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INTRODUCTION

Status epilepticus (SE) is the most common life-threatening childhood
neurological emergency V" It should be anticipated in any patient presenting
with acute seizures. It has an annual incidence of 17-23 cases per 100,000
children per year, with a need for Intensive Care Unit (ICU) admission ® in
developed countries. Overall the incidence of status epilepticus ranges from
10 to 60 per 100,000 population. ) Status epilepticus is most common in
children younger than 5 years of age with an incidence of more than 100 per
100,000 children. In the past , mortality following pediatric SE were reported
to be 6- 18 % , but now it has been reduced to 3-5% “*® Children with

status epilepticus havel4% risk of neurological deficits and 12.5 % is

secondary to underlying pathology’ ®)
Status epilepticus

It is defined as continuous seizure activity or recurrent seizure activity
without regaining of consciousness, lasting for more than 5 minutes as part of
an operational definition put forth within the past few years. Operational
definition: Generalized, convulsive status epilepticus in adults and older
children (>5 years old) refers to >5 min of (i) continuous seizures or (ii) two
or more discrete seizures between which there is incomplete recovery of

. 7
ConsCiousness ( ).
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ILAE defines status epilepticus as “ a seizure which shows no clinical
signs of arresting after a duration encompassing the great majority of seizures
of that type in most patients or recurrent seizures without resumption of
baseline central nervous system function interictally® In the past Status
epilepticus (SE) was defined as seizure lasting more than 30 minutes or
recurrent seizures for more than 30 minutes during which the patient does not

regain consciousness.

Refractory SE: Seizures persist despite the administration of two
appropriate anticonvulsants at acceptable doses, with a minimum duration of

status of 60 minutes (by history or observation).

New onset refractory status epilepticus It is identified as a distinct
entity that can be caused by almost any of the causes of status epilepticus in a
patient without prior epilepsy. It is also of unknown etiology presumed to be
encephalitic or post encephalitic, can last for several weeks or longer and
often not always has a poorer prognosis.

Super-refractory SE ® SE that continues 24 hours or more after the
onset of anesthesia, including those cases in which the status epilepticus

recurs on the reduction or withdrawal of anesthesia.

FIRES: Fever induced refractory epileptic encephalopathy in school
age children is a syndrome of refractory status epilepticus associated with
acute febrile infections, appears to be parainfectious in nature and to be highly

drug resistant but responsive to the ketogenic diet.



ILAE classification 1%;

Classification of Status Epilepticus

For classification of SE following four axes are proposed:

1. Semiology

2. Etiology

3. EEG correlates
4. Age

Axis 1: Semiology

The semiology axis is the clinical presentation of Status epilepticus and

forms the basis of this classification. The two major criteria are:

e The presence or absence of prominent motor symptoms

e The qualitative or quantitative degree of impaired consciousness.

CLASSIFICATION OF STATUS EPILEPTICUS

A. With prominent motor symptoms

A.1. Convulsive Status Epilepticus

A.la. Generalised convulsive
A.1b. Focal onset evolving into B/L convulsive SE

A.lc. Unknown whether focal or generalised

A.2. Myoclonic Status Epilepticus
A.2a. With Coma
A. 2b. Without Coma



A.3. Focal motor

A.3a. Repeated focal motor seizures (Jacksonian)

A.3b. Epilepsia Partialis continua

A.3c. Adversive status

A. 3d. Oculoclonic status

A. 3e. Ictal paresis

A. 4. Tonic Status

A. 5. Hyperkinetic Status

B. Without prominent motor symptoms

B1. Nonconvulsive status epilepticus with Coma

B2. Nonconvulsive status epilepticus without Coma

B. 2a. Generalised

B. 2b. Focal

B. 2c. Unknown whether local or generalised

Axis 2: Etiology

1. Known or symptomatic Status Epilepticus caused by a known disorder
that can be of any cause due to structural, infectious, metabolic,

inflammatory, toxic or genetic.
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2. Idiopathic or Genetic-cause of Status Epilepticus not the same as for

the disease but it is triggered by metabolic, toxic or intrinsic factors in
these syndromes.

Currently intermediate conditions (or boundary syndromes)

1) Epileptic encephalopathies
i1)) Coma with non evolving epileptiform EEG pattern
ii1) Behavioural disturbance

iv) Acute confusional states with Epileptiform EEG pattern

Etiology of Status Epilepticus

1) Known (symptomatic)

Acute

Remote

Progressive

Status Epilepticus in defined electroclinical syndromes

i1) Unknown

The term unknown or cryptogenic is presumed to be of unknown cause

Axis 3: Electroencephalographic correlates

There are no evidence based Electroencephalographic criteria for status

epilepticus. Terminologies to describe EEG pattern in status epilepticus are:



1. Location: Generalised, Lateralised, Bilateral, Independent, Multifocal

2. Name of the Pattern: Rhythmic Delta activity or spike-and-wave/sharp-
and-wave subtypes, Periodic discharges

3. Morphology: Sharpness, Number of faces, Absolute and Relative
amplitude, Polarity

4. Time related features: Prevalence, frequency, duration, daily pattern,
onset, dynamics

5. Modulation: Stimulus induced vs. Spontaneous

6. Effect of intervention on EEG

Axis 4: Age

—

. Neonatal (0 to 30 days)

2. Infancy (1 month to 2 years)

3. Childhood (>2 to 12 years)

4. Adolescence and Adulthood (>12 to 59 years)

5. Elderly

SE IN SELECTED ELECTROCLINICAL SYNDROMES

ACCORDING TO AGE

1. SE occurring in neonatal and infantile-onset epilepsy syndromes
2. SE occurring mainly in childhood and adolescence
3. SE occurring mainly in adolescence and adulthood

4. SE occurring mainly in the elderly



List of Etiologies That May Cause Status Epilepticus "

1. Cerebrovascular diseases

Ischemic stroke

Intracranial bleeding

Subdural hematoma

Vascular dementia

Sinus venous thrombosis and Cortical venous thrombosis

2. CNS infections

Acute and chronic bacterial meningitis

Cerebral malaria

Tuberculosis

Neurocysticercosis

Acute viral encephalitis

Progressive Multifocal Leukoencephalopathy (PML)

Subacute Sclerosing Panencephalitis (SSPE)

3. Neurodegenerative diseases

Alzheimer’s disease

Frontotemporal dementia



Intracranial tumors

Meningioma

Ependymoma

Glial Tumors

Primitive neuroectodermal tumor (PNET)

Lymphoma

Cortical dysplasias
Focal cortical dysplasia (FCD) II, Tuberous Sclerosis complex

(TSC) hemimegalencephaly

Ganglioma, gangliocytoma, dysembryoplasticneuroepithelial

tumor (DNET)

Familial and sporadic schizencephaly

Infratentorial malformations (dentate dysplasia, mamillary

dysplasia etc.)

Head trauma
Alcohol related

Intoxication

Wernicke encephalopathy

Alcohol withdrawal



10.

11.

12.

Intoxication

Neurotoxins

Heavy metals

Cerebral hypoxia or anoxia
Withdrawal of or low levels of antiepileptic drugs
Metabolic disturbances

Renal failure

Acidosis

Glucose imbalance

Electrolyte imbalances

Autoimmune disorders causing SE

Multiple sclerosis

Cerebral lupus (systemic lupus erythematosus)

Seronegative autoimmune encephalitis

CREST syndrome

Henoch Schonlein purpura

Goodpasture syndrome
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13. Mitochondrial diseases causing SE
Mitochondrial encephalopathy, lactic acidosis and stroke-like

episodes (MELAS)

Myoclonic encephalopathy with ragged red fibres (MERRF)

Leigh syndrome

14. Metabolic disorders

Wilson disease

Maple syrup urine disease

Porphyria

Lafora disease

Adrenoleukodystrophy

Menkes disease

15. Chromosomal aberrations and Genetic anomalies

Down syndrome (trisomy 21)

Fragile X syndrome

Angelman syndrome

Ring chromosome 20

Ring chromosome 17
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16. Neurocutaneous syndromes

Sturge-Weber syndrome

17. Others
Cerebral autosomal dominant arteriopathy with sub-cortical

infarcts and leukoencephalopathy (CADASIL)

Juvenile Huntington’s disease (Westphal variant)

Wolfram syndrome

Cockayne syndrome

Familial hemiplegic migraine

Infantile onset spinocerebellar ataxia (SCA)

Pathophysiology of status epilepticus

Mechanism leading to sustained seizure activity in status epilepticus
are due to persistence of increased excitability because of failure of
desensitization of AMPA glutamate receptors and reduction of GABA-
mediated inhibition as a result of intracellular internalization of GABA-A

receptorsm).
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FIGURE 1: PATHOPHYSIOLOGY OF STATUS EPILEPTICUS

Before status After continued status

Glutamate

o 5

Endoplasmic

Lysosome [
Gobgr bodies ¥ reficulum

Figure 1: Journal of post graduate medicine : PP Nair, J Kalita, UK

Misra Department of Neurology, Sanjay Gandhi PGIMS, Lucknow, Uttar

Pradesh, India.

Stages of status epilepticus

Clinically there are two stages of status epilepticus

The first stage is characterized by generalized convulsive tonic—clonic
seizures that are associated with an increase in autonomic activity, resulting in

hypertension, hyperglycemia, sweating, salivation, and hyperpyrexia. During
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this phase, cerebral blood flow is increased due to increased cerebral
metabolic demands. After 30 min of seizure activity, children enter into the
second phase, characterized by the failure of cerebral autoregulation which
results in decrease in cerebral blood flow, increase in intracranial pressure,
and systemic hypotension. During this phase, electromechanical dissociation
occurs , although electrical cerebral seizure activity continues, the clinical

manifestations may be restricted to minor twitching alone™?.

An EEG (electroencephalogram) can detect up to five separate stages of

status epilepticus —

1)  individual seizures

2)  merging of the seizures

3)  continuous seizure

4)  nearly continuous seizure with some quiet periods

5)  mostly quiet with intermittent indications of activity.

Management of Status epilepticus"®

Status epilepticus is a medical as well as neurologic emergency.
Support of airway, breathing, and circulatory functions should be focused first
while identifying medical complications and seizure precipitants. Medical
management should proceed with subsequent testing once stabilization of
airway, breathing, and circulation occurs. This is followed by intubation and
mechanical ventilation to support pulmonary function and vasopressors and

fluid resuscitation to support circulation. As  hyperthermia and
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hyperglycemia are associated with unfavorable outcomes in some types of
neurologic injury which may cause status epilepticus, close attention to these

parameters is recommended.
STAGE I (0-10 MINUTES)
Assess the cardiorespiratory function
Secure airway and resuscitate
Administer oxygen
STAGE II (0-60 MINUTES)
Institute regular monitoring
Emergency AED therapy
Setup intravenous lines
Emergency investigations
STAGE III (0-60/90 MINUTES)
Establish etiology
Identify and treat medical complications

Vasopressor therapy when appropriate
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STAGE 1V (30-90 MINUTES)

Transfer to intensive care

Establish intensive care and EEG monitoring

Initiate intracranial pressure monitoring where appropriate

Initiate long-term, maintenance, antiepileptic therapy

C. Supportive Care and Stabilization"”

Convulsive seizures are the most obvious manifestation, apart from
attempts to rapidly control seizures, important goals of therapy are neuro-
protection and prevention and treatment of systemic complications associated
with intravenous AEDs, anesthetic drugs and prolonged unconsciousness .
The supportive care should be tailored to the health care setting, the clinical
presentations of SE, for encephalopathy and degree of impairment of vital

functions.

Airway, Breathing and Circulation

Assessment of vital functions is essential at all stages of managing any
child with SE. Before any pharmacological therapy adequate care of airway,

breathing and circulation takes precedence.

Airway: It is essential to maintain a patent airway during all stages of

management of SE.
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. In all children with brief seizures and altered sensorium,
clearing the oral secretions keeping them in recovery position is
advised to prevent aspiration. Immobilisation of cervical spine

is essential if trauma is suspected. In more severe cases , an

airway is used to prevent the tongue fall back.

