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In ICU, seizure is often over-recognized and under-recognized

Epilepsia, 51(11):2338-2340, 2010
doi: 10.1111/5.1528-1167.2010.02683.x

BRIEF COMMUNICATION

What’s shaking in the ICU? The differential diagnosis of

seizures in the intensive care setting
Selim R. Benbadis, Shirley Chen, and Maria Melo

University of South Florida, Tampa General Hospital, Tampa, Florida, U.S.A.

Study on motor phenomena in critically ill patients show that
only around 25% abnormal movements or subtle motor
phenomena in critically ill patients are epileptic seizures.

Not seizures 38 ’

Tremor 12 Myoclonic Serni Miscellaneous
jerks 7 ;urposeful 12

Seizures |14 ’

Detection of electrographic seizures with
continuous EEG monitoring in critically
ill patients

J. Claassen, MD; S.A. Mayer, MD; R.G. Kowalski, BS; R.G. Emerson, MD; and L.J. Hirsch, MD

570 patients with altered mental status (89% in ICU)
* 19% (n=110) experienced seizures
* 92% of seizures were nonconvulsive seizure

Table 2 Primary admission diagnoses and frequency of seizures

CEEG findings
Admission diagnoses n Any seizure NCS NCSE
Epilepsy-related seizures 51 17 (33) 16 (31) 10 (20)
CNS infection 35 10 (29) 9(26) 6(17)
Brain tumor 43 10 (23) 10 (23) 5(12)
Post neurosurgery 13 3(23) 3(23) 1(8)
Hypoxic—-ischemic encephalopathy 25 5(20) 4(16) 3(12)
Subarachnoid hemorrhage 108 20 (19) 19 (18) 14 (13)
Traumatic brain injury 51 9(18) 9(18) 4(8)
Toxic—metabolic encephalopathy 38 7(18) 8(21) 3(8)
Unexplained decrease in LOC* 105 17 (17) 16 (15) 5(5)
Intracerebral hemorrhage 45 6(13) 6(13) 4(9)
Ischemic stroke 56 6 (11) 5(9) 4(7)
Overall 570 110 (19) 105 (18) 59 (10)




Table 1 Key epileptology definitions based on ILAE terminology

Seizure Transient occurrence of signs and/or symptoms due to abnormal exces-
sive or synchronous neuronal activity in the brain
Epilepsy Disease of the brain defined by any of the following conditions

1. At least two unprovoked (or reflex) seizures occurring > 24 h apart

2. One unprovoked (or reflex) seizure and a probability of further seizures
similar to the general recurrence risk (at least 60%) after two unprovoked
seizures, occurring over the next 10 years

3. Diagnosis of an epilepsy syndrome

Acute symptomatic
seizure

Seizure that occurs in close temporal association with an acute CNS insult
such as stroke, traumatic brain injury, infection, or metabolic disturbance.
For definition of criteria, see [1]

Reflex seizure

Seizure consistently triggered by a specific stimulus or activity

Epilepsy syndrome

Characteristic cluster of clinical and EEG features, often supported by
specific etiology (structural, genetic, metabolic,immune, infectious)

Status epilepticus

Seizure lasting = 5 min for convulsive status epilepticus or = 10 min for
nonconvulsive status epilepticus or recurrent seizures without recovery of
consciousness between them; condition resulting either from the failure
of mechanisms responsible for seizure termination or from the initiation
of mechanisms that lead to abnormally prolonged seizures

ILAE International League Against Epilepsy




Acute Symptomatic Seizure (ASS)

e ASS occur in close temporal
relationship with new-onset
metabolic disturbances or
structural brain damage.

e 10-year relapse risk for
subsequent unprovoked seizures
after an ASS is around 19%.

e Current guidelines discourage
long-term treatment with ASM
after ASS because of relatively
low seizure-relapse risk.

Cerebrovascular disease

Seizure occurring within 7 days of cerebrovascular atrack

CNS infection

Seizure occurring in the acute phase of CNS infection

Immune-mediated
encephalopathies

See CQ16-6 (page 161)

Head injury

Seizure occurring within 7 days of head trauma

Metabolic or systemic disorders

Seizure occurring in association with systemic diseases including electrolyte imbalance,
hypoglycemia, non-ketotic hyperglycemia, uremia, hypoxic encephalopathy, hepatic
encephalopathy, hypertensive encephalopathy, eclampsia, posterior reversible encephalopathy
syndrome (PRES), systemic lupus erythematosus (SLE), and mitochondrial encephalopathy

Intoxication Seizure occurring when taking narcotics (such as cocaine), prescribed drugs (such as
aminophylline and imipramine), dangerous drugs, drug overdose, environmental pollution
(such as carbon monoxide, lead, camphor, and organophosphorus), and alcohol (such as acute
alcohol intoxication).

