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« “Bir stireyi asan araliksiz ndbet aktivitesi veya interiktal donemde bazal santral sinir sistemi

fonksiyonlari jeksizin

Status epileptikus 6nemli morbidite ve mortalite
tekrarlayici n

potansiyeli tasiyan norolojik ve medikal bir acil!!!

* Klinik calisma

» 5 dk—> Jeneralize konvilzif status epileptikusun bu slireden sonra spontan sonlanmasi olasi degil
» 30 dk—> Eksperimental ¢alismalarda 30 dk.y1 asan devamli nébet aktivitesinin irreversibl néronal hasara

yol actigi gosterildi




A definition and classification of status epilepticus — Report

of the ILAE Task Force on Classification of Status
Epilepticus
*+Eugen Trinka, §Hannah Cock, §Dale Hesdorffer, #Andrea O. Rossetti, **Ingrid E. Scheffer,
++Shlomo Shinnar, 1Simon Shorvon, and §§Daniel H. Lowenstein

Epilepsia, 56(10):1515-1523, 2015
doi: 10.1111/epi.13121

Classi-
cally SE was defined as a “a condition characterized by an
epileptic seizure that 1s sufficiently prolonged or repeated at
sufficiently brief intervals so as to produce an unvarying
and enduring epileptic condition.””®

The Commission on Classification and Terminology and the Commission on Epidemiology
of the International League Against Epilepsy (ILAE) have charged a Task Force to revise
concepts, definition, and classification of status epilepticus (SE). The proposed new defini-

tion of SE is as follows: Status epilepticus is a condition resulting either from the failure of the
mechanisms responsible for seizure termination or from the initiation of mechanisms, which lead
to abnormally, prolonged seizures (after time point t;). It is a condition, which can have long-term
consequences (after time point t;), including neuronal death, neuronal injury, and alteration of
neuronal networks, depending on the type and duration of seizures. This definition is concep-

Table |. Operational dimensions with t, indicating the time that emergency treatment of SE should be started and t,
indicating the time at which long-term consequences may be expected

Operational dimension |
Time (t;), when a seizure is likely to
be prolonged leading to continuous

Operational dimension 2
Time (tz), when a seizure may
cause long term consequences
(including neuronal injury, neuronal death, alteration

Type of SE seizure activity of neuronal networks and functional deficits)
Tonic-—clonic SE 5 min 30 min
Focal SE with impaired 10 min =60 min
consciousness
Absence status epilepticus 1015 min® Unknown

?Evidence for the time frame is currently limited and future data may lead to modifications.
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Guidelines for the Evaluation and Management of Status
Epilepticus

Gretchen M. Brophy + Rodney Bell + Jan Claassen « Brian Alldredge -

Thomas P. Bleck + Tracy Glauser « Suzette M. LaRoche + James J. Riviello Jr. -
Lori Shutter - Michael R, Sperling - David M. Treiman - Paul M. Vespa -
Neurocritical Care Society Status Epilepticus Guideline Writing Committee

Elektrografik nobet aktivitesinde uzamanin (sinir genellikle 30 dk) nonkonvilzif semptomlara yol agmasi

Jeneralize konvilzif status epileptikus klinik bulgulari olmaksizin EEG’de izlenen ndbet aktivitesi varligl

Nobetlerin semiyolojik spektrumu son derece degisken

Negatif semptomlar; anoreksi, afazi/mutizm, amnezi, katatoni, koma, konflizyon, letariji, staring

Pozitif semptomlar; ajitasyon, agresyon, otomatizmalar, géz kirpma, aglama, deliryum, sanrilar, ekolali, fasiyal
twitching, glilme, bulanti-kusma, nistagmus/goz deviasyonu, perseverasyon, psikoz, huzursuzluk

J Clin Neurophysiol. 2008;25:181-6.




Table 2. Axis I: Classification of status epilepticus (SE) ‘Convulsive’

(A) With prominent motor symptoms . .
A.l Convulsive SE (CSE, synonym: tonic—clonic SE) epISOdes Qf €
A.l.a. Generalized convulsive tions, usually bilatera
A.l .b. Focal onset evolving into bilateral convulsive SE . .
A.l.c. Unknown whether focal or generalized mterrupted
A.2 Myoclonic SE (prominent epileptic myoclonic jerks)
A.2.a. With coma
A.2.b. Without coma
A.3 Focal motor
A.3.a. Repeated focal motor seizures (Jacksonian)
A.3.b. Epilepsia partialis continua (EPC)
A.3.c. Adversive status
A.3.d. Oculoclonic status
A.3.e. Ictal paresis (i.e., focal inhibitory SE)
A.4 Tonic status

A.5 Hyperkinetic SE

Convulsive

{(generalized
tonic-clonic)

Psychogenic
status
epilepticus

Epilepsia
partialis
continua

Myoclonic
status
epilepticus

Nonconvulsive

(B) Without prominent motor symptoms (i.e., nonconvulsive SE, NCSE)

Generalized
NCSE

B.lI NCSE with coma (including so-called “subtle™ SE) 2 fetatis )
B.2 NCSE without coma ‘electrographic status in coma
e eho e zia::::rp;:‘f:::’: " Table 3. Currently indeterminate conditions
B.2.a.a Typical absence status “« »”
B.2.a.b Atypical absence status coma’ (OI" boundary syndromes )
B.2.a.c Myoclonic absence status Epileptic encephalopathies
B.2.b. Focal

Coma with non evolving epileptiform EEG pattern”
Behavioral disturbance (e.g., psychosis) in patients with epilepsy
Acute confusional states, (e.g., delirium) with epileptiform EEG

B.2.b.a Without impairment of consciousness (aura continua, with
autonomic, sensory, visual, olfactory, gustatory, emotional/
psychic/experiential, or auditory symptoms)

B.2.b.b Aphasic status ‘simple or complex patterns

B.2.b.c With impaired consciousness partial status epilepticu

B.2.c Unknown whether focal or generalized

B.2.c.a Autonomic SE

v

“Lateralized and generalized periodic discharges with monotonous appear-
anceare not considered as evolving EEG patterns.’®?’

CONTINUUM: Lifelong Learning in Neurology Issue: Volume 21(5, Neurocritical Care), 2015, 1362-83 Epilepsia 2015;56(10):1515-23.



Table 1. Classification scheme for NCSE.

Table 2. Axis |: Classification of status epilepticus (SE)

(A) With prominent motor symptoms
A.l Convulsive SE (CSE-synonym: tonic clonic SE)

A.l.a. Genera v T L
ALb. Focal o A definition and classification of status epilepticus - Report

of the ILAE Task Force on Classification of Status
A.l.c. Unknov

A.2 Myoclonic SI Epilepticus
. #+tEugen Trinka, §Hannah Cock, {Dale Hesdorffer, #Andrea O. Rossetti, **Ingrid E. Scheffer,
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Epilepsia, 56(10):1515-1523, 2013
A.3 Focal motor doi: 10,011 1epi. 13101

A.3.a. Repeated focal motor seizures (Jacksonian)
A.3.b. Epilepsia partialis continua (EPC)
A.3.c. Adversive status
A.3.d. Oculoclonic status
A3.e. |ctal paresis (i.e., focal inhibitory SE)
A.4 Tonic status
A.5 Hyperkinetic SE

(B) Without prominent motor symptoms (i.e., nonconvulsive SE, NCSE)
B.l NCSE with coma (including so-called “subtle” SE)
B.2 NCSE without coma
B.2.a. Generalized
B.2.a.a Typical absence status
B.2.a.b Atypical absence status
B.2.a.c Myoclonic absence status
B.2.b. Focal
B.2.b.a Without impairment of consciousness (aura continua, with
autonomic, sensory, visual, olfactory, gustatory, emotional/
psychic/experiential, or auditory symptoms)
B.2.b.b Aphasic status
B.2.b.c With impaired consciousness
B.2.c Unknown whether focal or generalized
B.2.c.a Autonomic SE

NCSE in the neonatal period and infancy

» Neonatal NCSE lCunference report
* NCSE in neonatal and infantile epilepsy syndromes Enlints Dliel J00E 00 A8 0
- West Syndrome .
- Ohtahara syndrome Nonco nv‘ulsn{e
— Severe myoclonic encephalopathies of infancy status epi IE‘ptICUS:

— Benign neonatal seizures (and benign familial neonatal

— NCSE in other early neonatal and infantile epilepsies EP“EPSY Research Foundation
NCSE in childhood Workshop Reports

* NCSE in benign focal childhood epilepsy syndromes
* NCSE (often specific forms) in severe childhood epileptic encephalopathies/syndromes
— Electrical status epilepticus in sleep (ESES)
- Landau Kleffner Syndrome
— NCSE in Dravet’s syndrome
~ NCSE in Ring Chromosome X
— NCSE in myoclonic syndromes of childhood
- NCSE in Angelman’s syndrome
- Severe myoclonic encephalopathies of childhood
— Myoclonic-astatic epilepsy

NCSE in childhood and adult life
* NCSE in the severe epileptic encephalopathies/syndromes (atypical absence and other forms of NCSE)
— Lennox Gastaut syndrome
— Other childhood epileptic encephalopathies
* NCSE in acute cerebral injury
— Acute confusional states (including acute symptomatic partial SE)
— NCSE in coma (including myoclonic status epilepticus in coma)
e NCSE in patients with epilepsy but without encephalopathy
— Simple partial NCSE
EPC and non-motor forms of simple partial NCSE
— Complex partial status epilepticus
— Absence status epilepticus in idiopathic generalised epilepsies
Panyotopoulos syndrome, EMA, JME
- Myoclonic status epilepticus in idiopathic generalised epilepsy
— NCSE in the postictal phase of tonic clonic seizures
- NCSE inpatients without epileptic encephalopathy/acute cerebral injury, which take the form of cognitive impairment or
confusion, and which do not conform to the categories of simple or complex partial SE

Status epilepticus confined to adult life
¢ De novo absence status epilepticus of late onset

Boundary syndromes
* Cases with epileptic encephalopathy in whom it is not clear to what extent electrographic seizure activity is contributing to
the clinical impairment
¢ Cases with acute brain injury in whom it is not clear to what extent electrographic seizure activity is contributing to the
clinical impairment
* Cases with behavioural disturbances/psychosis in whom it is not clear to what extent electrographic seizure activity is
contributing the clinical impairment




ELEKTROKLINIK VE ETIYOLOJIK KLASIFIKASYON

* NCSE Tipi (Elektroklinik klasifikasyon): * Etiyoloji:
* Koma/stupor ile birlikte » Semptomatik (bilinen)
* Koma/stupor olmaksizin * Akut
« Jeneralize baslangich (absans SE: tipik, atipik, myoklonik * Remote
absans) * Progresif
*  Fokal baslangigli (biling bozuklugu ile birlikte veya degil, afazik * Yasla iligkili elektroklinik sendromlarda NCSE
NCSE)

* Kriptojenik (bilinmeyen)
* Fokal veya jeneralize oldugu bilinmeyen (6rnegin otonomik

SE)




Table 2. Five population-based studies of status epilepticus (convulsive and nonconvulsive)

Richmond Virginia
USA (De Lorenzo

Rochester, Minn,
USA (Hesdorffer

French-speaking
Switzerland

Hessen, Germany
(Knake et al. 2001)

Bologna, Italy
(Vignatelli et al.
2003)

et al. 1995) et al. 1998) (Coeytaux et al.
2000)

Year 1989-1991 1965-1984 1997-1998 1997-1999 1999-2000
Population (denominator) 202,774 1,090,055* 1,735,420 743,285 336,876
Number of cases 166 199 172 150 44
Incidence of SE 41 (raw) 18.3 (adjusted) 9.9 (raw) 17 1 1d -
(per 100,000 per year)

61 (adjusted) 10.3 (adjusted)
Female: male ratio of cases 1:1.2% 1:1.9%* 1: 1. 7%%* 1: 1.9%** 1: 0.84**
History of prior epilepsy 42% 44% 32.8% 50% 39%

Exclusions

Patients one
month of age or
less

Patients with
post-anoxic
encephalopathy

Patients under the
age of 18 years

Patients under the
age of 20 years

Epileptic Disord 2005;7(3):253-96. Eur J Neurol 2004;11:800-10




Klinik calismalarda tim status epileptikus olgulari icerisindeki goreceli sikhgi degisken, %5-49

TABLE 2. Clinical facror distribution in dead and living

subjects with status epilepticus

TABLE 1. Frequency of different types of status epilepticus

Subjects with SE (<)

Dead (17) Living (27) classified according to the International classification
Sei*[ 52.99% 29.6% {)fS‘E’IzWE’S‘ (]0)
F A47.1% T0.4%
Age
Mean (SD) [ S Type of status epilepticus Frequency
Range 5295 vr 2091 vyr
Etiologw ' ' . ‘
UAcute symptomatic S58.8% 18.5% Slmple pamﬂl 20 (133%)
R . i 17.6% 44 4% '
Pre(;z;:(:s?f;n ifﬁlrgffrfmﬂc 5.9 14.8% —) COITI[J]EX parhal 03 (433%]
Idi thic/ r Feni —_— 11.1<% ' ) ;
Nultifactorial 17.6% 111% Secondarly generalized 29(19.3%)
Sei F ' ' ;
“Generalized convulsive _ 14.8% Primary generalized 21 (14.0%)
|::> G alized wlsiv — 3.7%
Y T e — 5535 S5 = Absence status 9 (6.0%)
Si 1 ial 3.9% 11.1%%
— Complex partial T 2500 Unknown 6 (4.0%)
Partial secondarily generalized 47 1% 37.0%
Uncl ified 11.8% 3.7%
DUI;L?G?SSI *© Tmﬁl 150 (100%)
=2 h 28.0% 19.2%
224 h 64.3% 50%
=24 h T.1% 30.8%
NA 3 subjects 1 subject

Epilepsia, 42 (2001), pp. 714-718 Epilepsia. 2015;56(10):1515-23. Lancet 2007;6(4):329-339.




Table 4. Frequency of certain types of NCSE: comparison of literature estimates

and figures from the 5 epidemiological studies

Type of NCSE 5 epidemiological studies Literature estimates
(cases/100,00/year) (cases/100,000/year)

Simple partial SE 1.1-14.1 1

Complex partial SE 1.1-14.1 15-45

Absence SE 0.2-1.2 0.2-0.5

Myoclonic SE 0.2-1.2 2 1.2

(Figures from the epidemiological studies extrapolated with age adjustment)

Epileptic Disord 2005;7(3):253-96.




Nonkonvulzif ndbetler ve status epileptikus YBU hastalarinda sik



Table 1 Rates of seizures reported by hospital location

b

Location Study Study design N? % Seizures % NCS or NCSE°
NICU Jordan [15] Retrospective 124 35 % 74 %
Young et al. [16] Retrospective 127 38 % 46 %
Pandian et al. [12] Retrospective 105 68 % 27 % NCSE
Narayanan and Murthy [5] Prospective 210 10.50 % 10.50 %
All ICU Privitera et al. [2]d Retrospective 198 37 % 100 %
Towne et al. [1]° Retrospective 236 & % 100 % NCSE
Claassen et al. [4] Retrospective 570 19 % 92 %
MICU Oddo et al. [17] Retrospective 201 10 % 67 %
Pediatric ICU Saengpattrachai et al. [25] Retrospective 141 16 % 100 %
Jette et al. [13] Retrospective 117 44 % 75 %
Shahwan et al. [§] Prospective 100 7 % 7 % (2 % NCS only)
McCoy et al. [14] Retrospective 120 32 % 90 % (72 % NCS only)
Williams et al. [18] Retrospective 122 38 % 83 % (49 % NCS only)
Abend et al. [7¢] Prospective 100 46 % 100 %

cEEG continuous electroencephalography, EEG electroencephalography, ICU intensive care unit, MICU medical intensive care unit, NCS

nonconvulsive seizure, NCSE nonconvulsive status epilepticus, NICU neurological intensive care unit

* Population size

® The percentage of monitored patients in which any seizure was recorded

“ The percentage of the total seizure that were NCS or NCSE

437 % Routine EEG only

Curr Neurol Neurosci Rep 2012;12:419-28




Curr Neurol Neurosci Rep (2012) 12:419-428 421

Table 2 Rates of seizures reported by condition

Condition Study Study design N*® % Seizures” % NCS or NCSE*®
Convulsive SE DeLorenzo et al. [3] Prospective 164 48 % 100 % (29 % NCSE)
TBI Vespa et al. [19] Retrospective 94 22 % 52 %
Claassen [4] Retrospective 51 I8 % 100 %
SAH Claassen et al. [4] Retrospective 108 19 % 95 % (70 % NCSE)
Dennis et al. [20] Retrospective 26 & % 100 % NCSE
Hemorrhagic stroke Claassen et al. [23] Retrospective 102 31 % 58 %
Vespa et al. [22 Prospective 63 23 % 80%
Ischemic stroke Vespa et al. [22 Prospective 46 6 % 80%
CNS infection Carrera et al. [24] Retrospective 42 33 % 71 %

CNS central nervous system, NCS nonconvulsive seizure, NCSE nonconvulsive status epilepticus, S4H subarachnoid hemorrhage, SE status
epilepticus, TBI traumatic brain injury

* Number of patients
b The percentage of monitored patients in which any seizure was recorded
“ The percentage of the total seizure that were NCS or NCSE

4 These results were combined within one investigation




Neurology. 2004 May 25:62(10):1743-8.

Detection of electrographic seizures with continuous EEG monitoring in critically ill patients.
Claassen J', Mayer SA, Kowalski RG, Emerson RG, Hirsch L.

+ Author information

Abstract
OBJECTIVE: To identify patients most likely to have seizures documented on confinuous EEG (cEEG) monitoring and patients who require more
prolonged cEEG 1o record the first seizure.

METHODS: Five hundred seventv consacufive nafients who undenvent cFEG monitoring over a 6 5-vear period were reviewed for the detection of
subclinical seizures or hic, clinical and EEG findings were recorded

and a multivariate logis YBU HASTALARININ %19’UNDA aizure activity and 2) first seizure detected
fter =24 hours of . .
C T NONKONVULZIF NOBETLER VAR

RESULTS: Seizures w iZures were exclusively nonconvulsive in 92%
(n="101) of these patie 2 time of monitoring. Electrographic seizures
were associated with coma (odds ratio [OR] 7.7, 95% C1 4.2 t0 14.2) age <18 years (OR 6.7, 95% CI 2.8 o 16.2), a history of epilepsy (OR 2.7 95%
CI1.3t05.5), and convulsive seizures during the current illness prior to monitoring (OR 2.4, 95% Cl 1.4 to 4.3). Seizures were detected within the first
24 hours of cEEG monitoring in 88% of all patients who would eventually have seizures detected by cEEG. In another 5% (n = 6), the first seizure was
recorded on monitoring day 2. and in 7% (n = 8), the first seizure was detected after 48 hours of monitoring. Comatose patients were more likely to
have their first seizure recorded after =24 hours of manitoring (20% vs 5% of noncomatose patients; OR 4.5, p = 0.018).

CONCLUSIONS: CEEG monitoring detected seizure activity in 19% of patients, and the seizures were aimost always nonconvulsive. Coma, age <18
years, a history of epilepsy, and convulsive seizures prior to monitoring were risk factors for electrographic seizures. Comatose patients frequently
required =24 hours of monitoring to detect the first electrographic seizure

9 neurccritical Newrocrit Care (2012) 16:114-122
A focery RO 100 10075 L A2R-01 1-9565-0

ORIGINAL ARTICLE

Frequency and Timing of Nonconvulsive Status Epilepticus
in Comatose Post-Cardiac Arrest Subjects Treated

with Hypothermia

Jon C. Rittenbe rger - Alexamndra Popesca -

Richard P. Brenner - Francis 3. Guyvelle -

Clifeon W, Cal laway

Abstract

Backgrownd Therapeutic hypothermia (TH) improves
oulcorme s in comatose patents resuscitated from candiac

arrest Mo aser some oyl sive_stamne enilertios CSE)
NCS POSTKARDIYAK ARREST ne ot
a TERAPOTIK HIPOTERMI b TH
¥ UYGULANAN KOMADAKI 1 =n
<t HASTALARIN %12’SINDE NCSE VAR tcin

paramelric statistes.

Results Mean age of the 101 subjects was 57 years
(5D 15) with most subjects being male (N = 55, 54%) and
experiencing oul-of-hospital carndiac arvest (N = T8; 77%).
Ventricular Abrillationm was the mital cardiac rhyvthm in 39
(38% ). All subjects meceived TH. Thiny subjects (3095%:)
aworke at a median of 41 h ()R 30, 61) after cardi ac armest.
A votal of 2930 (97%) subjects surviving o hospital dis-
charge were awake, Meoedian interval from ammest o
placement of cEEG was 9 h (IQR 6, 12), at which titne the
rmean lemperatune was 3599 NCSE occuwrred in 12 (12%)
subjects. In 3512 (25%) subjects, MCSE was present when
the ¢EEG recomling began. In 4 subjects, NCSE ocourred




Prevalence of nonconvulsive status
epilepticus in comatose patients

AR. Towne, MD, E.J. Waterhouse, MD, J.G. Boggs, MD, LK. Garnett, RN, M$, A.J. Brown, R EEG T, J.R. Smith
Jr., BSEE and R.J. DeLorenzo, MD, PhD, MPH

Background: Nonconvulsive status epilepicus (NCSE) is a fom of staius epiepticus (SE) that is an ofier}
Unrecognized cause of com.

