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Abstract

Non-conwvulsive status epilepticus (NCSE) is a potentially treatable condition that poses
considerable diagnostic challenges. NCSE is thought to be more common in the elderly than
in the general population, however additional diagnostic challenges complicate its
recognition in older patients, because of the wide differential diagnosis with common
underlying causes of acute confusional state in this age group. We set out to review the
existing evidence on the clinical correlates of NCSE in the € derly population. A systematic
literature review was conducted according to the methodo™gic. | standards outlined in the
PRISMA statement to assess the clinical correlates of NCLE ir patients aged 60 or older. Our
literature search identified 11 relevant studies, whick. co.firmed that the incidence of NCSE
increases with age, in particular with regard to *2~al forms with impairment of consciousness.
Female gender, history of epilepsy (or a rece.tly witnessed seizure with motor features), and
abnormal ocular movements appeared to correlate with the diagnosis of NCSE in the elderly,
prompting prioritization of elect v "cephalography  tests for diagnostic  confirmation.
Epidemiological data in the eld=rly ‘ary widely because of the heterogeneity of definitions
and diagnostic criteria app.~a across different studies. Based on our findings, it is
recommended to keep & lov' threshold for requesting electroencephalography tests to confirm
the diagnosis of NCSE 1 elderly patients with acute confusional state, even in the presence

of a presumed symptomatic cause.

Keywords:  Non-conwvulsive  status  epilepticus;  elderly; acute  confusional state;

electroencephalography.



1. Introduction

Non-conwvulsive status epilepticus (NCSE) is a challenging, albeit potentially treatable,
neurological condition with a number of mimics and chameleons complicating its diagnostic
work-up [1]. The proposed clinical definitions of NCSE share two key features: non-
conwvulsive clinical manifestations with alterations in the conscious state ranging from mild
confusion to coma, and abnormal brain electrical activity (as recorded by
electroencephalography, EEG) [2,3]. It has been suggested the¢ response to treatment should
be included as an additional diagnostic criterion, thus exclu ting forms of NCSE associated
with coma and extensive structural damage, where aLnorrnal EEG activity is likely to
represent an epiphenomenon without relevant pragno.tic implications [4]. However this
approach has been challenged based on the arc.~ent that refractory forms of NCSE should
be included in its definition [5]. Further comy ications in the diagnostic process are the lack
of evidence-based EEG criteria for 'CSE and the uncertainties about the exact
pathophysiological meaning of cha. ateiistic  EEG  patterns, such as generalized and

lateralized periodic discharges.

Following an extensve eview of abnormal epileptic discharges on EEG recordings [6], in
2013 the Salzburg consensus statement promoted the use of a unified EEG terminology and
proposed working diagnostic criteria for NCSE [7-12]. The Salzburg criteria draw largely on
the revised terminology for rhythmic and periodic EEG patterns in critically ill patients with
coma/stupor of the American Clinical Neurophysiology Society [13,14]. Moreover, there is
uncertainty about the timeframe after which non-conwulsive seizures should be considered as
manifestations of NCSE and treated as such [15,16]. In 2015, the International League

Against Epilepsy proposed a new definition and classification system, emphasising the



importance of operational timeframes for early recognition and prompt treatment of status
epilepticus to avoid permanent neuronal injury and medical refractoriness [17]. Based on
available clinical and experimental data, the proposed timeframes for abnormally prolonged
non-convulsive seizures were set at 10 minutes and 10-15 minutes for focal seizures with

impaired awareness and generalized non-conwvulsive seizures (absence seizures), respectively.

The recognition of NCSE in the elderly can be particularly c:.lenging, as a wide range of
differential diagnoses need to be considered in this populatic> T18]. Acute confusional state
(ACS) in the elderly may be the main clinical manifeste:ion uf NCSE, although ACS is more
often related to common underlying causes of dem*r, including pain, infection, nutrition,
constipation, hydration, medications, and envirc wertal factors. NCSE is thought to have a
higher prevalence in the elderly than in (e gencral population [19], and is known to share
clinical features with conditions that are fregquently diagnosed in later life, such as delirium
[20] and dementia [21]. Clinical bodrda es in the elderly can be blurred, since the underlying
causes of delirium may be respinsihle for NCSE [22-24] and NCSE may occur in the context

of underlying neurodegenerctive brain disorders [25].

The difficulties surrounding the diagnosis of NCSE in the elderly population highlight a need
for the identification of clinical features (or clues from the medical history and clinical
examination) that predict EEG findings suggestive of NCSE in elderly patients with ACS. It
would be particularly important to evaluate the available evidence on the stratification of risk
of patients having NCSE in clinical scenarios characterized by limited access to
neurophysiological investigations, as a stepping stone ultimately leading to the development

of guidance on EEG prioritization among emergent EEG requests. We therefore set out to
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conduct a systematic literature review to assess the prevalence and clinical correlates of

NCSE in the elderly.



