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Introduction

Status epilepticus is a condition of prolonged seizures—abnormal excessive or synchronous 

neural activity in the brain—that can result in brain injury and death.1 The most recognizable 

form is convulsive status epilepticus, in which the aberrant neural activity is accompanied by 

excessive and abnormal muscle contractions. 

However, not all seizures are accompanied by convulsions. Another major type of status 

epilepticus, known as nonconvulsive status epilepticus (NCSE), is characterized by seizure 

activity as detected on electroencephalogram (EEG) without prominent muscle contractions.1, 2 

The lack of overt motor activity often makes NCSE difficult to identify in a clinical exam, leading 

to failure to initiate treatment, and subsequent morbidity and mortality.3 Although clinicians may 

suspect nonconvulsive status or seizures based on subtle signs and symptoms, EEG is needed 

to confirm the diagnosis. 

Time is brain!EEG is a must. 
NCSE is an underrecognized 
neurological emergency.

The Bottom Line of NCSE



Burden of Nonconvulsive Status Epilepticus
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Some common causes of NCSE4-7, 9

Based on N=221 adult patients with status epilepticus 
not related to hypoxic ischemic injury admitted to 

hospitals in Salzburg, Austria from 2011-20154

Nonconvulsive
34%

Convulsive
66%

Using definitions updated in 2015,1 an 

estimated 34% of all patients admitted 

to the hospital with first-ever status 

epilepticus due to non-hypoxic causes 

have NCSE.4 In clinical practice, NCSE 

is likely under-diagnosed and under-

recognized.

NCSE can occur as a complication of 

many different primary neurological 

and non-neurological conditions. 

Examples include cerebrovascular 

accident (stroke), hypoxia, sepsis, 

traumatic brain injury, metabolic 

causes, tumors, and low antiepileptic 

drug levels.4-7 Indeed, NCSE can occur 

in nearly any condition that affects the 

homeostasis of the brain’s cerebral 

hemispheres.8 

•  Cerebrovascular 

accident (stroke)

•  Hypoxia

•  Hypoxic-ischemic 

injury following cardiac 

or respiratory arrest

•  Acute subdural 

hematoma

•  Sepsis

•  Traumatic brain injury

•  Metabolic causes

•  Low anti-epileptic  

 levels

•  Tumors

•  Central nervous system 

(CNS) infections

•  Ethanol-related

•  Recent neurosurgery

Classification of First-Ever 
Status Epilepticus
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  Status epilepticus, including NCSE, is a medical emergency and should be treated 

as such. Some people don’t think about it that way, but early recognition and 

time-targeted treatment are crucial.  

 –Khalid Alsherbini, MD 

NCSE can also result in prolonged hospitalization, which itself is associated with a host of problems. 

  Patients who need prolonged intubation require rehabilitation not only for their 

underlying condition, but also for issues related to long-term hospitalization. 

Lengthy hospital stays increase the risk for infection, tracheostomy, feeding tube 

placement, and other sequelae.  

 –Angela M. Crudele, MD

NCSE is a medical emergency because it can lead to brain damage and death.10-13 In adults, 

mortality rates are substantially higher with NCSE than convulsive status epilepticus, reported as 

27.6% vs. 3.5% in a 5-year study of patients admitted to hospitals with status epilepticus not related 

to hypoxic ischemic injury.4

Based on N=221 adult patients with status epilepticus not related to hypoxic ischemic 
injury admitted to hospitals in Salzburg, Austria from 2011-20154

Mortality of Patients with NCSE vs. Convulsive Seizures



Criteria for Defining Status Epilepticus & NCSE

The criteria used to define status epilepticus have changed over the years, which affects estimates 

of prevalence, incidence, morbidity, and mortality. One of the changes has been the duration of 

seizures that define the condition, which has historically been 30 minutes. 

International League Against Epilepsy Definition and Classification

In 2015, the International League Against Epilepsy revised the definition and classification of status 

epilepticus, resulting in two time points that serve to guide clinicians.1 

1.  The time when a seizure is likely to be prolonged and should be treated: 

5 minutes for convulsive status epilepticus and 10 minutes for NCSE. 

