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Abstract

Here we critique recent arguments proposing to distinguish ictal from non-ictal generalized
periodic discharges (GPDs) based on etiology and stimulation response, arguing that these are
unreliable. We advocate for an empirical approach to GPDs: describe objectively, interpret through
medication trials, and base further treatment on response. We call for evidence-based approaches
considering meaningful clinical outcomes.
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We appreciate the critical review by Gélisse et al.1 and their efforts to classify generalized
periodic discharges (GPDs) into ictal and nonictal categories. However, we would like to
draw critical attention to some aspects of their arguments.

Gélisse et al. argue for three main claims:
1 GPDs fall into two categories: ictal and nonictal.

2. Ictal GPDs are a form of nonconvulsive status epilepticus (NCSE), whereas
nonictal GPDs arise from toxic—metabolic, respiratory, septic, or other
multifactorial encephalopathies distinct from NCSE.
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3. Ictal and nonictal GPDs can be distinguished based on their responsiveness to
state changes and stimulation.

First, an issue with Claim 1 is that Gélisse et al. do not clearly define the terms “ictal”

and “NCSE.” Although they consider “ictal” GPDs a form of NCSE by definition, they

do not clarify what NCSE entails. The authors reference the Salzburg criteria,? which

define GPDs as NCSE if they meet specific conditions: GPD frequency > 2.5 Hz, clear
spatiotemporal evolution, or empirical evidence of improvement with antiseizure medication
(ASM). Yet, Gélisse et al. suggest that ictal GPDs and nonictal GPDs can be distinguished
without empirical treatment, even in the absence of clear spatiotemporal evolution and when
discharge frequency is <2.5 Hz. Unfortunately, this leaves “ictal” and “NCSE” undefined.

It appears that the only way to salvage Claim 1 of Gélisse et al. is to adopt the Salzburg
criteria definition for NCSE, so that “ictal GPDs” are defined as those fulfilling these
criteria, including GPDs with triphasic morphology. In short, for challenging cases where
discharges are <2.5 Hz with no clear spatiotemporal evolution, diagnosis should rely on
treatment responsiveness.

Second, Claim 2 by Gélisse et al. makes a “mistake of category” by associating

GPDs with specific etiologies like toxic—metabolic, respiratory, or septic factors, without
considering their treatment response. The dichotomy between NCSE and toxic—metabolic
encephalopathy (TME), including encephalopathy due to sepsis or respiratory failure, is
false. NCSE is defined by electroencephalography (EEG) and clinical response to ASM,
regardless of the underlying cause, whereas TME refers to etiology. It is possible, for
example, to diagnose NCSE due to TME, as metabolic derangements, sepsis, respiratory
failure, and toxic exposures can cause seizures and NCSE.3-10

Third, the classification of GPDs based solely on their etiology or EEG characteristics

is known to be unreliable. Recent studies suggest that GPDs, even those with triphasic
morphology traditionally associated with metabolic encephalopathy, often respond to
ASM. For example, O’Rourke et al. found that a significant proportion of patients with
unexplained encephalopathy and triphasic waves showed EEG and clinical improvement
with benzodiazepines or nonsedating ASM.11 Importantly, there were no significant
metabolic differences between responders and nonresponders. These findings suggest that
a substantial proportion of patients with GPDs, including those with triphasic morphology,
may meet the Salzburg criteria for NCSE based on treatment response. These findings
highlight the difficulty in predicting treatment response based on metabolic profiles alone or
EEG alone, underscoring the importance of empiric treatment trials in diagnosing NCSE.

Fourth, Claims 1 and 2 by Gélisse et al. rest on the problematic assumptions that the

cause of GPDs can be reliably determined, and that ictal GPDs/NCSE can be distinguished
from nonictal GPDs/non-NCSE based on EEG alone. However, patients often present with
multiple metabolic abnormalities and brain injuries, complicating attribution of brain activity
abnormalities to a single cause.6:8:11-13 Furthermore, experts are known to be unreliable

in diagnosing NCSE based on EEG alone. GPDs with triphasic morphology, previously
thought to indicate TME, do not exclude NCSE, as shown by Foreman et al.,14 who found
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that experts could not agree on diagnosing NCSE when blinded to clinical information, nor
could they predict whether the final diagnosis would be NCSE.