. Endotracheal intubation in children whose airway is not

maintainable with above measures.

. The airway compromise can occur at any stage of status
epilepticus ; either as complication of prolonged or ongoing
seizure, or due to respiratory depressant effect of

medications.'®

Breathing: Hypoxemia may result from respiratory depression/apnea,

aspiration, airway obstruction, and neurogenic pulmonary edema

. All children with SE should have their breathing and SpO2

monitored continuously.

. Children with ongoing seizures should be given supplemental
oxygen to ameliorate cerebral hypoxia, because the degree of

hypoxia is often underestimated.

. Depending on the duration of SE and degree of altered
sensorium, maintain oxygen saturation by: supplemental

oxygen, AMBU bag, non-invasive continuous positive airway
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pressure (CPAP), and invasive ventilation by endotracheal
intubation. Mechanical ventilation also become necessary when

children are started on continuous infusions of anesthetic agents.

Circulations: Monitoring of pulse, blood pressure and perfusion should be

done continuously in all SE patients.

. Ensure good venous access (preferably have at least two venous
lines); draw necessary blood samples, and start fluids and anti-

epileptic drugs as necessary.

. Maintain blood pressure in the normal range with necessary
measures including: intravenous fluids, fluid boluses, and

inotropes.

. The choice of IV fluids depends on the metabolic and glycemic
status. In case of hyperglycemia (especially initial phase of
catecholamine excess) it is preferable to give dextrose normal
saline (DNS) or normal saline. However, in general, hypotonic

fluid should be avoided for initial resuscitation.

Precipitating Factors and Complications"”

The treating team should anticipate one or more of the above
mentioned problems depending on the duration of SE, age, underlying
etiology and the associated systemic co-morbidities. Initially there will be

compensatory phase followed by a later stage of decompensation. During the
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initial phase, prolonged seizures result in increased cerebral blood flow and
metabolism, excessive catecholaminergic activity and cardiovascular changes.
These in turn result in hyperglycemia, hyperpyrexia, tachycardia, sweating,
hypertension, incontinence, cardiac arrhythmias, and lactic acidosis. If the SE
is prolonged, the cerebral autoregulation progressively fails and cerebral
perfusion becomes dependent on systemic blood pressure resulting in
hypoxia, cerebral ischemia, hypoglycemia, and lactic acidosis ‘¥ . Both
hypernatremia (serum sodium >145 meq/L) and hyponatremia (<135 meq/L)
are deleterious for the brain. Major risks associated with hypernatremia are
intracranial hemorrhage (subdural, subarachnoid and intraparenchymal) and

osmotic demyelination (pontine or extra-pontine) with rapid correction.

Risk of infections is greatly increased in those with SE, especially
when the duration is prolonged. Common infections include Ventilator-
associated pneumonia, urinary tract infection, pseudomembranous colitis, oral
candidiasis, and septicemia . Commonest organisms are P. aeruginosa, A. spp,
K. pneumoniae, and Enterobacteriaceae . Hyperpyrexia, thabdomyolysis and
raised intracranial pressure are the other common accompaniments. Rarely,
SE is associated with ictal bradycardia, stress cardiomyopathy, neurogenic
pulmonary edema, renal failure, or bone fractures. Hypotension is common
due to prolonged seizures, IV benzo-diazepines, or anesthetic agent infusions,

and stress cardiomyopathy (Takotsubo cardiomyopathy) .
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Early identification and aggressive treatment of rhabdomyolysis
prevents complications like renal failure and compartment syndrome. The
initial fluids for resuscitation may include normal saline or 5% dextrose in
water (approximately 2-3 times the daily maintenance). Sodium bicarbonate
may be added to IV fluids, especially if there is associated metabolic acidosis

and/or hyperkalemia
Anti- convulsants in children:

Benzodiazepines are used as the first line drug and it is the most
effective drug in the treatment of acute seizures and status epilepticus. The
benzodiazepines most commonly used to treat status epilepticus are diazepam
,JJorazepam , and midazolam. All three compounds work by enhancing the
inhibition of y-aminobutyric acid (GABA) by binding to the benzodiazepine-
GABA and barbiturate-receptor complex. Experience with benzodiazepines in
the treatment of status epilepticus (SE) is large. This class of drugs has been

used as the most potent drug in SE management'”.
Phenytoin

It is the second most effective drugs in the treatment of status
epilepticus. The main advantage of phenytoin is the lack of sedation effect®”
However, a number of serious adverse effects can occur with phenytoin and

they are likely to be associated with more rapid rate of administration and the

propylene glycol vehicle used as its diluent. Arrhythmias and hypotension are
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among the commonest adverse effect. Other side effects includes local

irritation, phlebitis, and dizziness.
FOSPHENYTOIN

Food and Drug administration approved fosphenytoin for the treatment
of status epilepticus in 1996. Fosphenytoin is a water-soluble pro-drug of
phenytoin that completely converts to phenytoin following parenteral
administration. Thus, the adverse events that are related to propylene glycol
are avoided. Like phenytoin, fosphenytoin is useful in treating acute seizures.
Fosphenytoin is converted to phenytoin within 8 to 15 minutes. It is
metabolized by the liver and has a half-life of 14 hours. The initial dose of
fosphenytoin is 15 to 20 mg PE per kg, so it can be infused at a rate as high as
150 mg PE per minute, a rate of infusion that is three times faster than that of
intravenous phenytoin. Intramuscular doses can also be given with

fosphenytoin®®" .

Adverse effects that are unique to fosphenytoin include perineal
paresthesias and pruritus; however, they are related to higher rates of
administration. Unlike phenytoin, fosphenytoin does not cause local irritation
however intravenous therapy has been associated with hypotension, so
continuous cardiac and blood pressure monitoring are recommended along
with this drug administration . Although fosphenytoin needs less cardiac

monitoring , it is costlier, risk over the benefit should be considered.
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Levetiracetam

The drug which was first introduced in 1999 is now widely used due to
its pharmacologiclal properties like minimal protein binding and drug

@2 Also it has a favorable side effect profile unlike other

interactions
anticonvulsant drugs. Unlike other anticonvulsant drugs, it is not extensively
metabolized in the liver by the cytochrome P450 enzyme system and its
primary excretion is through kidney (hence safer to use in liver disease). It has
linear pharmacokinetics and so drug level monitoring is not required. Its
mechanism of action is by binding with synaptic vesicle protein SV2A.
Though Levetiracetam is known to be safe and efficacious in the management
of seizures™” its use in Status Epilpeticus is based largely on experience from
case reports and small case series. There is lack of prospective studies or
randomized trials supporting Levetiracetam as second line drug for Status
Epilepticus. Hence, a randomized open label study to determine the role of

Levetiracetam as an alternative to Fosphenytoin in Status Epilepticus was

planned.



FIGURE 2: ALGORITHM FOR MANAGEMENT OF STATUS

EPILEPTICUS"?Y

Proposed Algorithm for Convulsive Status Epilepticus

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

Interventions for emergency department, in-patient setti

or prehospital setting with trained paramedics

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

0-5 Minutes emHed
Stabilization 4. Initiate ECG monitaring
Phase

5-20 Minutes
Initial Therapy
Phase

20-40 Minutes
Second Therapy
Phase

40-60 Minutes
Third Therapy
Phase

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 mifkg D25W IV Children < 2 years: 4 mifkg D12.5W IV

drug levels

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

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

Does Seizure

Continue?

A benzodiazepine is the initial therapy of choice (Level A):
Choaose one 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
ance, Level A) OR

+ Intravenous diazepam (0.15-0.2 mg/kg/dose, max: 10 mg/dose, may repeat dose
once, Level A)

If nene 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 midazelam (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 one of the following second line options and give as a singl
+ 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)

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 efther thiopental,
midazolam, pentobarbital, or propofol {all with continuous EEG monitoring)

If patient at baseline,
then symptomatic
medical care

Disclaimer: This clinical algorithmiguideline is designed to assist clinicians by providing an analytic framework for evaluating and treating
patients with status epilepticus. it fs not infended to establish o community standard of care, replace o clinfcian’s medical judgment, or
establish a pratocol for oll patients, The dinical conditions 1 by this algorithm/guideline will not fit or work with all patients,
Approaches not cavered in this aigorithm/guideline may be appropriate,

2016 © Epilepsy Currents

37 AMERICAN
*) EPILEPSY
SOCIETY

Figure -2: Epilepsy Currents 16.1 — Jan/Feb 2016 “ Treament of convulsive

status epilepticus in children and adults”
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STATUS EPILEPTICUS UNIT PROTOCOL®

Children admitted with Status Epilepticus (ABC stabilised) were
loaded with IV Midazolam 0.1 mg/kg over one minute followed by second
dose of IV Midazolam 0.1 mg/kg over 1 minute if seizure persists. If seizure
continues after 2 doses of Benzodiazepines, the second line anticonvulsant
Inj. Fosphenytoin 20 mg PE/kg was loaded followed by another dose of 10
mg PE/kg if the child is still seizing. Further seizures are managed with Inj.
Levetiracetam/ Phenbarbitone/Midazolam infusion/Sodium Valproate (Plan

intubation/anaesthetic agent)



24

AIMS AND OBJECTIVES

Comparison of levetiracetam as second line drug in place of

fosphenytoin in status epilepticus in children.

Primary outcome: Clinical cessation of seizures at the end of infusion

Secondary outcome: Time to control seizures , recurrence of seizures within

24 hours of control, any adverse events following the drug administration

Outcome — death and discharge from hospital.

Justification

Traditionally, benzodiazepines have been the first line treatment of
Status Epilepticus in children followed by Phenytoin/Fosphenytoin,
phenobarbitone and anesthetic agents. However, phenytoin has the side
effects of cardiac toxicity which has led to the development of Fosphenytoin
with lesser cardiac toxicity however it also requires cardiac monitoring.
Many newer anticonvulsants like Levetiracetam have been introduced
recently, with lesser side effects. However large clinical trials about the
efficacy of such drugs is lacking. With extensive search of literature, it was
found that there is no clinical trial comparing the efficacy of Levetiracetam
and Fosphenytoin in children hence a study was planned to determine the
usefulness of levetiracetam in comparison to fosphenytoin in children with

status epilepticus..
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REVIEW OF LITERATURE

With the existing literature search

There are only few randomized clinical trials comparing the
medications for status epilepticus in children. Acute cessation of seizures is
necessary to reduce the morbidity and mortality following status epilepticus
.The benzodiazepines are used as the first line drug and it is the most
effective drug in the treatment of acute seizures and status epilepticus”®"
Experience with benzodiazepines in the treatment of status epilepticus (SE) is
large %% This class of drugs has been described as the most potent use in
status epilepticus management®’>” Benzodiazepine resistant seizures are
treated with Phenytoin/Fosphenytoin whose efficacy and safety are
established in Status Epilepticus in children. However, few studies are
available to support the efficacy of Levetiracetam in Status Epilepticus in

children. Only few clinical trials are available in comparing Fosphenytoin and

Levetiracetam in adults with none available in children.

