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Recommendations:
e Levetiracetam injection is recommended for formulary inclusion restricted to the following patients:
o Patients unable to take oral levetiracetam
= Oral bioavailability is 100% and is unaffected by food or enteral nutritional products
= Equivalent IV and oral doses result in the same Cmax, Cmin, and total systemic
exposure
= |evetiracetam injection cost approximately 13 times more than the oral tablets
0 Status epilepticus after benzodiazepines (lorazepam) and fosphenytoin have failed
= No randomized control trials have been completed for this indication. Only case reports
are available.
0 Levetiracetam oral tablets cost $2.27 per 500 mg versus $29.15 per 500 mg injection ($58.30 for
1000 mg, and $175 for 3000 mg injection). Fosphenytoin injection cost $120.76 per 1000 mg
o Pharmacist will contact ordering physicians to convert to oral therapy when the patient is able to take oral
medications or has a functional feeding tube.

Levetiracetam Recommended Daily Dosage (package insert)

Age Initial Dose Recommended Daily Dose
Partial Onset 4 to < 16 years old 20 mg/kg/day 60 mg/kg/day
Seizures 16 years and older 1000 mg/day 3000 mg/day
Myoclonic Seizures 12 years and older 1000 mg/day 3000 mg/day

** Titrate dose every 2 weeks by 20 mg/kg or 1000 mg up to recommended daily dose

Levetiracetam Cost analysis
Formulation Cost Cost for 2000 mg/day
250 mg tablets $1.86 / tablet $14.88
500 mg tablets $2.27 / tablet $ 9.08
750 mg tablets $3.07 / tablet
100 mg/ml oral solution $0.44 per ml $ 8.80
500 mg/5 ml injection $29.15 $116.60




TAEBLE 2

Antiepileptic Drugs Used in Status Epilepticus

Dialyzable
Maintenance Route of i protein
Drug Loading dose dosage metabolism  binding) Adverse effects
Diazepam 10t 20 mg MNone Hepatic =90 Respiratory depression,
Valiurn) hypotension, sialorrhea
Lorazepam 4mg MNone Hepatic a0 Same as diazepam
{Ativan)
Phenytoin 18 to 20 mg per kg 5 mqg per kg per day Hepatic 70 Cardiac depressicn,
(Dilantin) at 50 mg per minute hypotension
Fospherytoin - 18 to 20 mg per kg Maore Hepatic 70 Cardiac depression,
(Cerebyx) PE at 150 mg per minute hypotension, paresthesias
Phenobarbital 20 rmg per kg 1 to 4 mg per kg per hour Hepatic 50 to 60 Respiratory suppression
Pentobarbital 2 to & mg per kg 0.5t0 5mg per kg per hour  Hepatic 59 to 63 Hypaotension, respiratory
suppression
Midazolarr 0.2 mg per kg 0.75t0 10 mg per kg per Hepatic 96 Hypaotension, respiratory
(\ersed) minute suppression
Propcfol 2 mg per kg 5 to 10 mg per kg per hour  Hepatic 97 to 98 Respiratory depression,
(Diprivan) initially, then 1 to 3 mg per hypotension, lipemia,

kg per hour

acidosis

FE = phenytoin equivalents.

Am Fam Physician 2003;68:469-76



Protocol for Management of Status Epilepticus

At: zero minutes
Initiate general systernic support of the ainvay (ingert nasal airway or intubate if needed)
¢ Check blood pressure.
= Begin nasal oxygen.
« [Monitor BECG and respiration.
e Check temperature frequently.
« Obtain history.
« Perform neurclogic examination.

Send sarnple serurn for evaluation of electrolytes, blood urea nitrogen, glucose level, complete blood cell count, toxic drug screen, and
anticorvulzant levels; check arterial blood gas values.

Start IV line containing isotonic saline at a low infusion rate.
Inject 50 mL of 50 percent glucose IV and 100 mg of thiamine IV or M.
Call EEG laboratory to start recording as soon as feasible.

Administer lorazepam (Ativan) at 0.1 t0 0.15 mg per kg IV (2 mg per minutel); if seizures persist, administer fosphenytoin (Cerebyx) at
18 mg per kg IV (150 mg per minute, with an additional 7 mg per kg if seizures continue).