2.  The time when a seizure may cause long-term neuronal damage: 

30 minutes for convulsive status epilepticus and 60 minutes for NCSE. 

However, these times are based on limited evidence, particularly for NCSE, and the onset of brain 

damage can vary based on clinical factors.1 

Diagnosis of NCSE Using EEG

Many criteria for the diagnosis of NCSE utilizing EEG have been published. One frequently 

used, known as the Salzburg criteria, focuses on EEG parameters for NCSE, which specifies the 

presence of more than 25 epileptiform discharges per 10 seconds.22 Other prominent criteria from 

the American Clinical Neurophysiology Society (ACNS) specify the presence of EEG seizures for at 

least 10 continuous minutes or a total duration of at least 20% of any 60-minute period.23

In addition to the various criteria that may be used to define NCSE, it is important to highlight that 

EEG readings, even using the ACNS published consortium, remain variable among epileptologists, 

especially for patterns that do not meet the above suggested criteria for a diagnosis of NSCE. 

7

Although age and underlying etiology are the non-modifiable predictors for outcomes in  

NCSE, seizure burden and duration of NCSE remain important modifiable factors with a strong 

impact on outcome, highlighting the importance of early diagnosis and management of this 

condition.4, 14-16 NCSE is frequently associated with brain injury and poor functional outcomes after 

open cardiac surgery17 and an increased risk of disability and death following ischemic stroke.18 

In patients with intracerebral hemorrhage, nonconvulsive seizures are associated with poor 

outcomes, increased intracranial pressure, metabolic crisis, and expanding hemorrhages.19-21
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Recognition and Diagnosis of NCSE 

A major challenge in recognizing NCSE is the lack of specific, identifiable clinical symptoms and 

signs. Although altered consciousness is the most frequent clinical finding in NCSE,24 it occurs in a 

plethora of different medical conditions. Indeed, patients do not need to have primary neurologic 

illnesses to experience NCSE. Altered consciousness in NCSE ranges from mild impairment 

(“wandering confused”) to comatose.1, 2 Other clinical signs reported in NCSE include oral or 

ocular muscle twitches and eye deviations, which may occur in 50% of patients.25 However, these 

signs are typically subtle and it is generally agreed that NCSE is extremely difficult to identify 

through a clinical exam alone. 

  Altered mental status is a common finding in NCSE, but it is also present in a 

wide variety of other conditions. Patients can be aphasic and having a stroke or 

comatose or unconscious. Altered mental status is a sensitive finding but it’s not 

specific.  

 – Gregory K. Bergey, MD

Instead, reliable detection of NCSE requires EEG. Without the use and accurate interpretation of 

EEG, NCSE can be substantially underdiagnosed.4, 24 

  The clinical exam has definite limitations in diagnosing NCSE. We’ve all been 

through multiple cases where patients don’t look like they are seizing but if you 

put them on EEG, they are having nonconvulsive seizures or NCSE. Patients can 

show a wide range of clinical manifestations.  

 – Khalid Alsherbini, MD
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Professional Guidelines Recommending Prompt  

EEG in Patients with Status Epilepticus

Professional  

Society

Prompt EEG  

recommended for...

Neurocritical 

Care Society

Patients with suspected  

status epilepticus 

(within 15-60 minutes)2

International 

Multidisciplinary 

Consensus

Patients with convulsive status 

epilepticus who do not return 

to functional baseline within 

60 minutes28

American Heart 

Association 

All comatose patients after 

return of spontaneous 

circulation29

American Heart 

Association/ American 

Stroke Association

Patients with intracerebral 

hemorrhage and abnormal 

mental status30

Importance of early diagnosis with EEG

Early diagnosis of NCSE is critical because delays are associated with treatment refractoriness and 

increased mortality.26, 27

  Outcomes depend on the cause of the initial seizure and how quickly it’s 

identified and treated. Without prompt detection, patients can get varying grades 

of brain damage. Early detection can be a tipping point for inpatient versus 

outpatient therapy.  

 – Angela N. Crudele, MD

  If nonconvulsive seizure detection is delayed, patients may be already in 

refractory stage of status epilepticus that you can’t control.  