"  KOMADAKI HASTALARDA
[ NCSE %8 o

f : e
fhat we identiy over 35% of all SE cases at the Medical College of Virginia Hospitals. Only cases thaf were found {
have no clincal signs of SE were included in tis study

Results: EEG demonsirated that 8% of these patients met the criteria for the diagnosis of NCSE. The study included)
anage range from 1 month fo 87 years.

Conclusions: This large-scale EEG evaluation of comatoss patients without clinical signs of seizure activiy foung
that NCSE is an under-recognized cause of cama, occurring in 8% of all comatose patients without signs of seizurg
actity. EEG should be included in the routing evaluation of comatose: patients even if cinical seizure activity is no
apparent

Epilepsy Research

Volume 18, Issue 2, June 1994, Pages 155-166

Research report

EEG detection of nontonic-clonic status epilepticus in patients
with altered consciousness

Michael Privitera & -, Michael Hoffman®, J.Layne Moore®T, Debra Jester®

Abstract

Subtypes of status epilepticus (SE) without tonic-clonic convulsions (nontonic-clonic SE)

Epilpsia, 48(3) 900-806, 2007
Blackwell Publishing, Ine.
2007 Tternational League Against Epilepsy

Nonconvulsive Status Epilepticus in a Neurological Intensive Care
Unit; Profile in a Developing Country

Jaishree T, Narayanan and Jagarlapudi M. K. Murthy

present as alte|
to consider in th
consciousness
activity on elect
medical conditi
reliable way to

available ona z
nontonicclonic

where physicians ordered EEG to evaluate altered consciousness or possible SE. Out of
198 cases with altered consciousness but no clinical convulsions, 74 (37%) showed EEG
and clinical evidence of definite or probable nontonic-clonic SE. Forty-two episodes
(57%) were probable or definite complex partial SE, 29 (39%) were probable or definite
subtle generalized SE, and three (4%) were myoclonic SE. In 23 SE cases altered
consciousness was the only clinical sign at the time of diagnosis; subtle motor activity
was present in 36 others. Neither clinical signs nor prior history predicted which patients
showed SE on EEG. Nontonic-clonic SE followed a cerebral infarction in 16 cases.
Contrary to other reports, we found no relationship between duration of SE and EEG
pattern. Subtle generalized SE occurred most commonly in the setting of a diffuse brain
injury rather than evolving from convulsive SE. This study demonstrates that nontonic-
clonic SE is a common finding in patients with unexplained altered consciousness and
EEG is necessary in the evaluation of these patients .

BILINC DEGISIKLIGI OLAN HASTALARDA NCSE %10,5-37

Mdaténal andg Methaods. FTospecd ’ UComsectd
ith altered mental status adrmitted to ewrological ifensive care
it (NICU) of a teriary care center in south India were studied
for the frequency of NCSE. All patients were evaluated initally
with 60-min emergent EEG (EmEEG) and subsequently by con-
tinuous EEG (¢EEG) monitoring,

Results: Of the 210 with altered mental starus admitted to
NICU, the diagnosis of NCSE was established in 22 (10.5%)
patients, in 12 (35%) patieats with 60-min EmEEG and in 10
(43%) after cEEG monitoring for 12 to 48 hours.

Of the 22 patients with NCSE, 32% had subtle motor phe-
niomens, these were ot an inital presenting features, but were
apparent during ¢EEG recording. Acute medical or newrologic
etiology was the risk factor in 68% of patients. Ceniral nervous
system (CNS) infections and cortcal sino-venous thrombosis

the etiolo-
19 pattents
plomatic
, 4(18%) (3 (E2s and ong persis-
tent vegetative state). The etiological ik factors in the 9 (41%)
patients with excellent outcome included epilepsy (3), remote
symptomatic (2), cryptogenic (1], and metabolic end drugs (3).
Conclusions: The frequency of NCSE in the current study
was comparable with those in prior reports from developed
countries, NS infections accounted for about a fifth of
the etiology. Outoome was excellent in patients with nona-
cute symptomatic NCSE. Tnitial 60-min EEEG may be per-
formed 1n establishing the diagmosis of NCSE, but almost
half of patients with NCSE will be missed with this ap-
prozeh.  Key Words: Noncomvilsive staus epileptions—
Enmergent EEG—Continuous EEG monitoring—Central ner
vous systern infections—Midazolam.
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Increased incidence and impact of nonconvulsive and
convulsive seizures after traumatic brain injury as detected by
continuous electroencephalographic monitoring

PAUL M. VESPA, M.D., MARC R. NUWER. M.D., PH.D., VALERIY NENOV, PH.D.,
ELISABETH RONNE-ENGSTROM, M.D., PH.D., DAVID A. HOVDA, PH.D., MARVIN
BERGSNEIDER, M.D., DANIEL F. KELLY. M.D., NEIL A. MARTIN, M.D., and DONALD P.
BECKER, M.D.

Division of Neurosurgery and Department of Neurclogy, University of California at Los Angeles)
School of Medicine, Los Angeles, California; and Department of Neurosurgery, Uppsala

Un
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INCITOETICS UL CONVUISIVE ATl TIOTICOTIV UISIVE SELAUTES Y USITIE COTINTIESUS CEAy THOTITIOTITTY 111

patients in the ICU during the imnitial 14 days post-injury.

Methods—Ninety-four patients with moderate-to-severe brain injuries underwent continuous
EEG monitoring beginning at admission to the ICT (mean delay 9.6 = 5 4 hours) and extending up
to 14 days postinjury. Convulsive and non-convulsive seizures occurred in 21 (22%) of the 94
patients, with six of them displayving status epilepticus. In more than half of the patients (52%) the
se1zures were nonconvulsive and were diagnosed on the basis of EEG studies alone. All six
patients with status epilepticus died. compared with a mortality rate of 24% (18 of 73) in the
nonseizure group (p < 0.001). The patients with status epilepticus had a shorter mean length of
stay (9.14 = 5.9 days compared with 14 = 9 days [t-test, p < 0.03]). Seizures occurred despite
imitiation of prophylactic phenytoin on admission to the emergency room, with maintenance at
mean levels of 16.6 £ 2.8 mg/dl No differences in key prognostic factors (such as the Glasgow
Coma Scale score, early hypoxemia, early hypotension, or 1-month Glasgow Outcome Scale
score) were found between the patients with seizures and those without.

Conclusions—=Seizures occur in more than one in five patients during the 1st week after
moderate-to-severe brain injury and may play a role in the pathobiological conditions associated

with brain injury.

Lyle |. Dennis, M.D.
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NONCONVULSIVE STATUS EPILEPTICUS AFTER
SUBARACHNOID HEMORRHAGE

OBJECTIVE: Although in-hospital seizures have been reported for 3 to 24% of patients
with aneurysmal subarachnoid hemorrhage (SAH), noncomvulsive status epilepticus
(NCSE) has not been previously described. We sought to determine the frequency and
clinical features of NCSE among comatose patients with SAH.

METHODS: Between November 1997 and February 2000, we performed continuous
electroencephalographic (cEEG) monitoring for at least 24 hours for all patients with
aneurysmal SAH who were treated in our neurological intensive care unit and exhib-
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tonicoclonic activity. A worst Hunt and Hess grade of IV or V, older age, ventricular
drainage, and cerebral edema on computed tomographic scans were identified as risk
factors for NCSE {all P < 0.01). NCSE was successtully terminated for five patients
(63%), but only one experienced clinical improvement, which was transient; all eight
patients eventually died after a period of prolonged coma.

CONCLUSION: cEEC monitoring detected MCSE for 8% of patients with SAH and
otherwise unexplained coma or neurological deterioration. The seizures were highly
refractory to therapy, and the prognosis for these patients was extremely poor. Routine
postoperative cEEG monitoring of patients with SAH who are at high risk for NCSE,
allowing earlier diagnosis and treatment, offers the best chance of improving the
outcomes for patients with this disorder.

KEY WORDS: Coma, Electroencephalography, Meurologlcal inensive care, Monconvulsive stis
epllepticus, Subarachnold hemorrhage
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Persistent Nonconvulsive Status Epilepticus After the Control of
Convulsive Status Epilepticus

*71R. ). DeLorenzo, *E. J. Waterhouse, *A. R. Towne, *J. G. Boggs, §D. Ko, *G. A. DeLorenzo,

" KONVULZIF STATUS EPILEPTIKUS SONRASINDA ™
NONKONVULZIF NOBET: % 48, STATUS: % 14

Summary: Purpose: Convulsive stams epilepticus (CSE) is a
major medical and newrological emergency thut s associated
with significant morbidity and mortality, Despile this high mor-
bidity and mortality. most acute care facilities in the United
States cannot evaluate patients with EEG monitoring during or
immediately aller SE, The present study was inifiated to defer-
mine whether control of CSE by stundard treatment protocols
was sufficient to terminate electrogruphic seizures,

Methods: One hundred sixty-four prospective patients were
evaluated at the Medical College of Virginia/VCU Staws Epi-
lepticus Program. Continuous EEQ monitoring was performed
for a minimum of 24 h after clinical control of CSE. SE and
seizure types were defined as described previously. A standard-
ized data form entry system was compiled for each patient and
used Lo evaluate the data collected.

Resulis: After CSE was controlled, continuous EEQ moni-
toring demonstrated that 52% of the patients had no after-SE
ictal discharges (ASIDS) and manifested EEG patterns of gen-
eralized slowing, aitenuation, periodic lateralizing epileptiform

discharpes (FLEDS), focal slowing, and/or burst suppression.
The remaining 48% demonstrated persistent electrographic sei-
zurcs, More than 14% of the patients manifested nonconvulsive
SE (NCSE) predominantly of the complex partial NCSE sei-
zure (CPS) type (2}, These palients were comatose and showed
no overt clinical signs of convulsive activity, Clinical detection
of NCSE in these patients would not have been possible with
routine newrological evaluations without use of EEG monitor-
ing. The clinical presentation, mortality, morbidity, and deme-
graphic information on this population are reported,

Conclusions: Our results demonstrate that EEG monitoring
after treatment of CSE is essential 10 recognition of persistent
electrographic seizores and NCSE unresponsive to routine
therapeutic management of CSE, These findings also suggest
that EEG monitoring immediately after control of CSE is an
important diagnostic test to guide treatment plans and 1o evalu-
dte prognosis in the management of SE. Key Words: Epi-
lepsy—Status epilepticus—Nonconvulsive status epilepticus—
Electroencephalographic monitoring,

Nonconvulsive seizures are common 1n

critically ill children

- (1)
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EEG monitoring if they met institutional clinical practice criteria. Study enrollmant and data col-
lection wera prospective. Logistic regrassion analysis was utilized to identify risk factors for sai-
ZUre OCCUrTence.

Results: One hundred children were evalusted. Electrographic sazures occured in 46 and electro-
graphic status epilepticus ocourred in 19. Seizures were axclusively nonconvulsive in 32. The only
clinical risk factor for saizure occurmence was younger age p = 0.03). Of patients with seizures, onfy
52% had seizures detected in the first hour of monitoring, while 87% were detected within 24 haurs,

Conclusions: Sefzures were comman in critically ill children with scute encaphalopathy. Most
were noncorvulsive. Clinical features had little predictive valus for safzure occurrence, Further
study is neadad to confirm thesa dsta in indepandant high-risk populgtions, to clarify which chil-
dren ara at highest. risk for seizures so limited monitoring resources can be allocated optimally,
and to determine whather seizure detection and management improves outcome. Newrolagy”
2011:76:1071-1077




Neurclogy. 2003 May 13,60(3)- 1441

Acute seizures after intracerebral hemorrhage: a factor in progressive midline shift and outcome.
Vespa PM' OPhelan K Shah M, Mrabel ), Sarkman § Kicwel . Saver J, Nuwer MR, Frazee JG, McArhur DA, Marin NA

# Author information

Abstract
OBJECTIVE: To determine whether early seizures that occur frequently after intracersbral hemortage (ICH) lead o increased brain edema as
I'ﬂﬂﬂle dod bis s PP (847

W ICH HASTALARININ %28’INDE iISKEMIK INME  osfes
mt  HASTALARININ %6’SINDA ELEKTROGRAFiIK
admiS NOBETLER VAR ha[gewas

d35es:

RESULTS: Electrograpfic seizures occurred in 18 of 63 (26%) patients with ICH, compared with 3 of 46 (%) pafients with ischemic stioke (OR =57,
§4% CI1.410.265 p<0.004) during the initial 72 hours after admission. Seizures were most often focal with secondary generalization. Seizures were
more camman in lobar hemarrhages but occurred in 21% of subcortical hemorhages. Posthemorriagic Seizures were assaciated with neurologic
worsening on the NIH Stroke Scale (14.6vs 16.6, p < 0.05) and with an increase in midine shift (+ 2.7 mm vs -24 mm, p < 0.03). There was a frend
toward increased poor outcome (p < 0.06) in patients with posthemorrhagic seizures. On multivariate analysis, age and intial NIH Stroke Scale score
Were independent predictors of outcome.

CONCLUSION: Seizures occur commanly after |GH and may be nonconvulsive. Seizures are independently associated with increased midine shif
after intraparenchymal hemarriage.

Aren Neurol. 2006 Dec65(12):1612-6. doi. 10.1001/archneur 63.12.1612
Continuous electroencephalographic monitoring in critically ill patients with central nervous system infections.

4| Author information

Abstract
QOBJECTIVES: To determine the prevalence, predictors, and clinical significance of electrographic seizures (ESz) and other continuous
electroencephalographic monitoring findings in critically il patients with central nervous system infections.

DESIGN

¥ SSS ENFEKSIYONLARI OLAN HASTALARIN

PATEN  9£33’(UNDE ELEKTROGRAFiIK NOBETLER VAR ™[
and fung d February 28,
2007.

MAIN OUTCOME MEASURES: Presence of ESz or periodic epileptiform discharges (PEDS).

RESULTS: Electrographic seizures wera recorded in 14 patients (33%), and PEDs were recorded in 17 pafients (40%). Twenty patients (48%) had
gither PEDs or ESz. Of the 14 patients with ESz, only 5 (36%) had a clinical correlate. Periodic epilepfiform discharges (odds ratio=13.4; P=001) and
viral cause (odds ratio=13.0; P=.02) were independantly associated with ESz. Both ESz (odds ratio=3.9; P=.02) and PEDs (odds ratio=6.1; P=01)
were independently associated with poor outcome at discharge (severe disability, vegetative state, or death).

CONCLUSIONS: In patients with central nervous system infections undergoing continuous electroencephalographic monitoring, ESz andlor PEDs
were frequent occurring in 46% of our cohort. More than half of the ESz had no clinical correlate. Both ESz and PEDs were independently associate
with poor outcome. Additional studies are neaded to determine whether prevention or treatment of these electrographic findings improves outcome.




Yogun bakim hastalarinin 6nemli bir kisminda
nonkonvulzif nobetler/status epileptikus var!!!

Tani icin yuksek klinik kusku ve devamli EEG
monitorizasyonu gerekli!!!



Nonkonviilzif status epileptikus YBU de su sekillerde prezente olabilir

Akut medikal ve norolojik hastalik, ilagc maruziyeti veya yoksunlugu hallerinde gelisen stupor/koma ve

jeneralize elektrografik epileptik aktivite

Sekonder jeneralizasyon gosteren fokal nonkonviilzif status epileptikus, stupor veya komaya progrese

olan konflizyon ve jeneralize elektrografik epileptik aktivite

Klonik hareketlerin seyrekleserek sonunda kayboldugu jeneralize tonik klonik status epileptikus ile birlikte

persistan elektrografik epileptik aktivite; ‘end-stage’ veya ‘subtle status epileptikus’

CONTINUUM: Lifelong Learning in Neurology 2015;21(5):1362—-1383




Su durumlarda nonkonviilzif status epileptikus tanisi akla gelmeli

Akut beyin hasari (genellikle intraserebral lober hemoraji, enfeksiyon, siddetli travma, subaraknoid
kanama veya cerrahi)

Akut beyin hasari ile orantisiz biling bozuklugu

Eski semptomatik beyin lezyonu

Epilepsi 6ykusu

Tonik klonik nébet/konviilzif status epileptikus sonrasi persistan biling bozuklugu

Aciklanamayan fokal norolojik defisit

Biling bozuklugu diizelmeyen/cok yavas diizelen sepsis hastalari

Subtle motor fenomenler, nistagmus, klonus, opsoklonus

CONTINUUM: Lifelong Learning in Neurology 2015;21(5):1362—-1383




Nonconvulsive status epilepticus
Factors associated with poor outcome after NCSE: * EEG monitorizasyonu yapiimamasi NCSE tanisini geciktirir
For Pnllem.\dmgnqxd mll}m 30 min of seizure onset, mortality was 36 % compared with 75 % for those patients diagnosed >24 h after . Tanida gecikme refrakter status epileptikus gelisimi ve mortalite riskinde
seizure onset seizures [31]
Patients with NCSE treated and resolved within 10 h had 10 % mortality vs. 83 % mortalty if seizures continued longer than 20 h [31] artis ile iligkili
Neurocritical Care Society o .
Indication Rationale Guidelines 2012° Table 10 Indications for ¢EEG in SE
Suspected seizures in patients Exclude nonconvulsive status Class I, Level B Indication Rationale Grade
with unexplained coma or altered epilepticus
mental status Recent clinical seizure or SE without Ongoing non-convulsive status despite Class 1, level B
Otherwise unexplained focal neurologic ~ Exclude nonconvulsive status No recommendation return to baseline > 10 min cessation of motor activity 18-30 %
deficits (eg, aphasia or focal weakness)  epilepticus Coma, including post-cardiac arrest Frequent non-convulsive seizures, Class I, level B
Recent clinical seizure activity or status  Exclude nonconvulsive status Class |, Level B 20-60 %
epﬂhe.ptlcus without return to baseline  epilepticus; titrate afnesthetlc ; Epileptiform activity or periodic Risk of non-convulsive seizures, Class 1, level B
within 10 minutes agent to cessgtmno electrographic discharges on initial 30 min EEG 40-60 %
seizures; monitor for breakthrough . o o
subdlinical seizures [ntracranial hemorrhage including Frequent non-convulsive seizures, Class L, level B
N . : . , TBI, SAH, ICH 20-35 %
Clinical seizure activity is of a Confirm status epilepticus; exclude ~ No recommendation
start-stop-start quality nonepileptic (psychogenic) status Suspected non-convulsive seizures in Frequent non-convulsive seizures, Class L, level B
epilepticus patients with altered mental status 10-30 %

Klinik kusku varliginda en az bir rutin EEG ¢ekilerek elektrografik nébet dislanmali

Epileptiform aktivite saptanirsa devamli EEG monitorizasyonu yapilmali

CONTINUUM: Lifelong Learning in Neurology 2015;21(5):1362-1383




Table 2 GRADE recommendations for the indications for EEG in the ICU

GRADE recommendations Patient description Objective
Direction  Strength  Level of Underlying etiology Scenario
evidence

Pro Strong Low quality Generalized convulsive status  No return to functional baseline Detect nonconvulsive
(1) (C) epilepticus after initial antiepileptic therapy seizures

Pro Strong Low quality Refractory status epilepticus Concern for ongoing seizure Detect nonconvulsive
(1) (©) activity seizures

Pro Strong Low quality Traumatic brain injury Unexplained alteration in Detect nonconvulsive
(1) (©) consciousness” seizures

Pro Strong Low quality Subarachnoid hemorrhage Unexplained alteration in Detect nonconvulsive
(1) () consciousness” seizures

Pro Strong Low quality Intracerebral hemorrhage Unexplained alteration in Detect nonconvulsive
(1) (C) consciousness” seizures

Pro Strong Low quality Cardiac arrest Persistent coma Detect nonconvulsive
(1) (©) seizures

Pro Strong Low quality Encephalitis Unexplained alteration in Detect nonconvulsive
(1) (©) consciousness” seizures

Pro Strong Low quality Comatose patients without Unexplained alteration in Detect nonconvulsive
(1) (B) primary brain injury consciousness” seizures

Pro Weak Low quality Severe traumatic brain injury  Concern for ongoing seizure activity  Detect nonconvulsive
(2) (C) in high-risk patients (large cortical seizures

hemorrhagic contusion/hematoma)

Pro Weak Very low Acute ischemic stroke Unexplained alteration in Detect nonconvulsive
(2) quality (D) consciousness” seizures

Fro Weak Low quality Subarachnoid hemorrhage Patients 1 whom clinical Detect 1schemia
(2) (C) examination is unreliable

TO Weak e r Prognosticatio
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Pro Weak Prognostication
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Recommendations for patients with TBI

I

We recommend EEG in all TBI patients with unex-
plained and persistent altered consciousness (strong
recommendation, low quality of evidence—grade 1C).

. We suggest EEG to rule out NCSz in patients with TBI

and GCS <8, particularly in those with large cortical
contusion/hematoma, depressed skull fracture or
penetrating injury (weak recommendation, low quality
of evidence—grade 2C).