Finally, Claim 3 by Gélisse et al. is problematic. They compare NCSE in critically ill
patients to absence status epilepticus (ASE), which is not appropriate. ASE typically

occurs in ambulatory patients, has a genetic origin, and does not appear to cause neuronal
injury, unlike NCSE in critical illness, which arises in the context of acute brain injury

or severe metabolic derangements and can cause neuronal injury. Although Gélisse et al.
make an exception for atypical ASE in which there is brain damage from preexisting
developmental-epileptic encephalopathy and in which seizures may respond to stimulation,
we argue that NCSE is more like atypical ASE than typical ASE; therefore, responsiveness
to stimulation is not a reliable criterion to differentiate between metabolic and epileptiform
abnormalities. Moreover, epileptic activity outside of atypical ASE can also be influenced
by state changes and external stimuli. This is routinely observed in epilepsy outside the
intensive care unit (ICU), where sleep states modulate the brain’s propensity for epileptiform
activity. For instance, epileptiform discharges are suppressed during rapid eye movement
(REM) sleep and are more frequent during non-REM sleep.15-18 |t is further known

that the same stimulus can both trigger and abort reflex seizures in the same patient.1®
Landau—KIleffner syndrome and the associated EEG pattern of electrical status epilepticus in
sleep demonstrate canonical examples of state-dependent electrographic activity that results
in reversible neurological deficits.20 In critical care EEG, stimulus-induced generalized
periodic discharges, rhythmic and periodic patterns, and even seizures are common.
Conversely, the current American Clinical Neurophysiology’s Standardized Critical Care
EEG terminology also has a designation of “ST” for when epileptiform patterns are
“stimulus-terminated.”?! Hence, responsiveness to stimulation is not a failsafe criterion to
differentiate between metabolic and epileptiform abnormalities.

Ultimately, a fundamental challenge with current debates about how to define NCSE is

that they are largely semantic, a form of “armchair philosophy.” It is time for our field

to move beyond these theoretical arguments to focus on empirical evidence. We should
anchor our terminology in meaningful outcomes: clinical outcomes such as functional or
cognitive disability, mechanistic outcomes such as tissue oxygen levels or local blood flow,
imaging outcomes that demonstrate neuronal injury or metabolic markers of ischemia, or
shorter term outcomes like improvement in levels of arousal or neurological deficits in
response to treatment with ASM and resolution of GPDs. Recent pilot studies have begun

to make progress in these directions, providing evidence for this approach. Witsch et al.22
demonstrated that higher frequency periodic discharges (PDs; 2.0 Hz) in patients with
acute brain injury were associated with decreased brain tissue oxygenation, potentially
leading to additional brain damage. Similarly, Vespa et al.23 found that both seizures and
PDs in traumatic brain injury patients were linked to metabolic crisis, as evidenced by lower
brain glucose levels and higher lactate/pyruvate ratios during epileptiform activity. These
findings underscore the potential harm of GPDs and support the need for careful monitoring
and possibly intervention in patients exhibiting these EEG patterns. In the related pattern

of lateralized periodic discharges, it was found that frequency of discharges—not etiology—
correlated most with increased glucose metabolism as measured by fluorodeoxyglucose
positron emission tomography, again highlighting the need for an empiric basis for
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determining whether a pattern is potentially causing secondary damage to the brain.?* The
concept of something being ictal or not remains best defined as electrographic and clinical
improvement secondary to ASM.2°

We advocate for a threefold separation approach to GPDs26:
1 Agnostically describe GPDs,
2. Interpret GPDs as ictal or nonictal through an ASM trial, and
3. Prescribe treatment based on trial response.

This empirical approach aligns with recommendations for addressing ICU patterns and
treatment responses in suspected status epilepticus, avoiding the pitfalls of problematic and
debatable responsiveness criteria.

In conclusion, it is our hope that moving beyond semantic arguments and focusing on
empirical, patient-focused approaches will lead to what all of us want for our patients: more
meaningful advances in clinical care and better understanding of these clinical entities.

Funding information

National Institutes of Health, Grant/Award Number: RO1INS126282

CONFLICT OF INTEREST STATEMENT

M.B.W. is a scientific advisor and consultant to Beacon Biosignals and has a personal equity interest in the
company. The present study received no support from the company. M.B.W. is supported by grants from the NIH
(RFLAG064312, RF1INS120947, RO1AG073410, RO1HL161253, RO1INS126282, RO1IAG073598, ROINS131347,
RO1NS130119) and NSF (2014431). M.C.N. has received support in the form of speaking and advisory board
honoraria from Eisai Canada, UCB Canada, and Paladin Canada. M.C.N. was supported by grants from the CIHR,
Research Manitoba, Mathematics of Information Technology and Complex Systems, and Eisai. The other authors
have no conflicts of interest to disclose. We confirm that we have read the Journal’s position on issues involved in
ethical publication and affirm that this report is consistent with those guidelines.