A retrospective study was conducted by Kensuke Nakamura ©“et al
in adult patients in the emergency and critical care centre in Hitachi General
Hospital on the efficacy of levetiracetam vs fosphenytoin for the recurrence of
seizures after status epilepticus. In this study 42 were included in
fosphenytoin group and 21 were included in levetiracetam group in the ratio
of 2:1. Parameters analyzed were previous medication history of any

antiepileptic drugs , administered diazepam dose , type of status epilepticus
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(GTCS, repeated focal seizures, non convulsive seizures), estimated duration
of status epilepticus (mins) , basic disease causing status epilepticus,, control
of seizures (number of recurrence of seizures following AED administration).
Primary outcome were presence or absence of recurrence of convulsions after
the administration of fosphenytoin or levetiracetam that is control of epilepsy
Secondary outcome was switching over of IV injections to oral
administration, adverse effects. Differences were analyzed using student’s test
and one way analyses of variants. Absence of recurrence of seizures was
achieved in 34 out of 42 patients (84%) in the fosphenytoin group and 18 out
of 21 (85.1%) in the levetiracteam group (p value=0.69) which was not
statistically significant. The estimated duration of status epilepticus in the
fosphenytoin and the levetiracetam group were 63.2 + 6.6 and 82.3 £ 9.5
minutes respectively (p=0.10) which was not statistically significant. Serious
adverse drug reactions following drug administration was compared which

also did not show any statistical significance (p=0.21)

1°Yin the Neurology

A study was conducted by Puneet Agarwal et a
Unit, KPS PG Institute of Medicine, Kanpur in which 100 patients comparing
IV valproate in one group with IV phenytoin in the other group .50 patients
were included in the IV Valporate group and 50 patients in the IV phenytoin
group. Primary outcome was the complete control of all motor or EEG

activity within 20 mins of starting the drug infusion with the seizure activity

not returning within the next 12 hours; while the secondary outcomes
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included adverse events to treatment, in-hospital complications and
neurological outcome during discharge. All patients were monitored for
vitals, ECG, seizure activity and GCS where ever required every 5 minutes
for 2 hrs and every 15 minutes for 12 hrs and laboratory parameters were
analysed. Cerebrospinal fluid examination, Computed tomography and
Magnetic Resonance Imaging were done to determine the etiology of status
epilepticus. Results were analysed using student’s t test. [V Valproate was
successful in 88% and IV phenytoin in 84% (P> 0.05). There was no
significant difference among the recurrence during the 12-hour study period

or outcome in 7 days.

A study conducted by Vincent Alvarez et al®? in the department of
Clinical Neurosciences , Lausanne University Hospital (CHUV) compared
phenytoin, valproate and levetiracetam as the second line drug in status
epilepticus treatment.  In their study they analysed data from a prospective
registry including all patients treated over 4 years for status epilepticus in
their hospital in which 187 episodes of status epilepticus were identified and
analysed.. Patients in whom one of the three drugs which were given after

benzodiazepine failure ¥

were analysed. Post-anoxic Status epilepticus were
excluded. Demographics, clinical Status epilepticus features , failure of
second line treatment to control status epilepticus , new handicap and

mortality at hospital discharge were assessed. Comparison among the three

treatment groups were performed using two-tailed Fisher’s exact,chi-square or
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analysis of variance tests . they have also found population attributable
fraction (PAF) of failure of the second line treatment and used Miettinen
formula for worst acting agent. In their study ,each drug were used in about
one third of the status epilepticus episodes.. Valproate failed to control status
epilepticus in 25.4% , phenytoin in 41.4 % and levetiracetam in 48.3 %.
Levetiracetam failed more often than valproate (odds ratio 2.69; 95%
confidence interval (CI) 1.19-6.08); about 16.8%(CI:6.0-31.4%) of the
treatment failures were attributed to levetiracetam. The drug failed more often

than valproate while phenytoin was not statistically significant from the two.

A randomised open label pilot study was conducted by Misra UK et
al®“which compared Levetiracetam and Lorazepam in the management of
Convulsive status Epilepticus Consecutive patients with convulsive or subtle
convulsive SE were randomized and was loaded with LEV 20 mg/kg IV over
15 min or LOR 0.1 mg/kg over 2-4 min. In this study if the first drug failed to
control SE within 10 min of administration of one study drug it was
subsequently treated by the other study drug®” The primary endpoint was
clinical seizure cessation and secondary endpoints were 24 h freedom from
seizure, mortality, and adverse events. Results were based on 79 patients in
which SE was controlled by LEV in 76.3% (29/38) and by LOR in 75.6%
(31/41) of patients. In those resistant to the above regimen, LEV controlled

SE in 70.0% (7/10) and LOR in 88.9% (8/9) patients. The 24-h freedom from

seizure was also comparable: by LEV in 79.3% (23/29) and LOR in 67.7%
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(21/31). Significantly higher need for artificial ventilation were associated
with lorazepam administration. and insignificantly higher frequency of
hypotension. . Both LEV and LOR were equally effective in cessation of
seizures. For the treatment of SE, LEV is an alternative to LOR and may be

preferred in patients with respiratory compromise and hypotension.

Khongkhatithum et al conducted a study in Thai children and
adolescents with status epilepticus and acute repetitive seizures about the use
of Intravenous Levetiracteam.in Ramathibadi Hospital , Bangkok , Thailand .
It is a retrospective study in which medical records of 19 male and 31 female
patient under 18 years of age who had received intravenous levetiracetam
treatment either for acute repetitive seizures or for convulsive status
epilepticus ¥ Descriptive analyses were applied, student’s t — test and chi-
square analysis for continuous and discrete variables. . Mean age were 76.6
months 52 episodes of 34 acute repetitive seizures (63.4%) and 18 convulsive
status epilepticus (34.6%). Cessation of seizures were obtained in 59.6% of 52
episodes. Among the 52 episodes there was no significant difference between
the etiology( p= 0.54) and in subgroup analysis there was no significant
statistical difference of the response rate (p= 1.297) levetiracetam can be
used in status epilepticus in children safely and it is effective for treatment of

convulsive SE and acute repetitive seizures in children.

A study done by Sudheer Chakravarthi” et al in the Postgraduate

Institue of Medical Education and Research , Chandigarh comparing relative
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efficacy of second line agents — levetiracetam and phenytoin in status
epilepticus in adult patient. In this study, consecutive patients of status
epilepticus (n=44) were randomized using a simple random sampling method
in which patients were assigned to either levetiracetam or phenytoin group
(the patients were divided into two groups. Group A received PHT (n = 22)
and group B received LEV (n = 22). depending upon the order of recruitment
.0dd numbered patients received phenytoin (n=22 , group A) and those with
even numbered patients were administered levetiracetam (n=22; Group B)
were either administered IV PHT (20mg/kg) or IV LEV (20mg/kg)®>"
Successful clinical termination of seizure activity within 30min after the
beginning of the drug infusion was considered as primary end point.
Secondary end points included recurrence of seizures within 24 hours, drug
related adverse effects, neurological outcome at discharge, need for
ventilatory assistance, and mortality during hospitalization. Descriptive
statistics were used between two groups. Comparisons between the groups
were done using Fisher’s exact test for categorical variables and the Mann—
Whitney U-test for continuous variables. . Mean age of patients was 31.82 +
SD 12.68 years in group A and 39.00 £ SD 18.40 years in group B. Mean
duration of hospital stay was 1.57 = SD 1.36 days in group A and 1.82 + SD
1.29 days in group B. Mean duration of SE was 72.05+ SD 48.57 min in
group A and 55.91 £ 73.75 min in group B. Duration of SE was 35.7 £ 31.7
min (median: 30) in the patient who responded to treatment while among the

non-responders it was 120 = 108 min (median: 60). Among the patients who
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responded well to treatment in group B, duration of SE was 37.9 + 26.5 min
(median: 30) while among the non-responders it was 114.4 + 107.9 min
(median: 60). Past history of epilepsy was reported in 66.6% of group A and
in 77.3% of group B. In group A, 21 patients had GCSE and one had FCSE
while in group B 20 had GCSE and two had FCSE. These parameters were
comparable between the two groups. Past history of SE was noted in only two
(4.5%) patients.PHT achieved control of SE in 15 (68.2%) patients compared
to LEV in 13 (59.1%; p=0.53). Both the groups showed comparable results
with respect to recurrence of seizures within 24 hours (p=0.34), outcome at
discharge was assessed by functional independence measure (p=0.68), need of
ventilator assistance (p=0.47) and death (p=1). They concluded that LEV
may be an attractive and effective treatment , alternative to PHT in

management of SE %

A retrospective study was done by Yun- Jeong Lee" in Asan Medical
Centre , in korea comparing intravenous levetiracetam versus phenobarbital in
children with for benzodiazepine refractory status epilepticus or acute
repetitive seizures.Medical records of children aged between 1month to 15
years who were treated with intravenous phenobarbitone and levetiracetam.
i.v. PHB and i.v. LEV were randomly given to the patients with ARS or SE.
The loading dose of i.v. PHB was 10-20 mg/kg and that of i.v. LEV was 20—
30 mg/kg. The loading dose of i.v. LEV was administered over 15 minutes

and was followed by a maintenance dose of 10-15 mg/kg every 12 hours .In
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this study patients who were excluded were who required immediate
neurosurgery, or if they were alleged patients with refractory epilepsy who

were treated with more than two antiepileptic drugs**

Ogutu et al*’ conducted a study in the Pharmacokinetics and clinical
effects of phenytoin and fosphenytoin in children with severe malaria and
status epilepticus in which they surveyed the three different modes of
administration of phenytoin and fosphenytoin( intravenous administration o
phenytoin and fosphenytoin and intramuscular fosphenytoin) . Statistical
method used were Pearson's ” test (two-tailed) to compare categorical
variables, the Student's ¢ test to compare the means of normally distributed
data, and the Mann-Whitney test to compare non-parametric data. Of 388
episodes of CSE, 155 (40%) were confirmed CSE and 274 (71%) were caused
by an infection. The incidence of confirmed CSE was 35 (95% CI 27-46) per
100 000 children per year overall, and was 52 (21-107) and 85 (62—114) per
100 000 per year in children aged 1-11 months and 12-59 months,
respectively. Mortality of children with confirmed CSE while in hospital was
associated with bacterial meningitis (adjusted relative risk [RR]=2-6; 95% CI
1-44-9) and focal onset seizures (adjusted RR=2-4; 1-1-5-4), whereas
neurological sequelae were associated with hypoglycaemia (adjusted RR=3-5;
1-8-7-1) and age less than 12 months (adjusted RR=2-5; 1-2-5-1). 9 (15%)
children died in hospital, 28 (47%) of these within 24 h of admission and 44

(75%) within 48 h; 81 (21%) died during the following 3 years. 46 (12%)
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children had neurological sequelae at discharge. Motor deficits were the most
common disorder, affecting 40 (87%) children who had sequelae. Death
before discharge was more common in children with confirmed CSE than in
those with probable CSE difference between groups 13%, 95% CI 6-21;
p=0-0003). The proportion of children who had neurological sequelae at
discharge was also higher in the group with confirmed CSE than in the group
with probable CSE difference between groups (10%, 3—17; p=0-0020).The
mean steady state free phenytoin concentrations attained in the plasma after
IV Fosphenytoin, IV Phenytoin and IM Fosphenytoin were not significantly
different. However, the mean time to reach the peak plasma phenytoin
concentrations were 0.08 hrs for IV Fosphenytoin, 0.37 hrs for IV Phenytoin
and 0.38 hrs for IM Fosphenytoin which concluded phenytoin and
fosphenytoin administration at the currently recommended doses achieved
plasma unbound phenytoin concentrations within the therapeutic range with
minimal cardiovascular effects. Thus administration of fosphenytoin i.v. or

i.m. offers a practical and convenient alternative to i.v. phenytoin.

A prospective Study (Emergency treatment with levetiracetam or
phenytoin in status epilepticus in children) EcLIPSE trial* is being done by
Mark D Lyttle in the Emergency department in UK. This is a parallel group
phase IV multicentered randomized control trail (open level trial) comparing
IV levetiracetam with phenytoin. In this study 140 participants were recruited

in each group. Children aged between 6 months to 18 years presenting with
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GTCS were included. Primary outcome was cessation of all visible signs of
seizure activity and secondary outcome were need for further antiseizure
medication, or rapid sequence induction for ongoing Convulsive status
epilepticus, admission to critical care areas and serious adverse reactions.
Patients were recruited without prior consent, with deferred consent sought at
an appropriate time for the family. The primary analysis will be by intention-
to-treat. The primary outcome were time to event outcome and a sample size
of 140 participants in each group with power of 80% to detect an increase in
CSE cessation rates from 60% to 75%. total sample size of 308 randomised
and treated participants allowed for 10% loss to follow-up Data collection
was done in three time periods; first in the emergency department, second was
24 hrs after allocated treatment (which includes concomitant anticonvulsants)
and finally follow up done 14 days after the administration of treatment in the
hospital. Statistical analysis are being done using log-rank test and Kaplan
Meier curves. Dichotomotous outcome were being analysed using Chi
square. This study is yet to get completed by 2018 this is a large multicentric
trial being conducted in pediatrics in status epilepticus. Recruitment of the
participants are being done and 160 patients were been enrolled 29 sites were
currently open for trial, recruitment is scheduled to finish in March 2018 and

analysis to be completed by December 2018.
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MATERIALS AND METHODS

STUDY DESIGN

Open label randomised parallel group trial

STUDY SETTING

This was done at the Pediatric intensive care unit of a semi-urban

pediatric tertiary care institute, Chengalpattu Medical College and Hospital

DURATION

August 2016 to September 2017

INCLUSION AND EXCLUSION CRITERIA

Children aged between 1 month and 12 years were included in this

study according to inclusion and exclusion criteria.