Recommendations for patients with AIS

1. We suggest EEG to rule out NCSz in all AIS patients
with unexplained and/or persistently altered con-
sciousness (weak recommendation, very low quality of
evidence—grade 2D).

Recommendations for patients with SAH

L.

We recommend EEG to rule out NCSz in all SAH
patients with unexplained and persistent altered con-
sciousness (strong recommendation, low quality of
evidence—zgrade 1C).

Recommendations for comatose patients after CA

1. We recommend EEG during TH and within 24 h after
rewarming to rule out NCSz in all comatose patients
after CA (strong recommendation, low quality of
evidence—grade 1C).

Recommendations for patients with ICH [
We recommend EEG to rul|Recommendations for comatose ICU patients t patients with encephalitis that

L

ecommendations for patients with infectious and non-

nfectious encephalitis

patients with unexplained a |without acute primary brain injury

explained neurological deficits
o recommendation, low quality

sciousness (strong recomm | 4

evidence—grade 1C).

We suggest EEG in comatose ICU patients without an
acute primary brain condition and with unexplained
impairment of mental status or unexplained neuro-
logical deficits to rule out NCSz, particularly in those

with severe sepsis or renal/hepatic failure (weak rec-

ommendation, low quality of evidence—grade 2C).




Table 1. Working clinical criteria for nonconvulsive status epilepticus

Patients without known epileptic encephalopathy
EDs = 2.5 Hz, or
EDs = 2.5 Hz or rhythmic delta/theta activity (0.5 Hz) AND one of the following:
EEG and clinical improvement after IV AED", or
Subtle clinical ictal phenomena during the EEG patterns mentioned above, or
Typical spatiotemporal evolution®
Patients with known epileptic encephalopathy
Increase in prominence or frequency of the features mentioned above, when compared to baseline with observable change in clinical state
Improvement of clinical and EEG® features with IV AEDs

Modified from Kaplan (2007).

EDs, epileptiform discharges (spikes, poly spikes, sharp-waves, sharp-and-slow-wave complexes); [V AEDs: intravenous antiepileptic drugs.

“If EEG improvement occurs without clinical improvement, or if fluctuation without definite evolution, this should be considered possible NCSE.

*Incrementing onset {increase in voltage and change in frequency), or evolution in pattern (change in frequency = | Hz or change in location), or decrement-
ing termination (voltage or frequency).

. Tercih edilen yanit: hastanin klinik durumunda ve EEG’de diizelme olmasi
. Yalnizca EEG’de dlizelme, desarjlarin sonlanmasi, bazal EEG paternlerinin ortaya ¢ikmasi
. IV AEi ile klinik diizelmenin olmamasi olayin epileptik dogasini dislatmaz, yanit gecikmis olabilir veya 6zellikle koma ile birlikte

gelisen NCSE olgularinda olmak lizere hig¢ alinamayabilir

Epilepsia. 2013 Sep;54 Suppl 6:28-9.
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Limbik status epileptikus
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Table |. Etiologic factors and EEG pattern in
generalized and lateralized comatose NCSE

Etiology EEG pattern
coma-GED  Diffuse primary or Continuous generalized
secondary brain spiking
disturbances (anoxic, Periodic spiking
woxic, membolic, Burst suppression pattern

infectious, degenerative)  in different variations
Space-occupying lesions  Other generalized

with brainstem periodic abnormalities
compression (director  Bilateral triphasic waves
due to tentorial
herniation)”

Known epilepsies?

coma-LED  Focal brain lesions (in Continuous focal spiking

most cases acutely PLEDs
acquired) Bi-PLEDS

In rare cases diffuse Unilateral burst suppression
abnormalities pattern
(aminophylline Unilateral triphasic waves
intoxication, some
forms of diabetic coma)

Known epilepsies?

“Might also present as coma-LED.

Bi-PLED, bilateral periodic epileptiform discharges; GEDs,
generalized epileptiform discharges; LED, lateralized epilepti-
form discharges; PLED, periodic epileptiform discharges.

Komadaki nonkonvilzif status epileptikus hastalarinda EEG

bulgulari etiyoloiji ile iliskili

Epilepsia 2010;51(2):177-90



Komada NCSE
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Komada NCSE, hipoksik ensefalopati

e e

- ~ . i

—— —— e = —

S . —— il — - —

¢
%
({
2
&
¢
&
&
o
3
3
 {
L
(L
¢
¥




Komada NCSE, BIPLED, sa§ kraniotomi

ey — s — - ——
1

L Al !]

m

'.= Nl ]}
et i




Ayni zamanda video kayitlama yapilmal mi?

Monitorizasyona hizla baslanmali

(tim hastalarda bir saat icerisinde)

Yorumlayicilar devamli EEG monitorizasyonu
konusunda egitimli ve deneyimli olmali, raw

ve kantitatif EEG

Current Neurology and Neuroscience Reports 2002, 2:534-540

Nonconvulsive status epilepicus

{Factors associated with poor outcome after NCSE:
For patients diagnosed within 30 min of seizure onset, mortality was 36 % compared with 73 % for those patients diagnosed >24 h after

seizure onset seizures [31]
Patients with NCSE treated and resolved within 10 hhad 10 % mortality vs. 83 % mortality if seizures continued longer than 20 h 51|




Devamli EEG monitorizasyonunda hedef/stire?

Table 11 Continuous EEG treatment endpoints

EEG defined endpoint

Rationale Grade

' Cessation of non-convulsive seizures Recurrent non-co
b ongoing brain injury ¢

Diffuse beta activity

Burst suppression 8-20 s intervals

Complete suppression of EEG

seizures result in Class I, level B

worsen mortality
Verifies effect of angs c agents Class 1Ib, level C

Interruption of synajjlc transmission of electrical Class 1Ib, level C

activity

Interruption of Syna”c transmission Class IIb, level C

SURE?

Komadaki hastalarda akut beyin hasari sonrasi en az 48 saat
Elektrografik ndbetler sonlandiktan sonra en az 24 saat

Antiepileptiklerin weaning’i sliresince

Neurocrit Care 2012;17:3-23




Konvulzif status epileptikus ciddi morbidite ve mortalite ile iliskili,
medikal bir acil olarak kabul ediliyor

Nonkonvulzif status epileptikusun acil tani ve tedavisine konvulzif status
epileptikus kadar vurgu yapilmiyor

Peki gercekten nonkonvilzif status epileptikus benign bir
antite mi?



Nonkonviilzif status epileptikus sonrasi prognozun belirlenmesindeki temel glicliik sudur:
Olasi olumsuz prognoz sunlardan hangisi ile iliskili?
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2. Altta yatan nedenile iliskili?

3. Tedavi komplikasyonlarriile iliskili?




SECTION EDITOR: VLADIMIR HACHINSKL, MD, FRCPC, DSCMEDR

Do Nonconvulsive Seizures Damage the Brain?—Yes

G. Bryan Young, MD; Kenneth G. Jordan, MD

OMCONVULSIVE sei-

hcterugeneous an

include absence,

complex partial,
and simple partial seizures without
convulsive activity." Although typical
absence seizures do not damage the
brain, other nonconvulsive seizures,
usually complex partial status epilep-
ticus (CPSE), can cause enduring ce-
rebral dystunction, affecting memory
and other functions. Epileptic brain
damage has been documented in hu-
mans and animals and includes cog-
nitive impairment, recurting seizures,
and neuronal death.**

ANIMAL MODELS

In animal studies, prolonged NCSs
can cause behavioral deficits,™” Re-
peated NCSs and induced noncon-
vulsive status epilepticus (NCSE)
have produced epilepsy in some
animals.*"" The classic studies of
Meldrum and Brierley!? and Nevander
etal” demonstrated that, even with-
out attendant hypoxemia, acidosis,
hyperthermia, and hypoglycemia, on-
going seizures in primates and rats
can cause neuronal death. Epileptic
brain damage is likely caused by
excitotoxic effects produced by
glulamale or asparlal&aclwalmg
N-methyl-D-asparate and otherrecep-
tors with contributions by increased
free-radical production and activation
ol apoptotic mechanisms. "7 Spon-
taneous NCSE is preceded by areduc-
tion of y-aminobutyric acid-mediated
inhibition, related to the death of neu-
rons that normally excite inhibitory
neurons.'"** Neuronal death, follow-
ing limbic status epilepticus, occurs
atsites remote from regional brain in-
jections and in the hippocampus af-
ter the systemic injection of kainic

From the University of Western Ontario,
London, Ontario (D Young), and Jordan
Newroscience, San Bernardino, Calif

(D Jordan}

acid, cholinergic drugs (with or with-
oul lithium), bicuculine, lolic acid,

palhulugmal changes occur that are
identical to hippocampal sclerosisin
humans.*** In addition, partial kin-
dling, insulficient to produce convul-
sive seizures, can produce long-lasting
spatial memory disruption, increased
paired-pulse facilitation, and en-
hanced long-term potentiation of
population spikes after stimulation
of the medial perforant path.”™*
While animal models cannot be
uncritically applied to patients, hu-
mans and animals demonsirate simi-
lar behavioral and electroencepha-
lographic (EEG) changes in the
evolution of status epilepticus, both
convulsive and nonconvulsive.™

CLINICAL EVIDENCE

It has been dilficult 1o confirm that
NCSE causes brain damage in pa-
tients, because its underlying causes
by themselves often injure the brain.
Also, some patients may be neuro-
logically abnormal before they expe-
rience NCSE. " Proof is also ham-
pered by the definitional need lor FEG
confirmation of the diagnosis, be-
cause NCSs and NCSE are mim-
icked by numerous conditions. Con-
tinuous EEG monitoring is necessary
to establish seizure onset, duration,
and termination.*” However, from
aclinical point of view, we believe that
itis artificial to try to separate the rela-
tive injurious effects of acute brain in-
juries (ABIs) and seizures, as the 2
probably act synergistically to pro-
duce brain damage, by augmenting
the release of excitatory neurotrans-
mitters, among other mechanisms. ™
Amaong a variety of patients admit-
ted to a neurology intensive care unit
with ABls, more than twice as many
with NCSs and NCSE died or subse-
quently required custodial care than
patients without seizures.™

Acure seizures oceur in 20% of
cases of ABIs that are fatal, but they
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are less common in nonfatal_jg
ries.* Mo eIy higher
AMONE pauenls with stroke who have
seizures than among those who do
not; selzure activity is secondary only
to impaired consciousness as a pre-
dictor of mortality *' ** When strokes
and seizures are separated by time,
itis clear that seizures can cause ad-
ditional deficits. Bogousslavsky etal”
studied 48 patients with focal sei-
zures that occurred an average of 7
months after strokes. Ten had per-
sistent worsening of neurological
deficits after partial seizures; two had
only epileptic aphasia. None had ad-
ditional strokes to account for the
worsening, Seizure duration was the
only significant factor that differen-
tiated those with additional deficits
from the 38 who recovered.

Even without coinciding ABL,
MNCSE has been documented to pro-
duce neuronal damage. Among 8 pa-
tients with NCSE, the mean value of
the serum nevron-specitic enolase
K'(}ﬂCEﬂ[mliOﬂ, a mzrke[ [Ul'a(.“lﬁ neu-
romal injury, was significantly elevated
compared with that in controls with
epilepsy. ™ Three of the 8 patients had
abnormal outcomes (Glasgow Out-
come Score <3). In another study, an
increase in neuron-specific enolase
concentration occurred in 2 patients
with NCSE who did not have preced-
ing orcoexistent cerebral injury. ™ In
addition, the neuron-specific enolase
concentration was elevated in both se-
rum and cerebrospinal fluid during
NCSs induced by methohexital %

In the absence of preexisting
neurological damage, patients with
NCSs may sulfer significant cogni-
tive morhidity. ** Patients with com-
plex partial seizures may develop en-
during neurological deficits, including
cognitive dysfunction. ™" Waster-
lain et al™ reported neuronal loss in
the hippocampus and other brain re-
gions alter NCSE in 3 patients who
did not have preexisting seizures or
systemic abnormalities. Engel et al™
described a patient with recurrent

©1998 American Medical Association. All rights reserved.
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ing to deter-
mine whether
nonconvul-
sive seizures
cause brain
damage, it is appropriate to examine
initially whether nonconvulsive sta-
tus epilepticus produces such dam-
age. If it does, the aggressive treat-
ment of this form of status epilepticus
may be justified despite the poten-
tial morbidity ol certain therapeutic
approaches. Il it does not. it may rea-
sonably be concluded that isolated
nonconvulsive seizures also fail to
produce brain damage. To my knowl-
edge, there is no information to in-
dicate whether isolated nonconvul-
sive seizures recurring over many
years are harmlul, although itis per-
tinent that a benign course and an ex-
cellent prognosis for remission with-
out evidence of cerebral damage are
associated with certain hereditary,
childhood-onset, nonconvulsive sei-
zure disorders

Nonconvulsive status epilepti-
cus may be difficult to identify. Some
patients with Lennox-Gastaul syn-
drome, for example. show near-
continuous atypical spike-wave ac-
tivity in the electroencephalogram and
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Do Nonconvulsive Seizures Damage the Brain?—No

avariable state of mental dullness, but
it is not clear that this properly rep-
resents an ical phenomenon. Non-
convulsive status epilepticus has been
divided into absence status (general-
ized status or spike-wave stupor) and
complex partial status, It may be dif-
ficult, however, to distinguish be-
tween them, because in some pa-
tients the electroencephalogram
shows transitional features.'*
Nonconvulsive status epilepti-
cus has not been convincingly asso-
ciated with severe morbidity or death.
Ballenger el al® described 8 patients
with complex partial status epilepti-
cus due to either continuous or re-
current seizures. These patients ic-
tally had reduced responsiveness or
automatisms, sometimes accompa-
nied by more conspicuous motor ac-
tivity, and they showed a gradual re-
turn o baseline cognitive function on
cessation of their seizures. A patient
with a prolonged memory deficit af-
ter complex partial status epilepti-
cus has been described, but full re-
covery occurred eventually.® Two
other patients with memory deficits
after complex partial status epilepti-
cus have been described, but de-
tailed long-term follow-up informa-
tion was not provided.” Krumholz et
al* described 10 patients with persis-
tent neurological deficits or death al-
ter well-documented nonconvul-
sive status epilepticus of the complex
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FeTTowever, in 5 of their
patients (4 with vascular disease or
encephalitis and 1 with a metabolic
disturbance and human immunode-
ficiency virus encephalopathy), mor-
bidity was probably due to the un-
derlying disease rather than to the
status epilepticus per se. Three other
patients had convulsive seizures
shortly belore the onset of the status
epilepticus, which may have been re-
sponsible for complications, and the
remaining 2 patients died of general
medical complications without evi-
dence ol any direct harmiul effect of
the seizures on brain function.® Fi-
nally, Cockerell et al” recently de-
scribed 20 patients with complex par-
tial status epilepticus that was
recurrent in 17, They found no de-
cline in performance on serial psy-
chomeiric studies, when these were
performed, and no “marked clinical
evidence” ol cognitive or neurologi-
cal decline in the other patients.
With regard to nonconvulsive
generalized status epilepticus, Guber-
man et al' studied 13 episodes in 10
adults and found no evidence of long-
term cognitive, memory, or behavioral
changes. Recurrences of status epi-
lepticus occurred in some instances,
but there was no reason to attribute
this to the initial episode. Others have
also noted thatabsence status epilep-
ticus is not associated with clinicall
significant postictal abnormality.

©1998 American Medical Association. All rights reserved.



NCSE kalici nérolojik sekele yol acar mi yoksa sadece altta yatan beyin hastaliginin siddetinin
gostergesi mi?

NCSE
etiology/cerebral insult

Cause of Status

NCSE — 3 Cognitive/neurologic deficits
@

Neurophysiol Clin 2000 ; 30 : 377-82



Nonkonviilzif status epileptikus etiyoloji/prognoz ve tedavisi homojen bir antite mi?

YBU hastalarinda

TEDAViI HANGI HASTA GRUBUNDA NASIL OLMALI?

NE KADAR AGRESIF OLUNMALI?
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An animal model of generalized nonconvulsive status epilepticus:
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Long-term behavioral and morphological consequences of
nonconvulsive status epilepticus in rats

Pavel Kriek. Anna Mikulecka. Rastislay Druga, Hana Kubovia., Zdenek Hlinak.
Lucie Suchomelovia. and Pavel Mares”

immediate characteristics and long-term effects

Michael Wong,™** David F. Wozniak,” and Kelvin A. Yamada®
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Long-term behavioral and morphological consequences of
nonconvulsive status epilepticus in rats

Pavel Kriek, Anna Mikulecka, Rastislav Druga. Hana Kubova, Zdenék Hlindk,
Lucie Suchomelova, and Pavel Mares®

The aims of the present study were to ascertain whether nonconvulsive status epilepticus (NCSE) could give rise to long-term
behavioral deficits and permanent brain damage. Two months after NCSE was elicited with pilocarpine (15mg/kg ip) in LiCl-pre-
treated adult male rats, animals were assigned to either behavioral (spontaneous behavior, social interaction, elevated plus-maze,
rotorod, and bar-holding tests) or EEG studies. Another group of animals was sacrificed and their brains were processed for Nissl and
Timm staining as well as for parvalbumin and calbindin immunohistochemistry. Behavioral analysis revealed motor deficits (shorter
latencies to fall from rotorod as well as from bar) and disturbances in the social behavior of experimental animals (decreased interest
in juvenile conspecific). EEGs showed no apparent abnormalities. Quantification of immunohistochemically stained sections revealed
decreased amounts of parvalbumin- and calbindin-immunoreactive neurons in the motor cortex and of parvalbumin-positive neurons
in the dentate gyrus. Despite relatively inconspicuous manifestations, NCSE may represent a risk for long-term deficits.

Rotorod
60

E
o
1

HAYVAN MODELLERINDE NCSE UZUN DONEMDE
DAVRANISSAL BOZUKLUKLARLA ILISKILI

duration (s)
8

-
e T -
T
20
4 -1 20 —
10 1 BN 2
RS o
,,,,, 1st exposure 2nd exposure
U 4000494 0
1 Controls, N=22 1 Controls, N=14 [__1 control group, N=16
&R Pilocarpine, N=25 &ZR Pilocarpine, N=14 B pllocarpine group. N=16

Fig. 2. Total time spent by adult males in investigation of juveniles in
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pilocarpine group (n = 25 and 14, respectively). Statistical significance, P < (.05 (two-tailed): *Pilocarpine versus control group.
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Table 2 MRI findings

Patient

Acute ictal/peri-ictal signal abnormality

Follow-up

DWI/T2/PWI/MRA

Location and size of DWI
hyperintensity

DWIT2/PWI follow-up

Conventional MRI findings

3]

10

DWI 1: ADC | (—35%):
T2 —: PWI | (+SPECT)

DWI 1, ADC | (—37%):
T2 1; PWI | (+SPECT)

DWI 1, ADC | (—28%);
T2 1: PWI |

DWI 1: ADC | (—22%):
T2 1; PWI 1, PCA 1

DWI 1: ADC | (—11%):
T2 1; PWI 1

DWI 1, ADC | (—25%);
T2 1; PWI 1, PCA 1

DWI 1, ADC | (—25%);
T2 1: PWI |

DWI 1, ADC | (—13%);
T2 1: PWI 1, PCA 1

DWI 1, ADC | (—22%):
T2 1: PWI 1, PCA 1

DWI 1: ADC | (—34%):
T2 —: PWI |

Right parieto-occipital cortex
and right pulvinar; 12 ml

Right hippocampal formation,
right pulvinar and right
parieto-occipital cortex; 5.2 ml
Right hippocampal formation
and right pulvinar; 1.5 ml

Left hippocampal formation
and left pulvinar; 1.9 ml

Left hippocampal formation
and left pulvinar; 1.6 ml
Left hippocampal formation
and left pulvinar; 1.5 ml

Left hippocampal formation
and left pulvinar; 1.9 ml

Left hippocampal formation;
1.4 ml

Left hippocampal formation
and left pulvinar; 1.7 ml

Extensive right temporal and
parietal cortical involvement;
right pulvinar; 10 ml

Complete resolution of

PWI (day 2), DWI (day 13),

T2 (month 1) abnormalities
Complete resolution of
DWU/T2Z/PWI abnormalities
(month 4)

Resolution of PW1, partial
resolution of DWU/T2 signal
change (day 7)

Complete resolution of
DWUT2Z/PWI abnormalities
(day 14)

Lost to follow-up

Resolution of PW1, partial
resolution of DWU/T2 signal
change (day 2)

Complete resolution of
DWITZ/PWI abnormalities
(month 3)

Resolution of PW1, partial
resolution of DWI/T2 signal
change (day 7)

Complete resolution of
DWI/T2Z/PWI abnormalities
(month 3)

Resolution of PW1, partial
resolution of DWI/T2 signal
change (day 7)

Previous small haemorrhage
after cortical vein thrombosis

Chronic right occipital
intracranial haemorrhage in
cerebral vasculitis

Right hippocampal sclerosis

Chronic white matter lesions;
occlusion of left I[CA with
hypoperfusion of left MCA
territory

Left frontopolar
post-traumatic lesion
Chronic left temporoparietal
MCA stroke; MCA stenosis
and hypoperfusion

Acute and chronic left
temporoparietal MCA
stroke: MCA stenosis

and hypoperfusion

Chronic right MCA and
PCA stroke

Cortical atrophy, chronic
white matter lesions

Right parietal glioblastoma

DWI T = hyperintensity; ADC | = reduction (%); PWI | = signs of hyperperfusion: PCA T = increased flow signal in the PCA; MCA =
middle cerebral artery; PCA = posterior cerebral artery; ICA = internal carotid artery.
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ABSTRACT

Objectives: The natural history of nonconvulsive status epilepticus (NCSE) is not well defined, especially mortality
and morbidity. The authors hypothesized that the mortality of NCSE is higher when NCSE is due to acute medical
causes (systemic or neurologic) or associated with severe impairment of mental status or with acute complications,
and lower when associated with generalized spike-wave (SW) discharges on EEG.