At: 20 to 30 minutes, if seizures persist
Intubate, insert bladder catheter, start EEG recording, check termperature.

Administer phencbarbital in a loading dose of 20 mg per kg IV (100 mg per rminute).

At: 40 to 60 minutes, if seizures persist

Begin pentobarbital infusion at 5 mg per kg IV initial dose, then IV push until seizures have stopped, using EEG monitoring; continue
pentobarkital infusion at 1 mg per kg per hour; slow infusion rate every four to six hours to determine if seizures have stopped, with
EEG guidance; monitor blood pressure and respiration carefully. Support blood pressure with pressors if needed.

or

Beqgin midazolam (Versad) at 0.2 mq per kg, then at a dosage of 0.75 to 10 mg per kg per minute, titrated to EEG monitoring.

or

Begin propofol (Diprivan) at 1 to 2 mg per kg loading dose, followed by 2 to 10 mg per kg per hour. Adjust maintenance dosage on
the basis of EEG monitoring.

FIGURE 1. Suggested management of status epilepticus. (ECG = electrocardiography; IV = intravenous; IM = intramuscu-
lar; EEG = electroencephalography)

Adapted with permission from Treatment of convulsive status epilepticus. Recommendations of the Epilepsy Foundation of America’s
Working Group on Status Epilepticus. JAMA 1993,270.857, and Lowenstein OH, Alldredge BK. Status epilepticus. N Engl 1 Med
1998,338:972.



Findings:
Levetiracetam

Levetiracetam is FDA-indicated for adjunctive therapy in the treatment of partial onset and myoclonic seizures.
Keppra injection is an alternative for patients when oral administration is temporarily not feasible.

The mechanism of action of levetiracetam is distinct from that of other anti-epileptic drugs, and unrelated to known
mechanisms of neurotransmission. It binds to the presynatic vesicle protein (SV2A protein) in the brain, and partially
inhibits the high voltage N-type calcium channels. It also diminishes the effects of negative GABA- and glycine-gated
allosteric modulators. It does not bind to membranes outside of the CNS. It has a specific stereoselective binding site
in the CNS, and is not displaced from the site by other antiepileptic drugs.

Absolute oral bioavailability is almost 100% with 250 - 5000 mg doses. Peak concentration is reached in one hour,
with steady state reached in 48 hours. Food may slow rate of absorption but does not affect extent of absorption.
Levetiracetam can be mixed with food, beverages, or enteral nutrition.

Levetiracetam does not undergo hepatic metabolism or affect cytochrome P450 enzymes. No dosage adjustments
are needed in mild to moderate hepatic impairment.

Levetiracetam is not significantly protein-bound (<10%).

Renal clearance of levetiracetam is proportional to creatinine clearance. Levetiracetam dose should be adjusted
accordingly.

Levetiracetam has a very low potential for pharmacokinetic interactions; studies have shown no significant changes in
serum levels of warfarin, digoxin, phenytoin, carbamazepine, lamotrigine, gabapentin, valproic acid, phenobarbital,
primidone, or oral contraceptives. No dosage adjustments are needed with concomitant administration of these
medications.

Levetiracetam has a high therapeutic index and a fairly wide safety margin compared with other anti-epileptic drugs. It
is shown to have better clinical tolerability than carbamazepine and oxcarbazepine.

Levetiracetam has been shown in three prospective double-blind RCT's to be significantly more effective than placebo
as add-on therapy in all subtypes of partial epilepsy. The responder rate (50% or greater reduction in seizures) ranged
from 27.7% to 41.3% as the dosage was increased.

The IV formulation was developed for temporary use when oral administration is not feasible.