INCLUSION CRITERIA

Children from 1 month to 12 year of age who presented with status

epilepticus refractory to 2 doses of benzodiazepine .

EXCLUSION CRITERIA

1. Children who received drugs other than 2 doses of benzodiazepines
2. Children who received pre-hospital treatment

3. Children who presented with shock .
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SAMPLING TECHNIQUE

Randomization were done by computer generated random number
table for 100 numbers with 50 odd and 50 even numbers. Children admitted
with status epilepticus were assigned odd and even number according to the
order of  numbers in the table and odd number children were given

inj.fosphenytoin and even number inj.levetiracetam

SAMPLE SIZE

Sample size of 100 with 50 in levetiracetem group and 50 in
fosphenytoin group was calculated with the power of 80% and beta error of

5%

Maneuver 180 children were admitted with status epilepticus of which
100 were recruited according to inclusion and exclusion criteria.
Randomisation were done by computer generated random number table for
with 50 odd and 50 even numbers. children admitted with status epilepticus
were assigned odd and even number according to the order of numbers in the
table and odd number children were loaded with inj.fosphenytoin 20 mg
PE/ kg over 20 minutes at the rate of 3 mg/kg/min and even number children
were loaded with levetiracetam 20 mg/kg at the rate of 5 mg/kg/min.
Children whose seizures not controlled at the end of the infusion were

managed further according to status epilepticus unit protocol.

Study parameters were age, sex ,weight ,history ,febrile or afebrile
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episode , onset of seizures , family history of seizures , history of asphyxia,
NICU admission, neurological development , previous oral intake of any
anti- convulsant , comorbid conditions, clinical features of type of seizures ,
heart rate, blood pressure , capillary blood glucose, signs of raised intra
cranial pressure (hypertension, bradycardia, abnormal breathing), lab
parameters of sodium , potassium , total count, haemoglobin , neuro-imaging
, lumbar puncture and EEG, outcome measures were clinical cessation of
seizures at the end of the infusion, time to control seizures, recurrence of
seizures within 24 hours, mean time for recurrence of seizures, number for
further anti- convulsant required , time required to regain GCS 15/15,
children requiring mechanical ventilation , adverse event following the drug
administration-shock , arrythmia, phlebitis , total hours of PICU stay,
outcome death or discharge . comparison was done between the two groups
with respect to the study parameters to look for any statistically significant
difference using student’s t-test for continuous variable and chi-square for
discrete variable. SPSS version 21 were used for statistical tests. Children
were recruited for the study after informed written consent from the parents
or caregivers. Study was undertaken after Institutional Ethical Committee
approval and with CTRI registration .Children were followed up till discharge

or death in case of mortality.
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OBSERVATION AND RESULTS

FIGURE : 3 SCHEMATIC REPRESENTATION OF RESULTS

Status Epilepticus

n=180
80 excluded
44 in shock
22 had prehospital treatment
14 did not consent
Study group
n=100

Levetiracetam

Fosphenytoin
n=50
Seizures Seizures not
controlled controlled
n=37 n=13

n=50

Seizures Seizures not
controlled controlled
n=28 n=22
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FIGURE: 4 OVERVIEW OF RESULTS IN FOSPHENYTOIN

GROUP
Shock
n=14
Shock following
AED
No shock
n=36
Recurred
n=18
Seizure recurrence
Not recurred
n=19
Children treated with
Fosphenytoin
n=50
Ventilated
Mechanical n=11
Ventilation
Not ventilated
n=39
Discharged
n=40
Outcome
Died
n=10
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FIGURE : 5§ OVERVIEW OF RESULTS IN LEVETIRACETEM

GROUP
Shock
n=11
Shock following AED
No shock
n=39
Recurred
n=12
Seizure recurrence \
Not recurred
n=16
Children treated with
Levetiracetam
n=50 Ventilated
Mechanical n=8
Ventilation

Not ventilated
n=42
Discharged

n=41

Died

Outcome n=7
Referred

n=2
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Table 1: Gender distribution

41

Fosphenytoin Levetiracetam p
Gender Total
N(%) N(%) value
Male 33 (66) 26 (54) 59
Female 17 (34) 24 (46) 41 0.309
Total 50 50 100

FIGURE 6: GENDER DISTRIBUTION

Fosphenytoin

Gender distribution

mMale mFemale

Levetiracetam
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Table 1 and fig 6 shows male in fosphenytoin group were 33(66) and
female were 17(34) and male in levetiracetam group were 26(54) and female

were 24(46) p value by chi-square is 0.309

Table 2: Age distribution

Median with 25™ percentile to
Drug group p value
75™ percentile(months)

Fosphenytoin(n = 50) 30(13.50 to 102.00) 0.730

Levetiracetam(n = 50) 26(13.5 to 84)

FIGURE 7: AGE DISTRIBUTION

Age distribution (Median age)

B Fosphenytoin [l Levetiracetam

144

Table 2 and Fig 7 shows - Median age in Fosphenytoin group were
30 months with 25™ to 75" interquartile percentile of 13months and 104

months respectively
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Median Age in Levetiracetam were 26 months with 25" to 75"

interquartile percentile of 13.5 months and 84 months respectively
Median p = 0.730 by Mann Whitney U test

Table 3 :Weight distribution

Median with 25"percentile to 75"
Drug group p value
percentile(months)
Fosphenytoin(n = 50) 12(8.87to 22.00) 0.844
Levetiracetam(n = 50) 12( 8.9t019.25)

FIGURE 8: WEIGHT DISTRIBUTION

Weight distribution (Median Wt.)

B Fosphenytoin [l Levetiracetam

3

Table 3 and Fig 8 shows Median weight among children in
fosphenytoin were 12kg with25™ to 75" inter quartile range of 8.8kg to 22 kg

respectively
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Median weight in levetiracetam group were 12kg with 25" to 75" inter
quartile range of 8.9kg to 19.2 kg respectively. p=0.844 by Mann whitney U

test

Table 4:History

Fosphenytoin Levetiracitam p
S.no | Study Parameter
N(%) N(%) value
1. Fever 26 (52%) 24(48%) 0.689
Type of seizures
2. 42(84%) 48(96%) 0.133
GTCS
Family h/o Seizure 12 (24%) 8 (16%)
3 0.269
disorder
Development 35 (70%)
4. 33 (66%) 0.668
Normal
New Onset of
5. . 29 (58%) 31 (62%) 0.711
seizures
6. Birth asphyxia 14 (28%) 12 (24%) 0.648
7. NICU admission 17 (34%) 16 (32%) 0.832

Table 4 : Among fosphenytoin group 26(52%) were febrile and in
levetiracetam group 24(48%) were febrile p value 0.689 , 42(84%) in
fosphenytoin group and 48(96%) in levetiracetam group , p value 0.133
presented with GTCS , 12(24%) in fosphenytoin group and 8(16%) in

levetiracetam group , p value 0.269 had family history of seizure disorder, 35
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(70%) in fosphenytoin group and 33 (66%) in levetiracetam group with p
value =0.668 had normal neurological development, 29 (58%) in
fosphenytoin group and 31 (62%) in levetiracetam group with p value 0.711
presented with new onset seizures,14 (28%) in fosphenytoin group and 12
(24%) in levetiracetam group p value 0.648 had history of birth asphyxia and
17 (34%) in fosphenytoin group and 16 (32%) in levetiracetam group with p

value 0.832 had NICU admission in newborn period.

FIGURE 9: HISTORY

Study Parameters
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Table 5: Associated illness
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Fosphenytoin Levetiracetam

Comorbid Total
N(%) N(%)

Hypoglycaemia 2(4) 7 (14) 9
ADD 8 (16) 10 (20) 18
Skin lesion 1(2) 3(6) 4
Renal 1(2) 0 1
Liver 1(2) 0 1
Toxin 2(4) 3(6) 5
Pneumonia 6 (12) 2(4) 8
Vomiting 7(14) 9 (18) 16
No 22 (44) 16 (32) 38
Total 50 50 100

p value by chi-square 0.471

Among fosphenytoin group 2 (4%) children had hypoglycaemia,

8(16%) had acute diarrhoeal disease, 1 (2%) skin infection (

left leg

cellulitis), renal disease 1 (2%), liver disease 1 (2%) , toxin — camphor 2

(4%), pneumonia 6 (12%), vomiting 7 (14%) , not associated with any co-

morbid illness 20 (40%)

Among levetiracetam group 7 (14%) children had hypoglycaemia , 10
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(20%) presented with ADD , 3 (6%) had skin disorder , 3 (6%) had camphor
ingestion ,2 (4%) had pneumonia, 9 (18%) presented with vomiting , 18

(36%) had no comorbid illness.

FIGURE 10: ASSOCIATED ILLNESS IN FOSPHENYTOIN GROUP
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FIGURE 11: ASSOCIATED ILLNESS IN LEVETIRACETAM GROUP
Levetiracetam
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Table 6:Vital signs:
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Study p
S.no Fosphenytoin(n=50) | Levetiracetam(n=50)
Parameter value
1. Heart rate 122.08+29.64 119.02+30.03 0.609
2. SBP 104.64+13.04 105.84+13.69 0.655
3. DBP 61.80+13.04 66.20+12.10 0.084

Table 6- Mean heart rate in fosphenytoin group were 122.08+29.64

and in levetiracetam group were 119.02+30.03 with p value 0.609, mean SBP

in fosphenytoin group were 104.64+13.04 and in levetiracetam group were

105.84+13.69, p value 0.655, mean DBP in fosphenytoin group were

61.80+£13.04 and in levetiracetam group were 66.20+12.10 p value = 0.084

Table 7: With raised Intra cranial pressure

Fosphenytoin Levetiracetam
ICP Total p value
N(%) N(%)
ICP 4 (8) 7 (14) 11
No ICP 46 (92) 43 (86) 89 0.338
Total 50 100
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Among fosphenytoin group 4(8%) and in levetiracetam group 7(14%)

presented with raised ICP with p value 0.338

FIGURE 12: RAISED ICP

Raised |CP

mICP mNolCP

14%

8%

Fosphenytoin Levetiracetam
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Table 8: Lab parameters

S.no. | Parameter | Fosphenytoin(n=50) | Levetiracetam(n=50) | p value
l. Sodium 136.324+6.550 132.52420.55 0.216
2. | Potassium 4.34+ 0.885 4.42+1.01 0.669
3. CBG 148.64 + 58.9 136.98 +£46.53 0.275
Total

4. 11624.40 +3143.67 12175.96 +4042.23 0.448
count

5. Hb 9.76 £1.42 9.54 +1.129 0.421

Table 8 shows mean sodium value in fosphenytoin group was
136.32+6.550 whereas in levetiracetam group it was 132.52+ 20.55 with p
value 0.216, mean potassium value in fosphenytoin group was 4.34+ (.885,
in levetiracetam group it was 4.42+1.01 , p value 0.669, mean CBG in
fosphenytoin group was 148.64 £ 58.9 and in levetiracetam group it was
136.98 + 46.53, with p value 0.275, mean total count in fosphenytoin group
was 11624.40 + 3143.67 and in levetiracetam group it was 12175.96 +
4042.23, p value 0.448 and mean haemoglobin in fosphenytoin group was

9.76 £ 1.42 and in levetiracetam group it was 9.54 + 1.129, p value 0.421
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Table 9: Seizure control

Fosphenytoin | Levetiracetam
Seizure N(%) N(%) Total p value
Control 37((74.0) 28(56.0) 65
Not
13(26.0) 22 (44.0) 35 0.059
Controlled
Total 50 50 100

37(74%) out of 50 children in fosphenytoin group had control of
seizures and 28(56%) out of 50 children in levetiracetam group had control of
seizures , 13(26%) in fosphenytoin group and 22(44%) in levetiracetam group

did not have seizure control , p value =0.059 .