DATA AVAILABILITY STATEMENT

Data sharing not applicable to this article as no datasets were generated or analysed during
the current study.

REFERENCES

1. Gélisse P, Tatum WO, Crespel A, Kaplan PW. Stimulus-induced arousal with transient
electroencephalographic improvement distinguishes nonictal from ictal generalized periodic
discharges. Epilepsia. 2024;65(7):1899-906. 10.1111/epi.17987 [PubMed: 38624097]

2. Leitinger M, Beniczky S, Rohracher A, Gardella E, Kalss G, Qerama E, et al. Salzburg Consensus
Criteria for Non-Convulsive Status Epilepticus—approach to clinical application. Epilepsy Behav.
2015;49:158-63. 10.1016/j.yebeh.2015.05.007 [PubMed: 26092326]

3. Ferlini L, Nonclercq A, Su F, Creteur J, Taccone FS, Gaspard N. Sepsis modulates cortical
excitability and alters the local and systemic hemodynamic response to seizures. Sci Rep.
2022;12(1):11336. 10.1038/s41598-022-15426-w [PubMed: 35790848]

4. Chedrawi AK, Gharaybeh Sl, Al-Ghwery SA, Al-Mohaimeed SA, Alshahwan SA. Cephalosporin-
induced nonconvulsive status epilepticus in a uremic child. Pediatr Neurol. 2004;30(2):135-9.
10.1016/j.pediatrneurol.2003.07.006 [PubMed: 14984909]

Epilepsia. Author manuscript; available in PMC 2024 December 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ng et al.

Page 5

5. Sidlak AM, Dibble B, Schultz B. Utility of electroencephalography in toxin-induced seizures. Acad
Emerg Med. 2024;31(3):249-55. 10.1111/acem.14834 [PubMed: 38385563]

6. Hirsch LJ, Gaspard N. Status Epilepticus. Continuum (Minneap Minn). 2013;19:767-94.
10.1212/01.CON.0000431395.16229.5a [PubMed: 23739110]

7. Bearden S, Eisenschenk S, Uthman B. Diagnosis of nonconvulsive status epilepticus (NCSE)
in adults with altered mental status: Clinico—electroencephalographic considerations. Am J
Electroneurodiagnostic Technol. 2008;48(1):11-37. 10.1080/1086508X.2008.11079655 [PubMed:
18459630]

8. Sutter R. Are we prepared to detect subtle and nonconvulsive status epilepticus in critically
ill patients? J Clin Neurophysiol. 2016;33(1):25-31. 10.1097/WNP.0000000000000216 [PubMed:
26840874]

9. Oddo M, Carrera E, Claassen J, Mayer SA, Hirsch LJ. Continuous electroencephalography in the
medical intensive care unit*. Crit Care Med. 2009;37(6):2051-6. 10.1097/CCM.0b013e3181a00604
[PubMed: 19384197]

10. Towne AR, Waterhouse EJ, Boggs JG, Garnett LK, Brown AJ, Smith JR Jr, et al. Prevalence of
nonconvulsive status epilepticus in comatose patients. Neurology. 2000;25(54):340-5.

11. O’Rourke D, Chen PM, Gaspard N, et al. Response rates to anticonvulsant trials in patients
with triphasic-wave EEG patterns of uncertain significance. Neurocrit Care. 2016;24(2):233-9.
10.1007/s12028-015-0151-8 [PubMed: 26013921]

12. Westover MB, Shafi MM, Bianchi MT, Moura LMVR, O’Rourke D, Rosenthal ES, et al.

The probability of seizures during EEG monitoring in critically ill adults. Clin Neurophysiol.
2015;126(3):463-71. 10.1016/j.clinph.2014.05.037 [PubMed: 25082090]

13. Claassen J, Mayer SA, Kowalski RG, Emerson RG, Hirsch LJ. Detection of electrographic
seizures with continuous EEG monitoring in critically ill patients. Neurology. 2004;62(10):1743—
8.10.1212/01.WNL.0000125184.88797.62 [PubMed: 15159471]