An IV levetiracetam infusion gives a peak concentration at 5-7 minutes for an infusion over 5 minutes, and at 15-30
minutes for an infusion over 15 minutes in 100 ml of 0.9% Sodium Chloride, Lactated Ringer’s, or Dextrose 5%

Status Epilepticus

Status epilepticus is defined as two or more sequential seizures without a full recovery of consciousness between
seizures, or more than thirty minutes of continuous seizure activity. Persistent seizure activity for five minutes or loss
of consciousness for greater than five minutes after a seizure is commonly treated as status epilepticus.
Studies have shown that irreversible neuronal damage occurs after about thirty minutes of continuous epileptic
activity.
Generalized seizures include tonic-clonic, myoclonic, absence, atonic, akinetic
Three main classifications exist for status epilepticus: generalized vs. partial, generalized vs. nonconvulsive (absence,
complex partial, subtle generalized), and classification by life stage (childhood, adulthood, etc).
Status epilepticus of partial onset accounts of the majority of episodes, 64-69%, with secondarily generalized status
epilepticus occurring in 36-43%. The incidence is bimodally distributed, occurring most frequently during the first
years of life and after age 60.
Major causes of status epilepticus in adults are low levels of antiepileptic drugs and cerebrovascular disease.
Mortality within 30 days of status epilepticus (Richmond study) is lowest in children 3% and highest in adults 26%.
Patients with anoxia and stroke had very high mortality rates. Patients with status epilepticus secondary to alcohol
withdrawal or low levels of antiepileptic drugs has a relatively low mortality rate.
Efficacy of anticonvulsants in generalized convulsive status epilepticus was studied in 384 patients: Treiman DE, A
comparison of four treatments for generalized convulsive status epilepticus NEJM 1998;339: 792-98

0 Lorazepam 0.1 mg/kg 64.9%

0 Phenobarbital 15 mg/kg 58.2%

o Diazepam 0.15 mg/kg, followed by phenytoin 18 mg/kg 55.8%
Initial management of status epilepticus includes oxygenation and laboratory evaluations to assess etiology.
Lorazepam is the preferred benzodiazepine for the initial pharmaceutical treatment of status epilepticus in the AAFP
(2003) study. If seizures persist, fosphenytoin or phenobarbital are considered second-line therapies.
Refractory status epilepticus is defined as seizures lasting longer than 60 minutes despite treatment with a
benzodiazepine and an adequate loading dose of an IV anti-epileptic drug. Mortality can range from 32% to 77%.

o Treatment of refractory status epilepticus is based on the seizure etiology, comorbidities, and prognostic

issues. In nonconvulsive seizures, anesthesia risks can be greater than the risk of ongoing seizure
activity.




o0 Recommended initial treatment of refractory generalized convulsive status epilepticus and subtle status
epilepticus is an anesthetic anticonvulsant such as midazolam, propofol, or pentobarbital due to the
increasing risk of brain and systemic damage. (EFNS task force)

0 Recommended initial treatment of refractory nonconvulsive status epilepticus is a non-anesthetic
anticonvulsant such as Phenobarbital or valproic acid since the elapsed time to seizure duration is less
critical. Anesthesia should be postponed due to possible severe complications. Patients with subtle
status epiepticus have a significantly lower respose rate to all treatments. Phenobarbital has the highest
response rate 24.2%, followed by lorazepan 17.9%, diazepam plus phenytoin 8.3%, and phenytoin
monotherapy 7.7%

e Case studies: levetiracetam proved effective in six patients with several types and etiologies of status epilepticus.
Patients were treated with 2-5 anti-epileptics prior to levetiracetam addition, and seizures terminated within the 12-96
hours of the first dose of levetiracetam. No attributable adverse effects were noted in these patients.

o Timing appears to be important when using levetiracetam to treat status epilepticus: all responders in the Rosetti
study were treated within 4 days of onset.

¢ Increasing the dose of levetiracetam greater than 3000 mg/day does not give better control of status epilepticus.