Withdrawal Seizure occurring within 1-3 days after discontinuation of alcohol and drugs (such as barbiturate

and benzodiazepines) in patients who are addicted to those agents

Post—neurosurgical operation

Seizure occurring immediately after intracranial surgery

Demyelinating disease

Seizure occurring in the acute phase of acute disseminated encephalomyelitis or multiple sclerosis

Post-radiotherapy

Seizures occurring within 24 hours after radiation exposure

Multiple etiologies

Seizure related to several concomitant conditions




Status epilepticus (SE)

Definition Duration of seizure for defining SE

e SE is a condition resulting either from the

failure of the mechanisms responsible for DeLorenzo RJ, Hauser WA, Towne AR, Boggs JG, Pellock JM,
Penberthy L, ef al. A prospective, population-based epidemiologic
study of status epilepticus in Richmond, Virginia. Neurology
1996:46:1029-35.

Treiman DM, Meyers PD, Walton NY, Collins JF, Colling C,
Rowan Al, et al. A comparison of four treatments for generalized
convulsive status epilepticus. Veterans Affairs Status Epilepticus
Cooperative Study Group. N Engl J Med 1998:339:792-8.

Brophy GM., Bell R, Claassen J, Alldredge B, Bleck TP, Glauser T,
et al. Neurocritical Care Society Status Epilepticus Guideline Writing
Committee. Guidelmes for the evaluation and management of status
epilepticus. Neurocrit Care 2012;17:3-23.

seizure termination or from the initiation of
mechanisms

—

* (ILAE, 1970) “Seizure that persists for a - 10min

sufficient length of time or is repeated

frequently enough to produce a fixed and l

enduring condition.”
—
* (ILAE, 1981) “A seizure that persists for a

sufficient length of time or is repeated

frequently enough that recovery between

attacks does not occur.”



SPECIAL REPORT

A definition and classification of status epilepticus — Report
of the ILAE Task Force on Classification of Status
Epilepticus

*+1Eugen Trinka, §Hannah Cock, {Dale Hesdorffer, #Andrea O. Rossetti, **Ingrid E. Scheffer,
T+Shlomo Shinnar, Simon Shorvon, and §§Daniel H. Lowenstein

Epilepsia, 56(10):15 15—152

doi: 10.1111/ep1.13121




Result in long-term consequences after time point t2:
neuronal death, neuronal injury, and alteration of neuronal
networks (depending on the type and duration of Seizures)

Cause abnormally, prolonged
seizures after time point t1

E. Trinka et al.

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
Opdrational dimension 2
erational dimension | Tim , when a seizure may

Tim when a seizure is likely to cause long term consequences

be prolonged leading to continuous (including neuronal injury, neuronal death, alteration
Type of SE seizure activity of neuronal networks and functional deficits)

r Tonic—clonic SE 5 min 30 min -I
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.




Treatment should be started Status epilepticus should be controlled

t1 t2

Stage | Stage Il ik, Stage I
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status e LT
epilepticus . t 1 g tz

Focal status with : .
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consciousness K "

R - o
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C. 10 to 15 min Vi unknown
/7

Absence status
epilepticus

Trinka et al. Epilepsia 2015; 56(10):1515-23; Trinka and Lowenstein Epigraph 2015




‘ Treatment should be started ‘ Status epilepticus should be controlled

1k t2

Comatose NCSE

Stage Il Stage Il

Focal status with . =
impairment of y

consciousness . NCSE “pr Oper . .°.

s "2
l NCSE without coma J’

g y/4
10 to 15 min // unknown>

G
Absence status 7
epilepticus

Trinka et al. Epilepsia 2015; 56(10):1515-23; Trinka and Lowenstein Epigraph 2015


簡報者
簡報註解
至少已經是很難自己停下來的情況所以需要更積極地處理


Refractory status epilepticus (RSE)

SE that does not respond to initial pharmacological therapy (one benzodiazepine and
one non-benzodiazepine anticonvulsant medication) for more than 30 minutes.

Super-refractory status epilepticus (SRSE)

SE continues or recurs despite an adequate continuous infusion of intravenous
anesthetic agents for more than 24 hours.
High mortality: 30% - 50%.




Acute Early

. Refractory SE ' T
seizure | phase Established SE SHiporalls SE, Sublle SE I Super-refractory SE Post-SE consequences
Neuro- | Receptor trafficking — ; —— Alteredgene expression Neuroinflamation Reparation
physiology TNMDA |GABA yaynaplic pu y o Receptors BDNF, Interleukines  Epileptic focus organization
GABA receptor composition modification Drug transporters
; Drug resistant proteins
Brain
el I e BTG S B e R T i
metabolism Brain tissue oxygenation; T T T = ==wo__
----- B r-é?n_élh'éaéé_"_""?-_""““"“'----—-——--__-______________:—_:'___ T Rt e e e e A i 4 e B
Brain Convulsive SE Cogr_litive_& physical
impairment
damage
Increased focal hyperperfusion Increased focal hyperperfusion Normal or focla hypoperfusion Normal or focla hypoperfusion
Focal edema (T2WI, DWI, ADC) Focal cortico-subcortical edema (T2WI, DWI, ADC).. Focal atrophy
Rarely seen in CT. Remote edema Hypocampi, thalami, cortex, corpus = Laminar necrosis

callosum or claustrum.. Hipocampal sclerosis

Neuro- Gliosis
imaging
Convulsive movements
Motor Coma/confusion/Stupor —— Myoclonus Elect hanical
L usi u ' ectromechanica
activity . ZomaconiusionsH e e it Physical disability
Ifytitelmic Compensatory phase (Sympathetic overdrive) Decompensation (Homeostatic failure) 1
atholo . ——
9y T Cardlgc output iJ-Cardiac output Cardiorespiratory collapse
1 Blood:pressure ‘4-Blood glucose : Electrlyte imbalances Somatic systemic consequences
4 Blood glucose I Blood lactate Multiple organ failure
1 Blood:lactate J-Blood oxygen