2. Methods

We carried out a systematic review of the available literature according to the methodological
standards outlined in the PRISMA statement [26]. The following inclusion criteria were
adopted: 1) original studies on elderly individuals, defined for the purpose of this review as
aged 60 or older; 2) studies on elderly patients with ACS or similar clinical conditions
presenting with altered consciousness and/or behavior; 3) studies with focus on the
prevalence and clinical correlates of NCSE in elderly patients with ACS; 4) studies published
in English language. Exclusion criteria were as follows: 1) stidies on patients diagnosed with
coma; 2) studies on patients with focal status epnilerticus without impairment of
consciousness; 3) studies published as single c:se reports. Three scientific databases
(MEDLINE, EMBASE, PsycInfo) were searcher ‘'ising the terms ‘NCSE”, “elderly”, “EEG”,
“diagnosis”, “epidemiology”, ‘“aetiology”, “~onwsion”, as well as their derivations. In order
to ensure that no relevant studies were mi.~ed out, an additional search for NCSE and EEG
regardless of age limits was undertun™n. Finally, the reference lists of the articles retrieved
through the outlined search strateJy vere manually screened and the Google Scholar database

was searched for grey literatuic n.ceting the above criteria.



3. Results

Our literature search identified 11 relevant studies: their characteristics and main findings are

summarized in Table 1.

[PLEASE INSERT TABLE 1 HERE]

Labar et al. [27] found 10 elderly patients with NCSE out of 674 adult admissions over the
course of one year: three with complex partial status epilep:’:us and seven with complex
partial status epilepticus and secondary generalization. The au’ors reported data on the
specific outcome of NCSE in the elderly from their sa npw" five patients were discharged
with new neurological deficits, four had medical complic>tions, three died due to sepsis, and
two recovered. The authors concluded that NCSE in 11 elderly is associated with higher
mortality, as outcomes correlate with underlying ~auses of NCSE: primary NCSE or NCSE
developing in the context of epilepsy is more cu>on in younger individuals and appears to
be associated with better response to featient and better outcome, whereas NCSE in the
elderly is often symptomatic of underlying s.uctural or metabolic causes and its prognosis is

linked to the management of the und~.*/ing conditions.

Fernandez-Torre et al. [28] de.~ribed four cases of NCSE, thought to be representative of the
possible spectrum of NCCE 1. the elderly: absence status in a patient with pre-existing
idiopathic ~ generalized =pile sy, late-onset de novo absence status precipitated by
benzodiazepine withdrawc I; complex partial status in a patient with focal brain lesion
(dyscognitive status according to current terminology); subtle generalized status representing
the final phase of conwulsive status epilepticus. The last category is accompanied by coma
and often requires admission to ICU, hence falling out of the scope of the present review.
The first three categories are clinically indistinguishable and careful history taking and
evaluation of the EEG features play important roles in the differential diagnosis. Importantly,
cases of absence status are characterized by a more favourable outcome. Intravenous
benzodiazepines can be successful in resolving de novo absence status, which is usually
related to sudden discontinuation of psychotropic drugs, and for which no prophylactic
antiepileptic treatment is advocated. Absence status in the context of previous idiopathic

generalized epilepsy is also characterized by a good prognosis and can be treated by
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reinstating previously discontinued antiepileptic drugs or by adjusting/changing antiepileptic

drugs already in use but no longer effective.

Sheth et al. [29] described the clinical characteristics of 22 elderly outpatients presenting with
ACS and showing an ictal epileptic substrate. These authors reported diagnostic delays of up
to 5 days, with earlier diagnosis associated to previous episodes of ictal confusion. The
patients had impaired attention and concentration, problems with goal-directed actions,
speech reduction, subtle ictal manifestations including subtle gaze preference and low-
amplitude focal myoclonic jerks, typically affecting the face, < =lids or hands, as well as

automatisms and, occasionally, contralateral apraxia.

Bottaro et al. [30] described 19 consecutive elderly faticnts (mean age 83 years) presenting
with NCSE and compared them with 34 age n itched elderly patients with altered mental
status, but no EEG evidence of NCSE. The 2 ithuis found a more frequent history of epilepsy
and tramadol use in the NCSE group, ' vhic.1 was also characterized by longer hospital stays
and worse outcomes, but failed » idenufy any statistical differences in other clinical
variables (including cognitive impeat o0y, neuroimaging findings, laboratory abnormalities
or use of antibiotics. According « ue authors, the diagnosis of NCSE could have been
missed without the EEG data cnd ue association between NCSE and poorer outcomes could

have been related to the pre~encw. of underlying pathologies.

Korn-Lubetzki et al. [31) reported that two out of seven patients diagnosed with NCSE in a
large cohort of elderly with ACS had seizures with motor manifestations prior to the onset of
confusion. The authors of thus report highlighted that most of the patients with NCSE had

also presented with anorexia.

Veran et al. [32] studied a population of 44 patients aged over 60 years with confusion of
unexplained origin and reported that acute onset of symptoms, female gender, and lack of
clinical response to simple commands were significantly more frequent in the seven patients

found to be in NCSE. Differences in prevalence rates of other clinical features commonly



encountered in patients with NCSE (such as myoclonia, eyelid myoclonia, tachycardia, or

agitation) did not reach statistical significance.

Shavit et al. [33] identified 14 patients out of 15,359 elderly patients admitted to acute
general geriatric wards during a period of 7 years, with unexplained changes in mental,
cognitive or behavioral status or confusion causing hospitalization or occurring during
hospitalization. Patients had multiple co-morbidities, but history of epilepsy was relatively
overrepresented. In this study, improvement in cognition following anticonvulsant therapy
was a mandatory requirement for the diagnosis of NCSE. This *aproach could have led to the
exclusion of refractory forms of NCSE, as well as to an owrr-1unresentation of cases of ictal
delirium, in which the ictal activity is predominantly, if ;. exclusively, responsible for the

altered cognition.