Pharmacokinetics:

Oral formulations | IV formulation
Half-life 6-8 hours (increases in renal impairment, 24 hours in ESRD)
K elimination K (hours-1)= 0.0006*Creatinine Clearnance (ml/min) + 0.0264
Peak concentration ~1 hour 5 minute injection: 5-7 minutes
15 minute injection: 15-30 minutes
pH 5.5 (Dilute prior to use)
Pharmacokinetics Linear
Bioavailability Oral: 100% (highly water soluble) unaffected by food
Clearance (L/kg/hr) 0.000336*Clcryymin + 0.01583
Vd 0.6 L/kg
Protein Binding 10%

FDA Maximum Recommended | Total Daily Dose (mg) = 17.6 * Clcrymin + 862
Dosing For Adults (Package

Insert)
Metabolism Major: enzymatic hydrolysis of acetamide group (24% of dose to non active metabolite)
Minor: hydroxylation (2%), oxo-pyrrolidine ring opening (1%)
Elimination 66% renally excreted unchanged (requires adjustment for renal dysfunction)
Hemodialysis 50% remove with standard 4 hour standard hemodialysis, supplement with 250-500
mg
Liver Dysfunction No change for Child-Pugh A-C

Potential interactions Unlikely (no CYP 450 activity) and low protein binding
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Class

Pyrrolidone derivative

Indications and Usage

Adjunctive therapy in treatment of partial onset seizures in adults and children 4
years of age and older with epilepsy.

Adjunctive therapy in treatment of myoclonic seizures in adults and adolescents 12
years of age and older with juvenile myoclonic epilepsy.

Mechanism of Action

Precise mechanism unknown.

In-vitro studies: opposes negative modulators of GABA- and glycine-gated currents;
partially inhibits N-type calcium currents in neuronal cells.

Has no binding to membranes outside of the CNS.

Contraindications

Hypersensitivity to levetiracetam, pyrolidone derivatives, or inactive ingredients.

Adverse effects

Adults: somnolence, fatigue, asthenia, coordination difficulties, behavioral
abnormalities.
Pediatrics: somnolence, fatigue, asthenia, behavioral abnormalities.

**Adverse effects occurred most frequently within the first 4 weeks of treatment.

Precautions

Adults: minor decreases seen in total mean RBC count (0.03 x 106/mm3), mean
hemoglobin (0.09 g/dL), and mean hematocrit (0.38%).
0 Transient decreases in WBC (3.2% of patients) and neutrophil (2.4% of
patients) counts that returned to baseline with continued treatment.
Pediatrics: minor decreases in WBC and neutrophil counts.

Drug Interactions

No significant interactions with other AED’s.

Competition for protein-binding sites is unlikely (<10% bound).
No interaction with the combined oral contraceptive studied.
No interaction with digoxin, warfarin, or probenecid.

Carcinogenesis/Pregnancy

No evidence of carcinogenesis in rats at 6 times the recommended daily dose.
No evidence of mutagenesis in the Ames test or clastogenicity in CHO cells.
No adverse effects on male or female fertility.

Pregnancy Category C

o0 Female rats: Increased incidence of minor fetal skeletal abnormalities and
retarded offspring with doses equivalent to and greater than the
recommended daily human dose (MRHD); increased pup mortality and
behavioral alterations with doses at 6 times the MRHD.

0 Pregnant rabbits: Increased embryofetal mortality and increased minor fetal
skeletal abnormalities with doses approximately 4 times the MRHD;
increased fetal malformations and maternal toxicity with doses at 12 times
the MRHD.

o Treatment of rats during the last third of gestation with doses of 6 times the
MRHD produced no adverse developmental or maternal effects.

Effect on labor and delivery is unknown.
Levetiracetam is excreted in breast milk.

Special Populations

Elderly
0 Total body clearance decreased by 38%
o0 Half-life increased by 2.5 hours
Pediatrics
0 Apparent clearance 40 % higher than adults
Renal impairment: Clearance is proportional to creatinine clearance
o Mild (50-80 ml/min): decreased by 40%
0 Moderate (30-50 ml/min): decreased by 50%
0 Severe (<30 ml/min): decreased by 60%
o0 ESRD: decreased by 70 %
Hepatic impairment
0 No dose adjustment needed in mild to moderate impairment
0 Can see decreased clearance in severe impairment




Dosing for Impaired Renal Function:

Table 13: Dosing Adjustment Resimen For Adult Patients With Impaired Renal Function

Dosage
(mg)

Frequency

Group Creatinine Clearance
(mL/min)

Normal =80

Mild 50— 80

Moderate 30—350

Severe < 30

ESRD patients using dialysis ----

0 to 1.500
0 to 1,000
(0 to 750
(0 to 500
500 to 1,000

50
50
2
2

L L

Every 12 h
Every 12 h
Every 12 h
Every 12 h
'Every 24 h

1 : — . - :
Following dialvsis, a 250 to 300 mg supplemental dose 15 recommended.



