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ABSTRACT 
This the first known case denoting the association with seizure activity on 

the morning after a change to daylight savings time in the United States 

recorded on an implanted neurostimulator (Neuropace Inc., RNS System ®) 
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Introduction 
This is the first report which denotes and discusses the 
observation from the human brain electrocorticography 
from an implanted neurostimulator device (RNS System- 
Neuropace ®) which identified seizure activity after 
change to daylight savings time in the US in a patient who 
ultimately was well controlled for six (6) months prior to 
that event although previously exhibited intractable 
epilepsy. This case report highlights and speculates how 
the use of RNS technology may allow for further study of 
this issue in additional research, scenarios, and 
observations 
 

Report of Case 
A 28-year-old patient with intractable epilepsy had a 
responsive neurostimulator device (RNS System ®, 
Neuropace, Inc.) placed bilaterally into the centro-
median nuclei due to the presence of a diffusely poorly 
localized frontal seizure disorder as the patient failed 
multiple medications, was not a cortical resection 
candidate, and nor were there 2 or fewer discrete 
cortical localization targets of seizure onsets identified 

that would allow practically placement of cortical 
neurostimulation according to its approved indications. 
This patient had failed multiple medications and was 
disabled by seizures that occurred several times weekly 
and generalized about monthly. The patient’s 
neuroimaging and results of invasive EEG monitoring are 
noted below, identifying overall non lesional 
neuroimaging but diffuse but poorly localized seizures 
over the R>L frontal regions. After RNS implantation and 
device programming and adjustments with medication 
changes, the electrocorticogram noted significant 
reduction in seizure activity over multiple (6) months and 
ultimately the patient had cessation of clinical seizure 
activities along with cessation of long episodes 
(arbitrarily defined as >20 seconds of activity change 
from baseline), and experienced cessation of channel 
saturations, see figures. However, the night before the 
change to daylight savings time in the US, the patient 
experienced anxiety and that night of the time change, 
she experienced nonrestorative fragmented sleep, and 
she and family reported a seizure which involved right 
thalamic contacts the following morning subsequently to 
the time change, see the figures below.  

 

 

 
Image- Top: Histogram of Activity log from the patient data management system.  
Note significant reduction in ictal and interictal discharges (From November 2020 to September 2021) and channel saturations 
inventoried on a histogram plot and recorded by the responsive neurostimulator device placed in bilateral thalamic Centro median 
nuclei over many months despite changes in medications and detection algorithms over time. Such quantitative and qualitative analyses 
are representative of the current literature on RNS[3-5]. Red arrows note the most recent times when detection algorithms were changed 
and green arrows denote where seizure medications were changed. Most recent RNS Detection algorithms changed 1/2022, 
12/2021, 8/2021, 2/2021. Most recent medication changes were September 2021 and April 2021. 
Bottom: Note seizure activity in predominantly the Right Centrum Medianum nuclei contacts(arrows) at the most distal end of the 
placed contacts of an implanted Neurostimulator device (RCM1 and 2) during the morning after change to daylight savings time and 
such activity was reported by the patient and her family with clinical correlation. 
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SELECTED IMAGING 

 
Left top panel: T1 Coronal MRI with contrast delineating no areas of enhancement, although there is some volume loss around the 
right hippocampal formation which may be mal-rotated, with upper middle and right panels delineating coronal sections of ICTAL 
SPECT imaging delineating subtle right cortical and midline more than left frontal and sub frontal regions of Tc-99 uptake during a 
typical seizure. Middle panels delineate the placement of invasive electrodes placed over the cortical surface of the right hemisphere 
along with a right depth electrode, and ultimately diffuse multifocal right neocortical changes were noted in a broad distribution 
during seizure onsets. Bottom Panels identify ultimate position of the RNS Neuropace ™ in AP and Lateral views (Xray). 
 