 – Khalid Alsherbini, MD

In recognition of the potential for negative outcomes of status epilepticus, multiple professional 

societies recommend prompt EEG in various patient groups.2, 28-30
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Practical shortcomings with widespread use of cEEG

Although the use of cEEG is desirable to help identify nonconvulsive seizures, its widespread use 

faces practical considerations such as hardware costs and the need for experts to administer and 

interpret the results.36 

  Even in institutions that have cEEG, not all will have a technician in-house overnight. 

For a long time in my institution, we didn’t have staff overnight to administer EEG, 

and this is a large university hospital with a wide catchment area.  

 – Shelly Rishty, MD

Use of continuous EEG

Increasing evidence indicates that routine EEG performed for 20 minutes is inadequate to 

detect nonconvulsive seizures and NCSE. Instead, continuous EEG (cEEG) monitoring over 

hours to days is needed.9 Continuous EEG in critically ill patients more than doubles the 

number of NCSE cases detected.31, 32 Use of cEEG is also associated with lower patient mortality 

than routine EEG.33, 34 In its 2015 guidelines, the American Clinical Neurophysiology Society 

recommends critical care continuous EEG for diagnosis of nonconvulsive seizures, NCSE, and 

other paroxysmal events in critically ill patients.35

  Recognition of NCSE has increased dramatically. It’s probably not because NCSE 

is becoming more common, but because we are recognizing it more frequently 

due to the use of continuous EEG.  

 – Gregory K. Bergey, MD

Based on a study of 110 critically ill patients with status epilepticus determined by  
cEEG monitoring (n=101 patients had nonconvulsive seizures only)9

% of Seizures Detected with Increasing cEEG Duration

% of First Seizures Detected
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In 2017, a 7-point scoring system known as 2HELPS2B was developed to estimate seizure risk 

in critically ill patients undergoing cEEG.37 In this model, 1 hour of cEEG is sufficient to stratify 

patients according to seizure risk and to recommend cEEG monitoring duration.36 

  We now have tools such as the 2HELPS2B that can help us determine how long 

to monitor patients with cEEG.  

 – Veeresh Kumar N. Shivamurthy, MD

Use of rapid EEG

Although professional guidelines recommend prompt use of EEG for the assessment of status 

epilepticus, in reality, access to EEG monitoring and interpretation is often delayed.38 A survey 

of Society of Critical Care Medicine members found that rapid, 24-hour access to cEEG 

interpretation was available in only 32% of intensive care units.39 

In response to the need for emergency EEG monitoring, several rapid EEG technologies have 

been developed.40 Rapid EEG can reduce time to diagnosis versus conventional EEG and help 

inform clinical decisions.41

  With a shortage of EEG technicians and limited resources, rapid EEGs coupled 

with 2HELPS2B can aid in stratifying seizure risk, help determine whether patients 

should be transitioned to continuous or long-term EEG and consequently, 

improve the cost-effectiveness of continuous EEG.  

 – Veeresh Kumar N. Shivamurthy, MD

  Rapid EEG is useful as an alternative for the initial EEG, while you are getting the 

patient transferred to an institution where they can have long-term continuous 

EEG. It’s not meant to be the definitive screen that you keep on for 24 hours.  

 – Shelly Rishty, MD

Even in centers with access to cEEG, rapid EEG applied for at least 2 hours can be used as a 

screening tool.42

  We use rapid EEG as a screening tool because we have limited EEG machines. We 

monitor with rapid EEG for a minimum of 2 hours and use the 2HELPS2B score to 

determine who should be placed on cEEG.  

 – Khalid Alsherbini, MD

Rapid EEG technologies may also help reduce unnecessary treatments.43, 44

  Rapid EEG can be useful to screen patients in rural or underserved areas or 

smaller medical centers to determine whether they need to be sent to larger 

medical centers with cEEG capabilities. It can help prevent the needless transfer 

of patients, allowing them to stay with their families and safety nets, but also 

identify patients who should be transferred for escalation of care.  

