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Status Epilepticus: Operational
Definition

AGeneralized, convulsive status
epllepticus in adults and older children
(>5 years old) refers to at leasb min of

I (@) continuous seizures or

I (b) two or discrete seizures between which there
IS Incomplete recovery of consciousness



Types of Seizure Emergencies

A Convulsive status epilepticus (CSE)
A Nonconvulsive status epilepticus (NCSE)

A Acute repetitive seizures or clusters



Generalized Convulsive Status
Epilepticus (GCSE): Characteristics

A Broad spectrum of clinical presentations
i Tonic-clonicmotor activity
i Impaired consciousness
i lctal discharges

A Subtle GSCE
i Continuous subtle motor phenomena
i Generalizedctal discharges
i Profound coma

A Other types
i Myoclonic
i Focal



Status epilepticus

AIncidence:
I 27/100,000in young adult
»Wwith 14% mortality rate
I 86/100,000in elderly
» with 38% mortality rate
A Number of cases:
I 65,000- 150000cases per year in USA



Mortality in Statuspilepticusoy Age Group

Among 546 patients with sepilspticusm Richmond, Virginia,
from 1982 to 1989.
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Survival in Statugpilepticusoy
Duration of Seizure

Survival curves for prolonged (solid limanandlonggdashed line)

seizure duration. The data are presented as percent survival based
30-day follow-up period.
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Main causes of status epilepticus

ALow AED level patients with epilepsy 84%)
A Remote symptomatic causea%)

A Cerebrovascular accidents 22%)

A Anoxia or hypoxia (<10%)

A Metabolic causes (20%)

A Alcohol and drug withdrawal (~10%)



Seizure after spontaneous ICH

Predictors and outcome of seizures after spontaneous
intracerebral hemorrhage ot

W Cases of first selzure

Patient numbers

J Neurosurg 111:87-93. 2009
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Fic. 2. Bar graph showing when the first seizure occurred after
spontaneous ICH in the follow-up period.

TABLE 2: Summary of neuroimaging findings

Seizure After Spontaneous ICH

Finding Immediate Early Late w/o Seizure

total no. of patients b 4 1 223
location of ICH

basal ganglia 1 2 0 97

thalamus 0 1 0 30

corpus (lobar hematoma) 4 1 2 28

intraventricular hemorrhage* 0 0 4 68
median hematoma vol in mm?* (IRQ)T 115.5 (271-256.7)  15.2 (11.3-73.5) 38.5 (17.5-54.0) 3.1 (4.7-28.9)
hydrocephalus 0 0 4 42
rebleeding of ICH 0 22
postop hemorrhage 0 1 20

* There were 72 ICHs with rupture into the veniricle, 28 were in the thalamus, 25 in the basal ganglia, 7 in the cortex (lobar hema-
toma), 3 in the corpus callosum, and the remaining 9 were in unknown locations. Abbreviation: IQR = interquartile range.
T Indicates the maximum volume of hematoma If at least 2 brain CTs were obtained during hospitalization.



Generalized convulsive statugpilepticusafter
nontraumatic subarachnoid hemorrhage: the
nationwide inpatient sample.

A Nationwide Inpatient Sample, a database of admissions to

nonfederal United States hospitals between 1994 and 2002

A Among the 29,998 patients hospitalized with nontraumatic
SAH, GCSE was reported to occur in 0.2% of patients (N = 73

patients).

A GCSE risks: the youngest tertiale 49 years old or younger;
OR ( 2.0-5.1), those with renal disease OR 4.8 ( 2.6-8.8),
and those who did not undergo a neurosurgical procedure

iInvolving a craniotomy ; OR 2.2 (1.3-3.8).

Claassenl, et al. Neurosurgery2007;61.60-4. 10



Generalized convulsive statugpilepticusafter
nontraumatic subarachnoid hemorrhage: the
nationwide inpatient sample.

A GCSE : higher in-hospital mortality (48% versus 33% of
patients; OR 2.1 (1.3-3.4; P = 0.002) and longer (9 versus 7
days; P = 0.016) and more expensive (US $39,677 versus
US $26,686; P = 0.007) hospitalizations.

A CONCLUSION: GCSE rarely complicates SAH; however, it
IS associated with increased patient mortality, length of
hospital stay, and cost. GCSE occurs more frequently in
young patients, those with a history of renal disease, and

patients who do not undergo a craniotomy
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Nonconvulsiveelectrographic seizures after
traumatic brain injury result in a delayed,
prolonged Increase In intracranial pressure

and metaboljc crisis.
A 20 moderate to severe L’Il(l_%l (&Iasgow Coma S&sre

13) : continuous EEG and cerebral microdiablysis/Aor
days after injury.