53

FIGURE 13: SEIZURE CONTROL

Seizure

n Control mNot Controlled

Fosphenytoin Levetiracetam

Table 10:Mean Time for Seizure control (n=65)

Mean+Std.
Drug group N
Deviation p value
Fosphenytoin 37 11.16+ 3.58
0.059
Levetiracetam 28 12.78+ 3.07

Note: p value based on independent sample t test

Mean time of seizure control in fosphenytoin group were 11.16+ 3.58




and in levetiracetam group were 12.78+ 3.07 with p value 0.059

Table 11: Shock following AED administration

54

Fosphenytoin Levetiracetam
Shock Group Group Total | p value
N(%) N(%)
Shock 14 (28) 11 (22) 25
No shock 36 (72) 39(78) 75 0.488
Total 50 50 100

Table 11shows Among fosphenytoin group 14(28%) and 11(22%) in

levetiracetam group developed shock and 36(72%) and 39(78%) in each

group did not develop shock following infusion of the drug respectively , p

value 0.488 by chi- square .




55

FIGURE 14: SHOCK FOLLOWING AED ADMINISTRATION

Shock after AED

m Shock mNo shock

28%

Fosphenytoin

22%

Levetiracetam

Table 12: Recurrence of seizures< 24 hours

Fosphenytoin Levetiracetam p
Parameter Total

N(%) N(%) value

Recurred 18(48.6) 12(42.9) 30

Not
19(51.4) 16(57.1) 35 0.643
recurred
Total 37 28 65
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Table 12: Among fosphenytoin group 18(48.6%) and 12(42.9%) in
levetiracetam group had seizure recurrence within 24 hours and 19(51.4%)
and 16(57.1%) had no further seizures in each group respectively , p value

0.643

FIGURE 15: RECURRENCE OF SEIZURES <24 HOURS

Seizure

mRecurred mNot recurred

51.40% 57.10%

ks 42.90%

Fosphenytoin Levetiracetam



Table 13: Median time for recurrence of seizures
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Median with 25" percentile to 75™
Drug group p value
percentile (minutes)
Fosphenytoin (n=18) 60 (30 to 150)
0.966
Levetiracetam (n=12) 65 (22.5t0320)

p=0.966 p value based on Mann Whitney U test

Table 13: Median time for seizure recurrence in fosphenytoin group

were 60 minutes (30mins to 150mins) and for levetiracetam group were

65 minutes (22.5mins to 320mins ) with p value 0.966
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FIGURE 16: MEDIAN TIME FOR RECURRENCE OF SEIZURES

Median time of recurrence of Seizures
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Table 14: Requirement of mechanical ventilation

Fosphenytoin | Levetiracetam p
Parameter Total
(m=50)(n%) (n=50) ((n%) value
Ventilated 11 (22) 8 (16) 19
Not Ventilated 39 (78) 42 (84) 81 0.444
Total 50 50 100

Table 14: Among fosphenytoin group 11(22%) children among 50
children were mechanically ventilated and 39(78%) did not require
mechanical ventilation whereas in levetiracetam group 8(16%) needed
ventilator support and 42(84%) did not require ventilator support , p value

0.444
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FIGURE 17: REQUIREMENT OF MECHANICALVENTILATION

Mechanical Ventilation
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Table 15:Requirement of further AED

Fosphenytoin | Levetiracetam P
AED Total
(n=50) (n%) (n=50)(n%) value
Did not require 23(46) 23 (46) 46
1 AED 15 (30) 9(18) 24
2 AED 7 (14) 13 (26) 20 0.348
3 AED 5(10) 5(10) 10
TOTAL 50 50 100

Table 15: Among fosphenytoin group 23(46%) did not require any
further AED , 15(30%) required 1 AED, 7(14%) required 2 AED and 5(10%)
required 3 AED , among levetiracetam group 23(46%) did not require any
AED , 9(18%) required 1 AED, 13(26%) required 2 AED, 5(10%) required 3

AED further.
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FIGURE 18: REQUIREMENT OF FURTHER AED

Requirement of AED
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Table 16: Time to Regain GCS 15/15

Median with 25™ percentile to 75™
Drug group p value
percentile(hours)
Fosphenytoin(n= 41) 12(6 to 24)
0.164
Levetiracetam(n =44) 18(6 to 48)

p value by Mann Whitney U test

Median time to regain GCS 15/15 in fosphenytoin group were 12 hours

(6 to 24) and in levetiracetam group were 18 hours (6 to 48), p value = 0.164




63

FIGURE 19: TIME TO REGAIN GCS 15/15

Time to regain GCS 15/15

B Fosphenytoin [l Levetiracetam
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Table 17: Duration of PICU stay

Median with 25™ percentile to
Drug group p value
75" percentile (hours)

89(55.50 to 150.50)
Fosphenytoin (n = 50)

0.907
Levetiracetam (n = 50) 83(52 to 180)

p=value by Mann Whitney U method
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Table 17: total hours of stay in PICU among fosphenytoin group were

89 hours(55.50 to 150.50) and in levetiracetam group were 83 hours (52 to

180), p value 0.907

FIGURE 20: DURATION OF PICU STAY

PICU hours of stay

Il Fosphenytoin [l Levetiracetam

150.

Table 18: Outcome

Fosphenytoin | Levetiracetam
Outcome Total p value
(n=50)(n%) (n=50)(n%)

Discharged 40 (80) 41 (82) 81

Died 10 (20) 7 (14) 17

0.281
Referred 0 2 (4) 2
Total 50 50 100
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Table 18 : 40 (80%) among fosphenytoin group were discharged and

41 (82%) in levetiracetam group were died , 10(20% ) in fosphenytoin group
and 7 (14%) in levetiracetam group died , p value 0.281, 2(4%) in

levetiracetam group were referred

FIGURE 21: OUTCOME IN FOSPHENYTOIN GROUP
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FIGURE 22: OUTCOME IN LEVETIRACETAM GROUP
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TABLE 19: CAUSE OF DEATH

FOSPHENYTOIN LEVETIRACETAM
CAUSE OF DEATH
GROUP (N=10) GROUP (N=7)
Acute

. 4 1

Meningoencephalitis
Seizure disorder 2 2
TB Meningitis 1 2
Intracranial tumor 2 -
Intracranial bleed 1 -
Metabolic seizures - 1
Neurodegenerative .

disorder

p value 0.303 , statistically not significant

Table 19: 10 children died in Fosphenytoin group of which 4 children
died of acute meningoencephalitis , 2 were Intra Cranial tumour , 1 was due
to TB meningitis , 1 due to IC bleed, 2 were due to seizure disorder (drug
withdrawal seizures) 7 children in levetiracetam group died of which 2 were
TB meningitis , 1 was acute CNS infection , 1 was symptomatic seizures
/metabolic (refractory hypocalcemic seizures) , 2 were seizure disorder

(breakthrough seizure), and 1 Mitochondrial disorder with refractory seizure.
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DISCUSSION

100 children were recruited for the study based on inclusion and
exclusion criteria of which 50 children were included in fosphenytoin group
and 50 children were included in levetiracetam group. Gender , age , weight
, etiology , outcome and complication were compared between two groups.
Gender distribution revealed male female ratio of 1.45:1 (59 males versus 41
females) . Overall median age of children in this study were 29 months, with
median age of 30 months in fosphenytoin group and 26 months in
levetiracetam group. Median weight distribution in both the groups were

12kg( 9 to 20 kg)

When the etiology of status epilepticus were analysed, overall most
common were drug withdrawal seizures(27), with 14 in fosphenytoin group
and 13 in levetiracetam group, second common etiology were
acutemeningoencephalitis ( 17), with 10 in fosphenytoin group and 7 in
levetiracetam group, which is similar to a study done by SariceBassin et
al*4 on clinical review of status epilepticus in which most common
etiology were drug withdrawal seizures (25%) . When the type of seizures,in
the study group were analysed it was predominantly found to be GTCS( 84%
in fosphenytoin group and 96% in levetiracetam group). When the onset of
seizures were compared, 60 children had new onset seizures (39 in

fosphenytoin group and 21 in levetiracetam group) and 40 had past history of

seizures (21in fosphenytoin group and 19 in levetiracetam group ) .In this
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study most common associated illness were acute diarrhoeal disease 18 ( 8
in fosphenytoin group and 10 in levetiracetam group ) ,followed by vomiting
16(7 in fosphenytoin and 9 in levetiracetam group and pneumonia 8 ( 6 in
fosphenytoin group and 2 in levetiracetam group) whereas in a study done by
Puneet Agarwal et al®" in comparing intravenous valproate and phenytoin in
status epilepticus in 100 patient most common associated illness were

septicemia (14) and viral fever(8).

Outcome of this study were analysed based on clinical cessation of
seizures, mean time for control seizures, shock following AED, recurrence of
seizures within 24 hours, mean time for recurrence of seizures, number of
further AED further required need for mechanical ventilation and mortality
were compared between two groups. children whose seizures controlled at the
end of administration of the drug were 65( 37 (74%) in fosphenytoin group
and 28(56%) in levetiracetam group) with p value 0.059 which was not
statistically significant .In a study done by Kensuke nakamura et
al®“comparing levetiracetam and fosphenytoin in status epilepticus in adults
81% in fosphenytoin group and 85.1% in levetiracetam group had control of
seizures with p value 0.69 which was statistically not significant and this

finding is similar to our study.

Mean time for clinical cessation of seizures were noted and were
compared between two groups. Overall mean time for cessation of seizures

were 11.86 minutes ( fosphenytoin mean time=11.16 +3.58 minutes and
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levetiracetam mean time=12.78+3.07 minutes ) . when adverse events were
analysed 25% of the children developed shock( fosphenytoin 14(28%) and
levetiracetam 11(22%)) with p value 0.488 which was statistically not
significant. Among 14 children in fosphenytoin group , 57% required fluid
boluses alone and 43% required inotrope and in levetiracetam group 63%
required fluid boluses alone 37% required inotrope . seizure recurrence
within 24 hours were found in 30 children ( 18 in fosphenytoin group and 12

in levetiracetam group) with p value 0.643.

Similar to a study done by PuneetAgarwal et al®"

comparing IV
valproate and phenytoin in adult patients with status epilepticus showed 6 in

valproate group and 8 in phenytoin group had seizure recurrence within 12

hours with p value >0.05 which was also not statistically significant .