 – Angela N. Crudele, MD



Treatment of NCSE

The principal goal of treatment in status epilepticus is to stop clinical and electrographic seizures.2 

Emergency treatment is recommended for patients who exhibit continuous seizure activity for 

10 minutes or more.1 Per guidelines from the Neurocritical Care Society, all patients with status 

epilepticus should receive treatment with first- and second-line antiseizure drugs therapies, 

as well as maintenance therapy, even if seizures are immediately controlled.2 Guidelines from 

the American Heart Association and American Stroke Association recommend antiseizure 

medications for patients with spontaneous intracerebral hemorrhage, impaired consciousness, 

and confirmed EEG seizures to reduce morbidity.30 Importantly, most guidelines were developed 

primarily for convulsive status epilepticus rather than NCSE.

  Treatment of NCSE is the same as for convulsive status epilepticus. This can 

help improve the comfort level of those familiar with treating convulsive status 

epilepticus.  

 – Gregory K. Bergey, MD

Importance of rapid treatment

Treatment guidelines from the Neurocritical Care Society state that definitive control of status 

epilepticus should be established within 60 minutes of onset.2 Prompt treatment of status 

epilepticus within 60 minutes results in significantly better outcomes than delayed treatment.45, 46 
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  The longer a seizure goes on, the chances of responding to the first medication 

plummet. If you wait a couple of hours to treat, patients may not respond to the 

medication and face prolonged intubation from which they may not recover. 

Outcomes are highly variable.  

 – Angela N. Crudele, MD

Pharmacologic resistance to benzodiazepines develops rapidly after the onset of status 

epilepticus.47 This has been attributed to cell trafficking of GABA-A receptors in the brain that 

mediate the action of benzodiazepines.47

  Rapid diagnosis and treatment of status epilepticus is critical because if not 

promptly treated, status epilepticus can swiftly evolve into a self-sustaining 

condition, and become resistant to benzodiazepines and other antiepileptic 

medications. The decreased responsiveness to benzodiazepines in the 

early stages of status epilepticus can be elucidated by the time-dependent 

internalization of synaptic GABA receptors.  

 – Veeresh Kumar N. Shivamurthy, MD

Response to treatment

Response to treatment with antiseizure medications has been documented in 50-63% of patients 

with nonconvulsive seizures evaluated in a well-controlled trial.48 However, treatment success 

reported in the literature varies widely and may be influenced by duration of seizures, study 

design and methods, and other factors.8

Importantly, adequate dosing is critical to achieving seizure control.

  NCSE is notoriously under-dosed with antiseizure medications. Patients are often 

referred to us having received medication at doses that are dramatically lower 

than needed to control seizures. It’s important that the medications be dosed 

properly for seizure control.  

 – Shelly Rishty, MD

Treatment of status epilepticus frequently requires use of multiple antiseizure medications; 

patients who do not respond may require treatment with intravenous anesthetic drugs.8 Other 

medications are being actively investigated for refractory seizures in carefully selected patients, 

including ketamine, which does not suppress respiratory drive.49 

Ultimately, though early detection using EEG and early treatment of NCSE with adequate doses of 

antiseizure medications is important, the underlying diagnosis has a major effect on outcomes. 

Thus, physicians can only control so much with treatment.

  Early diagnosis of NCSE is desirable and it leads to earlier treatment, but patient 

outcomes are multifactorial.  

 – Gregory K. Bergey, MD
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Conclusion
NCSE is a frequent complication of acute brain injury that can lead to major morbidity and 

mortality if not promptly identified and treated. Although many patients with NCSE exhibit 

altered consciousness and subtle muscle twitches around the eyes and mouth, other patients lack 

identifiable clinical symptoms and signs, making it extremely difficult to detect without EEG. 

Clinicians must have a high index of suspicion for NCSE in at-risk populations and obtain 

prompt EEG of adequate duration. Rapid EEG can be useful in screening patients for suspected 

NCSE, who can then be escalated to cEEG if needed. Treatment of NCSE with antiseizure 

medications can be successful, particularly if initiated early and at adequate doses. Ultimately, 

outcomes of NCSE also depend on the patient’s age and underlying injury or condition.

  Most coma patients just look like they are sleeping peacefully in bed. If you 

don’t think about NCSE, you will miss every case.  

 – Angela N. Crudele, MD

CNSA’s Clinical Proceedings 
The Clinical Neurological Society of America has 50 years of experience bringing together leading 

experts and clinical neurologists for educational programming. CNSA’s Clinical Proceedings — a 

white paper series — are informational resources intended to raise awareness and address unmet 

needs in neurology. 