A Ten patients had seizures , matched with control TBI
SE In7 patients

A Using a withinsubject design, po$taumatic seizures
resulted in episodic increases in intracranial pressure
(224 +/- 7vs.12.8 +/- 4.3 mm Hg; p <001) and an
episodic increase In lactate/pyruvate rafif4 +/- 16
vs.23.8 +/- 7.6; p < 00]) in the seizure group.

A VespaPM, et al.Crit Care Med.2007Dec;35(12):28306. 12



A Using a betweesubjects comparison, the seizure group demonstratec
higher mean intracranial pressut€.6 +/- 6.5vs.12.2 +/- 4.2 mm Hg; p
< .001), a higher mean lactap/ruvateratio (38.6 +/- 18vs.27+/- 9; p <

.001) compared witmonseizurgatients.

A The intracranial pressure and lactpyelivateratio remained elevated
beyondpostinjuryhour100in the seizure group but not thenseizure

group (p <02).

A CONCLUSION: Postraumatic seizures result in episodic as well as
long-lasting increases Iin intracranial pressure r@ngodialysis
lactatepyruvateratio. These data suggest that pioatimatic seizures

represent a therapeutic target for patients with traumatic brain injury.
13
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Cerebral Changes in CSE

“"Excitotoxicity”
Repeated neuronal depolarisation
!
Intracellular calcium influx
!
Mitochondrial dysfunction*/oxidative stress
!

Cellular necrosis/death

14
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Figure 1: Model of our hypothesis of receptor trafficking in transition of single seizures to status epilepticus
Taop: after repeated sezures, the synaptic membrane of GABA, receptors forms dathrin-coated pits, which
internalise as clathrin-coated wesides (C), inactivating the receptors because they are no longer within readh of the
neurotransmitter. These vesices develop into endosomes (E), which can deliver the receptors to lysosomes (L)
wiherz they are destroyed, or to the Golgi apparatus {G) from whene they are recycled to the membrane. Bottom: by
contrast, in MMDA synapses, subunits are mobilised to the synaptic membrane and assemble imco additional
receptors. As a result of this traffcking, the number of functional MMOA receptors per synapse inoreases whersas

the number of functicnal GARA, receptors deaeases. s




Systemic physiological changes in CSE
1. Phase of Compensation

_|_

*Cerebral Autorequlation occurs*
|

Massive Increase in cerebral blood flow

!
Oxygen and glucose delivery to brain maintained



Systemic physiological changes In
CSE
2. Phase of Decompensation




Management of Statkpilepticus
General Principles

A Medical emergency

A Prolonged electrical seizure activity causes neuron:
damage

A EEG monitoring essential
A Systemic factors exacerbate SE-induced neuronal

A The longer the duration, the later the EEG stage, a
the more subtle the motor manifestations, the hards
IS to stop

A A predetermined Rx protocol more effective



Schematic Approach of
Status Epilepticus

LowensteinBlidredg8. NEJM. 1998; 338:970-976.



TABLE 3. Protocol of Action in Convulsive Status
Epilepticus (modified Herranz et al.'?%)

(=5 Min: Appropriate patient position. Maintain airway. Monitoring vital
signs. Maintain oxvgenation. Ensure cardiovascular function. IV access.
Obtain samples for laboratory analvsis. Administer diazepam
intravenously or rectallv, according to route availability

310 Min: Correct possible hvpoglvcemia. Use IV first-line drugs
(diazepam or lorazepam, preferablv). Consider a second dose of rectal
diazepam 1if no IV access 1s available

1020 Min: Repeat the dose of IV benzodiazepine if the attacks persist 5
min after the first dose. If the attacks cease with IV diazepam. use a
second-line drug (phenvtoin or valproate) to prevent recurrences

2030 Min: Loading dose of IV phenvtoin ( 15—18 mg/kg) or sodium
valproate (30 mg'kg). Consider a third dose of IV benzodiazepine.
Evaluate the administration of IV pvridoxine in children under 2 vears
(100—-300 mg/dose). Monitor for possible respiratory depression.
Prepare the material required for intubation

=30 Min: Established starus. Consider a new dose of IV phenvtein and
up to a maximum of 30-35 mg'kg in all. with special cardiocirculatory
monitoering or a second dose of valproate up to a maximum of 30-35
mg/'kg. If the seizures persist, use loading doses of IV phenobarbital.
Consider admission to an ICU and need for assisted respiration