Abstracts:

Levetiracetam use in Partial Epilepsy

Seizure. 2006 Mar;15(2):112-6. Epub 2006 Jan 6.
Evidence for arapid action of levetiracetam compared to topiramate in refractory partial epilepsy.

Specchio LM, Boero G, Specchio N, De Agazio G, De Palo A, de Tommaso M, Beghi E, La Neve A.

Department of Medical and Occupational Sciences, Section of Clinic of the Nervous System Diseases, University
of Foggia, Foggia, Italy. Ispecchio@ospedaliriunitifoggia.it

The objective of this observational study was to compare the efficacy of levetiracetam and topiramate during the
first 15 days of add-on treatment in adults with refractory partial epilepsy. Two cohorts of patients with > or =3
simple or complex partial seizures with or without secondary generalisation per month over an 8-week baseline
period received levetiracetam or topiramate in two distinct phases, in addition to standard antiepileptic treatment.
During the first 15 days of the therapy, levetiracetam was added at the dosage of 250 mg b.i.d. or topiramate at
25mg o.i.d. Efficacy parameters included number of seizure-free days (SFDs), mean and percent reduction in
seizure frequency (in general and by type), and number of seizure-free patients in the first 15 days of treatment
compared to last 15 days of the baseline period. Sixty-one patients received levetiracetam and 61 topiramate.
The general characteristics of the two treatment groups were similar. The total number of SFDs during 15 days
before treatment was 637 with levetiracetam and 621 with topiramate; in the 15-day evaluation period the SFDs
increased to 748 (17.4%) and 668 (7.6%), respectively (ANOVA, p<0.05). Twenty-six patients (42.6%) taking
levetiracetam were seizure free compared to 10 (16.4%) receiving topiramate (chi-square, p=0.003). This open-
label non-controlled study suggests an early efficacy of levetiracetam as add-on therapy in patients with refractory
partial epilepsy: these results appear to confirm previous indications of a rapid onset of action and seem to
suggest first evaluation of the patient at the dose of 500 mg/day before increasing to the considered minimum
standard dose of 1000 mg/day, as some patients could respond to the starting dose.

Levetiracetam (n = 61) Topiramate (n=61) P-value
Decrease in total # seizures | 163 (20.7%) 111 (16.2%) 0.47
Decrease in partial seizures | 122 (19.1%) 78 (13.4%) 0.41
Decrease in partial 21 (48.8 %) 33 (31.1%) 0.33
secondary generalized

Clin Ther. 2005 May;27(5):594-8.
Oral absorption kinetics of levetiracetam: the effect of mixing with food or enteral nutrition formulas.

Fay MA, Sheth RD, Gidal BE.

School of Pharmacy, University of Wisconsin, Madison, Wisconsin 53705, USA.