— | // | It //

5 minutes 10 minutes 60 minutes Hours->days Months



Nonconvulsive Status Epilepticus

NCSE with coma | | NCSE without coma
Comatose forms Proper forms (NCSE propers)
(Generalised,
and focal)
(typically treat if >30 l l
minutes duration)
Generalised Focal
(Absence) (typically treat after 10
(typically treat after 15 minutes activity — if
l l minutes activity) altered consciousness)
NCSE in coma with NCSE in coma | |
preceding without preceding 1. Typical Absence 1. With
convulsive status. convulsive status. 2. Atypical impairment of
(Subtle status Absence consciousness
epllefiticus) 3. de novo 2. Without
Subtle status epilepticus absence of late impairment of
onset consciousness

Time points taken from ILAE Task Force on Status Epilepticus-A
definition and classification of status epilepticus

Kinney MO, et al. Pract Neurol 2018;18:291-305.



Clinical Suspicion of NCSE

Transition from premorbid to current ill state within minutes to hours
Patient did not improve significantly in last minutes to hours, apart from waxing and waning

No information from brain imaging sufficiently explaining EEG-pattern (e.g. brainstem
hemorrhage)

No metabolic/toxigologic derangement sufficiently explaining EEG-pattern

Status
Epilepticus
WITHOUT
The Shaking?
Whaaaat?




Modified Salzburg Consensus Criteria for NCSE

Epileptiform discharges

o

Clinical suspicion of NCSE

—

No epileptiform discharges

.

'

v

Frequency >2-5 cycles per s*

Frequency <25 cycles per s

l

Continuous (quasi-) rhythmic
delta-theta activity with
frequency >0-5 cycles per s*

I

Typical Subtle clinical ictal IV AED Fluctuation
spatiotemporal phenomenon during the EEG without
evolution* EEG patterns mentioned above* definitive
evolution*
v v v
EEG and clinical EEG without clinical —» No
improvement improvement
after [V AED* after IV AED*
v v
No other secondary criteria
are fulfilled
\ 4 v
Possible NCSE No NCSE

Diaghosed by EEG

(from Leitinger et al., Lancet Neurol 2016;15:1054-62)



Continuous EEG (cEEG)

In critically ill patients, cEEG monitoring is
recommended in several scenarios:

* Unexplained decreased consciousness,
especially after status epilepticus

e Evaluation of paroxysmal motor phenomena

e Autonomic signs, such as sudden-onset
tachycardia

e Abrupt increases in intracranial pressure




Treatment of CSE

y



AMERICAN

EPILEPSY
SOCIETY

Proposed Algorithm for Convulsive Status Epilepticus

From “Treatment of Convulsive Status Epilepticus in Children and Adults,” Epilepsy Currents 16.1 - Jan/Feb 2016

0-5 Minutes
Stabilization
Phase

5-20 Minutes
Initial Therapy
Phase

20-40 Minutes
Second Therapy
Phase

40-60 Minutes
Third Therapy
Phase

Interventions for emergency department, in-patient setting,

or prehospital setting with trained paramedics

1. Stabilize patient (airway, breathing, circulation, disability - neurslogic exam)
2. Time seizure from its onset, monitor vital signs

3. Assess oxygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance

needed
4. Initiate ECG monitoring

5. Collect finger stick blood glucose. If glucose < 60 mg/dl then
Adults: 100 mg thiamine IV then 50 m| DSOW IV
Children = 2 years: 2 mil/kg D25W IV Children < 2 years: 4 mifkg D12.5W IV

6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant

drug levels

Does Seizure
Continue?

A benzodiazepine is the initial therapy of choice (Level A):
Choose gne of the following 3 equivalent first line options with dosing and frequency:

Intramuscular midazolam (10 mg for > 40 kg, 5 mg for 13-40 kg, single dose,
Level A) OR

Intravenous lorazepam (0.1 mg/kg/dose, max: 4 mg/dose, may repeat dose
once, Level A) OR

Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose
once, Level A)
If none of the 3 options above are available, choose one of the following:

= Intravenous phenobarbital (15 mg/kgldose, single dose, Level &) OR

« Rectal diazepam (0.2-0.5 mg/kg, max: 20 mg/fdose, single dose, Level B) OR

= Intranasal midazolam (Level B), buccal midazolam (Level B)

.

If patient at baseline,
then symptomatic
medical care

Does Seizure
Continue?

