with delay, highlighting 
importance of vigilant detection monitoring.

K E Y W O R D S

intracerebral hemorrhage, neuromodulation, responsive neurostimulator, seizure networks, 
temporal lobe epilepsy

www.wileyonlinelibrary.com/journal/epd2
https://orcid.org/0000-0002-9186-7261
https://orcid.org/0000-0001-9092-6998
https://orcid.org/0000-0001-6064-1529
mailto:
mailto:shruti.agashe@duke.edu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fepd2.70049&domain=pdf&date_stamp=2025-05-24


2  |      HASKELL-MENDOZA et al.

1   |   INTRODUCTION

Closed-loop responsive neurostimulation (RNS) has 
emerged as a mainstay neuromodulatory therapy for 
drug-resistant epilepsy (DRE) in patients with wide-
spread or unresectable epileptogenic zones.1–4 The RNS 
device, implanted in the cranium and connected to two 
depth or strip leads, allows recording of electrocortico-
grams (ECoGs) from targeted epileptic foci, while also 
delivering electrical stimulation on detection of pre-
specified patterns of abnormal activity. This report ex-
plores a complex case of a 35-year-old female with DRE 
who experienced an acute change in seizure pattern and 
increased seizure frequency following a spontaneous, 
lead-associated intraparenchymal hemorrhage (IPH). 
Despite a negative scalp EEG, high clinical suspicion 
and the integration of live ECoG led to the discovery 
of an acute change in seizure pattern that had escaped 
detection. Further analysis of the patient's ECoG over 
5.5 years demonstrated novel seizure patterns over sev-
eral years, resulting in delayed detections. In this report, 
we highlight that detection parameters may require dy-
namic adjustment over time, reinforced by clinical vigi-
lance and patient-centered care to optimize recognition 
of both acute and chronic alterations in seizure patterns 
in RNS therapy.

2   |   CASE PRESENTATION

A 35-year-old right-handed female with a history of to-
bacco use and focal impaired awareness seizures consist-
ing of oral automatisms, paresthesia of the arm and face, 
tunnel vision, and confusion lasting for approximately 
30 seconds. She called to report a headache for 48 hours 
and an increase in seizures with an aura different from 
her typical seizures. A review of uploaded ECoG showed 
a mismatch in frequency of reported versus stored sei-
zures. She was referred for hospital admission due to a 
worsening headache, concern for frequent epileptic sei-
zures versus psychogenic non-epileptic seizures (PNES), 
inconsistencies in RNS data uploads, magnet swipes, and 
reported symptoms—all of which, taken together, could 
not be adequately evaluated remotely.

Relevant history includes first seizure at age 25, with 
presurgical workup for DRE indicating seizure onset in the 
right temporal lobe (MRI-negative, PET hypometabolism 
in the right temporal lobe, intact verbal and visuospatial 
memory, long-term EEG with right temporal sharp waves 
and 7 right temporal seizures). This resulted in a recom-
mendation for an anterior temporal lobectomy; however, 
in alignment with the patient's preference to avoid resec-
tive surgery, RNS was selected as the treatment approach. 

The patient underwent RNS with placement of a right-
sided hippocampal depth electrode and a sub-temporal 
strip electrode 5.5 years prior to the current presentation. 
She experienced a reduction in frequency of seizures from 
9–10 daily to 1–2 weekly or less following implantation 
and programming over 1–2 years.