Naeije et al [34] found that a history of cngndve impairment, use of antibiotics, and
hypernatremia were significantly associatza wiw.» the presence of possible NCSE in 11
patients aged 65 years or above. However *hese authors concluded that no clinical parameters
could be reliably used to differentiate L~tween elderly people in whom delirium has an ictal
basis and those with delirium caused hv other factors. Based on their use of continuous EEG
monitoring, the authors also ro.d that elderly patients with deliium and EEG consistent

with NCSE had higher mortai: 1ates and longer hospital stays.

Ali et al. [35] found th=: hyponatraemia was the leading cause of seizure activity responsible
for ACS in 60 patients over the age of 65, in line with the findings of Bottaro et al. [30].
Symptomatic causes, such as cerebrovascular disease, were confirmed to be frequent. Patients
with  normal neuroimaging findings and metabolic profiles improved with antiepileptic
treatment, suggesting the existence of a subgroup of patients in whom pure ictal activity may

be entirely responsible for the confusional state.

Delgado et al. [36] described the clinical characteristics and outcomes of 31 patients with

NCSE with a mean age of 79 years (age range 65-90 years). These authors found that a



diagnosis of NCSE was hypothesized before EEG confirmation in only 23% of cases,
because the clinical presentation was mostly attributed to underlying dementia or
encephalopathy due to medical causes. NCSE was deemed to play a causative role in the
alterations of behavior and/or consciousness in patients previously presenting with isolated
seizures with motor features. The authors concluded that witnessed seizures with motor
manifestations, as well as the presence of lesions with cortical involvement, should alert to

the possibility of subsequent NCSE.

More recently, Canas et al. [37] identified and characterized & ~ohort of 40 elderly patients
(aged above 60 years; mean age 77 years) fulfiling EE(: dagnostic criteria for NCSE
admitted at their institution in a 3-year period. After an «xtenive review of video-EEG data,
the authors found that dyscognitive NCSE associated i~ epileptiform discharges above 2.5
Hz was the most frequent electroclinical phenotype. :4owever the clinical presentations were
quite heterogeneous, ranging from patients with au-a continua to patients in coma, associated
with frequent epileptiform discharges or rhy:ymic slow activities. Acute symptomatic (45%)
and multifactorial (28%) etiologies wer® the most common causes of NCSE, and were
associated with the worst prognosis. Despite a trend to use newer antiepileptic drugs in the
early steps of NCSE treatment, mo .~/ was high (23%) and was predicted by higher status
epilepticus  severity scores. The Aauthors concluded that in the elderly NCSE has
heterogeneous electroclinical henuiypes and etiologies, and advocated more aggressive
treatment approaches to :~ducc mortality in patients with high status epilepticus severity

SCOres.
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4. Discussion

The heterogeneity of definitions and diagnostic criteria applied across different studies is
reflected in variable figures of incidence and prevalence of NCSE, including in the elderly
population [38,39]. The incidence of all types of status epilepticus is estimated to be 10-41
per 100,000, with higher rates (55-86 per 100,000) in people over the age of 60 years [40,41].
NCSE accounts for a substantial proportion (5% to 49%) of all cases of status epilepticus
[41]. Shorvon [42] estimated an incidence of NCSE of 10-20 cases per 100,000. Over time,
different estimates of the proportion of patients with NCSE have been proposed, with
suggestions that NCSE may account for one quarter of &" crses of SE [43-45]. In patients
aged 60 or older seen in the emergency department wiy confusion or altered mental status,
approximately 16% have been found to have NCZE [38]. The incidence has been estimated to
increase with age: 15.5/100,000 in the 60-69 a2 group, 21.5/100,000 in the 70-79 age group,
and 25.9/100,000 in patients aged 80 ana ~lder [38]. Mortality appears to be age-dependent
(lowest in the younger elderly and hiy st i the oldest) and those over 80 years of age have a

mortality of approximately 50% :38).

Based on the critical apraisal of clinical research [41,44,46-48], it has been suggested that
the results of epidemiological studies may underestimate the prevalence of NCSE for
multiple reasons [45]. Epidemiological studies tend to be hospital-based, and fail to account
for cases of NCSE that do not reach a specialist setting: referral bias could lead to the
exclusion of a potentially large proportion of patients with mild and/or self-limiting
conditions who might not seek medical attention or might be treated in the community.
Although the EEG is an essential criterion for the diagnosis, access to neurophysiology

investigations is often unavailable and it is therefore possible that cases of NCSE developed
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out of hours may be missed. Moreover, patients whose status duration is not recorded or
whose seizures are terminated within 30 minutes tend to be excluded from epidemiological
studies, as well as cases of SE evolving in NCSE and cases of NCSE with coma. Overall,
NCSE is not a homogeneous clinical entity, but can have different presentations. The report
of the ILAE Task force on Classification of Status Epilepticus distinguishes four axes:
semiology, aetiology, EEG correlates, and age [17]. According to Axis 1, NCSE can be
further subcategorized into NCSE with coma and without, and the latter is further
distinguished into generalized and focal forms. The generalize7 fo.™ms encompass typical and
atypical absences, whereas the focal forms are furt'er categorized according to the
assessment of consciousness, which has been showr tu be particularly challenging in focal

seizures [49-52].