Methods: The authors retrospectively identified 100 consecutive patients with NCSE from an EEG database. Data
were collected from systematic review of medical records and actual EEG tracings. Specific etiologies were divided
into three groups: acute medical, epilepsy, and cryptogenic.

Results: Of the 100 patients, 18 died. Fourteen of 52 patients in the acute medical group died, 1 of 31 in the epilepsy
group died, and 3 of 17 in the cryptogenic group died. Mental status impairment was severe in 33, complications
occurred in 39, and generalized SW discharges occurred in 36 Mortality rates were higher in patients 1) in the acute
medical group (27%) vs the epilepsy (3%) and the cryptogenic (18%) groups (p < 0.02), 2) with severe mental status
impairment (39%) compared to those with mild impairment (7%, p < 0.001), and 3) with acute complications (36%)
when compared with those without complications (7%, p < 0.0002). The presence of generalized SW discharges on
EEG did not correlate with mortality. Mental status impairment and etiology were independently associated with
mortality (p < 0.001).

Conclusion: NCSE is associated with substantial mortality. Mortality is associated with an acute medical cause as the
underlying etiology, severe mental status impairment, and development of acute complications, but not the type of
EEG discharge.
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SHORT REPORT

Non-convulsive status epilepticus: causes,
treatment, and outcome in 65 patients

Frans B Scholtes, Willy O Renier, Harry Meinardi

HASTALARDA PROGNOZ DAHA iYi,
AKUT SEMPTOMATIK OLGULARDA

Distribution of age and sex in patients with CPSE and ASE

ONCEDEN EPILEPTiIK OLAN

CPSE:
PROGNOZ ALTTA YATAN NEDENLE
ILISKILI

ASE:

Previous epilepsy (28)

Previous epilepsy (24)
No previous epilepsy (1)

Age 15-30 Age 30-50 Age>50
Male  Female Male  Female  Male — Female
9 3 5 3 5 3
No previous epilepsy (12) 0 1 ] 2 3 5
5 4 0 1 4 10
1 0 0 0 0 0

The incidence of non-convulsive status
epilepticus (NCSE) in The Netherlands is
not known. Files of admissions in the years
1980-7 were studied from 40 adult patients
(older than 15 years) with complex partial
status epilepticus (CPSE) and 25 with
absence status epilepticus (ASE). The
clinical presentation sometimes made dis-
tinction between CPSE and ASE possible.
Focal clinical signs were more frequent in
CPSE; a fluctuating level of consciousness
was more often present in ASE. All
patients, but one, with ASE and most
patients_with s known to
hz had previous epilepsy. Outconmie\ir
ASE was good in all. Outcome in CPSE
depended on the underlying cause and
guality of treatment. In three patients
inadequate treatment probably con-
tributed-to morbidity.

In patients with previous epilepsy, problems
with treatment such as non-compliance were
the most frequent precipitating factor (12
patients). On two occasions systemic infection,
on one occasion a stroke, and on another stress
triggered the CPSE. In 12 patients the cause
remained unknown. In patients without previ-
ous epilepsy various acute symptomatic causes
were present: stroke (two), brain tumour (two),
pneumococcal meningo-encephalitis (one), car-
cinomatous meningitis and lung cancer (one),
digoxin intoxication (one), pneumococcal
pneumonia (one), and a case without a clear
cause. Three patients had remote causes of
epilepsy—multiple sclerosis, global cerebral
atrophy and chronic dialysis with aluminium
encephalopathy. Outcome 1n patients with pre-
vious epilepsy was good in all but one, a 78 year
old man who had successful treatment stopping
his CPSE but died later because of aspiration
pneumonia, acquired during the status epilepti-
cus.

In patients without previous epilepsy six had
sequelae after CPSE: paresis because of under-
lying cause (two), persistent cognitive distur-
bances because of underlying (one) and
unknown cause (one), and persistent impaired
consciousness of unknown cause (one). The

CPSE itself caused morbidity in a /4 year old

woman who developed CPSE lasting 24 hours
after digoxin intoxication; she was confused
with jerking of the right arm, alternating with
short periods of staring. After recovery from
CPSE this patient exhibited word finding prob-
lems and a memory deficit. Patients with mor-
bidity were, except for one (38 years), older
than 60. In patients without previous epilepsy
one patient of 67 died because of the underly-
ing cause (lung cancer and carcinomatous
meningitis).
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Nonconvulsive Status Epilepticus in the Critically 11l Elderly
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TABLE 1. Acwre, life-threatening medical problems

occnrring in study parients

Remnal
Cardiac

Pualmaomnary

CNS

Brian Litt, {Robert J. Wityk, *{Sharon H.
*Dawn D. Ryan, ar

Emory University Department of Neurology, Atlania, Georgia;
of Neurology, and Department of Neurology, Johns Hopki
tDepartment of Newrolugy, University of Calife

YBU HASTALARINDA NCSE SAPTANDIGINDA
GENELLIKLE ALTTA YATAN AKUT MEDIKAL
HASTALIKLARLA iLiSKiLi VE PROGNOZ KOTU

Summary: Purpose: To describe the electrographic and clini-
cal features of nonconvulsive status epilepticus (NCSE) in the
critically ill elderly and to identify potential predictors of out-
come,

Methods: We prospectively identified 25 episodes of altered
mentation and NCSE in 24 critically ill elderly patients asso-
ciated with generalized, focal, or bihemispheric epileptiform
EEG patterns, Patients with anoxic cncephalopathy were cx-
cluded,

Results: : swited in death,
and A T486%) pahmts supvived to dmhwgc Deuth watxsgg-
ated with the number of geute, life-threatening medical prob-
lems on presentation (survivors, 1.8; faalities, 2.8, p = 0.013)
and with geueralized EEG pattem (p = 0.017). Higher doses or
greater number of amicpileptic drug~ (&Eﬂa) did not improwc

with advance directives were managed outside the intensive
care unit (ICU). Mcan hospitalization was 39 days in the ICU
group and 22 for those with advance directives (p = 0.017).

Conclusions: Severily of 1llness correlates with morality in
critically ill elderly patients with NCSE. Treatment with intra-
venous benzodiazepines may increase their nsk of death. Ag-
gressive ICU management may prolong hospitalization at con-
siderable cost, without improving outcome. It is unclear wheth-
or NCSE affects outcome in the criticaly ill elderly or is merely
a marker for severity of disease in predisposed patients. The
benefits of aggressive therapy are unclear. Carefully controlled,
prospective trials will be necessary to determine the best thera-
pies for NCSE m the eritically ili elderly and the appropriate
role of the ICU in their management. Key Words: Critical
iliness—Elderly—Nonconvulsive siatus epilepticus—Electro-
encephalography—Oultcome.

Acute renal failure, acute exacerbation of chronic
renal failure

Congestive failure, acute lite-threarening
wrhythmia, myocardial infarction

Respiratory failure due to pncumoma, neoplasm,
pulmonary cmbolism, exacerbation of lung
discase

Subarachnoid hemosrrhage, acute stroke, acute
complication from brain ncoplasm, meningitis

Sepsis

Shock, severe dehydration

Nonketotic hyperosmolar coma

Acure gastrointestinal bleeding, bowel necrosis
requinring surgery, hepauc failure, acute colitis

Acute long-bone fracture (e.g.. femmur)

Acute coagulopathy, acute complication from
advanced muitiple myeloma

Acute toxic encephalopathy (lithium,
phenobarbital. alcohol}, severe hyponatremia.
hypocalcemia, delirium wmemens

TABLE 3. Comparison of parients by owtcome

Died Survived

MNo. episodes of NOCSE 13 12
Mean age [(¥r) 789 75.1
Mean no. AEDs 2.3 2 .05
MNo. mcwte poohlenns™ 27T 1.73
Mean no. hnq'nt.al daws 32.1 335
v, 1 5
Focal EEG pattern | 3
Generalized EEG patterm™ [ o
Conmvulsive seilzure 1 2
Bihemispheric EEG patterm L] o
Treated im HCU 1 5
Mean no. hours o contrnol B80S 6s.7

Patterms,

patterns of nonconvalsive status cpilepticus (NCSE) on

EEG; acute problecms. acute life-threatening problems on prescntation:
hospiral days. days from presentation unt:l death or discharge from

hospital:

mean hours o Contnol,
WNCSE from diagnosis by EEG umil documented ab

number of hours reguwired o conerol
ce of NMCSE on

EEBEG; bold, statistically significamt reswults.

= D015,
*p = D033,
“p = 0L.OLO.
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Electrographic Status Epilepticus is Associated with Mortality
and Worse Short-Term Outcome in Critically Ill Children

Alexis A. Topjian, MD, MSCE', Ana M. Gutierrez-Colina, BA?, Sarah M. Sanchez, BAZ,
Robert A. Berg, MD', Stuart H. Friess, MD', Dennis J. Dlugos, MD, MSCE22, and Nicholas
S. Abend, MD23

Department of Anesthesia and Critical Care Medicine, Children’s Hospital of Philadelphia and
the University of Pennsylvania Perelman School of Medicine

Adjusted outcomes for seizures categories.

Main Results—Two hundred children underwent cEEG. Eighty-four (42%) had seizures which
were categorized as ES in 41 (20.5%) and ESE in 43 (21.5%). Thirty-six subjects (18%) died and
88 subjects (44%) had PCPC worsening. In multivariable analysis ESE was associated with an
increased risk of mortality (OR 5.1; 95%CI 1.4, 18, p=0.01) and PCPC worsening (OR 17.3;
95%CI 3.7, 80, p<0.001) while ES was not associated with an increased risk of mortality (OR 1.3;
95%CI1 0.3, 5.1; p=0.74) or PCPC worsening (OR 1.2; 95%CI 0.4, 3.9; p=0.77).

Variable Mortality p-value | Worsened PCPC | p-value
OR (95% CI) OR (95% CI)
Seizure Category
No Seizures Ref Ref Ref Ref
Electrographic Seizures 1.3(0.3,5.1) 0.74 12(04,3.9) 0.77
Electrographic Status Epilepticus 5.1(1.4,18) 0.01 17.3(3.7. 80) <0.001
Age 1(09,1) 0.8 1(0.99,1.01) 0.61
Sex
Aol s sk Ref Ref
7(0.7,4) 0.24
Ref Ref
12(2,72) 0.006
h(5.2,304) | <0.001
5(3.1,197) 0.002
7(0.5, 430) 0.16
Sepsis 10.6 (0.8, 137) 0.07 6.6 (0.5, 88) 0.15
Posterior Reversible Leukoencephalopathy Syndrome - 2.5(0.14,43) 0.5
Neurosurgical Procedure 2(02,22) 0.56 4.6 (0.6, 33) 0.13
Provoked Seizure 2.2(0.12. 38) 0.6 0.4 (0.03, 6) 0.5
Systemic/Metabolic 1.5(0.1,21) 0.77 7.4 (0.95, 52) 0.06
Prior Neurodevelopment
Abnormal Ref Ref Ref Ref
Normal 22(0.74,66) | 0.6 10.5(3.6,31) | <0.001




FULL-LENGTH ORIGINAL RESEARCH

Mortality and recovery from refractory status epilepticus in
the intensive care unit: A 7-year observational study

*+'Raoul Sutter, *Stephan Marsch, 1Peter Fuhr, and ¥Stephan Rﬁegg

*Clinic for Intensive Care Medicine, University Hospital Basel, Basel, Switzerland; and FDivision of Clinical Neurophysiclogy,
Department of Neurology, University Hospital Basel, Basel, Switzerland

Table |. Baseline characteristics

Demographics

Age

Mean

sD

Epilepsia, 54(3):502-511, 2013
doi: 10.1111/epi. 12064

— _

Years

Gender
Male
Female

RSE hastalarinin 6nemli bir kismi
komada NCSE olan hastalar

Clinical characteristics
Presumed etiologies of RSE

Table 1. Demographics and clinical characteristics of surviving and nonsurviving patients after refractory status

11

Hypoxic encephalopathy 25 23
Brain tumor 15 14
Uncontrolled epilepsy Il 10
Ischemic sq .. .
Meningics RSE sliresinde uzama ve NCSE
Tr‘aumatic .o .o .o . . . .
incracereb 6limcul sonlanimla iligkili
Metabaolic
Alcohol withdrawal 3 3
MNeurodegenerative 3 3
Others I 10
Not known 10 9

Level of consciousness at SE onset
Awake or somnolent 27 24
Stuporous or comatose 84 76

WWorst seizure type at SE onset
Simple partial/complex partial/absence 29 26
Generalized convulsive 10 9

)N CSE in coma 72 65

RSE, refractory status epilepticus; SE, status epilepticus; NCSE, nonconvul-

sive status epilepticus.

epilepticus
Adver eordusion of patients with byposde
Total cohort encephalopathy
Survivors INorsurvivors Survivors Mardurvivors
[n = &%) = 42) [n = &1} {n = 25)
Age Mean 5D Mean 5D p-Value  Mean 5D Mean 50D p-Value
Tears 605 =144 65.0 =158 0142 612 =147 853 =150 0.272
n % n % n S fn %
Gender
Male 34 493 25 519 0195 29 43 15 ) 0335
Fernale 35 50.7 14 381 32 52 9 15
Presurred etiology of RSE
Hypomic encephal opathy g 12 17 4] <0,0001 - - - - -

I Gran tarmor S 7 o = 0T S ) o Eai] TouT |
Urneartrolled epilepsy 3 12 3 7 0529 a 13 3 12 1000
lzchemic stroke 7 10 2 5 0.470 7 1 2 B 10080
Meringitia'encaphalitic 7 10 1 2 0255 7 1 I 4 0423
Trawmatic brain injury 4 [ 3 7 1.000 2 7 3 12 0405
Intracerebral hemorrhage 5 7 1 2 0.404 5 ] | 4 DLes7
Crthier or urikniorem eticlogies 25 EL [ 14 25 40 & 14

Lened of comaciousness ot 5E onget
Aoeraker or sormnolent 23 33 - 1] 0.00& 3 23 2 [ o072
Stuporous O COMEtoe 44 &7 38 oh e a2 2] B4
Wiorst seimere type at 5E onset
Simple partial/comples: partialabsence 24 33 3 7 0.001 ] 43 3 12 0010
Generaliped cornulshe 4 & [ 14 4 7 | 4
MCSEin coma 39 57 33 79 el 5l 21 24
e 5D Mean 5D Mean 5D Mean 5D
Drurasion of RSE (hours) 239  =1530 1203 =l&4l 0.00 394 =l&0 159.2 =301 00017
Tlomber of BELIE X E= ) T4 =TT T ER =T.1 a3 =& LI
n % n # n % fn %
Anesthetic drug:
Barbiturates a 12 & 14 077l a 13 2 [ 0739
Propofal 17 25 15 36 0230 & 25 9 36 0.435
Critical intervertions (before or during RSE)
Meckanical wermilation 54 74 £l 23 0191 47 7 21 B4 0559
CPR 3 4 14 33 <0.0001 0 0 0 0 -
Complications
Infeesions during SE 23 41 13 43 0313 24 39 13 52 0382
Severe hypovension {requiring visopressors) 3 4 4 o 0423 2 3 I 4 11000

RSE, rafractory s@ous epilepricus; AEDs, amtiepileptic drugs; MCSE, noncomvul shoe smous epikepricus; CTFR, cardiopulmonary resusdadon; 3E, smous epilaptious.

Bold p-values are considered stistically signifiant.

Continucus variables were analyzed with the Stedent's t-test  normally distributed or the Mann-Whimey U-test if nennormally distributed (*). For compari-
sons of propartions chi-square and Fisher's eact tast were applisd where appropriace.
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Table 3. Univariable and multivariable analysis for death in patients with refractory status epilepticus

Crude Adjusted”
RR 9535 Cl p-Value RR 953 Cl p-Yalue
Total cohort(n = 111)
Death
Age 0.99—1.03 0.10%9
YW orst seizure type at SE
Simple partial/complex i
Generalized convuls (B UNNINSTAIARINDANCSERIPOKSIKENSEFAIOPARIN ' oo
ol .
Brain tumors |.59—4.96 <0.0001
Hypoxic encephalopathy HASTALARI DISLANDISEINDA BILE ARTMIS [.40—4.12 0.001
RSE duration {per hour) MORTAL'TE IClN BAGIMSIZ BIR FAKTOR g 1.00—1.002 0.005
Adjusted®
95% ClI p-Yalue
After exclusion of patients wit
Death
Age .01z 0.99—1.03 0.285 |.00% 0.99—1.03 0.393
WWorst seizure type at SE onset
Simple partial/complex partial/absence Ref. Ref.
Generalized convulsive 1.933 0.25—-15.27 0.532 22086 0.28—17.50 0.454
MCSE in coma 3.904 1.26—12.06 0.018 3.881 1.41-10.67 0.009
Brain tumors 3.156 1.77-5.62 <0.0001 2.875 |.66—4.97 <0.0001
R5E duration (per hour) .00 1.00—1.002 0.047 1.001 1.00—1.002 <0.0001

SE, status epilepticus; RSE, refractory status epilepticus; NCSE, nonconvulsive status epilepticus.

Bold p-values are considered statistically significant.

“Adjusted for age, RSE duration, brain tumors, worst seizure type, and hypoxic encephalopathy.

“Adjusted for age, RSE duration, brain tumors, worst seizure type, and exclusion of hypoxic encephalopathy.




Absans status epileptikusunun morbidite veya mortalite olusturmadigi kabul edilir
Semptomatik NCSE yiksek mortalite oranlari ile iliskili (%70)

Hastanede kalis slireleri uzun_sas kalanlarda fonksivonel hozilma sik_%20 bazal diirnima déniis

NCSE’un morbidite ve morta _ disfonksiyonundan bagimsiz
Inme, SAK, travmatik beyin injurisi hastalarinda

konvilzif ve nonkonviilzif status epileptikus akut
¢ >30dk=> %3 beyin patolojisi ile birlikte sinerjistik hareket ederek

30-60 dk=> %19 prognozu kotulestirir

Tanida gecikme morbidite ve

. 1-6 saat> %32

Serebral mikrodiyaliz calismalari serebral glutamat, gliserol ve laktat-pirtivat oraninda artis gosterdi

Nonkonviilzif nébetler KiBAS, orta hat siftinde artis, ipsilateral hipokampal ve neokortikal atrofi riskinde artisla iliskili




Table 4 Prognosis

e E—— TORCOMTATSITe STArs Cprepics
Mortality Mortality
At hospital discharge: 9-21 % [19, 36-36] At hospital discharge: 18-52 % [31-53]
At 30 days: 19-27 % (30, 39, 40] At 30 days: 63 % [30]
AUYO days: 19 % [41] Factors associated with poor outcome after NCSE;

Standardized 10-year mortalty rato: 2.8 in general populaton [42] Underlying etiology, severe mental status impairment, longer seizure duration |28, 51, 53, 34]
In children, the mortality ranges from 3 to 11 % in retrospective series [43]. In a prospective study, the mortality was 3 % [34]
Morbidity
Severe neurological or cognitive sequelae: 11-16 % (19, 44-46]
Deterioration n functional status 23-26 % (19, 36, 38]

At 90 days after SE, 39 % had marked functional impairment (glasgow outcome scale score 2-4) and 43 % had good recovery
(glasgow outcome scale score 5) [41]

For patients diagnosed within 30 min of seizure onset, mortality was 36 % compared with 75 % for those patients diagnosed >24 h after
seizure onset seizures [31]

Patients with NCSE treated and resolved within 10 hhad 10 % mortality vs. 85 % mortality if seizures continued longer than 20 h [31]
Mortality at hospital discharge in NCSE was 27 % vs. 3 % comparing patients with vs. without known acute medical cause (53]

Factors associated with poor outcome afier GCSE

Underlying etiology, de novo development of SE in hospitalized patients, ol
at onset focal neurological signs, and the presence of medical complicati

Mortality rate is higher (61 %) when SE develops de novo in hospitalized

In patients with adequate therapy, the mortality rate may be as low as 8 % whi
(insufficient dose given, wrong route of administration, unnecessary delay
complications, or lack of EEG monitoring to guide treatment) [47]. Adhere
control and shorter ICU and hospital length of stay [30]



Yogun bakim tnitesinde nonkonvilzif status epileptikus
etkin bir bicimde tedavi edilmesi gereken bir durum!!!