Median time for seizure recurrence were 133minutes ( fosphenytoin
60 minutes (30mins to 150 mins) and levetiracetam 65 minutes (22.5mins to
320 mins ) .In this study 46 children did not require any further AED for
seizure control ( 23 in fosphenytoin and 23 in levetiracetam group ) children
who required more than two AED ( refractory status epilepticus ) were 30(12
in fosphenytoin group and 18 in levetiracetam group) . Among those with
refractory status epilepticus 6 children in fosphenytoin group had acute
meningoencephalitis and 2 children in levetiracetam group were Japanese
encephalitis. Children requiring mechanical ventilation were 19 (11(22%) in

fosphenytoin group of which one child survived and 10 died) and in



71
levetiracetam 8(16%) one child survived and 7 died. In a study done by
Sudheerchakravarthi®” et al comparing phenytoin and levetiracetam in adults
in status epilepticus 6 out of 22 adults in phenytoin group and 4 out of 22 in
levetiracetam group needed mechanical ventilation with p value 0.47 which
was not statistically significant. Median time to regain GCS of 15/15were
23.5 hours ( in fosphenytoin group were 12 hours (range 6 to 24 hours) and in
levetiracetam were 18 hours(6 to 48 hours ). Median hours of PICU stay 87
hours ( in fosphenytoin89 hours (55.5 to 150.50 hours and in levetiracetam
83 hours (52 to 180hours ). Of 100 children in this study group 81 children
discharged (fosphenytoin group 40(80%) and 41(82%) in levetiracetam group
) and 17 children died (10(20%) in fosphenytoin group and 7(14%) in
levetiracetam) . In this study 30 % of the mortality was due to acute

meningoencephalitis®’>" .
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SUMMARY

Status epilepticus (SE) is the most common life-threatening
childhood neurological emergency. Incidence of status epilepticus is higher in
developing countries probably due to CNS infection and more common in
children younger than 5 year of age with an incidence of more than 100 per
100,000 children. With the existing literature Benzodiazepines were the first
line anticonvulsant in status epilepticus and second line treatment in status
epilepticus were phenytoin / fosphenytoin. Phenytoin has the disadvantage of
hypotension , arrhythmia, phlebitis, fosphenytoin with less adverse events |,
newer anticonvulsant levetiracetam which needs less continuous monitoring
can be preferred over the other drugs. However limited data were available
regarding efficacy and safety of levetiracetam in children . Very few studies
were only available comparing levetiracetam and fosphenytoin and with
literature search no study were available comparing levetiracetam and
fosphenytoin in children, this study was conducted among children with
status epilepticus who were refractory to two doses of benzodiazepines. 100
children were included in the study group according to inclusion and
exclusion criteria with 50 in fosphenytoin group and 50 in levetiracetam
group. Two groups were compared with respect to clinical cessation of
seizures, time to control seizures, shock following AED, recurrence of
seizures within 24 hours, mean time for recurrence of seizures , need for
mechanical ventilation, time to regain GCS 15/15, total hours of PICU stay

and complications were analysed and was found statistically not significant.
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Thus levetiracetam was found to be as effective as fosphenytoin , with
better tolerability as compared to fosphenytoin. Intravenous levetiracetam can
be used as second line drug in status epilepticus among children after

benzodiazepine failure.
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CONCLUSION

In this study comparing levetiracetam and fosphenytoin in status
epilepticus in children it was found that levetiracetam is equally effective as
fosphenytoin with respect of cessation of seizures, time to control seizures,
shock following AED, recurrence of seizures within 24 hours, mean time for
recurrence of seizures , need for mechanical ventilation, time to regain GCS
15/15, total hours of PICU stay and complications. With the ease of
administration and and lesser need for continuous monitoring during
infusion, levetiracetam can very well be used as an alternative 2nd line drug

in status epilepticus in children.
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LIMITATIONS

This a open label study, however it would have been more preferable
to do a double blinded study

EEG confirmation of cessation of seizures could have been more
scientific .

Convulsion Recurrence was determined by the presence/ absence of
convulsive/non-convulsive  seizures however subclinical seizures

could have been documented if 24 hours continuous EEG were done.
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RECOMMENDATION

Levetiracetam can be used as a second line drug in the place of

fosphenytoin in status epilepticus among children.
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ANNEXURES

1.PROFORMA

CHENGALPATTU GOVERNMENT MEDICAL COLLEGE AND

HOSPITAL

DEPARTMENT OF PEDIATRICS

IP NO:

Name

Age

Sex

Weight

HISTORY

&5

Presenting illness Yes No Duration

Fever

Onset

Developmental history

Family history of seizures

Comorbid conditions

History of birth asphyxia
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INICU admission

History of oral AED

ON EXAMINATION

Paramaters

Yes

GCS

Heart rate

Systolic BP

Diastolic BP

Pulse pressure

ICP

Other system involvement

Study Parameters

LEVETIRACETAM

FOSPHENYTOIN

Time to control seizures

(mins)

Stopped (yes or no)

Recurred (yes or no)

Time for recurrence

(mins)

No.of episodes
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Shock following AED

(yes or no)

Time taken to regain

GCS 15/15

Mechanical Ventilation

Investigations

Elevated

Decreased

Normal

Total count

Hb

Platelet

MRI BRAIN

CT BRAIN

LP FINDINGS

EEG

. HOSPITALSTAY:
° INOTROPE SUPPORT:

o FINALOUTCOME:

FINAL DIAGNOSIS




88
2.CONSENT FORM
COMPARISON OF LEVITIRACETAM AS A SECOND LINE DRUG

IN PLACE OF FOSPHENYTOIN IN STATUS EPILEPTICUS AMONG
CHILDREN

STUDY CENTER: CHENGALPATTU MEDICAL COLLEGE &

HOSPITAL, CHENGALPATTU

PATIENTNAME: PATIENT AGE:

IDENTIFICATIONNUMBER: FATHER’SNAME:

I confirm that I have understood the purpose of procedure for the
above study. I have the opportunity to ask the question and all my questions

and doubts have been answered to my satisfaction.

I understand that my child participation in the study is voluntary and
that [ am free to withdraw my child at anytime without giving any reasons,

without my legal rights being affected.

I understand that investigator, regulatory authorities and the ethics
committee will not need my permission to look at my health records both in
respect to the current study and any further research that may be conducted in
relation to it, even if withdraw from the study, I understand that my child
identity will not be revealed in any information released to third parties or
published, unless as required under the law. I agree not to restrict the use of

any data or results that arise from the study.



&9

I agree my child to take part in the above study and to comply with the
instructions given during the study and faithfully cooperative with the study
team and to immediately inform the study staff if my child suffer from any
deterioration in my health or wellbeing or any unexpected or unusual

symptoms.

I hereby give consent for my child to participate in this study.

I hereby give permission to undergo complete clinical examination and

diagnostic test on my child .

Signature/Thumb impression: Place:
Parent name and address: Date:
Signature of the investigator: Place:
Study investigator’s name: Date:

Since the child was on altered level of consciousness assent was

also obtained from the parent.