Despite these limitations, it appear. undisputable that the incidence of status epilepticus
increases with age and with it the propurtion of cases of NCSE, in particular of focal forms
with impairment of consciousress. This is thought to reflect the experimental and clinical
observation that focal epilentic Jischarges tend to spread less often with old age [1,53,54].
The reviewed literati.» «onfyms the high prevalence of dyscognitive status among cases of
NCSE in the elderly, wiereas de novo absence status epilepticus is reported in about 10% of
elderly patients with protracted ictal confusion [29]. Absence status may occur de novo in
later life as a situation-related event, attributable to toxic or metabolic precipitating factors
with no previous history of epilepsy, and there may be psychiatric co-morbidities in patients
taking multiple psychotropic drugs. For instance, de novo absence status has been described
as an uncommon complication of benzodiazepine withdrawal. In this context, absence status
represents an acute symptomatic phenomenon and is amenable to treatment without long-

term use of antiepileptic drugs if the triggering factors can be controlled or corrected. For
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example, Thomas et al. [55] reported 11 cases of late onset absence status, showing that in
eight of them the onset coincided with acute benzodiazepine withdrawal: in these patients,
there was no recurrence without chronic antiepileptic treatment. Moreover, absence status in
the elderly may represent a late complication of idiopathic generalized epilepsy [56]: this
second peak of idiopathic generalized epilepsy with absence seizures, at least in women, may

be the result of hormonal influences in the context of a genetic background [57].

Although it has been established that NCSE has a relativohs higher frequency in elderly
patients and may account for a sizeable quota of paticts with ACS, the available evidence
fails to capture the exact scale of the problem. Spc-ifially, the reviewed evidence on the
clinical characteristics predicting EEG patterns rorpatible with NCSE in confused elderly
patients is scarce and contradictory. Ther. a2 giay areas represented by elderly persons with
confusion, encephalopathy, and electi*~al discharges that do not fit the criteria for NCSE: in
these individuals, abnormal electrical aunormality may not be ictal, but reflect underlying
structural or metabolic changes. a.hough the demarcation of these states is still controversial.
Finally, no unequivocal clir*~al -catures allow for a stratification of risk in order to prioritize
urgent EEG in elder’, pcrseas with ACS that may be attributable to NCSE, although some
features seem to be mouie suggestive, such as female gender, history of seizure disorders, and
abnormal ocular movements (Figure 1). Therefore, the clinical features that have been
reported to be more frequently associated with NCSE can reinforce a clinical suspicion and
all cases of unexplained and rapid altered mental status remain equally worth investigating

for NCSE, with a low threshold for requesting an EEG.

[PLEASE INSERT FIGURE 1 HERE]

13



The literature on clinical features predictive of NCSE in patients with ACS and altered
mental status regardless of age is somewhat more copious and consistent with the findings of
the present review. Despite the small numbers, the observation that female gender may be
associated with NCSE is quite interesting and replicates the results of a previous case report
and review of the literature focusing on late-life absence strtus [58]. The findings of this
review showed a significant female dominance in 15 out ¢ 1 studies on absence status,
suggesting that social, genetic, and/or pharmacological f.ctor; may be responsible for this
gender predisposition. Longer longevity, a tende.r, 0 seek medical attention more
frequently that the opposite sex, and non-specifird oioloyical factors have been proposed to
be at the origin of the gender difference, wt. reas the influence of hormonal factors has been
deemed to be non-contributory. It has to ' noted, however, that the reviewed case reports
and studies focused on younger patients ‘helow 60 years of age) and therefore these findings
might not be fully relevant to the 1.nre restricted age group of elderly persons with absence

status.

A history of seizure disorder may alert to the possibility of NCSE in the elderly with ACS,
but does not exhaust the list of possible clinical indicators of an underlying ictal delirium. An
early report by Privitera et al. [59] suggested that prior generalized tonic-clonic seizures,
long-standing psychiatric disorders treated with psychotropic drugs, and underlying medical
problems such as vascular disease and metabolic disorders might act as precipitating factors
for NCSE. Although other groups argued that no clinical features are helpful in identifying

patients at risk of NCSE [60], the overall literature on NCSE across the lifespan indicates that
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certain clinical features are more likely to be found in patients with NCSE and should prompt
the referral for an urgent EEG [61]: severely impaired mental states and ocular movement
abnormalities [62], pre-existing epilepsy and vascular pathology [63], seizures in the acute
setting, ocular movements (nystagmus and/or gaze deviation), and ongoing central nervous
system infection [64], previous history of chronic epilepsy [65], younger age and previous

history of seizures [66].
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5. Conclusions

The reviewed literature has a number of intrinsic limitations, that should be taken into
account when interpreting its findings. The studies on NCSE in the elderly population are
heterogeneous in their plan and design, and include patients with acute changes in mental,
cognitive, behavioral states or confusion which are labeled as ACS, a term that encompasses
a range of sudden and at times subtle changes in cognition, behaviour, emotion, and
consciousness. Moreover, clinicians working in acute settings 40 not always have access to
baseline cognitive parameters of the patients they are dealing wit and NCSE can complicate
neurodegenerative diseases that have already eroded ceg.itive domains. Clinical assessments
are often dependent on the information provided by care -givers, which may be inaccurate or
may underestimate certain aspects of the medic?! “istory, and cannot be replaced by a more
objective quantitative evaluation. Owverall, it s difficutt to make comparisons among the
reviewed studies because of the heteroge.ity of definitions of ACS. In only one of the
studies [32], the diagnosis of pati:i.< presenting with confusion of unknown origin was
confirmed with a semi-quantit=tive tool, the Confusion Assessment Method. The high
heterogeneity of the revieweu stulies could also be responsible for the divergent conclusions
about the impact of NC%E «n patients’ prognosis: it has not been possible to rule out that, in
some cases, NCSE mijht simply represent a severity marker of underlying conditions

determining the clinical outcome.