On admission to the general neurology service, the 
patient reported difficulty obtaining her antiseizure med-
ications (ASMs) (levetiracetam and cenobamate). After op-
timizing her ASMs and treating her headache, she reported 
significant improvement in headache; however, there was 
minimal improvement in her seizures. Despite multiple 
reported seizures by the patient during the recording, no 
correlate was found on scalp EEG. On the second day of 
admission, the RNS device was interrogated and showed 
a marked increase in impedances on both leads relative 
to the last interrogation (Figure  1). An earlier-ordered 
CT head was obtained, revealing a 3.9 × .8 × 1.8 cm IPH 
extending along the hippocampal depth lead. Extensive 
workup, including vessel imaging, did not reveal the exact 
cause of the bleed. ECoG review showed the development 
of new mesial temporal theta and delta activity (Figure 1), 
but did not initially show seizures corresponding to the 
patient's reported events. A second interrogation of the 
RNS device was performed and live ECoG showed multi-
ple seizures with onset in the hippocampal contacts with 
a seizure pattern that was different from prior seizures. 
These seizures were not detectable with the device's cur-
rent detection parameters (Figure 2).

After changing detections to deliver stimulation for the 
new seizure onset pattern and further increasing her an-
tiseizure medications, the patient was discharged. Given 
anticipated changes in electrographic pattern with reso-
lution of IPH and to ensure established seizure patterns 
were not missed, close outpatient follow-up was obtained. 
At 3 months from discharge, the patient has remained 
seizure-free with non-explanatory workup for the IPH.

An in-depth review of ECoG recordings was performed 
to understand seizure patterns across the lifecycle of this 
patient's implant. This revealed evolving seizure onset pat-
terns over time as the patient achieved improved seizure 

Key points

•	 Seizure patterns may change due to acute events 
or evolve over time.

•	 Static RNS detector settings may miss or delay 
detection of new seizure onset patterns.

•	 Live electrocorticography confirmed seizures 
not visible on scalp EEG.​
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control (Figure 2). Inconsistent uploading of data and pro-
gramming visits led to a delay in identifying new patterns 
and subsequent modification of detector settings. It was 
noted that seizure patterns had slowly evolved over sev-
eral years even prior to the IPH and were not triggering 
early detections although they continued to trigger late 
detections (Figure 2). We further confirmed that this vari-
ability and patterns of seizure onsets were not present at 
baseline or within the first 6 months post-implantation.

3   |   DISCUSSION

RNS therapy delivers closed-loop electrical stimulation 
in response to the detection of various electrographic pat-
terns. Clinicians often adjust RNS detectors to be more 
sensitive to early detection of ictal activity and may or may 
not allow frequent triggering with interictal activity to bal-
ance battery usage. Typical RNS programming workflows 
enable detection via changes in power with line length de-
tection, alterations in rhythmicity or spikes with bandpass 
detectors, and less commonly, sustained changes using 
area detectors.4,5 Once programmed to recognize seizure 
onset patterns, these detectors are often left unmodi-
fied for years. We describe a case of a 35-year-old female 

with DRE who underwent RNS implantation 5.5 years 
earlier and later developed a new seizure onset pattern, 
not “seen” by the preset detector or on scalp EEG. A rare, 
delayed idiopathic lead-associated IPH (Figure  1) was 
identified as the underlying cause. The discovery of elec-
troclinical seizures was made possible through a combina-
tion of strong clinical suspicion and the use of live ECoG 
as an adjunct, which revealed the novel seizure pattern. 
This case emphasizes the risk of missing acute seizure 
pattern changes and misdiagnosis, particularly when de-
tectors remain configured to detect pre-specified patterns. 
Despite negative scalp EEG findings and the absence of 
recorded seizures on ECoG, the strong clinical suspi-
cion—based on patient-reported symptoms—prompted 
the epileptologist to perform live ECoG monitoring during 
an event. This approach confirmed the presence of ictal 
activity and conclusively ruled out non-epileptic events. 
While magnet swipes combined with a review of stored 
events could have yielded a similar clinical insight, the use 
of live ECoG during inpatient RNS interrogation allowed 
for immediate electrographic correlation as the patient re-
ported her symptoms as they occurred. Overall, this work 
underscores the promise of closed-loop technology as a 
complementary modality, while recognizing its present 
limitations.