3. Master Chart

o S . =12 2= = z
18|k =11 2[°|£|S|&]|~7 S e = R -1
1 2 6.5 6 2 4 1 1 3 11 2 1 1 |[NO 64 160/100 160 100 1 1 1 8 1
2 1 25 144 2 1 1 1 3 2 2 2 1 [NO 128 100/60 100 60 2 2 2 15 1
3 1 23 | 120 2 1 1 2 3 11 2 2 1 [SVP 98 102/50 102 50 2 2 1 14 1
4 1 30 | 144 2 1 1 1 3 2 2 2 1 [NO 128 110/60 110 60 2 4 2 15 1
5 1 20 | 108 2 6 1 1 3 10 2 2 1 |[NO 89 90/60 100 60 2 4 2 0 2
6 2 7 8 1 1 1 1 3 11 2 2 1 [NO 136 80/60 90 60 2 2 1 15 1
7 2 9 18 2 1 1 1 3 6 2 2 1 |[NO 102 100/50 100 50 2 4 2 10 1
8 1 12 24 1 6 1 1 3 2 2 2 1 [NO 99 90/60 90 60 2 1 1 6 1
9 2 8 12 2 1 1 4 2 2 2 2 1 |[NO 87 80/60 80 60 2 3 2 16 1
10 1 8.5 14 1 1 2 2 3 11 1 1 2 |PBT 85 90/50 90 50 2 3 1 0 2
11 1 22 84 1 1 2 3 3 11 2 2 2 [SVP AND| 132 100/70 100 70 2 4 1 18 1
12 1 20 72 2 1 1 2 3 10 2 2 1 [SVP 98 110/80 110 80 2 4 2 0 2
13 2 22 96 2 1 1 3 3 2 2 2 1 |[SVP AND| 86 108/80 108 80 2 4 2 12 1
14 1 8 12 1 1 1 4 2 11 2 2 1 [NO 112 90/60 100 60 2 4 1 7 1
15 1 8 14 1 1 1 1 3 10 2 2 1 |[NO 140 102/70 110 70 2 4 2 8 1
16 1 20 84 1 1 1 1 3 10 2 2 1 [NO 76 120/70 120 70 2 1 1 0 2
17 1 12 24 1 1 1 1 3 11 2 2 1 [NO 142 100/80 100 80 2 4 2 18 1
18 1 24 | 108 1 1 1 1 3 10 2 2 1 [NO 102 100/70 100 70 2 2 2 15 1
19 1 25 | 120 2 1 1 1 3 10 2 2 1 [NO 98 900/70 100 70 2 4 2 0 2
20 1 25 144 1 1 1 1 3 11 2 2 1 [NO 100 110/40 110 40 2 4 1 18 1
21 2 7 7 1 1 1 1 3 11 2 2 1 [NO 132 80/50 90 50 2 4 2 12 1
22 1 13 36 1 1 1 1 3 11 2 2 1 [NO 140 90/70 110 70 1 2 1 0 2
23 2 9 10 2 1 2 2 3 11 2 1 1 |clobazam | 138 100/60 100 60 2 4 2 0 2
24 2 6.5 6 1 1 1 1 3 11 2 2 1 [NO 186 90/70 90 70 2 4 2 10 1
25 1 22 | 120 1 1 1 1 3 10 2 2 2 |NO 100 100/60 100 60 2 2 1 0 2
26 2 23 132 2 1 2 2 3 11 1 1 1 [SVP 110 110/50 110 50 2 4 2 0 2
27 2 10 24 1 1 2 1 3 3 2 2 2 |NO 142 106/50 106 50 2 2 2 0 2
28 2 18 96 2 1 2 2 3 9 1 1 2 |PBT 128 90/50 100 50 2 4 1 12 1
29 1 10 24 2 1 2 1 3 11 2 2 2 |NO 142 110/60 110 60 2 4 2 0 2
30 2 13 36 2 1 2 4 3 11 1 1 2 [NO 154 102/70 102 70 2 3 1 0 2
31 2 9 18 2 1 2 1 3 11 2 1 2 |NO 160 90/60 100 60 2 3 2 10 1
32 2 6.5 7 1 1 2 1 3 2 2 2 2 [NO 156 90/60 120 60 2 4 1 10 1
33 2 12 32 1 1 1 1 3 11 2 2 2 |NO 94 110/50 110 50 2 4 2 15 1
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34 2 25 120 2 1 1 2 3 11 2 2 1 |SVPAND| 122 100/60 100 60 2 4 1 6 1
35 2 20 84 1 1 1 2 1 11 2 2 1 |clobazam | 142 110/50 110 50 2 1 2 10 1
36 2 7 8 1 1 2 2 1 11 2 2 1 |SVP 130 90/60 90 60 2 2 2 8 1
37 1 6 6 1 1 1 1 3 9 2 2 1 |INO 80 110/60 110 60 2 4 1 10 1
38 1 19 96 1 1 1 1 3 11 2 2 1 |NO 94 100/60 100 60 2 4 2 12 1
39 1 10.5] 30 2 1 2 2 3 10 1 1 2 |PBT 106 102/50 102 50 2 4 1 10 1
40 2 7.5 11 2 2 2 2 3 10 1 1 1 [clobazam 110 90/20 120 20 2 4 1 8 1
41 1 30 | 144 2 1 1 2 1 11 2 2 1 |SVP 115 100/50 100 50 2 4 1 14 1
42 1 25 120 2 1 1 1 1 11 1 1 1 |NO 105 110/40 110 40 2 4 1 10 1
43 1 12 28 1 1 1 1 3 2 2 2 2 INO 156 106/70 106 70 2 4 2 0 2
44 2 18 84 1 6 1 1 3 11 2 2 1 |NO 62 120/70 120 70 1 2 2 8 1
45 1 24 1 120 1 1 1 1 3 10 2 2 1 |INO 56 106/60 106 60 1 1 1 0 2
46 1 8 8 1 1 1 1 3 9 1 1 1 |NO 128 110/70 110 70 1 1 2 15 1
47 1 10 18 1 1 1 1 1 10 2 2 1 |INO 156 90/60 130 60 2 1 1 12 1
48 1 9 10 1 1 1 1 1 2 2 2 1 |NO 170 80/50 90 50 2 2 1 10 1
49 1 7 8 1 1 1 4 2 2 2 2 1 |PBT 165 110/60 110 60 2 1 2 0 2
50 2 14 30 1 1 1 1 3 2 2 1 1 |NO 108 100/80 100 80 2 2 2 12 1
51 1 10 20 2 1 2 2 1 11 1 1 4 |PBT 158 110/50 110 50 2 2 1 8 1
52 2 8 10 1 1 2 2 2 1 1 1 1 |NO 145 108/80 108 80 2 1 2 0 2
53 2 24 | 144 1 1 2 2 1 10 1 1 2 |SVP AND{ 108 116/70 116 70 2 2 2 0 2
54 1 13 36 2 1 2 2 1 2 1 1 4 |SVP AND 116 120/70 120 70 2 2 2 13 1
55 2 12 30 1 2 2 3 1 1 1 2 1 |INO 144 90/60 90 60 2 4 1 10 1
56 2 14 36 2 1 2 2 3 9 1 1 4 |SVP 60 120/80 120 80 2 1 1 0 2
57 1 11 20 1 1 1 1 3 9 2 2 1 |INO 64 90/60 90 60 1 2 2 10 1
58 1 26 | 132 2 2 1 1 3 11 2 2 1 |NO 142 100/50 100 50 2 2 1 15 1
59 1 23 1 120 2 6 1 1 3 11 2 1 1 |INO 102 110/70 110 70 2 1 1 12 1
60 1 5 2 2 1 1 1 1 1 2 2 1 |NO 168 90/60 90 60 2 1 2 0 2
61 2 25 | 132 2 1 1 1 1 11 2 2 1 |INO 100 100/70 100 70 2 2 1 7 1
62 2 14 36 2 1 2 1 3 10 2 2 2 INO 156 120/70 120 70 2 2 2 14 1
63 1 12.5] 30 1 1 1 1 3 9 2 2 1 |INO 158 90/60 110 60 2 2 1 0 2
64 2 8 12 1 1 1 1 3 11 1 1 1 |NO 146 102/60 102 60 2 2 1 18 1
65 1 23 1 120 2 1 2 2 3 11 1 1 4 |SVP AND| 134 110/90 110 90 2 2 1 0 2
66 1 7 10 1 1 1 1 3 2 2 2 1 |NO 144 100/60 100 60 2 2 2 0 2
67 1 13 6 1 1 1 1 2 3 2 2 1 |INO 118 106/70 106 70 2 2 2 15 1
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68 1 12 30 1 1 1 1 2 9 2 2 1 [NO 126 90/70 90 70 2 1 1 0 2
69 2 8.6 14 2 1 2 2 1 1 1 1 4 |clobazam 65 150/90 150 90 1 4 2 0 2
70 2 4.5 2 2 1 1 1 3 5 2 2 1 [NO 58 80/60 100 60 1 1 1 8 1
71 1 25 1 120 2 6 1 1 1 11 2 1 1 |INO 145 110/70 110 70 2 1 1 10 1
72 1 13 36 2 1 1 1 3 3 2 1 2 [NO 97 100/80 100 80 1 1 2 12 1
73 1 14 36 2 1 1 1 3 6 1 1 1 |INO 86 100/70 100 70 2 4 2 16 1
74 2 20 84 1 1 2 2 1 1 1 1 2 [SVP 112 98/60 98 60 2 2 2 0 2
75 1 5.6 2 2 1 1 1 3 6 2 2 1 |[NO 168 90/70 90 70 2 2 1 15 1
76 1 14 42 2 1 1 1 3 6 2 2 1 [NO 118 100/50 100 50 2 3 2 18 1
77 2 12 24 1 1 1 1 2 2 2 2 1 |INO 155 110/90 110 90 2 2 1 7 1
78 1 10 18 1 1 1 4 2 2 2 2 1 |clobazam | 130 90/70 90 70 2 2 1 10 1
79 2 10 20 1 1 1 1 2 4 1 2 2 |clobazam | 142 100/60 100 60 2 1 2 0 2
80 1 17 96 2 1 2 3 1 10 1 1 1 [SVPAND 116 90/60 90 60 2 4 1 0 2
81 2 12 24 1 1 1 4 2 1 2 2 1 |clobazam | 135 100/50 100 50 2 2 2 0 2
82 1 10 18 2 1 1 1 3 1 2 2 1 [NO 118 90/60 90 60 2 4 1 15 1
83 1 12 24 2 1 1 1 3 11 2 2 1 |[NO 156 90/70 120 70 2 2 1 17 1
84 2 10.5] 18 1 1 1 4 2 2 2 2 1 [PBT 148 100/60 100 60 2 2 1 12 1
85 1 12 24 2 1 2 3 1 11 1 1 4 |PBT 123 90/70 110 70 2 2 1 15 1
86 1 19 84 2 1 2 2 4 11 1 1 4 |SVP AND| 62 140/100 140 100 2 2 2 0 2
87 1 7 10 1 1 1 1 2 2 2 1 1 |INO 142 108/60 108 60 2 1 2 16 1
88 2 10 18 2 1 1 3 4 1 2 2 1 [NO 128 110/70 110 70 2 2 2 0 2
89 1 20 96 2 1 1 1 3 11 2 2 1 |INO 102 120/80 120 80 1 1 2 10 2
90 2 14 30 2 1 2 3 1 11 1 1 4 |PBT 134 90/60 90 60 2 2 2 0 2
91 1 19 84 1 1 1 4 2 2 2 2 1 [SVP 120 110/70 110 70 2 2 1 8 1
92 2 7.9 11 1 1 1 1 3 9 2 2 1 [NO 154 100/60 100 60 2 2 1 6 1
93 1 15 42 2 1 2 2 3 10 1 1 4 |phenytoin| 118 106/70 106 70 2 3 2 15 1
94 2 12 24 2 1 2 2 4 10 2 2 4 INO 60 150/100 150 100 1 2 2 0 2
95 1 10 20 2 1 1 1 3 11 2 2 1 |INO 142 90/60 90 60 2 1 2 8 1
96 2 12 30 1 1 1 4 2 2 2 1 1 [PBT 138 108/60 108 60 2 2 1 10 1
97 1 14 36 2 1 2 2 1 11 1 1 4 |PBT 134 90/70 90 70 2 2 1 0 2
98 2 36 | 1.5 1 1 1 1 2 3 2 2 1 [NO 145 110/60 120 60 2 2 1 12 1
99 1 10 18 2 1 1 1 3 6 2 2 1 |INO 118 90/50 90 50 2 2 1 0 2
100 1 12 24 2 2 2 1 1 1 2 2 2 |clobazam 108 100/60 100 60 2 1 1 10 1
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2 0 1 38 | 150 | 3.4 {10,500 9 2.2 |hypodense in vent 3 2 310 2 |Bolus 1+ 1 96 [ 10| 2
2 0 2 40 | 138 ] 3.6 | 9800 | 11.5| 3.2 [tetra ventri hydrocq 3 1 310 2 |Bolus 2 1 |600f 11] 2
1 120 2 2 |1080| 45 | 136 | 4.1 | 6900 | 10.7] 2.5 |normal not done 1 2 (0 2 [Notrequiy 2 |360] 1] 1
2 0 2 60 | 45 | 138 | 5.5 | 6300 | 8.8 | 3.2 |dialated ventricles, 3 3 210 2 |Notrequil 2 |624]10] 3
2 3 2 [ 720 ] 46 | 140 | 3.1 [10500| 9.9 2 |hypodense in midl 3 3 311 2 |Notrequil 2 |42]10] 3
1 30 2 1 [1440] 52 | 130 | 5.2 [ 13480 8.9 1.9 |normal not done 1 110 2 |Notrequil 2 144 3| 1
1 70 1 2 [ 240 54 | 142 ] 3.2 [12670{ 11.8| 2.3 |normal not done 3 110 2 |Notrequil 2 |48] 7] 1
1 60 3 1 [2160] 56 | 128 | 5.2 [10245] 9.2 | 2.8 |normal not done 2 2] 1 2 |Notrequil 2 |384] 1] 1
2 0 2 [ 240 | 58 | 132 ] 4.2 [11500f 8.8 | 4.4 |normal not done 1 110 2 |Notrequil 2 |88] 3] 1
2 4 2 [1440] 58 | 144 ] 3.3 | 9870 | 9.2 3 |normal not done 3 2] 2 2 |Notrequil 2 |[150f 2| 1
1 30 1 2 |1440( 90 | 138 | 4.3 |15800| 11.2] 3.6 |normal not done 3 311 2 [Notrequiy 2 |72 1] 1
2 3 2 |1080] 92 | 140 [ 5.3 [19876] 10.9] 4.2 |normal not done 3 311 2 |Notrequil 2 |58[ 2] 1
1 20 1 2 | 360 98 | 136 [ 5.4 [12050] 8.7 | 2.6 |normal not done 3 3 (1 2 |Notrequil 2 |52 2] 1
1 60 2 2 [2160] 108 | 134 | 4.4 [ 13905 9 3.6 |normal not done 2 312 2 |Notrequil 2 |90f 1] 1
1 40 5 2 14320 108 ] 139 | 5.4 |11786| 11.5] 1.9 [normal not done 1 1[0 2 [Notrequiy 2 | 78] 1] 1
2 10 2 108 | 145 | 3.5 | 16800] 8.7 | 2.7 |ring lesion ioma, dem| 1 313 2 |Notrequil 1 |152[10] 2
1 30 1 2 1440 108 | 132 | 5.5 119050| 9.6 | 4.2 |normal not done 2 312 2 [Notrequiy 2 |84] 1] 1
1 85 5 2 (2880 110 | 137 | 4.5 | 10650{ 10.4 3 |normal not done 3 312 2 |Notrequil 2 |74 2] 1