Despite these limitations, the results of our systematic literature review confirm that the
incidence of NCSE increases with age, in particular with regard to focal forms with
impairment of consciousness. Female gender, history of epilepsy (or a recently witnessed

seizure with motor features), and abnormal ocular movements appear to correlate with the
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diagnosis of NCSE in the elderly. Clinicians should be aware that this condition can
complicate a range of neurological disorders, encompassing ischaemic damage,
encephalopathy, and septic processes. Based on these findings, it is recommended to keep a
low threshold for requesting further investigations to confirm the diagnosis of NCSE in
elderly patients presenting with ACS, even in the presence of a presumed symptomatic cause.
Future research should be conducted on the neurophysiological strategies that can improve
the diagnostic process of NCSE in the elderly, including extended EEG [67] and, in selected
patients, video-ambulatory EEG [68]. This latter has been sh2vn *o be particularly useful in
complex clinical scenarios, such as the diagnosis of rpnnuc and non-epileptic seizures
[69,70]. Further studies are also needed to better rhaocterize the clinical presentations of
patient subgroups presenting with ACS and to ideatn, those at higher risk of developing

NCSE.

17



REFERENCES

10.

11.

12.

13.

Meierkord H, Holtkamp M. Non-convulsive status epilepticus in adults: clinical forms
and treatment. Lancet Neurol 2007;6:329-3309.

Shorvon S. The classification of status epilepticus. Epileptic Disord 2005;7:1-3.

Shorvon S. What is non-convulsive status epilepticus, and what are its subtypes?
Epilepsia 2007;48(Suppl 8):S35-38.

Kaplan PW. Behavioral manifestations of nonconwvulsive status epilepticus. Epilepsy
Behav 2002;3:122-139.

Bauer G, Trinka E. Nonconwvulsive status epilepticus and cnma. Epilepsia 2010;51:177—
190.

Sutter R, Kaplan PW. Electroencephalographic <.*ei.a for nonconwulsive status
epilepticus: synopsis and comprehensive survey. Epiapsw. 2012;53(Suppl 3):1-51.
Beniczky S, Hirsch LJ, Kaplan PW, Pressler R Bacer G, Aurlien H, et al. Unified EEG
terminology and criteria for nonconwulsive sta’ds oilepticus. Epilepsia 2013;54(Suppl
6):28-29.

Leitinger M, Beniczky S, Rohracher 7\, Sailella E, Kalss G, Qerama E, et al. Salzburg
consensus criteria for non- convulsive “tatus epilepticus: approach to clinical application.
Epilepsy Behav 2015;49:158-163.

Leitinger M, Trinka E, Gardella . ohracher A, Gudrun K, Qerama E, et al. Diagnostic
accuracy of the Salzburg ¢i*eria for non-conwvulsive status epilepticus: a retrospective
study. Lancet Neurol 201C:15.1054-1062.

Lee JW. Defining 2. v.udating the Salzburg criteria: it’s complicated. Epilepsy Curr
2017;17:37-39.

Goselink RIM, van Cdlen JJ, Aerts M, Arends J, van Asch C, van der Linden I, et al. The
difficulty of diagnosing NCSE in clinical practice: external validation of the Salzburg
criteria. Epilepsia 2019;60:¢88-92.

Krogstad MH, Hggenhaven H, Beier CP, Krgigard T. Nonconvulsive status epilepticus:
validating the Salzburg Criteria against an expert EEG examiner. J Clin Neurophysiol
2019;36:141-145.

Hirsch LJ, Brenner RP, Drislane FW, So E, Kaplan PW, Jordan KG, et al. The ACNS
Subcommittee on Research Terminology for Continuous EEG Monitoring: proposed
standardized terminology for rhythmic and periodic EEG patterns encountered in
critically ill patients. J Clin Neurophysiol 2005;22:128-135.

18



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Hirsch LJ, LaRoche SM, Gaspard N, Gerard E, Svoronos A, Herman ST, et al. American
Clinical Neurophysiology Society’s Standardized Critical Care EEG Terminology: 2012
version. J Clin Neurophysiol 2013;30:1-27.

Ruegg S. Non-conwvulsive status epilepticus in adults: an overview. Schweiz Arch Neurol
Psychiatr 2008;159:53-83.

Betjemann JP, Lowenstein DH, Status epilepticus in adults. Lancet Neurol 2015;14:615-
624.

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;56:1515-1523.

Mauricio EA, Freeman WD. Status epilepticus in the ~ldery: differential diagnosis and
treatment. Neuropsychiatr Dis Treat 2011;7:161-166.

Rosenow F, Hamer HM, Knake S. The epideminiuv of conwvulsive and nonconwvulsive
status epilepticus. Epilepsia 2007;48(Suppl 8):82—C".