CNSA recognizes the expert panel members who contributed to the development of this white paper.

CNSA acknowledges the professional writing assistance of Mary Ann Chapman, PhD, with Visage 

Communications in the preparation of this document. This Clinical Proceedings white paper was 

supported in part with a grant from Ceribell. 

Gregory Kent 
Bergey, MD, 

FANA, FAAN, 
FAES, FAAAS  

Chair

Khalid 
Alsherbini, 

MD

Angela N. 
Crudele, 

MD

Shelly  
Rishty, 

MD

Veeresh 
Kumar N. 

Shivamurthy, 
MD

14



References 
1.  Trinka E, Cock H, Hesdorffer D, Rossetti AO, Scheffer IE, 

Shinnar S, et al. A definition and classification of status 
epilepticus--Report of the ILAE Task Force on Classification of 
Status Epilepticus. Epilepsia. 2015;56(10):1515-23.

2.  Brophy GM, Bell R, Claassen J, Alldredge B, Bleck TP, Glauser T, 
et al. Guidelines for the evaluation and management of status 
epilepticus. Neurocrit Care. 2012;17(1):3-23.

3.  Long B, Koyfman A. Nonconvulsive status epilepticus: a review 
for emergency clinicians. J Emerg Med. 2023.

4.  Leitinger M, Trinka E, Giovannini G, Zimmermann G, Florea C, 
Rohracher A, et al. Epidemiology of status epilepticus in adults: 
A population-based study on incidence, causes, and outcomes. 
Epilepsia. 2019;60(1):53-62.

5.  Shorvon S, Sen A. What is status epilepticus and what do we 
know about its epidemiology? Seizure. 2020;75:131-6.

6.  Andal VMD, Espiritu AI, Geronimo MAG, Salonga-Quimpo RAM, 
Gosiengfiao KTP, Fernandez MLL. Clinical features and outcomes 
of nonconvulsive status epilepticus in a developing country: A 
5-year retrospective study. Epilepsy Behav. 2020;113:107547.

7.  Zafar A. Prevalence, electroclinical spectrum and effect on the 
outcome of non-convulsive status epilepticus in critically ill 
patients; the utility of routine electroencephalogram. Epilepsy 
Behav. 2023;141:109144.

8.  Bravo P, Vaddiparti A, Hirsch LJ. Pharmacotherapy for 
nonconvulsive seizures and nonconvulsive status epilepticus. 
Drugs. 2021;81(7):749-70.

9.  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.  Krsek P, Mikulecka A, Druga R, Kubova H, Hlinak Z, 
Suchomelova L, et al. Long-term behavioral and morphological 
consequences of nonconvulsive status epilepticus in rats. 
Epilepsy Behav. 2004;5(2):180-91.

11.  Rabinowicz AL, Correale JD, Bracht KA, Smith TD, DeGiorgio 
CM. Neuron-specific enolase is increased after nonconvulsive 
status epilepticus. Epilepsia. 1995;36(5):475-9.

12.  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.

13.  Vespa P, Martin NA, Nenov V, Glenn T, Bergsneider M, Kelly D, 
et al. Delayed increase in extracellular glycerol with post-
traumatic electrographic epileptic activity: support for the 
theory that seizures induce secondary injury. Acta Neurochir 
Suppl. 2002;81:355-7.

14.  Wagenman KL, Blake TP, Sanchez SM, Schultheis MT, 
Radcliffe J, Berg RA, et al. Electrographic status epilepticus 
and long-term outcome in critically ill children. Neurology. 
2014;82(5):396-404.

15.  Payne ET, Zhao XY, Frndova H, McBain K, Sharma R, Hutchison 
JS, et al. Seizure burden is independently associated with 
short term outcome in critically ill children. Brain. 2014;137(Pt 
5):1429-38.

16.  De Marchis GM, Pugin D, Meyers E, Velasquez A, 
Suwatcharangkoon S, Park S, et al. Seizure burden in 
subarachnoid hemorrhage associated with functional and 
cognitive outcome. Neurology. 2016;86(3):253-60.