There is no evidence based preferred second therapy of choice (Level U):
Choose gne of the following second line options and give as a single dose
= Intravenous fosphenytoin (20 mg PE/KE, max: 1500 mg PE/dose, single dose,
Level U) OR

Intravenous valproic acid (40 mg/kg, max: 3000 mg/dose, single dose,
Level B) OR

* Intravenous levetiracetam (60 mg/kg, max: 4500 mg/dose, single dose, Level U)

If none of the options above are available, choose one of the following (if not given
already)

* Intravenous phenobarbital (15 mg/kg, single dose, Level B)

If patient at baseline,
then symptomatic
medical care

Does Seizure
Continue?

There is no clear evidence to guide therapy in this phase (Level U):
Choices include: repeat second line therapy or anesthetic doses of either thiopental,
midazolam, pentobarbital, or propofol (all with continuous EEG monitoring)

If patient at baseline,
then symptomatic
medical care




Proposed Algorithm for Convulsive Status Epilepticus

From “Treatment of Convulsive Status Epilepticus in Children and Adults,” Epilepsy Currents 16.1 - Jan/Feb 2016

Ti Li Interventions for emergency department, in-patient setting,
Jic s or prehospital setting with trained paramedics

- 1. Stabilize patient (airway, breathing, circulation, disability - neurclogic exam)
= l n u es 2. Time seizure from its onset, monitor vital signs
St I L Il tl 3. Asse ygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance

2 years: 4 mifkg D12.5W IV

es, hematology, toxicology screen, (if appropriate) anticonvulsant

1. Stabilize patient (airway, breathing, circulation, disability - neurologic exam)
2. Time seizure from its onset, monitor vital signs

3. Assess oxygenation, give oxygen via nasal cannula/mask, consider intubation if respiratory assistance
needed

4. Initiate ECG monitoring

5. Collect finger stick blood glucose. If glucose < 60 mg/dl then
Adults: 100 mg thiamine IV then 50 mI D50W |V
Children = 2 years: 2 ml/kg D25W IV Children < 2 years: 4 ml/kg D12.5W IV

6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant
drug levels

= Intravenous fosphenytoin (20 mg PE/kg, max: 1500 mg PE/dose, single dose, medical care
evel U} OR

Thiamin substitution is indicated in o ?“J:E;;;
Phase

alcoholism and/or malnutrition =l e it tumaiion

If nor choose one of the following (if not given

us valproic acid (40 mg/kg, max: 3000 mg/dose, single dose,

g/dose, single dose, Level U)

already)

genera”y’ especia”y in Cr‘itica”y i” . = Intravenous phenobarbital (15 mg/kg, single dose, Level B)

Continue?

40-60 Minutes There is no clear evidence to guide therapy in this phase (Level U): l If patient at baseline,

Third Thera Choices include: repeat second line therapy or anesthetic doses of either thiopental, then ¢
F F
Phase midazolam, pentobarbital, or propofol (all with continuous EEG monitoring) medical care



Proposed Algorlthm for Convulswe Status Eplleptlcus

From “Treatment of Convulsive Status Epilepticus Children and Adults

0-5 Minutes
Stabilization

5-20 Minutes

Initial Therapy
Phase

IV g

A benzodiazepine is the initial therapy of choice (Level A):
Choose one of the following 3 equivalent first line options with dosing and frequency:
rIM « Intramuscular midazolam (10 mg for > 40 kg, 5 mg for 13-40 kg, single dose, 0.1-0.2mg/kg, maxi
Level A) OR

IV « Intravenous lorazepam (0.1 mg/kg/dose, max: 4 mg/dose, may repeat dose
once, Level A) OR

IV « Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose
once, Level A)
If none of the 3 options above are available, choose one of the following:
* Intravenous phenobarbital (15 mg/kg/dose, single dose, Level A) OR
« Rectal diazepam (0.2-0.5 mg/kg, max: 20 mg/dose, single dose, Level B) OR
Intranasal midazolam (Level B), buccal midazolam (Level B)

mum 10mg/dose

Rapid treatment appears to be more critical than the choice of BZD.
Underdosing results in a lower probability of terminating epileptic activity.
If necessary, BZD administration may be repeated once (5 10 minutes Iater) e

Phase



ORIGINAL RESEARCH article

Front. Neurol., 12 November 2025
Sec. Epilepsy
Volume 16 - 2025 | https://doi.org/10.3389/fneur.2025.1681483

Benzodiazepines versus non-benzodiazepine
antiseizure medications as first-line agents for

status epilepticus: analysis of real word data from a

O-years prospective cohort

Italian 9-year cohort: 630 patients > 14-year-old
@ BZD or non-BZD ASM as first line for SE treatment

Outcomes?