Kaplan PW. Delirium and epilepsy. Dialogues Zlin Neurosci 2003;5:187-200.

Lauretani F, Maggio M, Nardelli A, Sacavin M, Ceda G. Is Non-Convulsive Status
Epilepticus (NCSE) undertreated in nat:nts affected by dementia? Aging Clin Exp Res
2009;21:363-364.

Delanty N, Vaughan CJ, Frenc' .,* Medical causes of seizures. Lancet 1998;352:383—
390.

Bleck TP. Hypothermia, . mermnermia, and other systemic factors in status epilepticus.
Epilepsia 2009;50(Supg' 12 .10.

Lovell B, Lander M, Neg s R. Non-convulsive status epilepticus as a cause for prolonged
delirium: an under-diaynosed phenomenon? Acute Med 2012;11:222-225.

Carmel A, Peterson GW, Liwnicz BH. Alzheimer’s disease underlies some cases of
complex partial status epilepticus: clinical, radiologic, EEG, and pathologic correlations. J
Clin Neurophysiol 2000;17:511-518.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items
for systematic reviews and meta-analysis: the PRISMA statement. J Clin Epidemiol
2009;62:1006-1012.

Labar D, Barrera J, Solomon G, Harden C. Nonconwvulsive status epilepticus in the
elderly: A case series and a review of the literature. J Epilepsy 1998;11:74-78.
Fernandez-Torre JL, Diaz-Castroverde AG. Non-convulsive status epilepticus in elderly

individuals: report of four representative cases. Age Ageing 2004;33:78-81.

19



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Sheth RD, Drazkowski JF, Sirven JI, Gidal BE, Hermann BP. Protracted ictal confusion
in elderly patients. Arch Neurol 2006;63:529-532.

Bottaro FJ, Martinez OA, Pardal MM, Bruetman JE, Reisin RC. Nonconwulsive status
epilepticus in the elderly: a case—control study. Epilepsia 2007;48:966-972.
Korn-Lubetzki 1, Galperin 1, Benasouli Y, Steiner I. Nonconwulsive status epilepticus in
older people: a diagnostic challenge and a treatable condition. J Am Geriatr
Soc 2007;55:1475-1476.

Veran O, Kahane P, Thomas P, Hamelin S, Sabourdy C, Vercueil L. De novo epileptic
confusion in the elderly: a 1-year prospective study. Epilepsia 2010;51:1030-1035.

Shavit L, Grenader T, Galperin I. Nonconvulsive status ep.~oticus in elderly a possible
diagnostic pitfall. Eur J Intern Med 2012;23:701-704.

Naeije G, Depondt C, Meeus C, Korpak K, Pepzr.ack T, Legros B. EEG patterns
compatible with nonconwvulsive status epilepticus e common in elderly patients with
delirium: a prospective study with continuous EEG monitoring. Epilepsy Behav
2014;36:18-21.

Ali A, Acute symptomatic seizures >nu epilepsy in elderly. Epilepsia 2015(Suppl
1);56:64.

Delgado HM, Silva V, Pinto R, Ccnas NMM. Non-convulsive status epilepticus in the
elderly. Eur J Neurol 2015;22(Sug ol 1):429.

Canas N, Delgado H, Silva '/, Finto AR, Sousa S, SimBes R, et al. The electroclinical
spectrum, etiologies, treaimert and outcome of nonconwulsive status epilepticus in the
elderly. Epilepsy Beh~ «C28;79:53-57.

Leppik IE. Status cnietcus in the elderly. Epilepsia 2018;59(Suppl 2):140-143.

Dupont S. Non convulsive status epilepticus in the elderly. Geriatr Psychol
Neuropsychiatr Vieil 2019;17(Suppl 1):25-30.

DelLorenzo RJ, Hauser WA, Towne AR, Boggs JG, Pellock JM, Penberthy L, et al. A
prospective, population-based epidemiologic study of status epilepticus in Richmond,
Virginia. Neurology 1996;46:1029-1035.

Knake S, Rosenow F, Vescovi M, Oertel WH, Mueller HH, Wirbatz A, et al. Incidence of
status epilepticus in adults in Germany: A prospective, population-based study. Epilepsia
2001;42:714-718.

Shorvon S. Status epilepticus: its clinical features and treatment in children and adults.

Cambridge: Cambridge University Press, 1994.

20



43.
44,

45.

46.

47.

48.

49.

50.

51.

92.

53.

54,

55.

56.

S57.

Celesia GG. Modern concepts of status epilepticus. JAMA 1976;235:1571-1574.
DelLorenzo RJ, Pellock JM, Towne AR, Boggs JG. Epidemiology of status epilepticus. J
Clin Neurophysiol 1995;12:316-325.

Walker M, Cross H, Smith S, Young C, Aicardi J, Appleton R, et al. Nonconwvulsive
status epilepticus: Epilepsy Research Foundation workshop reports. Epileptic Disord
2005;7:253-296.

Hesdorffer DC, Logroscino G, Cascino G, Annegers JF, Hauser WA. Incidence of status
epilepticus in Rochester, Minnesota, 1965-1984. Neurology 1998;50:735-741.

Coeytaux A, Jallon P, Galobardes B, Morabia A. Incidence of status epilepticus in
French-speaking Switzerland (EPISTAR). Neurology 2000;,2693-697.