17.  Skhirtladze-Dworschak K, Felli A, Aull-Watschinger S, Jung 
R, Mouhieddine M, Zuckermann A, et al. The impact of 
nonconvulsive status epilepticus after cardiac surgery on 
outcome. J Clin Med. 2022;11(19).

18.  Zhang L, Zheng W, Chen F, Bai X, Xue L, Liang M, et al. 
Associated factors and prognostic implications of non-
convulsive status epilepticus in ischemic stroke patients with 
impaired consciousness. Front Neurol. 2021;12:795076.

19.  Vespa PM, O’Phelan K, Shah M, Mirabelli J, Starkman S, Kidwell 
C, et al. Acute seizures after intracerebral hemorrhage: a 
factor in progressive midline shift and outcome. Neurology. 
2003;60(9):1441-6.

20.  Vespa PM, Miller C, McArthur D, Eliseo M, Etchepare M, 
Hirt D, et al. Nonconvulsive electrographic seizures after 
traumatic brain injury result in a delayed, prolonged increase 
in intracranial pressure and metabolic crisis. Crit Care Med. 
2007;35(12):2830-6.

21.  Claassen J, Jette N, Chum F, Green R, Schmidt M, Choi H, 
et al. Electrographic seizures and periodic discharges after 
intracerebral hemorrhage. Neurology. 2007;69(13):1356-65.

22.  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.

23.  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.

24.  Sutter R, Ruegg S, Kaplan PW. Epidemiology, diagnosis, and 
management of nonconvulsive status epilepticus: Opening 
Pandora’s box. Neurol Clin Pract. 2012;2(4):275-86.

25.  Laccheo I, Sonmezturk H, Bhatt AB, Tomycz L, Shi Y, Ringel M, 
et al. Non-convulsive status epilepticus and non-convulsive 
seizures in neurological ICU patients. Neurocrit Care. 
2015;22(2):202-11.

26.  Young GB, Jordan KG, Doig GS. An assessment of 
nonconvulsive seizures in the intensive care unit using 
continuous EEG monitoring: an investigation of variables 
associated with mortality. Neurology. 1996;47(1):83-9.

27.  Foreman B, Hirsch LJ. Epilepsy emergencies: diagnosis and 
management. Neurol Clin. 2012;30(1):11-41, vii.

15

https://www.healthcare.gov/glossary/affordable-care-act/


28.  Le Roux P, Menon DK, Citerio G, Vespa P, Bader MK, Brophy 
GM, et al. Consensus summary statement of the International 
Multidisciplinary Consensus Conference on Multimodality 
Monitoring in Neurocritical Care: a statement for healthcare 
professionals from the Neurocritical Care Society and the 
European Society of Intensive Care Medicine. Neurocrit Care. 
2014;21 Suppl 2:S1-26.

29.  Panchal AR, Bartos JA, Cabanas JG, Donnino MW, Drennan 
IR, Hirsch KG, et al. Part 3: Adult basic and advanced life 
support: 2020 American Heart Association Guidelines for 
Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Care. Circulation. 2020;142(16_suppl_2):S366-S468.

30.  Greenberg SM, Ziai WC, Cordonnier C, Dowlatshahi D, Francis 
B, Goldstein JN, et al. 2022 Guideline for the management 
of patients with spontaneous intracerebral hemorrhage: a 
guideline from the American Heart Association/American 
Stroke Association. Stroke. 2022;53(7):e282-e361.

31.  Limotai C, Ingsathit A, Thadanipon K, McEvoy M, Attia J, 
Thakkinstian A. How and whom to monitor for seizures in an 
ICU: a systematic review and meta-analysis. Crit Care Med. 
2019;47(4):e366-e73.

32.  Pandian JD, Cascino GD, So EL, Manno E, Fulgham JR. 
Digital video-electroencephalographic monitoring in the 
neurological-neurosurgical intensive care unit: clinical features 
and outcome. Arch Neurol. 2004;61(7):1090-4.

33.  Ney JP, van der Goes DN, Nuwer MR, Nelson L, Eccher MA. 
Continuous and routine EEG in intensive care: utilization 
and outcomes, United States 2005-2009. Neurology. 
2013;81(23):2002-8.