Total

BDZ first-line therapy,
463 patients (73.5%)

First-line non-BDZ therapy

Numbers of patients (%)

Carbamazepine 1(0.6)
Phenobarbital 1(0.6)
Zonisamide 1(0.6)
Brivaracetam 2:(1:2)
Phenytoin 9(5.4)
Lacosamide 28 (16.8)
Levetiracetam 62 (37.1)
Valproic acid 63 (37.7)

Non-BDZ first-line,
167 patients (26.5%)

discharge > pre-SE mRS), n (%)

Need for anaesthetics within 24 h of SE 134 (21.3) 76 (16.4) 58 (34.7) <0.001
onset, 1 (%)

Progression to refractory SE, n (%) 171 (27.1) 101 (21.8) 70 (41.9) <0.001
Progression to super-refractory SE, n (%) 80(12.7) 48 (10.4) 32(19.2) 0.006
Need for orotracheal intubation, n (%) 166 (26.4) 90 (19.4) 76 (45.8) <0.001
Admission to intensive care unit, n (%) 210 (33.3) 124 (26.8) 86 (51.5) <0.001
Length of stay in intensive care unit, days, 14 (8-28) 13 (7-24) 19 (10-36) <0.001
median (IQR)

CE cessation according to SENSE criteria, 220 (35.6) 409 (88.3) 139 (83.2) 0.107
n (%)

Time to SE cessation, days, median (IQR) 2 (1-5) 2 (0-5) 3(1-7) <0.001
Worsening of functional status (mRS at 374 (59.4) 253 (54.6) 121 (72.5) <0.001

Front Neurol. 2025 Nov 12:16:1681483.
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In NCSE dominant subgroup:

30-day mortality was 30.7% (43/140), with no difference between BDZ-treated patients (30%; 21/70) and those
who received non-BDZ (31.4%; 22/70) (p = 1.000).
No difference in secondary outcomes, except for a shorter time to SE cessation among BDZ-treated patients.

Outcomes? Total BDZ first-line therapy, Non-BDZ first-line, 70 p-value
70 patients (50%) patients (50%)
Need for anesthetics within 24 h of SE onset, n (%) 42 (30) 18 (25.7) 24 (34.3) 0.357
Progression to refractory SE, n (%) 53(37.8) 23(32.9) 30 (42.9) 0.296
Progression to super-refractory SE, n (%) 29 (20.7) 14 (20) 15(21.4) 1.000
Need for orotracheal intubation, #n (%) 57 (40.7) 25 (35.7) 32 (46.4) 0.230
Admission to intensive care unit, n (%) 66 (47.1) 28 (40) 38 (54.3) 0.127
Length of stay in intensive care unit, days, median 16 (8-36) 12 (6-26) 20 (9-41) 0.049
(IQR)
Return to pre-SE condition at discharge, n (%) 44 (31.4) 20 (28.6) 24 (34.3) 0.585
CE cessation according to SENSE criteria, n (%) 93 (66.4) 45 (64.3) 48 (68.6) 0.721
Time to SE cessation, days, median (IQR) 3(1-7) 1 (0-4) 4 (2-8) <0.001
Worsening of functional status (mRS at discharge > 91 (65) 43 (61.4) 48 (68.6) 0.479
pre-SE mRS), n (%)

Front Neurol. 2025 Nov 12:16:1681483.



Advantage

Disadvantage

BZD Used in Treatment of SE

Diazepam

Rapid onset (1V)
Rectal formulation available

Long standing clinical
experience in adults and
children

Widespread availability

Short action duration due to
rapid redistribution

Accumulation with the risk of
prolonged sedation and
respiratory depression

Lorazepam

Rapid onset (1V)

Long lasting effect (>24h)
after a single injection

Less lipid redistribution

Proven efficacy in randomized
controlled trials in GCSE

Rapid development of
tolerance

Midazolam

Rapid onset with all
routes

Water solubility (IB,
IN, IM)

Short duration of
action with risk of
seizure relapse

Clonazepam

Rapid onset (1V)

Long lasting
effect (>24h)
after a single
injection

Lack of RCTs



Proposed Algorithm for Convulswe Status Epileptlcus

From “Treatment of Convulsive Status Epilepticus in Children and Adults,” Epilepsy Currents 16.1 - Jan/Feb :

o Ry t?e*é

20-40 Minutes 4 ¢a$sa§i§enytom?ﬁ AR, SRR
Second Therapy 6 e
Phase

There is no evidence based pr red second therapy of choice (Level U):
Choose one of the followin cond line options and give as a single dose

 Intravenous fosphenytoin (20 mg PE/kg, max: 1500 mg PE/dose, single dose,
Level U) OR

 Intravenous valproic acid (40 mg/kg, max: 3000 mg/dose, single dose,
Level B) OR

» Intravenous levetiracetam (60 mg/kg, max: 4500 mg/dose, single dose, Level U)

If none of the options above are available, choose one of the following (if not given
already)

 Intravenous phenobarbital (15 mg/kg, single dose, Level B)

40-60 Minutes There is no clear evidence to guide tI her | y in this
Third Therapy Ct e
Phase

|| LLS:VF-_‘| u):



簡報者
簡報註解
教科書是2011年
VPA: 禁用< 2y/o , pregnancy, liver disease
LEV:(目前在美國核准最小使用年齡為一月大，在台灣則是核准在4歲以上使用)


ESETT trial (2019)

ORIGINAL ARTICLE

Randomized Trial of Three Anticonvulsant
Medications for Status Epilepticus

Jaideep Kapur, M.B., B.S., Ph.D., Jordan Elm, Ph.D., James M. Chamberlain, M.D.,
William Barsan, M.D., James Cloyd, Pharm.D., Daniel Lowenstein, M.D.,
Shlomo Shinnar, M.D., Ph.D., Robin Conwit, M.D., Caitlyn Meinzer, Ph.D.,
Hannah Cock, M.D., Nathan Fountain, M.D., Jason T. Connor, Ph.D.,
and Robert Silbergleit, M.D., for the NETT and PECARN Investigators*

Fosphenytoin Levetiracetam [7] Valproate
10- 45% 47%  46%
oy
£
o s
0 T T 1 I I \I.I T 1 1

1
0 10 20 30 40 50 60 70 80 90 100
Patients with Treatment Success (%)

Figure 2. Posterior Probabilities of Success According to Treatment Group
for the Primary Outcome of Cessation of Status Epilepticus at 60 Minutes.