Vignateli L, Tonon C, D’Alessandro R; Bologna G-oup for the Study of Status
Epilepticus. Incidence and short-term prognosis of staus ¢ pilepticus in adults in Bologna,
Italy. Epilepsia 2003;44:964-968.

Cavanna AE, Rickards H, Ali F. What makes a >*ple partial seizure complex? Epilepsy
Behav 2011;22:651-658.

Ali F, Rickards H, Cavanna AE. The as:»ssnent of consciousness during partial seizures.
Epilepsy Behav 2012;23:98-102.

Eddy CM, Cavanna AE. Videc electroencephalography investigation of ictal alterations
of consciousness in epilepsy ard ~on-epileptic attack disorder: practical considerations.
Epilepsy Behav 2014:30:24-2.

Nani A, Cavanna AE. T quantitative measurement of consciousness during epileptic
seizures. Epilepsy Beha . 20.4;30:2-5.

DeToledo JC. Changing presentation of seizures with aging: clinical and etiological
factors. Gerontology .999;45:329-335.

Holtkamp M, Buchheim K, Siegmund H, Meierkord H. Optical imaging reveals reduced
seizure spread and propagation wvelocities in aged rat brain in vitro. Neurobiol Aging
2003;24:345-353.

Thomas P, Beaumanoir A, Genton P, Dolisi C, Chatel M. ‘De novo’ absence status of late
onset: report of 11 cases. Neurology 1992;42:104-110.

Bauer G, Bauer R, Dobesberger J, Benke T, Walser G, Trinka E. Absence status in the
elderly as a late complication of idiopathic generalized epilepsies. Epileptic
Dis 2007;9:39-42.

Regesta G, Tanganelli P. Late-onset epilepsy and diffuse cryptogenous cerebral atrophy.
Epilepsia 1992;33:821-825.

21



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Szucs A, Barcs G, Jakus R, Rasony G, Lalit N, Holld A, et al. Late-life absence status
epilepticus: a female disorder? Epileptic Disord 2008;10:156-161.

Privitera M, Hoffman M, Moore JL, Jester D. EEG detection of nontonic-clonic status
epilepticus in patients with altered consciousness. Epilepsy Res 1994;18:155-166.
Audenino D, Cocito L, Primavera A. Non-conwvulsive status. J Neurol Neurosurg
Psychiatry 2003;74:1599-1600.

Manfredonia F, Saturno E, Lawley A, Gasverde S, Cavanna AE. The role of
electroencephalography in the early diagnosis of non-conwvulsive status epilepticus in
elderly patients with acute confusional state: two possible strategies? Seizure 2019;73:39-
42,

Husain AM, Horn GJ, Jacobson MP. Non-conwvulsive statis epilepticus: usefulness of
clinical features in selecting patients for urgent EE(:. J Neurol Neurosurg Psychiatry
2003;74:189-191.

Mazurkiewicz-Bedzinska M, Niedzielska K, Stem.2:n B, Wierzbicka M. Nonconvulsive
status epilepticus in children and elderly raiants: two different entities. J Neurol Sci
2009:285:5112-113.

Tu TM, Loh NK, Tan NC. Clinial .isk factors for non-convulsive status epilepticus
during emergent electroencephalogram. Seizure 2013;22:794-797.

Fernandez-Torre JL, Rebollo M, CTrtierrez A, Lopez-Espadas F, Hernandez-Hernandez
MA. Ambulatory non-convulsive status epilepticus evolving into a malignant form. Clin
Neurophysiol 2012;123:24- -251.

Mesraoua B, Deleu T Awail H, lbrahim F, Melkyan G, Singh R, et al. Clinical
presentation, epidemnlog ', treatment and outcome of nonconwvulsive status epilepticus: a
3-year prospective, hcspital based study. J Neurol Sci 2015;357:¢424-431.

Eskioglou E, Stahli C, Rossetti AO, Novy J. Extended EEG and non-conwvulsive status
epilepticus: benefit over routine EEG? Acta Neurol Scand 2016;136:272-276.
Manfredonia F, Lawley A, Cavanna AE. Impact of video-ambulatory
electroencephalography on the medical management of epilepsy. J Neurol Sci
2016;365:139-142.

Lawley A, Manfredonia F, Cavanna AE. Video-ambulatory EEG in a secondary care
centre: a retrospective evaluation of utility in the diagnosis of epileptic and non-epileptic
seizures. Epilepsy Behav 2016;57:137-140.

22


https://www.ncbi.nlm.nih.gov/pubmed/?term=Tu%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=23806633

70. Lawley A, Evans S, Manfredonia F, Cavanna AE. The role of outpatient ambulatory
electroencephalography in the diagnosis and management of adults with epilepsy or non-

epileptic attack disorder: a systematic literature review. Epilepsy Behav 2015;53:26-30.

23



TABLE

Table 1. Summary of clinical studies on non-conwvulsive status epilepticus in elderly patients
with acute confusional state.