Discussion 
There has been debate about potentially deleterious 
effects of switching to daylight savings time and the 
consensus statement of the American Academy of Sleep 
Medicine indicates that the seasonal time changes to and 
from daylight savings time and standard times exhibit 
potential deleterious effects on cardiovascular morbidity 
and other potential health issues potentially due to 
circadian effects as noted in earlier literature[1,2].  
Although this is a solitary case report, this is the first 
known case of daylight savings time’s association with a 
seizure on the morning after such change in the United 
States recorded on an implanted neurostimulator in 
bilateral centromedianum nuclei of the thalami in a case 
that was actually quite well controlled without any clinical 
or sub clinical seizure activity for 6 months prior to that 
event which supports that coincidental or spontaneous 

seizure was not likely for the observation although such 
might not be excluded. 
 
Neurostimulation is a modality that may allow for 
significant future research as it can objectively quantitate 
seizure activity objectively under various conditions - and 
this observation indicates that electrocorticography 
review and quantification of presumed ictal and interictal 
discharges recorded on such devices may ultimately 
objectively identify the extent for which seasonal time 
changes as noted impact patients as in other conditions 
although confounding variables may bear exclusion as 
the literature also evolves for other indications, 
circumstances, and pathologies[3,4,5].  
 
Exactly what brain structures or circuitry might control 
circadian physiology and relate to time changes or be 
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involved in seizure activity associated with circadian 
effects in the setting of having an implanted 
neurostimulator are unknowns, although incremental 
understanding of neurological mechanisms involving 
neuronal networks and biology are noted [6,7,8]. The 
circadian system’s importance from an evolutionary 
perspective in the orchestration of hibernation in animals 
is noted and how such related circadian biology might be 
involved in pathological conditions such as Kleine- Levin 
syndrome involving prolonged or aberrant manifestations 
of sleep with other concomitant abnormal behavioral 
disturbances are additional observations that are not yet 
fully understood [9,10,11] Scientific literature identifies how 
the effects of light and daylight hours involve the release 
or central production of melatonin during hours of 
darkness and involve the pineal gland and light sensing 
neural fibers from the eye or retina that connect with the 
pineal gland, but how such mechanisms might directly 
impact this case report due to changes in total daylight 
hour exposure remain unknown.[12] Literature that 
denotes circadian molecular biology within the 
suprachiasmatic nucleus and the hypothalamic regions has 
evolved over recent years that involves genetic 
mechanisms of the various proteins involved producing a 
centrally acting biological clock that modulates neural 
connectivity, but how the observation noted in this solitary 
case report relates to potentially disrupting this 
physiology remains unknown at this time although 
relationships among seizure occurrence, sleep disorders, 
and specifically circadian dysfunction exist. [13,14,15,16] 
Literature indicates that there is also a relationship 
among circadian clocks, sleep, and neurodegeneration 
and recent literature has identified that RNS or 

Neurostimulation may alter the circadian distribution of 
both interictal and ictal discharges over time. [17,18] 
 
The specific circumstances and electrocorticogram 
dataset identified by the electrocorticography in this case 
report indicate that the patient’s seizure was probably 
associated with the immediately preceding clinical event 
or circumstances that preceded the seizure as this patient 
objectively had complete eradication of clinical events 
along with subclinical discharges including volleys and 
trains of significant groups of discharges that included 
long episodes and channel saturations for a significant 
amount of time- namely 6 months prior to the 
breakthrough seizure. Although a coincidental seizure is 
possible, given this dataset, it seems that the seizure was 
unlikely a spontaneously occurring random event 
although seizures might however occur coincidentally or 
spontaneously and may not be completely excluded. 
Nonetheless, this unique report indicates that such an 
observation combined with an actual ability to tally 
quantification of both clinical and subclinical activities on 
RNS that may relate to time changes or circadian effects 
even with other confounding variables present may be 
the subject of further study. 
 

Conclusion 
The noted observation of seizure activity which is 
associated with time changes could yield further 
quantitative research or investigation which may 
elucidate what mechanisms or substrates are involved 
with the occurrence of seizure activity associated with 
seasonal time changes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RNS Time Change 

© 2024 European Society of Medicine 5 

References 
1. Rishi MA, Ahmed O, Barrantes Perez JH, et al. 