Yogun bakim (initesinde nonkonviilzif status epileptikus yonetimi

Status epileptikus degerlendirme ve tedavisi eszamanli

yapiimali

HEDEF: KLINIK VE ELEKTROGRAFIK NOBET AKTIVITESININ
BiR AN ONCE SONLANDIRILMASI!!!

ilk degerlendirmenin amaclar:

Stabilizasyon ve sekonder néronal injuriden korunma

Status epileptikusu presipite eden ya da gelisimine katkida bulunan
akut beyin hasari ya da metabolik bozukluklarin taninmasi

Sistemik injuri belirteglerinin taranmasi

Epilepsy and Behavior 2015;49:294-7

Duration of status epilepticus

Fig. 1. The duration of status epilepticus in survivors and nonsurvivors dependent of the
severity of etiology (based on the results from the original study [20]). Seizure duration
is longer in non-survivors as compared to survivors, This relation is less distinct in patients
with more severe underlying etiology of status epilepticus (e.g., patients with brain tu-
mors, o patients with hypoxic-ischemic brain injury).



Yogun bakim linitesinde nonkonviilzif status epileptikus yonetimi

ilk adim tiim medikal ve ndrolojik acillerde oldugu gibi A, B, C

Havayolunun korunmasi, yeterli oksijenasyon ve ventilasyonun ve hemodinamik stabilitenin saglanmasi
IV giris, 02, noninvaziv/IV anestetik ajanlar kullanilacaksa invaziv hava yolu

Oncelikle kan sekeri bakilmali ve diisiikse dnce tiamin sonra glukoz verilmeli

Ates varsa asetaminofen, sogutucu battaniyeler, aksilla ve kasiklara buz paketleri

Sekonder noronal injuri gelisimini engellemek icin hipoksemi, hipotansiyon, hipoglisemi ve atesten

kacinilmali/tedavi edilmeli




Etiyolojik arastirma

Ll ggumcr!ﬂcul Neurocrit Care (20012) 17:3-23
4 society DOL 1001007 /512028-01 2-9695-z

REVIEW

Guidelines for the Evaluation and Management of Status
Epilepticus

Gretchen M. Brophy « Rodney Bell » Jan Claassen » Brian Alldredge «

Thomas P. Bleck - Tracy Glauser - Suzette M. LaRoche - James J. Riviello Jr. -
Lori Shutter - Michael R. Sperling - David M. Treiman - Paul M. Vespa -
Neurocritical Care Society Status Epilepticus Guideline Writing Committee

Table 3 Suggested diagnostic work-up [21]

The steps included in the diagnostic work-up should be completed as soon as possible and occur simultaneously and in paralle] with treatment.

All patients
1. Fingerstick glucose
2. Monitor vital signs.
3. Head computed tomography (CT) scan (appropriate for most cases)
4. Order laboratory test: blood glucose, complete blood count, basic metabolic panel, calcium (total and ionized), magnesium, AED levels.
5. Continuous electroencephalograph (EEG) monitoring
Consider based on clinical presentation
1. Brain magnetic resonance imaging (MRI)
2. Lumbar puncture (LP)
3. Comprehensive toxicology panel including toxins that frequently cause seizures (i.e. isoniazid, tricyclic antidepressants, theophylline,
cocaine, sympathomimetics, alcohol, organophosphates, and cyclosporine)
4. Other laboratory tests: liver function tests, serial troponins, type and hold, coagulation studies, arterial blood gas, AED levels, toxicology
screen (urine and blood), and inborn errors of metabolism

» Etiologic Investigation
Glucose
Antiepileptic drug levels
Acid-base disturbances
Arterial blood gas
Basic metabolic panel
Lactic acid
Acute organ failure
Creatinine
Blood urea nitrogen

Transaminases (aspartate
and alanine aminotransferase)

Ammonia

Electrolyte imbalances
Calcium

Magnesium
Phosphorus
Intoxications

Alcohol level

Adulterant survey

» Systemic Injury Screening
Creatine kinase
Troponin
» CSF (As Indicated)
Cell count
Glucose
Protein

Gram stain and bacterial
culture

Herpes simplex virus PCR®

CSF = cerebrospinal fluid; PCR =

polymerase chain reaction.

? Testing for other infectious agents
may be indicated depending on the
clinical scenario.

CONTINUUM: Lifelong Learning in Neurology Issue: Volume 21(5, Neurocritical Care), October 2015, p 1362-1383




Etiyolojik arastirma

Oykii

Fizik muayene

Kontrastsiz BBT

Temel laboratuvar tetkikleri

Epileptik oldugu bilinen olgularda serum AEi diizeyleri, non-
kompliyans???

Toksikoloji analizleri

Epilepsi 6ykiisli olmayan hastalarda ve epileptik olmasina karsin seyrek
nobetleri olan ve ilk degerlendirmelerle status epileptikusa yol agan
faktoriin belirlenemedigi hastalarda LP distnilmeli

Yakin zamanda gegirilmis enfeksiyon semptomlari olan, lisan
bozukluklari olan, ates veya hipotermisi olan ve immiinkompromize

olan hastalarda LP ile SSS enfeksiyonu dislanmali

Etiyoloji belirlendikten sonra acilen dizeltilmeli
Ancak secilecek tedavinin nobet esigini
distirmemesine, nobet veya status epileptikusu
presipite etmemesine dikkat edilmeli (florokinolon
grubu antibiyotikler, sefepim, karbapenemler,...)

ilag yoksunlugu ile iliskili status epileptikus
olgularinda mimkiinse parenteral yolla olmak tzere
ilac hemen uygulanmali

KiBAS saptanan/kusku duyulan hastalarda uygun

yonetim

CONTINUUM: Lifelong Learning in Neurology Issue: Volume 21(5, Neurocritical Care), October 2015, p 1362-1383
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| Clinical commentary

Epileptic Disord 201s; 16 (4): 286-93

. ilk incelemeler ile etiyoloji belirlenemediyse; .
Treatment responsive

GABA(B)-receptor limbic
encephalitis presenting
as new-onset super-refractory

. ‘New-onset refractory status epilepticus’, NORSE

Epilepsy & Behavior Case Reports 3 (2015) 33-35

Contents lists available at ScienceDirect

Epilepsy & Behavior Case Reports

journal homepage: www.elsevier.com/locate/ebcr

status epilepticus (NORSE)
in a deployed U.S. soldier

Jeffrey Brian Hainsworth 1.2 aAkira Shishido >4,
Brett James Theeler 7-2:5, Craig Grason Carroll -2,
Rebecca Ellen Fasano -2

Case Report Seizure 22 (2013) 217-220

‘The great imitator’: Neurosyphilis and new-onset refractory status @mwm
epilepticus (NORSE) syndrome

Contents lists available at SciVerse ScienceDirect

Sonia Kumari *, Tom Hayton, Pauline Jumaa, Dougall McCorry

Seizure

Unusual presentation of more common disease/injury

journal homepage: www.elsevier.com/locate/yseiz

CASE REPORT

New onset refractory status epilepticus (NORSE)
as the heralding manifestation of herpes
simplex encephalitis

Five cases of new onset refractory status epilepticus (NORSE) syndrome:
Outcomes with early immunotherapy

Claire R.E. Gall? Odai Jumma ®, Rajiv Mohanraj®*

*Greater Manchester Neurosciences Centre, Salford, UK
® Birrmingham Heartands Hospital, Birmingham, UK

Rajesh Verma,' Tushar Premraj Raut,' Prithvi Giri," Heramba Narayan Praharaj’

CONTINUUM: Lifelong Learning in Neurology Issue: Volume 21(5, Neurocritical Care), October 2015, p 1362-1383



Diagnostic Test

Consider In

Imaging

Brain MRI

Chest/fabdomen/pelvis CT

Ovarian or testicular ultrasound

CSF¥
Cell count, glucose, protein, Gram stain
Cytology and flow cytometry

Microbiclogic serologies, PCRs, Gram stain and
cultures: herpes simplex virus types 1 and 2,
varicella-zoster virus, Epstein-Barr virus,
cytomegalovirus, human herpes virus 6, enterovirus,
influenza, adenovirus, JC virus, measles, HIV, hepatitis
C wirus, West Nile virus, Japanese encephalitis virus,
St Louis encephalitis vir .

Patients in whom an etiology is not established after
history, basic laboratory evaluation, brain CT scan,
and lumbar puncture (LP)

Patients in whom an etiology is not established after
history, basic laboratory evaluation, brain CT scan,
LP, and brain MRI

Patients in whom an etiology is not established after
history, basic laboratory evaluation, head CT scan,
LP, brain MRI, and chest/abdomen/pelvis CT

Serum?

Microbiclogic serclogies, PCRs, and cultures: herpes
simplex virus types 1 and 2, varicella-zoster wvirus,
Epstein-Barr virus, cytomegalovirus, influenza,
adenovirus, JC virus, measles, HIV, hepatitis C wvirus,
West Nile virus, Japanese encephalitis virus, 5t Louis
encephalitis virus, eastern equine encephalomyelitis
wirus, western equine encephalomyelitis virus,
Mycoplasma pneumoniae, Chlamydia species,
Bartonelis henselae, cryptococcal antigen, syphilis
(rapid plasma reaqgin }, toxoplasmosis, malaria, Lyme

Nonparanecplastic autocantibodies: ANA,
double-stranded DMNA, lupus anticoagulant,
antiphospholipid, rheumatoid factor, 554, SSB, AMNCA,
thyroid peroxidase, thyroglobulin, transglutaminase,
antigliadin, endomysium

Her tetkik her hasta icin gerekli
degil

Secilecek etiyolojik tetkikler oykii
ve fizik muayene bulgularina gore
belirlenmeli

Patients in whom an etiology is not established
after history, basic laboratery evaluation, CT scan,
LP, and MRI

AND

Angiotensinconverting enzyme

Paraneoplastic antibody panel: AcdhR binding, Anti-Hu
(AMNMNA-1), Anti-Ri (ANMNA-2), striated muscle, AchR
ganglionic, P/\Q-type voltage-gated calcium channel
antibodies, N-type voltage-gated calcium channel
antibody, Anti-Yo (ANNA-3), AGNA-1, PCA-1, PCA-Z,
PCA-Tr, amphiphysin, CRMP-5/CW2, VGKC, NMDuWA,

Patients in whom history of present illness,
demographics, exposure history, comorbidities,
and family history are potentially suggestive
Radisimmunoprecipitation assay: PAQ-type calcium of the diagnosis under consideration
channel antibody, N-type calcium channel antibody,
muscle AchR binding antibody, ganglionic AchR

antibody, VGKC antibody, GADGS antibody

Immunofluorescence assay (tissue immunofluorescence):

encephalomyelitis virus,
encephalomyelitis virus,
Walley virus, Mycoplasma
tuberculosis, Chlamydia
cryptococcal antigen, sy
toxoplasmosis, malaria,

CSF exclusive oligoclona
and synthesis

Radicimmunoprecipitat
antibody, VGKC antibo

lleri inceleme ile hastalarin énemli bir kisminda altta yatan neden belirlenebilir

in whom the above evaluation is nondiagnostic

E in whom brain MRI, CSF analysis, andfar
boratory evaluation are suggestive of vasculitis

Immunofluorescence assay (tissue immunoflucrescence):
ANMA-T, ANNA-2, ANNA-3, PCA-1, PCA-2, PCA-TT,
amphiphysin antibody, CRMP-5-1gG, AGNA-1
Immunefluorescence assay (cell-binding
immunofluorescence): NMDA receptor antibody,
AMPA receptor antibody, GABA-B receptor antibody

MNeuromyelitis optica (aguaporin-4 1gG)
cell-binding assay

Anti-Ma 1 and Anti-Ma 2/Ta antibody
14-3-3 protein

BTSN SPECT OF TDG-PET PaTEneG menem a thorough evaluation is nondiagnostic

AMD

Imaging does not reveal a potential biopsy site

Brain and/or meningeal biopsy Patierts in whom a thorough evaluation is nondiagnostic
AND

Any ill-defined lesion is present on MRI (T1 postcontrast,
T2 FLAIR) in a superficial cortical or meningeal location

AchR = acetylcholine receptor; AGMNA = antiglial nudear antibody, ARMPA = a-amino-3-hydroxy-S-methylisoxazole-d-propionic acid; AMNA =
antinuclear artibody, AMNCA = antineutrophil oytoplasmic antibody:; AMMNA = antineuronal nuclear antibody;, CREMP-5 = collapsin response
mediator protein-5; C5F = cerebrospinal fluid; CT = computed tomography; DMNA = deoxyribonucleic acgd; FDG-PET = flucrodeoxyglucose

positron emissicn tomography: FLAIR = fluid-attenuated inversion recovery; GABA-B = y-aminobutyric acid type B, GADES = glutamic acid
decarboxylase €5; HIV = human immmunodeficiency virus; 1gs = immunoglobulin G; MRl = magnetic resonance imaging; MDA = A-Rlethyl-
p-aspartate; PCA = Purkinje cell antibody; PCR = polymerase chain reaction; PET = positron emission tormography; SPECT = single-photon

emissicn computed tomography; 558 = Sjégren syndrome A S5B = Siogren syndrome B WGKC = voltage-gated potassium channel.



Yogun bakim Unitesinde nonkonviilzif status epileptikus tedavisi

Status epileptikus 60 dk icerisinde kontrol altina alinmis olmali

Nobet aktivitesi kontrol altina alinmis olsa bile tim hastalara ‘emergent initial AED therapy (ilk sira)’ ve ‘urgent
control AED therapy (ikinci sira)’ ve idame AEi tedavisi uygulanmali

Neden metabolik bir bozukluksa diizeltilmeli, bu hastalarda idame AEi tedavisi gerekli olmayabilir

ilk iki AEI basarisiz oldugunda refrakter status epileptikus tedavisi (3. ve 4. sira) uygulanmali




Table 5 Critical care weatment outline for convulsive and non-convulsive SE that should be completed prior or upon arrival to the intensive care
unit (Mote: timing is merely a guide as all interventions should be done as soon as possible.)

Critical care treatment

Timing (minutes post
seizure onset)

Goals

Rationale/references

Mon-invasive airway protecton and
gas exchange with head positoning

Intubation (if airway/gas exchange
compromised or elevated ICP
suspectad)

Vital signs: O samration. BPF, HR

Vasopressor support of BP if SBP
=90 mmHg or MAP =70

Finger stick blood glucose
Peripheral I'V access

1. Emergent initial AED therapy
(i.e. benzodiazepine)

2. Fluid resuscitation

3. Nutrient resuscitation (thiamine
given before dextrose:; dextrose)

Urgent SE control therapy with AED
Meuwrologic exam
Triage lab test panel (see Table 2)

Refractory SE treatment

Urinary catheter
Continuous EEG

Diagnostic testing (selection depends
on clinical presentation)

T
LP
MEIL

Intracranial pressure monitoring
(depending on clinical presentation)

Immediate (02 min)

Immediate (0—10 min)

Immediate (02 min)
Immediate (5-15 min)

Immediate (0—-2 min)
Immediate (0—5 min)

Immediate after inigal
AED given (5-10 min)

Urgent (5—10 min}

Immediate (5 min)

Urgent (2060 min after
2nd AED)

Urgent (0—60 min}
Urgent (1560 min)

Urgent (0—60 min )

Urgent (0—60 min of
imaging diagnosis)

Maintain airway patency. avoid
snoring, administer g

Establish secure oxyvgenation amd
ventil ation

Establish and support baseline
wvital signs
Support CPP

Diagnose hypoglycemia
Establish medication route

1. Stop seizure

2. Establish euvolemia

3. Reverse thiamine deficiency.
treat hypoglycemia

Stop seizure

Evaluate for mass lesion, acute
intracranial process

Diagnose life threatening
metabolic condition

Stop seirures; treatment strategies
based on individual patent
response and AED
concentrations (if applicable)

Evaluate systemic circulation

Evaluate for NCSE if not waking
up after clinically obvious
seiFures cease

Evaluare for mass lesions,
meningitis, encephalitis

Measure and control ICP

[40, TH-79]

Expert opinion

[B0-81]

Expert opinion

[B0—82]

[B0-—82]
Expert opinion
Expert opinion

Expert opinion

Expert opinion

[50, T3, 75]

Expert opinion

Expert opinion

AED antiepileptic drug:; BF blood pressure; CFPP cerebral perfusion pressure; CT computed tomography:; EEG elecroencephalogram; HR heart
rate; FOF imracranial pressure; LFP lombar puncture; MAFP mean arterial pressure; MRT magnetic resonance imaging: SBFP systolic blood pressure

Neurocrit Care 2012;17:3-23




Tedavi evreler halinde belirtilse de ‘continuum’ ve
her bir evrede ndbet aktivitesinin bir an dnce

sonlandirilmasi hedef

Neurocrit Care 2012;17:3-23

Tahle & Treamment recommendations for SE

Treatment

Class/level of evidence

Emergent treatment
Lorazepam
Midazolam
Diazepam
Phenytoin/fosphenytoin
Phenobarhital
Valproate sodium
Levetiracetam

Urgent treatment
Valproate sodium
Phenyton/fospheny toin
Midarolam (continuous infusion)
Phenobarhital
Levetiracetam

Refractory treatment
Midazolam
Propofol
Pentobarbital/thiopental
WValproate sodium
Levetiracetam
Phenytoin/fosphenytoin
Lacosamide
Topiramate
Phenobarhital

Class 1., level A

Class 1., level A

Class Ia. level A
Class ITh, level A
Class ITh, level A
Class ITh, level A
Class ITh, level C

Class [la. level A
Class Ila. level B
Class ITh, level B
Class ITh, level C
Class ITh, level C

Class Ia. level B
Class IIb, level B
Class IIb, level B
Class Ia. level B
Class ITh, level C
Class ITh, level C
Class ITh, level C
Class ITh, level C
Class ITh, level C




‘Emergent Initial Therapy’ — Acil llk Tedavi — 1. sira AEI

. . Tahle & Treament recommendatons for SE
Benzodlazeplnler

Treatment Class/level of evidence

IV yol tercih edilir

Emergent treatment

. . .. Lorazepam Class [, level A
Mimkuin degilse IM, rektal, nazal, bukkal Midazolam Class 1. Tevel A
Diazepam Class Ila, level A
IV: Iorazepam Phenytoin/fosphenytoin Class Ib, level A
. - Phenoharbital Class ITb, level A
IM: midazolam (nazal veya bukkal yolla da uygulanabilir) Valproate sodium Clace 11, level A
Levetiracetam Class [lb, level C

Rektal: diazepam

Entlbe olmayan hastalarda IV BDZ uygulanirken solunum depresyonu riskine dikkat!

Hizl uygulama solunum depresyonu ve hipotansiyona yol acgabilir!!!




‘Emergent Initial Therapy’ — Acil ilk Tedavi —
1. sira AEI

. Status epileptikus tedavisinde kullanilan ilaglarin
optimal doz araliklarini belirlemek icin yapiimis
kontrollu klinik calismalar yok

. Bu nedenle dozlar gézlem verileri ve uzman gorusu ile
belirlenmistir

. Klinik uygulamada kullanilan dozlar daha ytksek
olabilir, klinik ve EEG bulgularina gore titre edilmeli

. Fenitoin/fosfenitoin inflizyonlari sirasinda kardiyak
monitorizasyon yapilmali, QT uzamasi ve aritmi

riskleri!!l

Table 7 Intermittent drug dosing in SE

Drug Initial dosing Administration rates Serious adverse effects Considerations
and altemative dosing
recommendations
Diarepam 0.15 mg/kg IV up to Up to 5 mg/min (IVP) Hypotension Rapid redistribution (short
10'mg per dose. M3y poge: 2.5 years, 0.5 mghkg  Respiratory depression duration), active metaholite,
repeat in 5 min (PR); 6-11 years, 0.3 IV contains propylene glycol
mg/kg (PR); greater than
12 years, 0.2 mg/kg (PR)
Lorazepam 0.1 mg/kg IV up to Up to 2 mgimin (IVP) Hypotension Dilute 1:1 with saline
4 mg per dose, may Respiratory depression I'V contains propylene glycol
repeat in 5-10 min
Midazolam 0.2 mg/kg IM up to Peds: 10 mg IM (=40 kg):  Respiratory depression Active metabolite, renal
maximum of 10 mg 5 mg IM (13-40 kg Hypotension elimination, rapid redistribution
0.2 mg/kg (intranasal); (short duration)
0.5 mg/kg (buccal)
Fosphenytoin 20 mg PE&g IV. may  Up to 150 mg PE/min; may Hypotension Compatible in saline, dextrose, and
give additional give additional dose Arrhythmias lactated ringers solutions
5 mgkg 10 min after loading
infusion
Peds: up to 3 mg/kg/min
Lacosamide 200-400 mg IV 200 mg IV over 15 min PR prolongation Minimal drug interactions
No pediatric dosing Hypotension Limited experience in treatment
established of SE
Levetiracetam 1.000-3,000 mg IV 2-5 mg/kg/min IV Minimal drug interactions
Peds: 20-60 mg/kg IV Naot hepatically metabolized
Phenobarhital 20 mg/kg IV, may give 50-100 mg/min IV, may give Hypotension I'V contains propylene glycol
an additional additional dose 10 min Respiratory depression
5-10 mg/'kg after loading infusion
Phenytoin 20 mg/kg IV, may give Up to 50 mg/min IV; may  Arrhythmias Only compatible in saline
an additional give additional dose Hypotension IV contains propylene ghycol
5-10 mg/kg 10 min after loading o
. . Purple glove syndrome
infusion
Peds: up to 1 mg/kg/min
Topiramate 200-400 mg NG/PO 300-1,600 mg/day orally Metabolic acidosis No IV formulation available
(divided 2-4 times daily)
No pediatric dosing
established
Valproate 20-40 mg/kg IV, may  3-6 mg'kg/min, may give Hyperammonemia Use with caution in patients with
sodium give an additional additional dose 10 min traumatic head injury; may be a

20 mg/kg

after loading infusion
Peds: 1.5-3 mg/kg/min

Pancreatitis
Thrombocytopenia

Hepatotoxicity

preferred agent in patients with
glioblastoma multiforme

IM intramuscular; IV intravenous; IVP intravenous push; min minute; NG nasogastric; PE phenytoin equivalents; PEDs pediatric; PO by mouth;
PR rectal administration; PRIS propofol related infusion syndrome




‘Urgent Control Therapy’ — Hizli Kontrol Tedavisi — 2. sira AE|

Nedenin bilindigi ve dizeltildigi (6rnegin hipoglisemi) durumlar hari¢ tim hastalarda gerekli
Hedefler:

ilk sira tedaviye yanit veren ve statusun sonlandigi hastalarda idame AEi’larin terapétik diizeyine
hizla ulasmak

Yanitsiz hastalarda statusun sonlandiriimasi

Bu asamada hangi ilacin en etkili oldugu tartismali, se¢im bireysellestirilmeli

Primer jeneralize epilepsi 6yklisl olanlarda valproat, diger hastalarda fenitoin ilk tercih olabilir
Terapotik diizeye hizla ulasilmasi icin IV yol tercih edilmeli

Epileptik olan ve AEi kullanim &ykiisii olan hastalarda varsa bu AEi"in IV bolusunu uygulamak daha
dogru

Nobet aktivitesinin sonlanmasi icin normal hedef konsantrasyonlari asmak lizere ek bolus

uygulamalar yapilabilir

Table 6 Treatment recommendations for SE

Treatment Class/level of evidence

Urgent treatment
Walproate sodium
Phenytoin/fosphenytoin
Midazolam (continuous infusion)

Phenobarbital

Levetiracetam

Class [la, level A
Class [la, level B
Class [Ib, level B
Class [Ib, level C
Class [Ib, level C




‘Refrakter status epileptikus tedavisi’ — 3. ve 4. sira AEI

1. ve 2. sira tedavilere karsin devamli EEG monitorizasyonu ve/veya klinik
degerlendirme ile statusun devam ettiginin belirlendigi hastalar

Guvenli oldugu belirlenmis bir gézlem periyodu yok

Bu nedenle agresif tedaviye devam

Kullanilan AEi tekrar bolusu?