Study Design Age (range/ | Total Number of | Clinical variables Clinical variables Aetiology and other distinctive
meanzsd/ number of | patients associated with not associated with | features
lowerlimit) | patients with NCSE | NCSE NCSE
Labar et Prospective >65 674 10 N/A N/A Cerebrovascular disease as
al. 1998 observational leading cause of NCSE (n=4),
[27] study followed by metabolic
( derangement (n=2), brain
) neoplasia (n=1), head injury
| (n=1), electroconvulsivetherapy
(n=1), hyponatraemia (n=1), pre-
existingepilepsy (n=1); poorer
prognosis in the elderly, because
of underlying causative processes
and medical complications
Fernandez | Retrospective 74-81 4 4 History of i mathic | Automatismsand Four subtypes of NCSE:
-Torreet | observationalstudy general’seacilepsy, | myoclonic jerks (not | 1.absence statusin the context of
al. 2004 recurre, “ aph’ sia, observedin one idiopathic generalized epilepsy
[28] recurre~t ge ~eralized | case) 2. denovo absence status related
toric-clonic seizures to acute discontinuation of long-
inc suktle clonic term use of benzodiazepines
v “«tch.ngin the facial 3. dyscognitive status
| and cervical muscles 4. subtle status following
recurrent generalized tonic-clonic
_ seizures
Sheth et Prospective 70+8.5 22 2¢ Ictal neglectand N/A Failure to recognizeictal activity
al. 2006 observational study reduced mood, underlying confusionforup to5
[29] on consecutive impaired attention days; previous episodes of
outpatientswith and concentration, protracted ictal confusionin 15
acute ictal reduced speech, patients
confusion subtle gaze
preference,
low amplitude
fragmentary
myoclonic jerks
(typicallyin face,
eyelids or hands),
hand automatism,
contralateral apraxia,
lack of persistence of
motoractivity
Bottaroet | Retrospective case- >75 53 19 History of epilepsy, No statistically Association between NCSE and
al. 2007 control study tramadol use significant longer
[30] comparing 19 differences between | hospitalization / unfavourable
consecutiveelderly patientswith and outcome; NCSE caused by acute
patientswith NCSE without NCSE medical disorders (n=14),
and 34 elderly epilepsy (n=2), cryptogenic (n=4)
patientswith altered
mental status
without
electroencephalogra
phic evidence of
NCSE
Korn- Prospective 73-90 307 7 Anorexia, seizure 2-5 | N/A Renal failure as leading cause of
Lubetzki observational study days prior to onset of NCSE (n=3), followed by
et al. 2007 | onconsecutive confusion epilepsy, dementia, hypothermia,
[31] patientswith acute sepsisand dementia (all n=1)

unexplained change
in mental, cognitive
or behavioral status
/ confusion before
or during
hospitalization
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Veran et Prospective case- >60 44 7 Acute onset (<24 h), | No statistically N/A
al.2010 control study female gender (100% | significant
[32] comparing patients among patientswith | differences between
with confusion of NCSE), lack of patientswith NCSE
unknown origin response tosimple and
with and without commands othersforage,
subsequent drugs, presence of
diagnosis of NCSE myoclonia, eyelid
myoclonia,
tachycardia, or
agitation
Shavit et Prospective 81+7 15,359 14 Confusion, stupor, N/A Prevalence of medical conditions:
al. 2012 observational study coma systemic hypertension (n=10),
[33] on patients admitted cardiovascular disease (n=8),
to acute geriatric cerebrovascular disease (n=8),
ward with acute urinary tract infection (n=8),
unexplained change dementia (n=7), history of
in mental, cognitive epilepsy (n=6), diabetes mellitus
or behavioral status (n=4); medical therapy:
/ confusion before ( antiepileptic drugs (n=5),
or during ) antipsychotic drugs (n=2),
hospitalization | narcoticdrugs (n=1)
Naeije et Prospective >65 64 11 History of cognitiv A Association between NCSE and
al. 2014 case-control study impairment, use of higher mortality rates/longer
[34] comparing patients antibiotics, hospital stays
with delirium with hypernatremia
andwithout
possible NCSE
(epileptic
discharges)
Alietal. Retrospective >65 60 60 N/A N/A Hyponatraemia as leading cause
2015[35] | observationalstudy of NCSE, followed by acute
stroke, nonketotic hyperglycemia,
previousstroke,
neurodegenerative disorders;
improvement with antiepileptic
treatment in 20 patients with
normal neuroimagingandno
metabolic abnormalities
Delgado Retrospective >65 31 31 Previous seizure with | N/A Metabolic / infectious diseases as
et al. 2015 | observationalstudy motorcomponents, leading cause of NCSE (74%, a
[36] remote symptomatic third of whom presenting remote
brain lesion with structural damage in
cortical involvement neuroimaging studies), followed
by diagnosis of dementia / motor
deficits prior to admission (55%),
history of epilepsy (29%)
Canaset Retrospective >60 40 40 Dyscognitive N/A Acute symptomaticetiologies
al. 2018 observational study features, clinical (45%), followed by multifactorial
[37] presentations ranging etiologies (28%),as leading

from aura continua to
coma

causes of NCSE, associated with
the worst prognosis

Abbreviations. NCSE, non-convulsive status epilepticus; N/A, not available.
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FIGURE

Figure 1. Factors potentially associated with non-convulsive status epilepticus (NCSE) in
elderly with acute confusional state.
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Highlights

Non-conwvulsive status epilepticus (NCSE) poses considerable diagnostic challenges.

NCSE is more common in the elderly than in the general population.
Female gender correlates with the diagnosis of NCSE in the elderly.
A history of epilepsy correlates with the diagnosis of NCSE in the elderly.

Abnormal ocular movements correlate with the diagnosis of NCSE in the elderly.
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