14. Foreman B, Mahulikar A, Tadi P, Claassen J, Szaflarski J, Halford JJ, et al. Generalized periodic
discharges and “triphasic waves”: a blinded evaluation of inter-rater agreement and clinical
significance. Clin Neurophysiol. 2016;127(2):1073-80. 10.1016/j.clinph.2015.07.018 [PubMed:
26294138]

15. Giacomini T, Luria G, D’Amario V, Croci C, Cataldi M, Piai M, et al. On the role of REM sleep
microstructure in suppressing interictal spikes in electrical status epilepticus during sleep. Clin
Neurophysiol. 2022;136:62—-8. 10.1016/j.clinph.2022.01.008 [PubMed: 35139436]

16. Ho A, Hannan S, Thomas J, Avigdor T, Abdallah C, Dubeau F, et al. Rapid eye movement sleep
affects interictal epileptic activity differently in mesiotemporal and neocortical areas. Epilepsia.
2023;64(11):3036-48. 10.1111/epi.17763 [PubMed: 37714213]

17. Ng M, Pavlova M. Why are seizures rare in rapid eye movement sleep? Review of the frequency of
seizures in different sleep stages. Epilepsy Res Treat. 2013;2013:1-10. 10.1155/2013/932790

18. Kang X, Boly M, Findlay G, Jones B, Gjini K, Maganti R, et al. Quantitative spatio-temporal
characterization of epileptic spikes using high density EEG: differences between NREM sleep and
REM sleep. Sci Rep. 2020;10(1):1673. 10.1038/s41598-020-58612-4 [PubMed: 32015406]

19. Wolf P From precipitation to inhibition of seizures: rationale of a therapeutic paradigm. Epilepsia.
2005;46(Suppl 1):15-6. 10.1111/j.0013-9580.2005.461005.x

20. Arican P, Gencpinar P, Olgac Dundar N, Tekgul H. Electrical status epilepticus during slow-wave
sleep (ESES): current perspectives. J Pediatr Neurosci. 2021;16(2):91-6. 10.4103/jpn.JPN_137_20
[PubMed: 35018175]

21. Hirsch LJ, Fong MWK, Leitinger M, LaRoche SM, Beniczky S, Abend NS, et al. American
clinical neurophysiology Society’s standardized critical care EEG terminology: 2021 version. J
Clin Neurophysiol. 2021;38(1):1-29. 10.1097/WNP.0000000000000806 [PubMed: 33475321]

22. Witsch J, Frey HP, Schmidt JM, Velazquez A, Falo CM, Reznik M, et al. Electroencephalographic
periodic discharges and frequency-dependent brain tissue hypoxia in acute brain injury. JAMA
Neurol. 2017;74(3):301-9. 10.1001/jamaneurol.2016.5325 [PubMed: 28097330]

23. Vespa P, Tubi M, Claassen J, Buitrago-Blanco M, McArthur D, Velazquez AG, et al.

Metabolic crisis occurs with seizures and periodic discharges after brain trauma. Ann Neurol.
2016;79(4):579-90. 10.1002/ana.24606 [PubMed: 26814699]

Epilepsia. Author manuscript; available in PMC 2024 December 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ng et al.

Page 6

24. Subramaniam T, Jain A, Hall LT, Cole AJ, Westover MB, Rosenthal ES, et al. Lateralized
periodic discharges frequency correlates with glucose metabolism. Neurology. 2019;92(7):e670—
e674. 10.1212/WNL.0000000000006903 [PubMed: 30635488]

25. Leitinger M, Gaspard N, Hirsch LJ, Beniczky S, Kaplan PW, Husari K, et al. Diagnosing
nonconvulsive status epilepticus: defining electroencephalographic and clinical response to
diagnostic intravenous antiseizure medication trials. Epilepsia. 2023;64(9):2351-60. 10.1111/
epi.17694 [PubMed: 37350392]

26. Ng MC, Gaspard N, Cole AJ, Hoch DB, Cash SS, Bianchi M, et al. The standardization
debate: a conflation trap in critical care electroencephalography. Seizure. 2015;24:52-8. 10.1016/
j.seizure.2014.09.017 [PubMed: 25457454]

Epilepsia. Author manuscript; available in PMC 2024 December 17.



	Abstract
	References