Ek ajan?

Bolus intermittan tedavilere yanitsizlik halinde devamli AEi inflizyonuna gecilmeli
Hemodinamik olarak stabil, entiibasyon gerektirmeyen NCSE hastalarinda daha 6nce
uygulanmadiysa intermittan bolus halinde valproat sodyum, levetirasetam, fenitoin
Devamli inflzyonla birlikte gerektigi hallerde ayni ilacin bolus dozlari uygulanabilir

ilk ajanla basarisizlik halinde farkl bir ajanin devamli infiizyonuna gegilebilir

Table 6 Treatment recommendations for SE

Trearment Class/level of evidence

Refractory treatment

Midazolam Class Ila, level B
Propofol Class Ilb, level B
Pentobarbital/thiopental Class Ilb, level B
Valproate sodium Class Ila, level B
Levetiracetam Class Ilb, level C
Phenytoin/fospheny toin Class Ilb, level C
Lacosamide Class Ilb, level C
Topiramate Class ITb, level C
Phenoharbital Class Ilb, level C




‘Refrakter status epileptikus tedavisi’ — 3.

Table 8 RSE dosing recommendations

ve 4. sira AE|

Drug Initial dose

Continuous infusion dosing
recommendations-titrated o EEG

Serious adverse effects

Considerations

Midazolam 0.2 mg/kg: administer at an

infusion rate of 2 mg/min

Pentobarbital  5-15 mg/kg, may give
additional 5-10 mg/kg;
administer at an infusion
rate <50 mg/min

Propofol Start at 20 mcg/kg/min,
with 1-2 mg/kg
loading dose

Thiopental 2-7 mg/kg, administer at

an infusion rate
=50 mg/min

0.05-2 mg/kg/hr CI

Breakthrough SE: 0.1-0.2 mg/kg
bolus, increase CI rate by
0.05-0.1 mg/kg/hr every 3-4 h

0.5-5 mg/kg/h CI
Breakthrough SE: 5 mg/kg bolus,
increase CI rate by 0.5-1

mg/kg/h every 12 h

30-200 mcg/kg/min CI

Use caution when administering
high doses ( >80 mcg/kg/min)
for extended periods of time
(i.e.,, >48 h)

Peds: Use caution with doses > 65
meg/kg/min: contraindicated in
young children

Breakthrough SE: Increase CI rate
by 5-10 mcg/kg/min every
5 min or 1 mg/kg bolus plus CI
titration

0.5-5 mg/kg/h CI

Breakthrough SE: 1-2 mg/kg
bolus, increase CI rate by
0.5-1 mg/kg/h every 12 h

Respiratory depression
Hypotension

Hypotension
Respiratory depression
Cardiac depression
Paralytic ileus

At high doses. complete loss

of neurological function
Hypotension (especially

with loading dose in

critically ill patients)
Respiratory depression
Cardiac failure
Rhabdomyolysis
Metabolic acidosis
Renal failure (PRIS)

Hypotension
Respiratory depression
Cardiac depression

Tachyphylaxis occurs after
prolonged use
Active metabolite, renally
eliminated, rapid
redistribution (short
duration), does NOT
contain propylene glycol
Requires mechanical
ventilation
IV contains propylene
glycol

Requires mechanical
ventilation

Must adjust daily caloric
intake (1.1 kcal/ml)

Requires mechanical
ventilation

Metabolized to
pentobarbital

CI continuous infusion; EEG electroencephalogram; A hour: IM intramuscular; /V intravenous; /VP intravenous push: min minute; PRIS propofol

related infusion syndrome

Devamli inflizyonla verilmesi 6nerilen ajanlar:
midazolam, propofol, pentobarbital,
thiopental

Hangisinin tercih edilmesi gerektigine iliskin
veri yok

Propofol inflizyon sendromu!!!

Midazolam daha az hipotansiyona yol acar
Pentobarbital > midazolam, ancak yan etki
daha fazla

Tumiyle asiste ventilasyon ve kardiyovaskiler
monitorizasyon gerekli

Vazopressor ajanlar gerekebilir




Refrakter status epileptikus tedavisinin intensite ve siiresi

Kanita dayali veri yok

Tedavi intensitesi devamli EEG monitorizasyonu bulgularina gore belirlenir

Hedef: elektrografik n6bet aktivitesinin sonlanmasi veya burst slipresyon

Serum ilag duizeyleri yonlendirici olmamali

Tedavi sliresi?

Geleneksel uygulama elektrografik nébet kontroliiniin 24-48 saat sirdiriilmesi, sonrasinda AEl’larin yavas doz azaltimi
Rekirren refrakter status halinde devamli inflizyonun 6nceki dozuna veya daha yiiksek bir doza cikilmali/yeni ilag
eklenmeli

Haftalar-aylar siiren refrakter status tedavisinden sonra olumlu prognoz mimkiin




Devamli infiizyon tedavisinden idame AEl tedavisine gegis

Kanita dayali veri yok

Devamli inflizyon uygulamasi ve weaningi siiresince terapétik konsantrasyonlari saglayacak idame AEi tedavisi verilmeli
Terapotik konsantrasyonlar bir cok AEi icin yayimlanmis hedef konsantrasyonlari asabilir, dozlar etkinligi saglamak ve yan
etkileri minimize etmek Uzere bireysellestirilmeli

idame tedavinin basarisini belirleyen faktorler: klinik 6zellikler, EEG paterni, altta yatan neden, eslik eden sistemik
hastalik, ilac-ila¢ etkilesimleri

Uzun slire pentobarbital inflizyonu uygulanan hastalarda cekilme ndbetleri olabilir




Refrakter status epileptikus icin alternatif tedaviler

Ozellikle su hastalarda agresif tedaviye devam edilmeli:

*  Premorbid saghkli olan, genc hastalar

* Kendi kendini sinirlayan hastalik siireci

Olumsuz prognozla iliskili intrakranial lezyonu olmayan hastalar
Alternatif tedaviler kanita dayal degil

Anekdotal olgu bildirimleri




Refrakter status epileptikus icin alternatif tedaviler, farmakolojik

Table I~ Summary table for pharmacological options in SRSE treatment

Pharmacologic agent

Studied doses

Adverse effects

Clinical pearls and considerations

Ketamine

[soflurane

VIG

Corticosteroids
Methylprednisolone
Prednisone

Bolus: 0.5-3 mgkg
Infusion: 1-10 mg/kgh

Concentration: 1-5 %
[nfusion: titrate to

burst suppression
on EEG

1-2 gkg divided
over 3-5 days

1 g/day for 3-5 days
60 mg daily

Tachycardia, acute elevation in blood pressure,
ICP elevation, and theoretical neurotoxic
effects when used for prolonged periods

Hypotension requiring [V vasopressors support,

infection, paralytic ileus, deep vein thrombosis,

and cognitive dysfunction with prolonged use

Injection site and hypersensitivity reactions,
renal dysfunction with concentrated solutions
and high infusion rates, transfusion
related acute lung injury,
and thromboembolic events

Glucose intolerance, psychiatric disturbances,
impaired immunological function,
and adrenal suppression

Caution if the patient has an efiology that might
increase ICP (e.g., severe brain edema from
anoxic brain injury). Early use of ketamine
may provide better and faster control of
seizures. Consider in hypotensive patients

Likely to stop seizures but not a sustained
effect. Consider as last-line therapy

Consider for patients with no history of seizures, a

presence of other acute psychiatric behaviora
or dementia-like changes, an underlying
malignancy, or presence of other autonomic
dysfunction

Similar to [VIG.

l

€arr Neur

| Neurosci Rep 2015;15:66



Refrakter status epileptikus icin alternatif tedaviler, non-farmakolojik

Table 2

Summary table for non-pharmacological options in SRSE treatment

[ntervention Studied doses

Adverse effects

Clinical pearls and considerations

Ketogenic diet  4:1 (the ratio of fat to
carbohydrates and

protein)

Hypothermia Goal temperature of 32—
35 °Cx24 h with
rewarming of no more

than 0.5 °C per hour

Electroconvulsive Protocols vary

therapy

Transcranial Can be performed in the
magnetic ICU setting
stimulation

Vagal nerve
stimulator

Surgical implantation

Hyperlipidemia, weight loss. Contraindicated in
pyruvate carboxylase and beta-oxidation
deficiency

Coagulation disorders, venous thrombosis,
cardiac arrthythmia, electrolyte abnormalities,
mnfections, pharmacokinetic and
pharmacodynamics changes, and acute
ntestinal ischemia/necrosis

Can mnduce convulsive and non-convulsive status
epilepticus after treatment, cognitive
impairment, amnesia, and headache

Rare seizures, headache, dizziness, and other
neurological side effects

Voice hoarseness, infection risk at the
implantation site, and rare bradycardia

Unlikely compliance with long-term use of the
diet due to social and dietary restrictions, cost,
and the complexity involved. Lack of well-
designed trials

Hypothermia can potentially be used as an
alternative to two or more unsuccessful EEG
burst suppression trials. Goal temperature
aimed at appropriate burst suppression pattern
on EEG

EEG monitoring required

Routine use not well established, further studies
are needed

Considered a very safe intervention and does not
require surgery or device implantation. Still
investigational therapy

No strong evidence to support its use in the acute
settings

Curr Neurol Neurosci Rep 2015;15:66
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FULL-LENGTH ORIGINAL RESEARCH

Intravenous ketamine for the treatment of refractory status
epilepticus: A retrospective multicenter study

*Nicolas Gaspard, tBrandon Foreman, iLilith M. Judd, §James N. Brenton, §Barnett R. Nathan,
{Blathnaid M. McCoy, JAli Al-Otaibi, #Ronan Kilbride, **lvan Sanchez Fernandez,
t1Lucy Mendoza, }{Sophie Samuel, }}Asma Zakaria, {{Giridhar P. Kalamangalam,

§§Benjamin Legros, {{4{Jerzy P. Szaflarski, **Tobias Loddenkemper, {Cecil D. Hahn,
§Howard P. Goodkin, tJan Claassen, *Lawrence J. Hirsch, fSuzette M. LaRoche, and From the
Critical Care EEG Monitoring Research Consortium

tedavisinde yararl olabilir

IV ketamin fokal ve jeneralize NCSE

Table 1. Demographics and clinical data (N = 60

Table 2. Determinants of ketamine efficacy (N = 60 episodes)

episodes of RSE)
Age; median (range) 24 y (7 m—74 y)

Children (=18 v) (%) 12 (20)

Female gender (35) 30 (50)
Etiology (55)

Unknown 34 (57)

Acute symptomatic 20(33)
Monanoxic brain injury® 1)
Postanoxic encephalopathy Fnz)

Systemic etiology” 2(3)
Remote symptomatic & (10}
Prior history of epilepsy (35) 2(15)
Dwuration of 5E (days): median (range) 265 d (1 h—10 m)
CEEG (%) 59 (98)

Time from onset of SE to CEEG (median, range)
Classification of SE (35)

<24 h(0—17 d)

Generalized convulsive 14(23)
Tonic—clonic 51(8)
Myoclonic & (10)
Tonic 3 (5)

Generalized nonconvulsive 3 (5)

Foeal convulsive 4 (1)
Epilepsia partialis continua 2(3)
Hemiconvulsive 2(3)

‘ Focal nonconvulsive 38 (63)

Status epilepticus of infantile spasms 1'(Z2)

Data presented as M (row percentage) unless stated otherwise. h, hours; d,
days; m, months; y, years; CEEG, continuous EEG monitoring: 5E, status epi-
lepticus.

“Causes of nonanoxic brain injury and systemic eticlogies included proven
infectious (N = 4) or autoimmune (N = 2; both anti-NMDA) meningoen-
cephalitis, subarachnoid hemorrhage (N = 2), ischemic stroke (N = 2), trau-
matic brain injury (N = |}, sepsis-associated encephalopathy (N = [), and

Likely response  Possible response Likely or possible No response p-Walue p-Value
(N=T) (N=12) response (N = 19) (N = 41) (uni'.f.]$ {multiv.)
Latency to ketamine; median (range) 1Zh(&h-7d) 5d(I8h-30d) 45d(6 h-30d) 10 d(12 h—122 d) 0.0053 NS
MNumber of previously failed drugs; 4(3-7) 6(3-11) 6(3-11) 8(3-186) 0.0012 <0.01
median (range)

Etiology

Unknown (N = 34) I 7 8 26 <0.001 NS

Anoxic (N =7) 4 0 4 3

Acute nonanoxic (N = [3) 2 2 4 9

Remote (N = 6) 0 3 3 3
5k classification

Generalized convulsive (N = [4) 2 4 & 8 NS -

Generalized nonconvulsive (N = 3} 4] ! i 2

Focal comvulsive (M = 4) ] 2 2 2

Focal nonconvulsive (N = 38) 5 5 10 28

Infantile spasms (N = 1) 0 0 0 |
Maximum infusion rate (mg/kg/h); 7(0.9-10) 1.8 (0.6-7) 2(0.6-10) 3(0.05-10) NS -

median (range)’

Loading dose administered” 6/6 (100%) 5/8(63%) L1714 (79%) 23732 (72%) NS -
Duration of administration | {0-2) 3(0-10) 2(0-10) 5(0-27) <0.001 NS
MNumber of concurrent drugs 3 (1-5) 5(1-11) 4(1-11) 6 (1-10) <0.001 NS
Number of concurrent anesthetic drugs® 1 {0-1) I (1-3) 1 {0-3) 2(1-3) <0.001 NS

posterior reversible encephalopathy syndrome (M =

h, hours; d, days; m, months; univ., univariate analysis; multiv., multivariate analysis.

*p-value refers to analysis using likely, possible, and no response as three separate categories.
®Information available in 54 of 60 cases.

®Information available in 46 of 60 cases.

“Anesthetic drugs included pentobarbital, thiopental, midazolam, and propofol.
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Inhalational Anesthetic Agents Isoflurane and Fpp T ;
C4a-P4a
Desflurane Fa-02
FP1-FT
. F7-T
Seyed M. Mirsattar, MD; Michael D. Sharpe, MD; G. Bryan Young, MD, FRCPC T:a-Tg
TE-O1
Arch Neurol. 2004;:61(8):1254-1259. doi:10.1001/archneur.61.8.1254. F'I:;E:‘IEE
Ta-TS
Table 1. Clinical Profile of Patients With Refractory Status Epilepticus (RSE) TE-O
Patient/Age, y/Sex History of Seizures Etiology of RSE Selzure Type During RSE
1UF Cryptogenic RSE with multiple seizure Gryptogenic, preceded by increased NGSE (generalized, maximum left ﬁ',
types [GTGC, GPS, atypical absences, frequency of seizures (especially drop hemisphere) - -_
drop attacks); onset at age 1y attacks), precipitated by corpus = 3
callogotomy and right frontal rasection k-
2/51/M Cryptogenic epilepsy with GTC for 3y Poor compliance with AEDs {serum PHT GCS and NCSE
level <0.5 g/imL) gt D e
IS1M Symptomatic epilepsy with partial motor Oligodendroglioma (left frontal) Partial motor {rolandic) and secondary FP1-F7 L {T:ﬂ: —-'::,.r SR s
(rolandic) seizures due to a low-grade generalized convulsive status epilepticus FT-T3 e 0 il -: :: | T . -f —q.n ——, S
oligodendroglioma of left frontal lobe for and NCSE TI-TE e s are oy s =
¥ TS-0n1

3 o b
4T1M None Silver toxicity Multifocal and general myoclonus; F';g__—lF—E ¥ m m :ui‘:u‘_:‘_‘b‘j'h E i —

saze - The [As, isoflurane and desflurane, effectively stopped seizures in all 7 cases of RSE. Adequately sustained

B/SE/F

- DUrst-suppression EEG patterns were obtained in all patients within minutes of initiation of IA therapyvin a

awevaions d0SEe-dependent manner during administration of IA.

|seizure; NGSE, n

Sl conversion
Table 3. Course of Therapy for Patients With Refractory Status Epilepticus (RSE) Fa-c4 Sl il
Cd-Pra Pl
+- 1 | 2 YT
Hospital Ventilatory MAC-Hoursof  RSE Priorto P e i
Patient Stay,d ICUStay,d Support,d Isoflurane (d)  Isoflurane, d Other AEDs Tried During RSE e —y—yr-—7rTr T T
1 53 30 27 33.8(2) 3 LZP, d{azepam. MDL, PHT, PB, TS, PRO, VPA, LMT 1007 B Belore Inhalational Ammm'
2 15 12 1" 43.9(3) 4 LZP, d!azepam. MODL, PHT, PB, TS, PRO [ During Inhalational Anesthetic T
3 49 27 18 151.4 (6) 1 LZP, d!azepam, clonazepam, MDL, PRO, CBZ, VPA, GBP, TPM 807 | [ Atter Inhalational Anesthetic
4 84 58 56 276.9 (26)*  |Isoflurane, 19d; LZP, diazepam, clonazepam, MOL, PHT, PB, PTB, TS, PRO, CBZ, VPA
desflurane, 7d @
5 67 67 57 11.6 (19) 103 LZP, diazepam, MDL, PHT, PB, primidone, PTB, TS, PRO, GBZ, VPA, 1 T
clobazem, LMT, VGB, TPM, paraldehyde
6 9 9 9 248.2 (8) 2 LZP, MDL, PHT, PB, CBZ, VPA, LMT, fantanyl citrate 40 T o 1L
7 18 17 17 4443 (13) 2 LZP, diazepam, MDL, PHT PB, PRO, CBZ | T _
Abbreviations: AED, antiepileptic drug; CBZ, carbamazepine; GBP, gabapentin; ICU, intensive care unit; LMT, lamotrigine; LZP, lorazepam; MAC, minimal
hlveolar concentration; MOL, midazolam; PB, phenobarbital; PTB, pentobarbital; PHT, phenytoin ; PRO, propofol; TPM, topiramate; TS, thiopental sodium; VGB, il
.figabatrin', VPA, valprol'c acid. Intarnational Nermalized Ratio Asparate Aminotransferase Alaning Aminotransiarase Serum Urea Nitrogen Creatining
*337 9 MAG-hours {19 days) of desflurane and 39 MAG-hours {? days} of isoflurane. (Mormal Range, 0.8-1.1) (Normal Range, 10-40 U/L) {Normal Range, 10-40 UL} {Normal Range, 24.1-22.4 mg/dL) (Normal Ranga, 0.9-1.4 mg/dL)
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Refractory Status Epilepticus Treated With Vagal
Nerve Stimulation: Case Report

Brent R. O'Neill, MD*

James Valeriano, MD}
Andrea Synowiec, DOF
Daniel Thielmann, MD:
Carole Lane, MAZ

Jack Wilberger, MD§
*Department of Neurosurgery, University

of Colorado, Aurora, Colorado; Depart-
ments of tNeurology and §Neurosurgery,

BACKGROUND AND IMPORTANCE: Status epilepticus (SE) refractory to medical
treatment has a high mortality rate and few effective treatments.