2 11 2 4080 110 ] 144 | 3.6 | 9560 | 10.2 ] 1.8 [normal not done 3 310 2 [Bolus2 2 |104) 4] 1
1 60 4 1 960 | 111 [ 138 | 4.6 | 8900 | 9.2 | 2.9 |notdone not done 1 310 2 |Notrequil 2 |110f 2| 1
1 30 | 10 2 | 720 | 112 ] 136 | 5.6 | 10800| 8.6 | 3.6 [normal not done 1 2 (0 2 [Notrequiy 2 |288] 3| 1
2 8 2 | 480 | 112 | 140 [ 3.7 [ 12050] 9.5 | 2.5 |diffuse cerebral ed 3 1 110 2 |Notrequil 1 |304] 4| 1
2 2 2 [2880| 112 | 138 ] 4.7 [ 18900 8.3 3 |dilated ven hie sequela{ 3 110 2 |Notrequil 2 [356] 2| 1
2 0 2 30 | 113 ] 126 | 5.7 112,900] 9.2 | 2.4 [normal not done 1 110 2 |Notrequil 2 | 18[ 3| 1
2 3 2 |1440]| 114 ] 135 | 3.8 | 13400]| 11.7| 4.2 |cerebral edema 3 1 311 2 [Notrequiy 2 |120] 1] 1
2 10 2 |2880| 114 | 138 [ 4.4 [15490] 10.9] 3.2 |normal not done 1 110 2 |Notrequil 2 |48[ 3] 1
2 10 2 |7200] 114 ] 144 | 5 | 5480 | 8.4 |90,000|cerebral edema 3 1 313 2 [Bolus 1 1 |504] 1] 2
1 30 1 2 115 | 143 [ 5.8 [10980] 11.2] 2.7 |ventricular dilatatiphy, exvac] 3 311 1 |Bolous3{ 1 ]600] 2| 2
2 3 2 60 | 116 ] 138 ] 3.2 |1 7650 | 9 4.8 |diffuse cerebral ed 3 3 110 2 |Notrequil 2 240 2] 1
2 4 2 120 ) 118 ] 140 [ 3.8 | 11200} 7.2 5.5 |hronic infarct in th 3 1 110 2 |Notrequil 2 |72 2] 1
1 20 10 2 10 | 119 ] 132 | 4.7 | 8760 | 8.3 6 |bilateral parietal in 3 3 110 2 |Notrequil 2 [280] 2| 1
1 [240 4 2 [ 120 ] 120 ] 141 | 5.2 {17500 10.1 2 |hydrocephalus lus-infarct 1 310 2 |Notrequil 1 |360[11] 2
1 [600] 3 2 14320 120 ] 139 | 3.1 | 19875| 11.3] 2.4 |normal not done 2 312 2 [Notrequiy 2 |96]16] 1
2 0 2 30 | 121 ] 143 ] 4.5 110342] 10.7| 3.1 [normal not done 3 213 2 |Notrequil 2 [24[ 2] 1
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1 15 0 2 30 | 122 ] 135 ) 3.4 | 11000 11.6| 6.5 [normal not done 3 1|1 2 |Notrequil 2 |48| 4] 1
2 0 1 123 [ 132 | 3.3 | 8750 ] 10.5] 2.5 |normal not done 3 312 1 |Bolous3| 2 ]120] 4] 1
2 0 2 | 120 | 125 | 141 | 3.8 [ 9850 | 9.2 | 3.3 |mild hydrocephalu 3 3 311 2 |Notrequil 2 |120f 3] 1
2 0 2 | 180 | 126 | 144 [ 4.7 [18500] 11.2] 2.5 |normal not done 3 310 1 |Notrequii 2 24| 4] 1
2 0 2 [ 360 126 | 126 | 5.4 [ 12560 11.8 4 [normal not done 3 310 2 |Notrequil 2 [36] 2] 1
1 120 | 2 2 30 | 127 ] 135] 3.3 | 8568 | 10.4| 3.6 [premature closure 3 3 211 2 |Notrequil 2 |48] 2] 1
2 2 2 60 | 128 | 128 | 4.2 | 10200]| 10.3 ] 2.5 |normal not done 3 211 2 |Notrequil 2 |48] 2] 1
2 0 2 [ 360 128 | 126 | 5.5 | 15400 11.2 2 |normal not done 3 2] 1 2 |[Notrequif 2 |24] 2] 1
2 4 2 | 480 | 130 | 130 | 3.6 [ 12675] 8.2 1.8 |normal not done 1 1[2 2 |Notrequil 2 |48| 4] 1
2 0 2 |4320] 130 | 132 [ 3.8 [ 9856 | 10.4] 2.2 |normal not done [E positiy 3 | 2 2 |Notrequil 2 [120{16] 1
2 5 1 132 [ 137 | 4.2 [10980] 8.5 | 3.6 |normal not done 3 32 2 |Bolusl1+ 1 |96[ 1] 2
1 [200] 3 1 [2880] 132 ] 141 | 5.8 [15600| 9.6 | 2.4 |normal not done 1 312 2 |[Notrequil 2 |24] 4] 1
1 1360 6 1 |1440] 132 | 145 | 5.3 [ 8900 | 11.4] 1.9 |normal not done 1 211 2 |Bolus2+ 2 |96 1] 1
2 0 2 | 360 | 132 | 138 [ 4.4 [12560] 9.5 | 3.2 |normal not done 3 110 2 |Notrequil 2 |48[ 4] 1
2 4 2 1080 132 ] 136 | 3.6 | 18900| 9.9 | 2.6 [normal not done 1 1|1 2 |Notrequil 2 | 72| 4] 1
2 0 2 | 600 | 132 | 140 [ 4.2 [16700] 8.7 | 2.1 |normal not done 1 310 2 |Notrequil 2 6 1411
2 0 2 1600 134 ] 131 | 3.4 ]120500] 9.5 | 4.2 |notdone not done 3 210 2 |Notrequil 2 |24| 2] 1
2 6 1 12880 135 | 128 [ 4.8 | 9870 | 8.2 | 3.6 |cerebral atrophy | not done 3 2] 2 2 |Notrequil 2 |96[ 2] 1
2 5 1 [7440] 142 ) 135] 5.6 | 6540 | 9 4.3 |tram track app phy, exvacE positiy 2 | 2 2 |Notrequil 2 [192]16] 1
2 0 2 | 360 | 142 | 132 | 3.3 [10980] 8.6 | 2.4 |cerebral atrophy | not done 3 210 2 |Notrequil 2 |48[ 2] 1
2 0 2 [ 600 142 ) 138 | 3.7 | 9870 | 9.1 1.8 |cerebral atrophy |[ronic calci 3 210 2 |Notrequil 2 |48] 2] 1
2 4 1 142 ] 134 [ 5.2 [ 16890 7.2 1.6 |cerebral atrophy [ not done 2 313 2 |Bolous3{ 1 [240] 1] 2
1 600 | 3 1 142 ] 144 | 5.4 [16500| 9.8 | 4.2 |tetra ventri hydrocd not done 2 313 2 |Bolus 1 1 360 11| 2
2 0 2 [1440] 143 | 141 ] 3.4 | 6780 [ 10.5] 2.3 |notdone hg enhanci 3 310 2 |Notrequil 2 [120{12] 1
2 0 2 [4320] 145 ) 132 | 4.8 [ 12090 8.6 1.7 |not done normal 1 1] 2 1 [Notrequif 2 [360] 1 | 1
2 5 1 145 [ 132 | 3.7 [18700] 7.6 | 2.9 |normal not done 1 213 1 |Bolus 2 1 1921 6 | 2
2 0 2 | 720 | 146 | 150 | 4.8 | 12560] 10.8 | 3.5 |not done normal 1 10 2 |Notrequil 2 | 72| 2] 1
2 0 2 [1440] 154 ] 134 | 5.6 [ 13200| 9.4 4 |cerebral atrophy | not done 1 2] 2 2 |Notrequil 2 [120f 2| 1
2 5 1 154 [ 142 | 5.4 [ 6700 | 8.2 | 2.4 |cerebral edema not done 3 3[3 2 |Bolus2+ 1 240 1] 2
2 0 1 | 360 | 154 | 141 [ 4.2 [14500] 11.8] 3.2 |normal not done 1 110 2 |Notrequil 2 |48[ 4] 1
2 6 2 [2160] 154 ] 132 ] 3.6 | 7800 | 10.9| 4.3 |cerebral atrophy | not done 3 2] 2 2 |Notrequil 2 [120] 2] 1
2 0 2 |1200] 154 | 144 [ 3.5 [18790] 8.5 | 2.8 |normal not done 1 310 2 |Notrequil 2 | 88| 4] 1
2 0 2 | 720 | 154 | 128 | 4.8 [ 6750 | 8.2 | 2.6 |normal not done 1 10 2 |Notrequil 2 |82 4] 1
2 5 1 154 1 136 | 5.6 [ 15670 9 3.1 |cerebral edema not done 3 313 2 |Bolus1+ 1 [384] 1] 2
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2 10 1 156 | 132 | 3.6 | 8760 | 9.8 | 3.2 |cerebral atrophy | not done 3 313 1 |Bolus 2 1 ]396] 2| 2
1 240 | 2 1 156 | 128 | 4.2 | 9500 | 7.2 1.8 |intracranial hemory not done 3 311 1 |Bolus1+H 1 |156]13] 2
2 0 2 [1440] 158 | 138 ] 5.1 | 8650 [ 8.9 | 2.2 |normal not done 3 1] 1 2 |Notrequif 2 [86] 1] 1
1 360 [ 1 2 | 600 162 | 130 [ 4.4 [12090] 11.5] 3.5 |normal not done 1 110 2 |Notrequil 2 |66[ 4] 1
2 0 2 [360] 165] 128 ] 5.3 | 9800 [ 8.8 | 4.1 |normal not done 3 310 2 |Notrequil 2 [62] 7] 1
2 4 1 |5760] 165 | 140 [ 5.5 [16780] 7.6 | 3.3 |cerebral atrophy | notdone 3 2] 2 1 |Notrequit 2 | 78| 2] 1
2 0 2 [ 360 167 | 138 ] 5.2 [10050f 10.4| 2.6 |cystin brain notdone 3 110 2 |Notrequil 2 |56] 6] 1
2 0 2 | 720 | 168 | 140 [ 3.7 [11890] 9.8 | 4.6 |normal not done 3 110 2 |Notrequil 2 |52[ 7] 1
1 60 1 2 |1080 168 | 132 | 4.9 |17890| 8.7 | 2.2 |normal not done 1 1|1 2 |Notrequil 2 | 58| 4] 1
1 30 2 1 |1440] 176 | 128 [ 3.5 [ 12890] 11.8 ] 2.8 |normal notdone 1 1|1 2 |Bolusl+ 2 114 4] 1
2 6 1 |2880] 176 | 143 | 3.2 | 7800 | 8.6 [ 3.4 |normal not done 2 1|1 2 |Bolus 2 1 [148] 1] 1
2 5 1 180 [ 130 [ 3.8 [ 8760 | 10.5] 3.7 |cerebral atrophy | not done 3 312 2 |Notrequil 1 |296[15] 2
2 2 2 [1440] 182 | 140 | 5.7 [ 12080f 11.3| 3.8 |normal not done 2 111 2 |Notrequil 2 [110] 4] 1
1 15 0 2 | 720 | 185 | 130 [ 3.5 [11500] 10.8 ] 4.1 |normal not done 3 110 1 |Notrequil 2 |44 4] 1
2 0 2 [ 600 187 | 131 ] 3.9 [10500{ 11.5| 3.6 |normal not done 3 110 2 |Notrequil 2 [36] 7] 1
1 30 1 1 |1440] 187 | 138 [ 3.4 [12890] 9.5 | 2.7 |normal not done 1 1[0 2 |Bolusl+ 2 |84| 4] 1
1 20 4 2 [2160] 190 | 128 | 5.7 | 8760 | 11.6| 3.6 |cerebral atrophy | not done 3 2] 2 2 |Notrequil 2 |88]15] 1
2 6 1 190 [ 130 [ 4.8 [ 7650 | 7.8 | 2.8 |cerebral atrophy | not done 3 313 2 |Bolus 1 1 3121 2|2
2 0 2 |1440] 190 | 137 [ 3.8 [ 8900 | 8.5 | 3.7 |normal not done 1 310 2 |Notrequil 2 |82[4]1
2 2 2 [1440] 200 | 42 | 3.2 [13590| 8 2.1 |normal not done 3 1]1 1 |Notrequil 2 48| 6] 1
2 2 2 [2160] 205 | 156 | 4.2 | 14500{ 10.7 3 |normal not done 3 1] 1 2 |Notrequil 2 |66] 6] 1
2 2 2 [2160] 209 | 132 | 4.7 [12090] 9.3 | 2.5 |cerebral atrophy 3 3 2] 2 2 |Notrequil 2 |78 [15] 1
2 0 2 | 120 209 | 128 | 3.8 |13800| 7.2 | 4.2 |normal not done 1 10 2 |Notrequil 2 |84 4] 1
1 300] O 2 | 360|210 | 137 3.9 [ 8500 | 9.4 | 3.8 |normal not done 1 110 2 |Notrequil 2 |92[ 4] 1
2 0 2 [ 7201 210 32 | 3.6 | 7600 | 8.3 | 2.8 |cerebral atrophy 3 3 210 2 |Notrequif 2 [96] 2] 1
2 10 1 242 | 126 | 4.2 | 8560 | 9.4 | 2.6 |cerebral atrophy [ not done 3 312 2 |Bolus 2 1 |176] 9 [ 2
2 0 2 [ 7201245 142 ] 3 [ 9800 [ 11.4| 2.1 |normal not done 3 110 2 |Notrequif 2 |70] 7] 1
2 0 2 | 120 | 254 | 134 [ 3.8 [11450] 8.2 | 2.6 |normal not done 1 110 2 |Notrequil 2 | 64| 4] 1
2 2 2 |1800| 256 | 130 | 5.6 | 13500] 11.2| 2.9 |hie changes 3 3 211 2 |Notrequil 2 | 62| 2] 1
1 120 O 2 [ 720 | 286 | 151 | 5.2 | 7600 | 9.2 3 |normal not done 1 110 2 |Notrequil 2 |54[ 1] 1
2 2 2 [2160] 289 | 145 ] 3.3 | 8650 [ 10.9| 2.8 |normal not done 3 1] 1 2 |Notrequil 2 |58] 7] 1
2 0 2 | 720 | 310 | 132 [ 3.8 [12080] 8.2 | 2.1 |normal not done 1 110 2 |Notrequil 2 |82[ 4] 1