F I G U R E  1   Change in ECoG background pattern following RNS lead-associated IPH: Upper panel, left-to-right: Raw ECoG recordings 
and time-frequency plot ~12 months prior to and after detection of the intraparenchymal bleed. Recordings consist of 10s of time-matched 
ECoG at 2X gain showing background activity dominant beta and gamma frequencies versus post-hemorrhagic dominant delta and theta 
slowing. Lower panel, left-to-right: Immediate post-implant CT head demonstrated no hemorrhage. At the time of delayed intraparenchymal 
hemorrhage, a sudden increase in impedance was identified (showing sub-temporal strip impedances, X axis shows ~12 months duration, 
Y-axis in ohms), CT showing IPH along the hippocampal lead.
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Delayed, atraumatic hemorrhage in the setting of RNS 
placement for temporal lobe epilepsy is infrequent based 
on current evidence, with an overall rate at any timepoint/

etiology of 3/111 (2.7%).6 Further, while our patient was 
young and without other vascular risk factors, it is possible 
that tobacco use in the setting of a chronically implanted 
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device may have heightened hemorrhage risk. The un-
derlying cause of the IPH remains unclear after exten-
sive evaluations. This study focuses on identifying acute 
changes in seizure patterns that may go undetected by 
preconfigured detection settings, as demonstrated in the 
setting of IPH. Clinicians are encouraged to leverage the 
advanced capabilities of the RNS device, such as magnet-
based recordings or live ECoG, as adjunctive tools in the 
diagnostic evaluation of acute changes, in the appropriate 
clinical context.

Given the scarcity of available data, there is cur-
rently no established guidance to inform the use of RNS-
mediated electrical stimulation for the treatment of acute 
symptomatic seizures in the setting of hemorrhage. In re-
sponse to the acute change, we adjusted the detection set-
tings to capture this “new pattern,” recognizing that such 
a pattern could shift or resolve over time. Importantly, 
our intention was not to pursue chronic stimulation for 
this emergent pattern unless warranted, which is why we 
arranged for close clinical follow-up—to ensure that the 
patient's established ictal patterns were not overlooked as 
the situation evolved. It also remained unclear whether 
the hemorrhage itself would ultimately become a new 
focus for long-term stimulation. From a network-based 
perspective, our approach simply resulted in an increase 
in network-level stimulations during a period when the 
patient was experiencing frequent seizures, at least in the 
short term.

In addition to detecting and delivering stimulation with 
triggering of the detector, the device also stores epochs of 
electrographic data with magnet swipes, long events trig-
gered by the detector, or amplitude saturations.5 Therefore, 
RNS provides a unique opportunity to record electro-
graphic activity acutely as well as chronically over several 
years.1,3,7 There is evidence that the efficacy of RNS is not 
only mediated by immediate stimulation-induced cessa-
tion of seizures but primarily by long-term remodeling of 
epileptogenic networks.1,6,8–10 During the years following 
RNS implantation, our patient had reported a significant 
improvement in her seizures. In addition to the acute 
changes in the setting of IPH, longitudinal ECoG analy-
sis revealed chronic changes in seizure patterns (Figure 2) 
that were being detected with a delay. Within the limita-
tions of sampling, as shown in Figure  2, the displayed 

ECoGs represent the predominant seizure onset patterns 
as older patterns were replaced. This finding suggests that 
detection algorithms may require updates rather than re-
maining static, to ensure accurate seizure counts if seizure 
patterns change.1,5,8–10 Regarding seizure count compar-
isons across different detection settings, maintaining sta-
ble parameters helps avoid inappropriate comparisons. 
However, if unchanged settings lead to missed or delayed 
detections, stability alone does not justify leaving detec-
tors unadjusted. Seizure networks are dynamic and evolve 
over time, which may play a role when choosing and re-
evaluating detectors.1,8,9,11,12 Kokkinos et al. hypothesized 
that chronic stimulation may isolate interconnected epi-
leptogenic networks by the creation of electrical barriers 
leading to desynchronization of these networks, resulting 
in changes in electrographic signatures.11 In our patient, 
whether these changes in seizure onset patterns are related 
to chronic neuromodulatory effects on seizure networks, 
changes in medications, or are unique to this case given the 
rare IPH is difficult to ascertain. A larger study analyzing 
background and ictal ECoG recordings from patients over 
several years, accounting for all variables, would be valu-
able to understand the progressive network-level effects 
achieved with seizure control from RNS.