CLINICAL PRESENTATION: We describe the implantation of a vagal nerve stimulator to
help terminate a case of refractory SE. A 23-year-old man was in SE for 3 weeks without
being able to be weaned from intravenous anesthetic agents. After implantation of
a vagal nerve stimulator, SE soon terminated, and the patient could be weaned from
sedative agents and made a full recovery.

CONCLUSION: Vagal nerve stimulator should be considered in cases of refractory SE.

KEY WORDS: Anesthetic agents, Status epilepticus, Vagal nerve stimulator
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Table 2 Previous reports on SE treated with VNS.
Author No. of Type of SE Sex/mean Duration of VNS parameters Follow up Outcome
cases age (years) SE before
VNS
Winston et al. 1 Convulsive M;13 15 days I: 0.25mA 18 months No SE;
(2001) SE F: 30Hz reduction of
PW: 500 ps seizures
on/off: 7s/120s frequency
Zimmerman 3 Non ZM,1F: 55 1 week-5 I: 3mA 12 months No SE
et al. (2002) convulsive {20—82) weeks F: 30Hz
SE PW: 500 ps
on/off: 60s/60s
Malik and 4 Not Not Not Pt A: I: 1.0mA 2 months No SE;
Hernandez specified specified specified on/off: 30s/1.1 min reduction of
(2004) Pt B: I: 1.75mA seizures
on/off: 7s/0.2 min frequency in
Pt C: I: 2.5mA 2 cases
on/off: 7s/0.2min
Patwardhan 1 Convulsive M;30 12 days I: 0.25mA 42 days No SE;
et al. (2005) SE: F: 20Hz 30 seizure free
on/off: 30s/5min
PW 250 ps
De Herdt et al. 1 Non F;6 11 days 1: 1.25mA 15 months No SE;
{2009) convulsive F: 30Hz seizure free
SE on/off: 30s/5min
PW 500 ps
Q’Neill et al. 1 Convulsive M;23 > 21 days I: 1TmA 2 months No SE;
(2011) SE F:25Hz reduction of
PW: 250 ps seizures
on/off: 30s/1.1 min frequency
Sierra-Marcos 8 Convulsive 5M,3 F;21 > 21 days 1:0.25 mA Not SE free: 5;
et al. (2012) {6}; non- {739} F: 30Hz specified reduction:
convulsive PW: 500 us s
{2} 5E on/off: 30s/5min same
frequency: 2
Abbreviations: SE: status epilepticus; |: intensity; F: frequency; PW: pulse width.

Epilepsy Research 2013;107:163-171
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Case Report
ECT in the Treatment of Status Epilepticus

##Sarah H. Lisanby, M.D., $Carl W. Bazil, M.D., Ph.D., iStanley R. Resor, M.D., *iMitchell 5. Nobler, M.D.,
$Donald A. Finck, M.D., and *{'Harold A. Sackeim, Ph.D.

*Department of Biolagical Psychiatry, New York State Psychiatric Institute, New York: and Departments of 1Psychiatry, #Neurology,
$Anesthesiology, and "Radiology, College of Physicians and Surgeons of Columbia University, New York, New York, USA.

Introduction: Owing to its potent anticonvulsant actions, electro-
convulsive therapy (ECT) has been proposed as an intervention for
treatment-resistant seizure disorders. Method: We review the lit-
grature on the use of ECT in treatment-resistant epilepsy and status

epilepticus (5E) and present a case of a patient who was in non-
convulsive SE for 26 days and then treated with ECT after all
standard pharmacol—— - - — =

® neurocritical Neurocrit Care (20100 12:204-210

Wl Sery

DOL 101007 /51 2028-000-9288-7

ORIGINAL ARTICLE

Electroconvulsive Therapy for Refractory Status Epilepticus:

A Case Series

Hooman Kamel - Susannah Brock Cornes -
Manu Hegde - Stephen E. Hall - S. Andrew Josephson

Table 4 Summary of published case reports describing the use of electroconvulsive therapy (ECT) for status epilepticus or frequent seizures

Clinical features

Therapies prior to ECT Timing of ECT

Dose of ECT

Outcome

Viparelli and
Viparelli [9]

A 19-year-old woman with

overt status epilepticus

Carrasco A 25-year-old man with a
Gonzalez history of traumatic brain
et al. [10] injury presented with status

epilepticus

epilepsy presented with over
40 seizures per day, without

Phenytoin and diazepam Not reported

Phenytoin, carbamazepine,
diazepam, phenobarbital,
pentobarbital

40 days after
onset of
seizures

Two sessions
over 3 days

Six sessions
over 2
weeks

skull defects, a nov
ing to massively e
comitant anticonvu
cal dosage was ne
Status was terminat
However, the long

poor. Discussion: T
SE is discussed.

Elektrokonvilzif tedavinin hem konvilzif hem de nonkonvilzif status

epileptikusta yararli olabilecegine iliskin olgu bildirimleri var

PresScItea Wit TCqueTT
selzures
Lisanby et al.
[12]

A 36-year-old man with
epilepsy presented with
status epilepticus

Cline and Roos

[13]

A 39-year-old previously
healthy man presented with
herpes simplex encephalitis
and status epilepticus

our sessions
over 9 days

Seizures stopped and
patient returned to
baseline

Seizures stopped and
patient returned to
baseline

Mild improvement in
seizure frequency and
severity

Three daily

sessions

Termination of status
epilepticus, with
significant decrease in
seizure frequency over
following month

Bix sessions
over 2

VaIpT O, Ternarrare, ar

gabapentin

Phenytoin, nitrazepam, 26 days after
phenobarbital, onset of
vigabatrin, pentobarbital, seizures

propofol, midazolam

Fosphenytoin, valproate, 103 days after

pentobarbital, onset of
levetiracetam, seizures
oxcarbazepine,

topiramate, lorazepam,
felbamate

weeks
Five daily

sessions

Three daily

sessions

Temporary decrease in

seizure frequency

Seizures stopped but patient
remained comatose

Termination of status
epilepticus, continued
episodic seizures, and
significant residual
neurological deficits




Table 3

Oxford and GRADE level of evidence.

Relerence

Study type

Oxford?® Level of Evidence

GRADE?®** Level of Evidence

Carrasco et al.”
Cline et al.’®
Fernandez-Torre et a
Griesemer et al.'?
Kamel et al."
Koong et al.'
Lisanby et al.'®
Moddel et al.'®
Morales et al.'”
Regenold et al.'®
Savard et al."®
Shin et al.?°
Viparelli et al.?!
Wausthoff et al.??
Shin et al.**

lll

Retrospective Case report
Retrospective Case Report
Retrospective case Report
Retrospective Case Series
Retrospective Case Series
Retrospective Case Report
Retrospective Case Report
Retrospective Case Series
Retrospective Case Report
Retrospective Case Report
Retrospective Case Report
Retrospective Case Report
Retrospective Case Report
Retrospective Case Report
Retrospective Case Report

Y S Y S Y S N S N N S N

o

vlvlvivlvivielelvelelelviollelw)

* Shin et al.?* is a meeting abstract which contains the same patient data as Shin et al.?°. Patient data from Shin et al*>® was not included in the final data analysis in order to

avoid duplication of data.

Oxford level 4, GRADE D evidence exists to suggest an
improvement in seizure control with ECT application for RSE.
Routine use of ECT cannot be recommended at this time. Further
prospective study of this therapy is required in order to determine
its efficacy in this setting.

Seizure 2016;35:23-32
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. Kortikal rezeksiyondan en ¢ok fayda goren hastalar semiyoloji, MRI, PET, SPECT ve EEG ile tek epileptojenik zon
saptanan ve altta yatan nedenin fokal kortikal displazi oldugu hastalar

. Multifokal veya lokalize edilemeyen direncli SE halinde korpus kallozotomi

Epilepsia, 54(Suppl. 6):68-71, 2013

doi: 10.1111/ep1. 12282

STATUS EPILEPTICUS 2013

Surgical treatment of status epilepticus: A palliative

approach
Peter A. Winkler

Department of Neurosurgery, Christian Doppler Medical Center, Research Laboratory for Microsurgical
Neuroanatomy, Paracelsus Medical University of Salzburg, Salzburg, Austria

Table |. Treatment in patients with status
epilepticus (SE) = 22*

Palliative primary incomplete resections
13 Unilateral resections of bilateral lesions
| Bilateral resection

*Five of them were operated on with ongoing status epilepticus.

Table 2. Results

SuMMARY

Although status epilepticus (SE) does not resem-
ble a domain for neurosurgical indications in single
occasions, a microneurosurgical procedure in
patients with catastrophic epilepsy and status epi-
lepticus should be considered as an ultimate ratio-
choice in these patients. From a personal series of
>600 epilepsy surgery procedures in a period from
August |, 1993 until March 13, 2013, 22 patients
were identified with catastrophic epilepsy and all
of them with at least one episode of status epilepti-
cus. Five of the patients had surgery under ongoing
status epilepticus. Twelve patients became sei-
zure-free, two patients had >90% seizure reduc-

tion, seven patients >50% seizure reduction, and
one patient was unchanged. No surgery-related
complications in terms of permanent morbidity
were ascertained in the presented series. In the
subgroup of the five patients operated in the acute
phase of SE one patient became seizure-free
(Engel class. 1), one showed Engel class Il, two
Engel class Ill, and one Engel class IV with no
worthwhile improvement. Patients with cata-
strophic epilepsy including status epilepticus can
benefit from resective epilepsy surgery, even with
incomplete resection of the epileptogenic lesion.
KEY WORDS: Status epilepticus, Microneurosur-
gery, Epilepsy surgery — catastrophic epilepsy.

Table 4. Surgical treatment of status
epilepticus—published cases

— s bd P2

Seizure-free

=»90% seizure reduction
=50% seizure reduction
Unchanged

Procedure(s) Total number

Resections of epileptogenic focus
Tumor resection I
Multilobar resection I
Callosotomy I
Multiple subpial transsection 2
Vagus nerve stimulation 1
Deepbrain stimulation 0
Alternative methods, e, trigeminal stimulation [
.

No surgery-related complications in terms of permanent morbidity were
ascertained in the presented series.

Table 3. Patients operated in acute phase of SE

Patients number QOutcome
| Engel class |
| Engel class Il
2 Engel class Il
|

Engel class [V
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Successful surgical treatment of an inflammatory lesion
associated with new-onset refractory status epilepticus

CLiNiCAL REPORT

Csaba Juhasz, M.D., Ph.D.7287 Amy Buth, M.S.>7, Diane €. Chugani, Ph.D." 4 €, William J. . . .
Kupsky, M.D.57, Harry T. Chugani, M.D.'248 Aashit K. Shah, M.D.2, and Sandeep Mittal, Focal Cortical Resection for Complex Partial Status

M.D., F.R.C.S.C.37 Epilepticus Due to a Paraneoplastic Encephalitis

. . . Eyea . Fadi Nahab, MD, Adam Heller, MD, and Suzetfe M. LaRoche, MD
A 56-year-old right-handed man with a history of high blood pressure presented with

sudden-onset progressive headache, followed by new-onset complex partial seizures 3 days

e o & STveao eate e oead o CASE PRESENTATION
later. There was no history of fever. On admission, general and neurological examinations e b A r a 2 month
: 2 . 2 o o ial status epilepticus (CPSE) brain magnetic mstory o
were normal, except for fluctuating fluent dysphasia. Cranial MRI showed a nonenhancing complex panial status epilepticus (CPSE) with brain magnetic 0 o
4 o iy i . resonance imaging r..w.n...alln= a focal Ll'|-._|'|Ld| lesion on [,._ sequences

lesion in the left temporal lobe, hyperintense on T2-weighted and FLAIR sequences, comespanding to the setmre focas on ictal ale '-‘"“F”“"‘?“‘_T-"!'“ pisades of clonic right fa

TR . . . o i . recordings. 1||.__ patient underaent focal cortical resectiorn 1cmlmn o
suspicious for a low-grade glioma (Fig. 1). One week later, he had a generalized seizure and, seizure focus. Though clinical and slectrogs

other than an B0
% 8 g i i % ceased, the patient remained unrespo with r..pn.al meuroin -::nr.'I\; :. h .
despite aggressive treatment, developed nonconvulsive partial status epilepticus showing diffuse limbic and brainsiem involvement. Serolog e cid, and love ted to togin "d“.:‘c:
. . = “ " " & u ; revealed u antibodies suggesting a pamneoplastic encephali- L . N ent movements. (lu‘r c]
nonresponsive to maximal doses of 4 an‘[leplleptlc drugs and intermittent intravenous tis. Chest computed tomography showed a 5-mm pulmonary nodule o g . _"
. . . . . ~ 2 and resection of the pulmonary nodule confirmed the diagnosis of
benzodiazepines to treat breakthrough seizures. Initial CSF analysis showed 0 WBC/mm?, 1 small cell Tung cancer Plasmapherosis was performed. without
] o i . . ~ climical improvement. Focal resection can be effective in terminating
RBC/mm?, normal protein and glucose levels, and negative polymerase chain reaction for i i —
herpes simplex virus 1 and 2. Upon arrival to our institution, continuous video-EEG e a2 pamialis continus ot admis i ;
. . . . . . . ~ ~ . - - patent an UTH amate was ads to |
monitoring showed periodic epileptiform discharges from the left temporal region with Key Words: epilepsia partialis continua, pamneoplastic regimen of phenytoin, valproic acid, and levetira
~ it . . . . . . . . s, anti-Hu antibodies, complex partial status epilepticus, i Four days later the paticnt was brought to
frequent electroclinical seizures resulting in episodic fluent aphasia. AMT-PET imaging was afier they noticed some speech difficulty.
~ ~ . o b . . . ~ . . I a':-ha:.la \'\Ilh persistent
performed after obtaining informed consent and showed a relatively large cortical region of (The Newrslogtst 2008;14: 56-59) ;

o

increased uptake within and adjacent (mostly posterior) to the MRI-defined lesion (Fig. 1). ' - o
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Typical absence SE

Atypical absence SE

Context—type of epilepsy syndrome Idiopathic generalized epilepsy

Associated clinical signs

Clinical features

EEG

Response to IV benzodiazepine
treatment

Photosensitivity (in some cases), no other neurologic
abnormalities

Episodes shorter than in atypical absence SE, onset
and offset clear cut, often terminated by
tonic—clonic seizure, myoclonus common

3 Hz spike-wave discharges, normal background
interictal EEG
Rapid and complete response

Cryptogenic and secondarily generalized epilepsy
(e.g., Lennox—Gastaut syndrome)

Learning disability, neurologic handicaps (in some
cases)

Prodromal phase, frequent episodes, onset and offset
ill-defined, no myoclonus, intercurrent tonic or
minor motor seizures

2-3 Hz spike-wave discharges, ictally and interictally,
background activity slow

Often no response or partial response only, IV
benzodiazepines may precipitate tonic seizures

Hypocalcemia
Infections (HIV,!?*

133

neurosyphilis'*®

Medications

(tiagabine,
benzodiazepines
abrupt withdrawal,
antidepressants,
neuroleptics,
lithium,
cephalosporins,
cyclosporine,
ifosfamide,
cyclophosphamide,
chemotherapy of
urothelial
cancer)!36-143

Electroconvulsive

therapy '+

J Clin Neurophysiol. 1995;12:316—325. Epilepsia. 2005;46(suppl 9):73-79. Epilepsia. 2001;42:714-718.




TABLE 3. Frequency of tpical absence status epilepticus
(SE) in different IGE subtvpes

Proportion
of patients
with a history of
typical absence SE

Classification of idiopathic
generalized epilepsy (IGE)

Perioral myoclonus with absences (n = 7) 5T.1%
Phantom absence and generalized tonic-closure 46.2%
seizures (n = 13)
IGE with specific modes of precipitation (n = 4) 25%
Juvenile absence epilepsy (n = 10) 20%
Eyelid myoclonia with absences (n = 11) 18.2%
Unclassified IGE (n=11) 12.8%
Juvenile myoclonic epilepsy (n = 30) 6.7%

Series of 86 adult patients with absence seizures and IGE, of whom
21 had documented episodes of typical absence SE, published by

Agathonikou et al. 1998 (7).

doi:[0.1093/brainfawl047 Brain (2006), 129, 1281-1292

Absence and myoclonic status epilepticus
precipitated by antiepileptic drugs in

pailepst, 4107):887-594, 2000
Lippincon Williams & Wilking, Inc., Baltimore
) Intermational League Against Epilepsy

x At _anm oo

Clinical Research

Refractory Idiopathic Absence Status Epilepticus: A Probable
Paradoxical Effect of Phenytoin and Carbamazepine

idiopathic generaliz—"
Pierre Thomas‘I Luc Valton® and Pier

Unit¢ Foncdonnelle EEG-Epileptologie, Servi
Neurologie, Hépital Rangueil, Toulouse and *

Correspondence to: Pierre Thomas, MD, PH
Hapital Pasteur, 30 Voie Romaine, 06002 Nic
E-mail: piertho@wanadoo.fr

Aggravation of idiopathic generalized ej
is increasingly recognized as a serious aﬂ

IDYOPATIK JENERALIZE
EPILEPSILERDE UYGUNSUZ AEI
KULLANIMI ABSANS STATUS
EPILEPTIKUSUNA YOL ACABILIR

‘= Jill N. Peltzer

Kansas City, Kamsas, U.S.A.; and *Department of
Cleveland, Ohin, USA

d proved intractable to reatment with valproic acid or
wepines, compared with a cohert of subjects also with
ic generalized epilepsies, but naive o, o1 receiving sub-
tic or therupeutic doses of other agents.
usions: Our observations strongly suggest that thera-
ancentrations of phenytoin and carbamazepine exacer-
pathic generalized cpilepsies. Subjects in whom ab-
one of the seizure types seem at a particubarly high risk
onding paradoxically. These findings underscore the
accurate clussilication of seizures and particutarly the

propriate medication has rarely been reported. We retrospectively studied all adult patients with |GE taking
at least one potentially aggravating AED, who developed video-EEG documented SE over 8 years, and whose
long-term outcome was favourable after adjustment of medication. We identified 14 patients (seven male
patients) aged |5-46 years with a mean duration of epilepsy of 16.4 years. Video-EEG demonstrated typica
absence SE (ASE) in five, atypical ASE in five, atypical myoclonic SE (MSE) in three and typical MSE in one.
Epilepsy had been misclassified as cryptogenic partial in eight cases and cryptogenic generalized in four.
The correct diagnosis proved to be juvenile absence epilepsy (JAE) in six patients, juvenile myoclonic epilepsy
(JME) in four, epilepsy with grand mal on awakening (EGMA) in two and childhood absence epilepsy (CAE) in
two. All patients had been treated with carbamazepine (CBZ) and had experienced seizure aggravation or
new seizure types before referral. Seven patients had pelytherapy with phenytoin (PHT), vigabatrin (VGB) or
gabapentin (GBP). Potential precipitating factors included dose increase of CBZ or of CBZ and PHT; initiation
of CBZ, YGB or GBP; and decrease of phenobarbital, Withdrawal of the aggravating agents and adjustment
of medication resulted in full seizure control. This series shows that severe pharmacodynamic aggravation of
seizures in IGE may result in ASE or MSE, often with atypical features.

Mmazepine or phenytoin hefore and alter discontinuation of these
compounds, and interindividually (o subjects without ticatment
i receiving other drugs.

Results: Bouts of absence or tonic-chmic slalus epilepticus
ind seizures in subjects treated with phenytoin or carbamave-

ine at therupeutic concentrations were considerably more fre-

syndromic approach to diagnosis and peint fo the potential for
latrogenic complications with indiscriminate usc of antiseizure
drugs. Key Words: Idiopathic generalized epilepsics—
Absence status epilepticus—Refractoriness—Paradoxical ¢f-
fecty—Phenytom- -Carbumuzepine.

Saizure 1996, 8: 314-317
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Tiagabine-induced absence status in idiopathic

S KNAKE, H. M. HAMER, U, SCHOMBURG, W. H. OERTEL & F. ROSENOW




‘De novo’ absans statusu, akut semptomatik
absans statusu, ileri yas baslangich absans
statusu

* fleri yasta gelisir

* Ani baslangich konflizyon

* Saatler-glnler siirer

e Akut demans veya SVH ile karisabilir

* EEG ile taninabilir

* Cogu olguda neden psikotrop kullanimi
veya yoksunlugu (6zellikle
benzodiazepin)

* Metabolik nedenlerle gelisebilir

* |V BDZ’e hizh yanith

* Rekirrens beklenmez

 Uzun siireli AEi kullanimi gerekmez

Seizure 2001; 10: 433437

do1:10.1053/se12.2000.0510, avazlable enline at hitp://www.idealibrary.com on [0 ’;lw
Seizure 1999; 8: 364-366

Article No. seiz.1099.0309, available ontine at hity:/fvnww idealibrary com on IIJI);I.