The relative posterior probabilities of treatment success with regard to the
primary outcome for each drug are shown. The percentage of patients with
treatment success was 47% (95% credible interval, 39 to 55) in the levetirace-
tam group, 45% (95% credible interval, 36 to 54) in the fosphenytoin group,
and 46% (95% credible interval, 38 to 55) in the valproate group.

384 children and adults with BZD-refractory CSE
Primary outcome: absence of clinically evident seizures and
consciousness improvement by 60 minutes after the start of drug
infusion, without additional anticonvulsant medication.

Table 2. Efficacy Analyses.*

seizures for patients with treatment success (IQR) — minf

Levetiracetam  Fosphenytoin Valproate
Outcome and Population (N=145) (N=118) (N=121)
Primary efficacy outcome: cessation of seizures and improvement in con-
sciousness at 60 min without other anticonvulsant medications
Intention-to-treat population
No. with outcome 68 53 56
Percent of patients with outcome (95% credible interval) 47 (39-55) 45 (36-54) 46 (38-55)
II Probability that treatment is the most effective 0.41 0.24 0.35
Probability that treatment is the least effective 0.24 0.45 0.31
Per-protocol population
No. with outcome/total no. 51/109 3779 43/91
Percent of patients with outcome (95% credible interval) 47 (38-56) 47 (36-58) 47 (37-57)
Probability that treatment is the most effective 031 0.34 0.36
Probability that treatment is the least effective 0.34 0.35 0.31
Secondary efficacy outcomes
Admission to ICU — no. (%) 87 (60.0) 70 (59.3) 71 (58.7)
Median length of ICU stay (IQR) — days 1 (0-3) 1 (0-3) 1(0-3)
Median length of hospital stay (IQR) — days 3(1-7) 3 (1-6) 3 (2-6)
Median time from start of trial-drug infusion to termination of 10.5 (5.7-15.5) ' 11.7 (7.5-20.9) 7.0 (4.6-14.9)
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Stage 2: stage of established

status (10/30-60/90 min)

Phenytoin (initial 15-20 mg/kg IV infusion at
50 mg/min, additional Phenytoin 5-10
mg/kg/day IV infusion at 50-75 mg/min

Valproic acid (initial 15-30 mg/kg IV
infusion at 3-6 mg/kg/min, maintain dose
20-30 mg/kg/day IV infusion)

Levetiracetam (initial 30-60 mg/kg IV
infusion, maintain dose 2000-4000 mg/day
IV infusion)

Lacosamide (200-400 mg IV rapid loading
dose over 3-5 min, followed by a daily dose of
200-400 mg)

Severe renal or hepatic
insufficiency : BI£&825%

Brivaracetam (200 mg |V rapid loading dose
over 3-5 min, followed by 100 mg Q12H IV
infusion)

CKDREQHEBE ZE—TI= - HDJR

A B R 2FDA approval sl A E 5% E

BB (¥ stage 2 5 stage 3 ZEEEE2WATH (stage 1 5 stage 1 812 ) ZIRE -
HEEFRLA—RRARZHHERENEIR - EIS -

SEBREEE - QEBME2EESIZE/NMR - 2023 F£4 BHR -
Please note: Levetiracetam, Lacosamide, and Brivaracetam are not licensed for status epilepticus. Please refer to local approved package insert before prescription.



Proposed Algorithm for Convulsive Status Epilepticus

From "Treatment of Convulsive Status Epilepticus in Children and Adults,” Epifepsy Currents 16.1 - Jan/Feb 2016

40-60 Minutes
Third Therapy
Phase

There is no clear evidence to guide therapy in this phase (Level U):

Choices include: repeat second line therapy or anesthetic doses of either thiopental,
midazolam, pentobarbital, or propofol (all with continuous EEG monitoring)

20-40 Minutes
Second Therapy
Phase

40-60 Minutes
Third Therapy
Phase

Interventions for emergency department, in-patient setting,

or prehospital setting with trained paramedics

1. Stabilize patient (airway, breathing, circulation, disability - neurclogic exam)
2. Time seizure from its onset, monitor vital signs

3. Assess oxygenation, give axygen via nasal cannula/mask, consider intubation if respiratory assistance

[ led
4. Initiate ECG monitaring

= 2 years: 4 mifkg D12.5W IV

6. Attempt IV access and collect electrolytes, hematology, toxicology screen, (if appropriate) anticonvulsant

drug levels

Continue?