Traditional, subjective reports of seizures utilizing 
diaries are limited by lack of recognition of seizures, in-
complete or inaccurate data, and potential underreport-
ing.13–15 There is a growing trend toward utilizing ECoG 
from RNS devices as objective evidence to address these 
limitations. However, its utility hinges on understanding 
detection limitations. In this patient, who had a mismatch 
in subjective reporting and scalp EEG/ stored ECoG, inte-
gration of live ECoG and imaging was beneficial to make a 
clinical diagnosis. However, in patients with RNS devices, 
seizures can originate from regions outside of the sampled 
regions, limiting the utility of ECoG and highlighting the 
critical role of clinical suspicion. It is possible that, in sim-
ilar cases, a more detailed history or consistent symptom 
correlated magnet-stored ECoGs might lead to an earlier, 
outside hospital diagnosis and more prompt therapeutic 
intervention. In this case, the patient was treated with op-
timization of her antiseizure medications, management 
of her headache, and underwent CT imaging and a full 
workup for intracerebral hemorrhage, irrespective of the 

F I G U R E  2   Seizure onset patterns on sampled ECoG over 5.5 years: Left column: Time-frequency plots and right column: ECoG from 
RNS implant showing 6 s of recordings with interictal to ictal transitions (red arrow). Displayed ECoG patterns are representative of most 
seizures that occurred around this time period after implantation (A) 2 months post- implantation showing desynchronization followed by 
rhythmic polyspikes at onset (B) 18 months post-implantation with higher amplitude rhythmic slow spikes at onset (C) 36 months post-
implantation, reported excellent seizure control, showing fast activity at onset (D) 60 months post-implantation showing pre-ictal spiking 
pattern (E) 65 months post-implantation in the setting of intraparenchymal hemorrhage showing new slowing intermixed with pre-ictal 
spiking pattern recorded by the new detector.
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RNS interrogation results. However, live ECoG served as 
an adjunctive objective measure, supporting the clinical 
correlation with her focal symptoms. Although objective 
metrics are important, clinicians should aim to combine 
these with the patient's subjective reports rather than re-
lying on them exclusively. In our case, where a distinct 
pattern emerged after an intracranial bleed, reliance on 
prior ECoG recordings or scalp EEG alone might have 
incorrectly indicated the patient was “seizure-free” or 
experiencing “non-epileptic events” Consequently, acute 
changes in seizure frequency or type, even if apparently 
“ECoG negative” should raise clinical suspicion and 
prompt a complete workup that leverages both the ad-
vanced and traditional tools for patient-oriented care.

4   |   CONCLUSION

This study highlights the nuanced application of closed-
loop neuromodulation to detect seizures associated with 
a rare, idiopathic RNS lead-associated IPH. While preset 
detectors failed to identify these seizures, the use of live 
ECoG successfully revealed an electrographic correlate to 
the patient's reported seizures. Additionally, over 5.5 years 
of ECoG data from this case showed an evolution of sei-
zure patterns, with delayed triggering of preset detec-
tors. Ultimately, this underscores the critical importance 
of “recognizing the unseen”—where real-time data and 
adaptive detection strategies can uncover seizure activity 
hidden from static detectors. Further, this case reinforces 
the value of patient-reported symptoms in guiding clinical 
decision making, ensuring that the full capabilities of RNS 
technology are harnessed for an individualized patient-
centric approach.
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