=60 Min: Refractory status. It nearly alwavs requires respiratory
assistance. Consider the use of barbiturate anesthetics, infusion of
midazolam and/or propofol, lidocaine and/or infusion of
benzodiazepines, according to the evelution and personal experience in
the management of each drug




1. Assess and control airway
2. Monitor vital signs ( including t

3. Conductopunsetgd monitor
cardiac function

4. Perform rapid blood glucose|a:

Start intravenous infusion

Adminigteamin@00 mgq )
and glucose ( 50 ml of 50 perc

LowensteinBldredg&. NEJM. 1998; 338:970-976.



Investigation

Antiepileptic drug level
ASeptic work up

ACBC, UA

ABlood sugar

ABUN, Cr

A iver function test
AElectrolyte

ACalcium, Magnesium,

U 1UUU |

FIGURE 1. Cranial MRI. Diffusion sequence: enhanced signal

Phosphorous in entire left parietal frontal cortex in a patient with complex

partial status secondary to hyperglycemia.

AT oxicology
A_.umbar puncture
ACT brain

AVIRI brain 22



Start anticonvulsant therapy
e

Take focuseHxand examine patient Perform laboratory studies

Perform laboratory studies || Complete blood count

Known seizure disorder or othéSerum electrolytes and calcit
llinesses ? Arterial - blood gas

Trauma ? Liver function
Focaheurologisigns ? Renal function

Signs of medical ilinesses ( &,0roxicology
Infection, hepatic or renal
disease, substance abuse|)

§erurrAEDs:oncentrations

Undertake further work-up to define cause
Manage other medical problems



Schematic Approach of Status Epilepticus
Antiepileptic Drug Therapy

A Begin with Lorazepam 4mg
A(0.1 mg/kg ) at 2 mg/mini.v.

A or Diazepam 10-20 mg
A(0.3 mg/kg ) at 2 mg/min i.v.

LowensteinD, Alldredge B. NBIBB38970976



Seizures contibong at
Phenyt@@mg/kg N6@g/min) or
Fospheny2amg/kg Péatl5g/min

- Selzures contizGiAgam

Phenytoiosphenytoin
(additiobdlng/kgedng/kg P

LowensteinD, Alldredge B. NBIBI338970976




Selzures contiBOIBEaM

Phenobarbital
(20ng/kg \6&I7INg/min )

[gelzures Comlﬁﬁl‘m

enobarbital
( additiosdlong/kg )

wensteinD, Alldredge B. NEBIBI338970976



‘Selzures contiﬁﬁiﬁm

AnesthesiaWmniidazolam
pentobarmtaropofol

LowensteinD, Alldredge B. NBIBB38970976



EFNS EUROPEAN FEDERATION OF

NEUROLOGICAL SOCIETIES

EFNS guideline on the management of
status epilepticus in adults.

A The preferred treatment pathway for generalised
convulsive status epileptic(&CSH Is

AlIntravenougi.v. administration o#-8 mg lorazepam
or 10 mg diazepam directly followed 8 mg/kg
phenytoin

A If seizures continue more tha0 min after first
Injection, anothe#d mg lorazepam o0t0 mg diazepam
IS recommended

Eur J Neurol. 2009 Dec 30. [Epub ahead of print]



EFNS guideline on the management of
status epilepticus in adults.

A The initial therapy of notonvulsive SE depends on type
and causeComplex partial SE is initially treated in the
same manner as GCSE

A However, if it turns out to be refractory, further aon
anaesthetising\u. substances such levetiracetam,
phenobarbital or valproic acid should be given instead of
anaesthetics

A In subtle SE, in refractory GCSE is treated by anaestheti
doses of barbiturates, midazolam or propofol; the
anaesthetics are titrated against an electroencephalograt
burst suppression pattern for at lea$h. Most patients,
|.V. anaesthesia Is required

Eur J Neurol. 2009 Dec 30. [Epub ahead of print]



Evidence based review
Comparison of 2 drugs

ABenzodiazepine:
I no difference among lorazepam, diazepam, midazolam

AHydantoin:
I Fosphenytoin: less pain and phlebitis at injection side

I Faster infusion rate in fosPHT with 10-15min
dephosphorylation

» Savel9min on 150mg/kg vs50 mg/kg in 70 kg patient

» Advantage: displace PHT form albumin binding site in
chronic PHT treatment, rapidly increase free PHT