CASE REPORT CASE REPORT

|ctal catatonia as a manifestation of e novo absence D? novo absence status of late onset following
status epilepticus following benzodiazepine withdrawal | Withdrawal of lorazepam: a case report

KOUSUKE KANEMOTO*, TOSHIO MIYAMOTO & RYUJI ABE ) L FERNANDEZ-TORRE

Neurology. 1992 Jan:42(1)104-10.
'De novo' absence status of late onset: report of 11 cases.

Thomas P! Beaumanoir A, Genton P, Dolisi C, Chatel M.

+ Author information

Abstract

Absence status (AS) s a heterogenous epileptic syndrome that can occur at any age, usually in a context of prior epilepsy. Eleven cases of AS
occurring in middle-aged patients who had no history of epilepsy were retrospectively collected over a 10-year period (10 women and one man: mean
age, 58 6 years). Eight patients were receiving high doses of psychotropic drugs. Clinical and EEG presentation was similar to AS occurring in patients
with prior epilepsy. Evaluation of precipitating factors revealed that AS coincided with benzodiazepine withdrawal in eight cases. Cofactors included
excessive use of other psychotropic drugs, nonpsychotropic treatment, hypocalcemia, hypanatremia, and chronic alcoholism. CT demonstrated mild
cerebral atrophy in six cases. There was no recurrence, even without chronic antiepileptic treatment. These data indicate that (1) most cases of "de
novo" AS of middle age or late onset result from the addition of various epileptogenic factors; (2) AS can be considered a new and uncommon
complication of benzodiazepine withdrawal and (3) long-term administration of anticonvulsant medication may not be required
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Use of EEG Monitoring and Management of Non-Convulsive
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Abstract

Background—Continuous EEG monitoring (cEEG) of critically 11l patients 1s frequently uiilized
to detect non-convulsive seizures (NCS) and status epilepticus (NCSE). The indications for ¢EEG,

as well as when and how to treat NCS, remain unclear, We aimed to describe the current practice of
cEEG in eritically 1ll patients to define areas of uncertainty that could aid in designing future research.

Methods—We conducted an international survey of neurologists focused on cEEG utilization and
NCS management.

Results—Three-hundred and thirty physicians completed the survey. 83% use cEEG at least once

per month and 86% manage NCS at least five times per vear. The use of cEEG 1n patients with altered
mental status was common (69%), with higher use if the patient had a prior convulsion (89%) or
abnormal eye movements (85%). Most respondents would continue cEEG for 24 h. [fNCS or NCSE
is 1dentified, the most common anticonvulsants administered were phenytoin/fosphenytoin,
lorazepam, or levetiracetam, with slightly more use of levetiracetam for NCS than NCSE.

Conclusions—Continuous EEG monitoring (cEEG) 1s commonly employed in critically 1l
patients to detect NCS and NCSE. However, there 1s substantial variability in current practice related
to cEEG indications and duration and to management of NCS and NCSE. The fact that such variability
exists in the management of this common clinical problem suggests that further prospective study 1s
needed. Multiple points of uncertainty are identified that require investigation.
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Fig. 1.
Which indications lead you to order cEEG to detect non-convulsive seizures or non-convulsive

status epilepticus? (296 respondents)
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If NCS (non-convulsive seizures) or NCSE (non-convulsive status epilepticus) 1s suspected
then what type of EEG do you obtain and how urgently do you obtain the EEG? (294
respondents). * Including mmtiation by a 24/7 m-hospital EEG technologist or calling in an on-
call technologist
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How long do you continue cEEG if no seizures are detected in a patient who 1s comatose (292

respondents), obtunded/lethargic (291 respondents), or if PEDs (periodic epileptiform
discharges) were detected (289 respondents)?
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How long do you continue cEEG after non-convulsive seizures terminated? (288 respondents)
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What anticonvulzant do you administer as a first, second, and third line medication of (a) non-
convilsive seizures (271 respondents) or (b) non-convulsive status epilepticus? (268
respondents). FOY fosphenytoin, ZET levetiracetam, LZF lorazepam, 1405 midazolam_ FPE
phenobarbital PHT phenvtoin, FFPA valproic acid
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Epilepsy Research 116 (2015) 86-92 Demographics and clinical characteristics,

, ) , , Whole group NonlVAD [VAD p-Value
Contents lists available at www.sciencedirect.com
Number of patients 4 14 29 .
c ‘Jge 5674147 pd1+13d 5114141 0019
Epilepsy Research Sex-Male 20(465%) 6(420%) 14(483%) S
Number of NCSE episodes 45 14 |
journal homepage: www.elsevier.com/locate/epilepsyres Symptom at onset
AMSonly 12(26.7%) 5(35.7%) 7(226%) NS
AMS with subtle motor findings 20(44.4%) 5(35.7%) 15(48.4%) NS
AMS following GTCS 0(200%) 3(21.4%) 6i103%) NS
171 ; AMS with subtle motor finding following GTCS 4(B.9%) 1(7.1%) 3(9.7%) NS
lnt‘rave.nous anesthesg “_] treatment of nonconvulsive status Epilepsy 17078 S420) 155y S
epilepticus: Characteristics and outcomes Acute Medical Pathology 26(578%) B(57.1%) 18(58.1%) NS
_ o ) mmm) Acute Neurologic Pathology 21(46.7%) 3(21.4%) 18(58.1%) 0024
Utku Uysal**, Mark Quigg”, Brennen Bittel¢, Nancy Hammond?, Theresa I. Shireman STESS >3 (Status severily score) 23(51.1%) B420%) 17(548%) NS
_(oma B(17.8%) D(0%) 82587 0036
‘ Already intubated before NCSE 13(28.0%) 17.1%] 12[387%) 0.0

ABSTRACT
IVAD= iv anesthetic drug, AMS - Altered mental status, GTCS - generalized tonic-clonic seizure, STESS - Status Epilepticus Severity Score, NS=Not significant,

- " Statistically significant at level p<0.05,
1 nonconvulsive Etiology and EEG findings of the patients who died in the hospital.

Objective; To determine factors associated with continuous anesthetic drug (IVAD) use ir

status epilepticus (NCSE),
Methods: Retrospective cohort study of patients who met clinical and EEG criteria of NCSE from 2009 to |_Patient Reason for death Etiology of NCSE EEG finding at the time of death
2014 at a tertiary academic medical center. Patients were categorized according to [VAD use, Outcome | IVAD
variables were response to treatment and in-hospital death, We used descriptive analyses for baseline | ! Multi organ dysfunction Meningoencephalitis NCSE-BS-NCSE

o - . o . . . o 2 Meningoencephalitis Meningoencephalitis Diffuse slowing
characteristics and outcome va iable differ ences among patients who did and dld not recejve [V AD, 3 NCSE Meningoencephalits NCSE-BS-NCSE
Results: Forty-three patients had a total of 45 NCSE episodes. IVAD was used in 69% of the episodes. | 4 Sepsis Stroke BS
Patients treated with [VAD were younger (53.1+ 14,1 vs 64.1 £ 13,3, p=0.019). The episodes treated with | 5 Sepsis Sepsis BS
IVAD occurred more frequently in patients with an acute neurologic pathology (58% vs 21%, p=0.024) | 6 Stroke Ruptured thoracic aortic aneurysm Diffuse slowing
and those presenting in a coma (39% vs 7%, p=0.030). NCSE resolved in 74% of the patients who received ; §§pz:: EE”;ESW Urinary tractinfection EliSE
IVAD. Duration of NCSE did not differ significantly by treatment group. There were total 13 in-hospital | 4 mﬁmml hemorrhage/ischemic stroke mf;mmal hemorrhage Diffuse slow
deaths: ten in IVAD users vs three in the no-IVAD group (p>0.05). Only one in-hospital death appeared | 10 Propofol infusion syndrome/sepsis Epilepsy BS
to be a direct consequence of IVAD use. Mortality was more common among episodes that were not | v vap
treated according to the published status epilepticus treatment guidelines compared to the episodes | 11 Sepsis, NCSE (family denied further care) Sepsis NCSE
where guidelines were followed. 12 Non Hodgkin Lymphoma/Leptomeningeal involvement Non Hodgkin Lymphoma/Leptomeningeal Diffuse slowing
Conclusion: Our findings showed that factors such as younger age, acute neurologic pathology and coma , . . involvement . .

. . . . . . 13 Pneumonia/Progressive multifocal leukoencephalopathy, Infection Diffuse slowing/GPD

at presentation were associated with IVAD use in patients with NCSE. These factors should be controlled graftversus host disease

in the future outcome and effectiveness studies to determine the effect of IVAD use on outcome of NCSE.

Death=In-hospital death, NCSE = nonconvulsive status epilepticus, BS=burst-suppression, GPD= generalized periodic discharges.



Status Epilepticus: Impact of Therapeutic
Coma on Outcome®

Nicola A. Marchi, BM"; Jan Novy, MD'; Mohamed Faouzi, PhI»; Christine Stahli, RN';
Bernard Burnand, MD, MPH% Andrea O. Rossetti, MD!

Objectives: Therapeutic coma is advocated in guidelines for man-
agement of refractory stalus epileplicus; this is, however, based
on weak evidence. We here address the specific impact of thera-
peutic coma on status epileplicus outcome,

Design: Retrospective assessment of a prospectively collected

between potential predictors and clinical oulcome were analyzed

using multinomial Togistic regressions. U 467 palients with inci-
dent status epilepticus, 238 retumed to baseline (51.1%), 162
had new disability (34.6%), and 67 died (14.3%); 50 subjects
(10.7%) were managed with therapeutic coma. Therapeutic coma

g
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Conclusions: This study provides class Il evidence that therapeu-
tic coma is associated with poorer outcome after status epilep-
ticus; furthermore, it portends higher infection rates and longer
hospitalizations. These data suggest caution in the straightfor-
ward use of this approach, especially in patients with complex
partial status epilepticus. (Crit Care Med 2015; 43:1003-1008)
Hey Words: hospital stay; infections; morialty; prognosis;
semiclogy; treatment




Possible confounders
c it
Critical illnessas
Types of status epilepticus
Duration of status epilepticus
Severily of status epilepticus (according fo STESS®)

e

Fig. 2. Possible confounders for the association between continuously administered intrave-
nous anesthetic drugs and death in patients with treatment-refractory status epilepticus.
IVADs = intravenous anesthetic drugs; STESS = Status Epilepticus Severity Score. *STESS in-
cludes age, level of consciousness, worst seizure type, and seizure history [27,42].

Table 1

Questions regarding the use of continuously administered intravenous anesthetic drugs in

patients with status epilepticus.
Determinants Questions
of interest

Clinical conditions

reatment strategy

Are patients with specific status epilepticus types at higher risk
for IVADs-related adverse effects?

Are patients with specific status epilepticus etiologies at
higher risk for IVADs-related adverse effects?

May early use of IVADs (i.e, before status epilepticus becomes
treatment-refractory) be less critical?

Can early administration of new generations of broad-spectrum
antiepileptic drugs reduce the use of IVADs?

Does the increased mortality caused by IVADs outweigh the
mortality resulting from treatment-refractory status
epilepticus?

Should we favor prolonged status epilepticus over the use of
IVADs in patients with certain risk profiles?

IVADs = intravenous administered anesthetic drugs.

Epilepsy and Behavior 2015;49:294-7
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Abstract

Objective=To address the question: does non-convulsive status epilepticus warrant the same
aggressive treatment as convulsive status epilepticus?

Method=We used a decision model to evaluate the risks and benefits of treating non-convulsive
status epilepticus with intravenous anesthetics and ICU-level aggressive care. We investigated

how the decision to use aggressive Versus non-aggressive management for non-convulsive status
epilepticus impacts expected patient outcome for four etiologies: absence epilepsy, discontinued
antiepileptic drugs, intraparenchymal hemorrhage, and hypoxic 1schemic encephalopathy. Each
etiology was defined by distinct values for five key parameters: baseline mortality rate of the
inciting etiology; efficacy of non-aggressive treatment in gaining control of seizures; the relative
contribution of seizures to overall mortality; the degree of excess disabulity expected in the case of
delayed seizure control; and the mortality risk of aggressive treatment

Results—Non-aggressive treatment was favored for etiologies with low morbidity and mortality
such as absence epilepsy and discontinued antiepileptic drugs. The nisk of aggressive treatment

was only warranted in etiologies where there was sigmificant risk of seizure-induced neurologic
damage. In the case of post-anoxic status epilepticus, expected outcomes were poor regardless of
the treatment chosen. The favored strategy in each case was determined by strong interactions of
all five model parameters.

Conclusions—Determination of the optimal management approach to non-convulsive status
epilepticus 15 complex and 1s ultimately determined by the inciting etiology.




The model considers two treatment strategies for NCSE: (1) aggressive treatment, including
admission to an intensive care unit (ICU), endotracheal intubation (if not already
performed), and induction of pharmacological coma with close clinical and physiologic
monitoring; and (2) non-aggressive treatment, limited to non-sedating anticonvulsants
without specified admission to an ICU and without intubation or ventilation for the express
purpose of achieving anesthetic levels that facilitate electrographic burst suppression.
Agpressive treatment is assumed to immediately suppress seizure activity, whereas non-
ageressive treatment incurs a longer duration of NCSE. Conceptually, the decision between

aggressive and non-aggressive treatment occurs after 30 min of attempting to control NCSE
with first-line non-sedating antiepileptic drugs (AEDs). Outcomes are expressed in terms of
quality of life (QOL) based on long-term neurologic disability (see below). With the
hypothesis that the marginal benefit of aggressive management would vary in a disease-
specific manner, we separately considered four different etiologies for NCSE with distinet
clinical characteristics: hypoxic-ischemic encephalopathy (HIE), IPH, discontinuation of
antiepileptic drugs (dAED), and absence epilepsy. 3-month functional outcomes are
presumed, a sufficient duration to permit stable rates of mortality and functional outcome to
emerge.

We considered five variables to incorporate in our model of NCSE management: (1)
baseline mortality rate for specific etiologies of NCSE, (2) efficacy of non-aggressive
treatment, (3) impact of etiology on outcome, (4) excess disability attributable to delayed
seizure control, and (5) mortality risk of aggressive treatment.




Table 1
Data required in the analysis: probabilities, significance weights, and QOL

Etiology Abszence epilepsy  Discontinuation Intraparenchymal hemorrhage Hypoxic ischemic encephalopathy
of anti-seizure
medication
Model parameters
“aBaseline mortality 1 10 30 90
Weighting of etiology 1:10 1:10 51 10:1
ws NCSE
YeMortality of 20 20 20 20
aggressive treatment
% With dizability 1 20 20 20
incurred by delay
%eEfficacy of non- o9 10 25 10

aggressive treatment

Survivor baseline
outcome distribution (%)

MildNo disability 100 100 44 16
Moderate disability 0 0 30 42
Severe disability 0 0 26 41




Table 2
Results for base-case analyses

Etiology Absence epilepsy  Discontinunation Intraparenchymal hemorrhage Hypoxic ischemic encephalopathy
of anti-seizure
medication

Preferred management Non-aggressive Non-aggressive Apgpressive Aggressive

QOL difference between 20 (100 vs 80) (88 vs 79) 5(36vs4l) <1(4.7vs 3.1)

strategies (%o)
Crossover points
%eBaseline mortality - 40 - 13

Weighting of etiology - - - -
vs NCSE

%eMortality of - - - 4%
aggressive treatment

%% With disability 36 33 21 -
incurred by delay

%eEfficacy of non- - 11 30 26
aggressive treatment
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Results—Non-aggressive treatment was favored for etiologies with low morbidity and mortality
such as absence epilepsy and discontinued antieptleptic drugs. The risk of aggressive treatment

was only warranted i etiologies where there was significant risk of setzure-induced neurologic
damage. In the case of post-anoxic status epilepticus, expected outcomes were poor regardless of
the treatment chosen. The favored strategy i each case was determined by strong interactions of
all five model parameters,

Conclusions—Determmnation of the optimal management approach to non-convulsive status
epilepticus 1s complex and 15 ultimately determined by the inciting etiology.

Entiibe olmayan nonkonvulzif status epileptikus hastalari hizla entibe edilmeli ve yiksek doz
anesteziklerle tedavi edilmeli mi?

Yoksa ndbet kontroli suresini uzatmayi géze alarak daha az gli¢lu ilaglarla mi tedavi edilmeli?
Bu sorunun yaniti oldukg¢a kompleks

Tek, basit bir algoritma yok

Optimal risk-yarar dengesi gozetilerek bu karar bireysellestirilmeli
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What is Specialized Care in Status Epilepticus and in Which 1CU?

Sophie Demeret - Nicolas Weiss - Francis Bolgert -
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What is the place and expected benefits of a specialized
unit to manage SE?

(1) Dispatching SE to NICU or MICU can be based on
the tvpe and severity of the status.

In the majority of cases, SE stops after the first dose
of benzodiazepines and invasive intensive care 18 not
required [9, 10].

In the case of refractory SE, namely when seizures
did not respond to two antiepileptic drugs, most
patients will have been placed under general anes-
thetic and mechanical ventilation. The anesthetic
weaning is often easy, without any recurrence of the
status, and its management may not significantly
benefit from a neurological team.

Patients with several organ dysfunctions, furthermore
if they are possible candidates for specific techniques,
¢.g., renal replacement therapy, extracorporcal life
suppori, should be admitted in a MICLL

Management of partial SE by a neurointensivist with
antiepileptic drugs could avoid general anesthesia as
suggested by Varelas et al. who found that fewer
patients were intubated in the NICU.

ew cases ol SE are superrelractory, with persisience
or recurrence of status, whether clinical or based on
EEG evidence. The management of anesthetic and
antiepileptic drugs of these superrefractory SEs
requires a multidisciplinary team of neurointensivists,
neurologists, electrophysiologists, neuroradiologists,
and specialist nurses.

(2)

We pointed some expected benefits of the manage-
ment of SE in a NICU.

NICU is associated to better chart documentation, and
seizures description appears as being fundamental to
both interpret EEG findings but also choose the best
antiepileptic drug.

The management ol general anesthesia is poorly

defined, and the clinician has to balance the risk of a
recurrence of seizures with the potential complications
associated with prolonging sedation and mechanical
ventilation |11, 12, 13]. In NICU, the use and duration
of anesthesia may be limited, notably to treat partial
selzures.

During the withdrawal of anesthetic agents, 1solated
epileptic seizures may occur, especially if the SE
lasted for a long period; it is important to deal with
these short seizures appropriately, moving from the
management of SE to the management of epilepsy,
which requires a different approach. This step requires
the experience of neurointensivisis, neurologists, and
epileptologists used to dealing with forms of epilepsy
other than SE.




Continuous EEG monitoring allows early detection of
seizures recurrence, and real-time anesthetic medica-
tion adjustment. This type of monitoring is principally
available in NICU, where the medical and paramed-
ical staff is experienced in its use. This also involves a
close collaboration with the neurophysiological staff,

However, data on the usefulness ol cEEG are stull
lacking in SE |14].

Less common etiologies of SE can be difficult to
diagnose and may pose therapeutic problems. SE
can be a complication in many congenital epileptic
discases, like Dravet syndrome; the clinical semiology,
EEG and treatment are very different, and epileptolo-
gist's expertise is crucial [16]. It 18 important to be

In comatose patients, the EEG can be difficult to
interpret and diagnostic errors are common. EEG
recordings in the case of severe encephalopathies or
brain injuries show grapho-elements (PLEDs, tripha-
sic potentials) that can be wrongly interpreted as
resulting from SE, leading to an unwarranted increase
of sedation. We therefore reported the observation of

aware nol o use aggressive treatment 1 the lorm ol
general anesthesia for myoclonic SEs, which may have
a spontaneously favorable course, and to suspect a
mitochondrial disease, which would contraindicate the
use of sodium valproate [17]. Similarly, tonic SE, as
observed in the Lennox—Gastaut syndrome can be
worsened by benzodiazepine. SE is a classic compli-

10} patients referred to our NICU as refractory non-
convulsive status, whose final diagnosis was sporadic
Creutzfeldt-Jakob disease with EEG features mim-

icking a status [15]. In particular, the test using
intravenous injection of a benzodiazepine is sugges-
tive of an epileptic origin only if both clinical and
EEG symptoms improve. The combined expertise of a
clinical neurologist trained in epileptology and an
electrophysiologist trained in intensive care record-
ings is essential to establish the correct diagnosis.

cation of infectious or inflammatory encephalitis. Early
etiological diagnosis is difficult in some rare cases and
requires a specialized team, aware of the newly
described syndromes related to antibodies against
neuropils [18]. The ability to distinguish clonic move-
ments of epileptic origin from other abnormal
involuntary movements of brainstem or basal ganglia
origin, such as those seen in anti-NMDAr encephalitis,
is of paramount importance for the therapeutic man-
agement [19]. The rapid introduction of corticosteroid
or immunomodulatory drugs, without waiting for
confirmation of the etiology, requires experience of
these pathologies.




Nonkonvulzif status epileptikus heterojen bir antite

Klinik, EEG ve gorinttleme bulgulari temelinde
sendromik klasifikasyon yapilmali

Yonetim bireysellestirilmeli

Agresif tedavinin gerekli oldugu alt tipler belirlenmeli

Tani ve yonetimi mutlaka n6éroloji uzmani/néroyogun
bakim uzmani yaratmeli