There is no evidence based preferred second therapy of choice (Level U):
Choose gne of the following second line options and give as a single dose
1s fosphenytoin (20 mg PE/kg, max: 1500 mg PE/do i

se, single dose, Level U)
If none of the options above
already)

* Intravenous phenobarbital (15 mg/kg, single dose, Level B)

f the following (if not given

Does Seizure
Continue?

If patient at baseline,
then symptomatic
medical care

There is no clear evidence to guide therapy in this phase (Level U):

Choices include: repeat second line therapy or anesthetic doses of either thiopental,

midazolam, pentobarbital, or propofol (all with continuous EEG monitoring)

If patient at baseline,
then symptomatic
medical care




Staged Treatment of SE

Lorazepam 0.07 to 0.1 Diazepam 5-10 mg IV bolus Clonazepam 1 mg [V bolus Phenobarbital 10 mg/kg
mg/kg (usually 4 to 8 mg) [V (maximum rate 5 mg/min); if (maximum rate 0.5 mg/min); (range 10-20) IV bolus Stage I
bolus (maximum rate 2 necessary can be repeated if necessary can be repeated infusion at a max. rate of 100 8 40 10imiin
mg/min); if necessary can be once up to 20 mg. once after 5 min. mg/min
repeated once.
v : v v ' .4 :
Phenytoin 18 mg/kg (range Valproate 30 mg/kg (range Levetiracetam 30 mg/kg Lacosamide 200-400 mg IV
15-20) IV loading dose at 15-30) IV rapid loading dose (range 30-60) IV rapid rapid loading dose over Stavell
max. rate of 50 mg/min. at 3—6 mg/kg/min. loading dose over 10 min. 3-5 min. 8 .
Fosphenytoin 15 mg PE/kg 10 to 30 min
(range 15-20) IV bolus
infusion at max. rate of 100
mg PE/min
Analgesics
, v | v . v ny v )
Propofol 2 mg/kg IV loading Midazolam 0.1-0.3 mg/kg IV Thiopental 100-250 mg IV Pentobarbital 5-15 mg/kg Refracto ry SE
dose, repeated if necessary, and loading dose at max. rate of 4 loading dose over IV bolus, followed by a
then followed by a continuous mg/min, followed by a 20 s with further 50-mg continuous IV infusion at a Stage III
infusion continuous IV infusion at a boluses every 2—3 min until dose to maintain 30:to.60'min
of 5-10 mg/kg/h initially, dose sufficient to suppress ictal seizure control, followed by a a burst-suppression pattern on
reducing to a dose sufficient discharges (usually 0.05-0.4 continuous IV infusion the EEG (usually 0.5-3
to maintain a burst-suppression mg/ kg/h). at a dose to maintain a burst- mg/kg/h).
pattern (usually 1-3mg/kg/h). suppression pattern (usually
3-5 mg/kg/h).
L JEjrinka, R. Kélvidinen / Seizure 44 (2017) 65-73



Aggressive Treatment for SRSE

General anesthesia with IV midazoiam}prnpcfolfpentobarbital or thiopental

efractory after 24 hours

Ketamine Mega dose phenobarbital ‘ |W|th multiple combmatlons of AEDS

Continuous
EEG — — _
Monitoring

Hypothermia =S Immunotherapy Emergency Ketogenic diet
epilepsy surgery

Figure 6. Suggested treatment algorithm for refractory status epilepticus and super-refractory status epilepticus. IV, intravenous; EEG, electroencephalogram;
AED, antiepileptic drugs; ECT, electroconvulsive therapy.

Journal of Epilepsy Research Vol. 10, No. 2, 2020
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I-'-'-
-1 5 10 mL vom sose

~ Ketamine HCl |
;¢ Injection, USP 4

=21 Forslow intravenous or intra™"

Ao, Ing Lok Foredr 1L S00S

S5 500 mg per 10 mL* (50958

Ketamine (S-Ketamine)

Ketamine is being increasingly used for the treatment of RSE
* A strong NMDA receptor antagonist
e Short half-life time: 1-2 hours

2 retrospective case series’? and 9 single case reports, reporting
80 episodes of RSE treated with ketamine:

e Qverall success rate was 56%

* Most often used bolus dose: ranging from 0.5 mg/kg to 2
mg/kg, followed by infusion ranging from 0.6 mg/kg/h to
maximal 10 mg/kg/h

e Duration 2h to 140 days

1: Synowiec et al, Epilepsy Res 2013
2: Gaspard et al, Epilepsia 2013
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A 24 years-old man, diagnosed as NORSE, admitted
into our ICU for persistent convulsive SE for days.

EEG before PP and IVIG
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Ketogenic diet for status epilepticus in adult -
intensive care unit patients: a standard
operating procedure

* KD is a high-fat, low-carbohydrate, and adequate-protein diet that
induces ketosis, exerting anticonvulsant effects.
* Classical KD: high fat-to-carbohydrate/protein ratios (4:1).

KD should be considered in adult ICU patients meeting

following criteria:

* RSE lasting > 72 h, despite treatment with at least 3
different ASM or diagnosis of SRSE.

Persistent seizure activity, reflected clinically and/or by

oA CH

Early initiation after ICU admission, preferably within 24 h
in cases where SRSE is anticipated, to maximize potential
benefits and minimize treatment delays.