Daylight-saving time: an American Academy of Sleep 
Medicine position statement. J Clin Sleep Med. 
2020;16(10):1781–1784 

2. Duffy JF, Czeisler CA. Effect of light on human 
circadian physiology. Sleep Med Clin. 
2009;4(2):165–177. 

3.  Leguria MG, Andrzejak RG, Rummel C et al. Seizure 
Cycles in Focal Epilepsy. JAMA Neurol. 2021 Apr 
1;78(4):454-463 

4. Oster JM, Tatum P, Monigan C, Kryzanski J. Seizures 
Noted by Responsive Neurostimulation From e-
Cigarette Use (Vaping) J Clin Neurophysiol. 2022 Jan 
1;39(1):1-3. 

5. Karakas C, Ward R, Hegazy M, Skrehot H, Haneef Z 
(2022) Seizure control during the COVID-19 
pandemic: Correlating Responsive Neurostimulation 
System data with patient reports. Clin Neurophysiol 
139: 106-113.  

6. Pavlova M. Circadian Rhythm Sleep-Wake 
Disorders. Continuum (Minneap Minn). 2017;23(4, 
Sleep Neurology):1051-1063. 
doi:10.1212/CON.0000000000000499 

7. Fontes R, Ribeiro J, Gupta DS, et al. Time Perception 
Mechanisms at Central Nervous System. Neurol Int. 
2016;8(1):5939. Published 2016 Apr 1. 
doi:10.4081/ni.2016.5939 

8. Schwartz WJ, Klerman EB. Circadian Neurobiology 
and the Physiologic Regulation of Sleep and 
Wakefulness. Neurol Clin. 2019;37(3):475-486. 
doi:10.1016/j.ncl.2019.03.001 

9. Miglis MG, Guilleminault C. Kleine-Levin syndrome: a 
review. Nat Sci Sleep. 2014;6:19-26. Published 2014 
Jan 20. doi:10.2147/NSS.S44750 

10. Scammel TE, Arrigoni E, Lipton JO. Neural circuitry of 
Wakefulness and Sleep. Neuron. 2017;93(4):747-
765 

11. Mohr SM, Bagriantsev S, Gracheva E. Annual Review 
of Cell and Developmental Biology. Cellular, 
Molecular, and Physiological Adaptations of 
Hibernation: The Solution to Environmental Challenges. 
Annu Rev Cell Dev Biol. 2020. 36:315–38 

12. Amaral FGD, Cipolla-Neto J. A brief review about 
melatonin, a pineal hormone. Arch Endocrinol Metab. 
2018;62(4):472-479.  
doi:10.20945/2359-3997000000066 

13. Siepka SM, Yoo SH, Park J, Lee C, Takahashi JS. 
Genetics and neurobiology of circadian clocks in 
mammals. Cold Spring Harb Symp Quant Biol. 
2007;72:251-259. doi:10.1101/sqb.2007.72.052 

14. Vitaterna MH, Shimomura K, Jiang P. Genetics of 
Circadian Rhythms. Neurol Clin. 2019;37(3):487-504. 
doi:10.1016/j.ncl.2019.05.002 

15. Moore JL, Carvalho DZ, St Louis EK, Bazil C. Sleep and 
Epilepsy: a Focused Review of Pathophysiology, 
Clinical Syndromes, Co-morbidities, and Therapy 
[published correction appears in Neurotherapeutics. 
2021 Jan;18(1):655. doi: 10.1007/s13311-021-
01060-3]. Neurotherapeutics. 2021;18(1):170-180. 
doi:10.1007/s13311-021-01021-w 

16. Jin B, Aung T, Geng Y, Wang S. Epilepsy and Its 
Interaction With Sleep and Circadian Rhythm. Front 
Neurol. 2020;11:327. Published 2020 May 8. 
doi:10.3389/fneur.2020.00327 

17. Musiek ER, Holtzmann DM. Mechanisms linking 
circadian clocks, sleep, and neurodegeneration. 
Science. 25 Nov 2016 Vol 354, Issue 6315 pp. 1004-
1008 DOI: 10.1126/science.aah4968 

18. Rao VR, Rolston JD. Unearthing the mechanisms of 
responsive neurostimulation for epilepsy. Commun 
Med (Lond). 2023;3(1):166. Published 2023 Nov 16. 
doi:10.1038/s43856-023-00401-

 