34.  Hill CE, Blank LJ, Thibault D, Davis KA, Dahodwala N, Litt B, et 
al. Continuous EEG is associated with favorable hospitalization 
outcomes for critically ill patients. Neurology. 2019;92(1):e9-e18.

35.  Herman ST, Abend NS, Bleck TP, Chapman KE, Drislane FW, 
Emerson RG, et al. Consensus statement on continuous EEG 
in critically ill adults and children, part I: indications. J Clin 
Neurophysiol. 2015;32(2):87-95.

36.  Struck AF, Tabaeizadeh M, Schmitt SE, Ruiz AR, Swisher 
CB, Subramaniam T, et al. Assessment of the validity of the 
2HELPS2B score for inpatient seizure risk prediction. JAMA 
Neurol. 2020;77(4):500-7.

37.  Struck AF, Ustun B, Ruiz AR, Lee JW, LaRoche SM, Hirsch LJ, et 
al. Association of an electroencephalography-based risk score 
with seizure probability in hospitalized patients. JAMA Neurol. 
2017;74(12):1419-24.

38.  Gururangan K, Razavi B, Parvizi J. Utility of 
electroencephalography: Experience from a U.S. tertiary care 
medical center. Clin Neurophysiol. 2016;127(10):3335-40.

39.  Koffman L, Rincon F, Gomes J, Singh S, He Y, Ritzl E, et al. 
Continuous electroencephalographic monitoring in the 
intensive care unit: a cross-sectional study. J Intensive Care 
Med. 2020;35(11):1235-40.

40.  Davey Z, Gupta PB, Li DR, Nayak RU, Govindarajan P. Rapid 
response EEG: current state and future directions. Curr Neurol 
Neurosci Rep. 2022;22(12):839-46.

41.  Vespa PM, Olson DM, John S, Hobbs KS, Gururangan K, 
Nie K, et al. Evaluating the clinical impact of rapid response 
electroencephalography: the DECIDE multicenter prospective 
observational clinical study. Crit Care Med. 2020;48(9):1249-57.

42.  Neurocritical Care Society Abstracts from the 21st Annual 
Meeting 2023. Neurocrit Care 39(Suppl 1), 1–268 (2023). https://
doi.org/10.1007/s12028-023-01814-1.

43.  Kozak R, Gururangan K, Dorriz PJ, Kaplan M. Point-of-care 
electroencephalography enables rapid evaluation and 
management of non-convulsive seizures and status epilepticus 
in the emergency department. J Am Coll Emerg Physicians 
Open. 2023;4(4):e13004.

44.  Kurup D, Davey Z, Hoang P, Wu C, Werbaneth K, Shah V, et al. 
Effect of rapid EEG on anti-seizure medication usage. Epileptic 
Disord. 2022;24(5):831-7.

45.  Hillman J, Lehtimaki K, Peltola J, Liimatainen S. Clinical 
significance of treatment delay in status epilepticus. Int J Emerg 
Med. 2013;6(1):6.

46.  Williams RP, Banwell B, Berg RA, Dlugos DJ, Donnelly M, 
Ichord R, et al. Impact of an ICU EEG monitoring pathway 
on timeliness of therapeutic intervention and electrographic 
seizure termination. Epilepsia. 2016;57(5):786-95.

47.  Naylor DE. In the fast lane: Receptor trafficking during status 
epilepticus. Epilepsia Open. 2023;8 Suppl 1(Suppl 1):S35-S65.

48.  Husain AM, Lee JW, Kolls BJ, Hirsch LJ, Halford JJ, Gupta PK, 
et al. Randomized trial of lacosamide versus fosphenytoin for 
nonconvulsive seizures. Ann Neurol. 2018;83(6):1174-85.

49.  Kimmons LA, Alzayadneh M, Metter EJ, Alsherbini K. Safety and 
efficacy of ketamine without intubation in the management 
of refractory seizures: a case series. Neurocrit Care. 2023;doi: 
10.1007/s12028-023-01811-4.

Clinical Neurological 
Society of America

@NeuroAmerica @NeuroAmerica

neuroamerica.org

https://www.neuroamerica.org/
https://twitter.com/NeuroAmerica
https://www.facebook.com/NeuroAmerica
https://www.linkedin.com/company/clinical-neurological-society-of-america/