30



The New England Journal of Medicine

A COMPARISON OF FOUR TREATMENTS FOR GENERALIZED CONVULSIVE
STATUS EPILEPTICUS

Davio M. TReimanN, M.D., PatTi D. MEYERS, M.P.A., Nancy Y. WaLTon, PH.D., JOSEPH F. CoLuns, Sc.D.,
CinDy CoLLING, R.PH., M.S., A. James Rowan, M.D., ADRIAN HANDFORTH, M.D., EDwWARD FAUGHT, M.D.,
VINCENT P. CaLaBResE, M.D., Basiv M. UTHman, M.D., R. EUGENE Ramsay, M.D., aND MEENAL B. Mampani, M.D.,
FOR THE VETERANS AFFAIRS STATUS EPILEPTICUS COOPERATIVE STUDY GROUP*

TaBLE 1. Druc [Doses, RATES OF ADMIMNISTRATION | AMNMD COMPOSTITION
OF [D'rUG-TrREATMENT KITs.

[FlaZEPS b AR

VamAaELE L cvres 7 EPaa ra PHEMOGEA REIT.AL FHERYT IR PHEMYT IR

Dose (mgs ke 0.1 15 0.15 and 18 18

Maximal rarce of adminiscrarion 2 10D 5 and SO S0
iy S

Drae-soluton Corncerntration 4 1O 5 and S0 S50

(gl )yt
Contents of Arst weatment box

Tubex Lorazepam Duanmmy uammy Danmmy

Wial A Oy FPhenobarbital IDMazepam FPhenyooin

Wial B Crammy FPhenobarbital PFPhenyooin Fhenytooin

Wial O Crammy FPhenobarbital PFPhenyooin Fhenytooin

Wial I amimy Duanmmy Fhenyroin Fhenyooin

Wial B ¥y uommy Fhenyooin oy
Acrve drag in second trearment box Phenvooin Phenveoin Lorazepam Lorazepam
Acdve drag in third wearment box Phenobarbical Lorazepam Fhenobarbital TPhenobarbdcal

* T convert drug concencrarions oo millimoles per liver, mmleply by the tollowing: lorazepam, 3.11;
phenobarbital, 4.31; diazepam, 3.51; and phenyveoin, 3.96.



TABLE 2. Base-LiNE CHARACTERISTICS OF THE 518 PATIENTS

wITH VERIFIED DMacHosEs, ACCORDING To TYPE

OF (GENERALIZED CONVULSIVE STATUS EPILEPTICUS.

L]

CWERT SUETLE
CHARACTERISTIC (N=384) (N=134]
Age (vr) BE.6+15.6 62.0%15.1
Veteran (%) 0.1 Bl.6
Male sex (%) B2.3 B5.1
Not previously treared for current episode (%) 1.3 a2l.5
History ot acute seizures (%) S54.2 5.4
History ot epilepsy (%) 42.4 127
History ot scatus epileprcus (%) 128 4.5
Median duration of seatus epilepdeus at 2.8 a8
enrollment ( hr)
Causal faceors (%1
Remote neurologic canse 59,5 34.3
Acure neurologic canse 7.3 37.3
Life-threarening, medical condition 32.0 56.7
Cardiopulmonary arrest 0.3 358.1
Toxic effects of therapeudc or recreational 0.3 a2
drug
Alcohol withdrawal 6.5 0.7

*Plus—minus values are means =50
tSome patients had more than one causal faceor,

TAELE 3. Doses, SEruM Druc CoONCENTRATIONS
AFTER FirsT Druc Inrusion, avp LENGTH oF Druc InFusion.®

SERUM LENGTH OF

REGIMEM DosE CoNCENTRATION  INFUsIONT

miglkg Leglmil miin
Lorazepam 0.10*x0.01  0.231X0.29%  47%7.2
Phenobarbital 14.96F 2,53 31.2*x37.2 leazlls
Diazepam and phenyveoin 0.15x0.02 0.24530.307 42.0Xx38.1

and and

15.08+x4 84 3l.8x19.2

Phenytoin 156.02+3.21 30.0*x13a  33.0Xx20.1

*WValues are means 5D To convert conNcentrations o micromoles per
liter, multply by the tollowing: lorazepam, 3.11; phenobarbital, 4.31; di-
azepam, 3.51; and phenyroin, 3.96.

tP=0.001 tor the ditferences among the dmg regimens.
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Figure 1. Rate of Successful Initial Treatment with Each of the

Four Regimens.
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