Neurol Res Pract. 2025 Nov 12;7(1):87.
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Emergency Discontinuation Criteria of KD

If any of the following conditions persist despite appropriate corrective measures for >48 h,
KD must be discontinued to prevent severe metabolic complications:

»

(NhTRICIA
KetoCal

Severe metabolic acidosis (pH < 7.1 despite bicarbonate correction)
Uncontrolled hypertriglyceridemia > 1000 mg/dL.
Hepatic failure or severe hyperammonemia.

Refractory hypoglycemia despite glucose administration.

1 J In patients under KD, propofol is relatively contraindicated:

* Propofol can impair mitochondrial fatty-acid B oxidation

* In combination with KD (high lipid load), the risk of mitochondrial energy
umﬁ failure (and consequent propofol infusion syndrome) may increase

. Propofol
for injection o'

R — Shift propofol to midazolam pump for seizure control

Neurol Res Pract. 2025 Nov 12;7(1):87.
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Identification of Valproic Acid Glucuronide Hydrolase As a Key
Enzyme for the Interaction of Valproic Acid with
Carbapenem Antibiotics

Eiko Suzuki, Naotoshi Yamamura, Yuji Ogura, Daisuke Nakai, Kazuishi Kubota,
Nobuhiro Kobayashi, Shin-ichi Miura, and Osamu Okazaki

Drug Metabolism and Pharmacokinetics Research Laboratories (E.S., N.Y., D.N., N.K., 0.0.) and Translational Medicine and
Clinical Pharmacology Department (Y.O., KK., S.M.), Daiichi Sankyo Co., Ltd., Tokyo, Japan

Received February 23, 2010, accepted June 15, 2010

ABSTRACT:

Plasma levels of valproic acid (VPA) are decreased by concomitant
use with carbapenem antibiotics, such as panipenem (PAPM). One
of the plausible mechanisms of this interaction is the inhibition of
VPA glucuronide (VPA-G) hydrolysis by carbapenems in the liver.
To elucidate this interaction mechanism, we purified VPA-G hydro-
lase from human liver cytosol, in which the hydrolytic activity was
mainly located. After chromatographic purification, the VPA-G hy-
drolase was identified as acylpeptide hydrolase (APEH). APEH-
depleted cytosol, prepared by an immunoadsorption method, com-
pletely lacked the hydrolytic activity. These results demonstrate
that APEH is a single enzyme involved in PAPM-sensitive VPA-G
hydrolysis in cytosol. In addition, the hydrolytic activity of recom-

profile by typical esterase inhibitors (diisopropyl fluorophosphate,
5,5'-dithiobis-(2-nitrobenzoic acid), p-chloromercuribenzoic acid,
and o-saccharic acid 1,4-lactone) was similar to that of human liver
cytosol. Cytosolic VPA-G hydrolase activity was slightly inhibited
by cholinesterase and carboxylesterase inhibitors, B-Glucuroni-
dase activity remained in APEH-depleted cytosol, whereas VPA-G
hydrolase activity was completely abolished. Thus, other cholines-
terase, carboxylesterase, or B-glucuronidase in cytosol would not
be involved in VPA-G hydrolysis. Taken together, APEH plays a
major role in the PAPM-sensitive VPA-G hydrolysis in the liver.
These findings suggent that APEH could be a key enzyme for the
drug interaction of VPA with carbapenems via VPA-G hydrolysis.

Blocking Recycling Pathway: Under normal conditions, acylpeptide
hydrolase (APEH) breaks down valproate-glucuronide (VPA-G) back
o into active valproate, extending its half-life.
R e Rapid Elimination: Carbapenem strongly and irreversibly inhibits
~50.60% /\EE\/T on AI?EH. VPA-G cannot rgcycle ba§k into active VPA and is quickly
eliminated through urine and bile.

YRA-glucuranide
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111 Plasma VPA levels decrease within 24h; remain low at 7 days after stopping carbapenem;
Clinical Pharmacology ¥s after stopping carbap

Vet bt o s e f Gl i gradually increase after 8-14 days

2 Full A Mean VPA plasma concentrations in patients Mean VPA plasma concentrations in patients
u ccess .. . .
receiving VPA up to 1000 mg/day receiving VPA 1000-2000 mg/day
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>3000mg/day的患者沒有baseline concentrations，因為沒有患者會在未使用carbapenem的情況下，使用到這麼高劑量的VPA。


Take Home Messages

Seizure mimics and chameleons

Not every abnormal movement in the ICU is a seizure, and many ICU seizures are nonconvulsive.

Consider EEG when consciousness does not recover

Continuous EEG should be considered when consciousness does not recover as expected or when subtle seizure
activity is suspected.

Treat status epilepticus early and adequately

Rapid administration of an adequate dose of benzodiazepine is more important than the choice of benzodiazepine,
followed promptly by a second-line antiseizure medication when needed.

Escalate early in refractory status epilepticus

Treatment may require continuous anesthetic therapy, EEG-guided management, and selected additional
therapies such as immunotherapy, ketamine or ketogenic diet.
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