BACKGROUND: Levetiracetam (LEV) is an antiepileptic drug with a favorable pharmacokinetic profile, including
negligible protein binding and linear elimination kinetics. Because LEV is likely to be used in populations that
include children and the elderly, alternative techniques of administration, such as crushing the tablet and mixing
its contents with semisolid food or enteral nutrition formulas (ENFs), may be required in some clinical settings.
Although previous studies have suggested that administration with food does not affect the overall absorption of
LEV, there is a lack of data regarding concomitant administration with ENFs. OBJECTIVE: The objective of this
study was to evaluate the oral absorption of LEV after concomitant administration with food or ENFs. METHODS:
This was an unblinded, 3-way crossover study. After an overnight fast, subjects received a single dose of LEV
500 mg administered either as an intact tablet with 120 mL water (control, treatment A) or crushed and mixed with
4 oz applesauce (treatment B) or 120 mL of a common ENF (treatment C). All subjects received each treatment in
a randomized sequence; there was a 7-day washout period between treatments. Serial blood samples were
obtained over 24 hours for determination of the LEV serum concentration-time profile using gas chromatography
with nitrogen phosphorus detection. AUC(0-24), C(max), and T(max) were calculated using noncompartmental
methods and analyzed using analysis of variance. RESULTS: Ten healthy adult volunteers (6 men, 4 women)
participated in the study (mean [SD] age, 28.9 [6.5] years; mean body weight, 78.6 [12.9] kg). No significant
differences were noted between control and any other study treatment. Mean AUC values were 191.9 (50.2),
165.7 (43.4), and 168.3 (43.9) microg/mL . h for treatments A, B, and C, respectively. Mean T(max) values were
1.08 (0.65), 1.32 (0.75), and 1.62 (0.73) hours, respectively. Mean C(max) values were 14.8 (5.6), 12.1 (2.8), and
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10.8 (2.0) microg/mL for the respective treatments. Mean LEV serum concentrations at 12 hours after dosing
were similar for all study treatments (3.9, 4.1, and 4.0 microg/mL). The long-term stability of LEV in the various
combinations was not assessed. CONCLUSIONS: In these healthy volunteers, the overall rate and extent of
absorption of oral LEV were not significantly impaired after crushing and mixing of the tablet with either a food
vehicle or a typical ENF product. The data suggest that peak serum concentrations of LEV may be slightly
reduced after mixing with ENFs, although the difference was not significant compared with control values.

Table. Pharmacokinetic data for levetiracetam (LEV)
administered in 3 admixtures. Values are

mean (5D).
AUC3-2—1* L-|"|:-_>:=
Treatment pg/mL - h Hg/mL T h
A 191.9 (50.2) 14.8(5.6) 1.08 (0.65)
B 165.7 (43.4) 12.1 (2.8) 1.32 (0.75)
C 168.3 (43.9) 10.8(2.0) 1.62 (0.73)
P value 0.38 0.07 0.25

A = LEV + water {control); B = LEV - applesauce; C = LEV +
a commaen enteral nutriticen foermula.

Epilepsy Res. 2005 Mar-Apr;64(1-2):1-11. Epub 2005 Apr 8.
Effect of levetiracetam on the pharmacokinetics of adjunctive antiepileptic drugs: a pooled analysis of
data from randomized clinical trials.

Gidal BE, Baltes E, Otoul C, PeruccaE.

School of Pharmacy & Department of Neurology, University of Wisconsin, 777 Highland Ave., Madison, WI
53705, USA. BEGidal@pharmacy.wisc.edu

The purpose of this study was to determine the influence of levetiracetam on the steady-state serum
concentrations of other commonly used antiepileptic drugs (AEDs). Serum AED concentrations were measured at
baseline and after adjunctive therapy with levetiracetam (1000-4000 mg/day) or placebo in four phase Ill trials in
patients with refractory partial epilepsy receiving stable AED dosages. The data were pooled, and repeated
measures covariance analysis was used to calculate the ratio (and 90% confidence intervals) of the geometric
mean serum drug concentrations during adjunctive levetiracetam therapy relative to baseline. Levetiracetam did
not increase or decrease mean steady-state serum concentrations of carbamazepine, phenytoin, valproic acid,
lamotrigine, gabapentin, phenobarbital, or primidone. For each of these AEDs, the 90% confidence interval of the
geometric mean drug concentrations ratio was included within the 80-125% bioequivalence range. Serum
concentrations of these AEDs did not change over time after adjunctive levetiracetam therapy, irrespective of the
dosage of levetiracetam used. For vigabatrin, there was no evidence for a significant change in serum drug
concentration after the addition of levetiracetam, but the number of observations was too small for the limits of the
confidence interval to fall within the 80-125% range. Thus, adjunctive therapy with levetiracetam does not
influence the steady-state serum concentrations of concomitantly administered carbamazepine, phenytoin,
valproic acid, lamotrigine, gabapentin, phenobarbital, or primidone. Consequently, no need for adjusting the
dosages of these AEDs is anticipated when levetiracetam is added on or removed from a patient's therapeutic
regimen.
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Table 3
Mean serum concentrations of antiepileptic drugs (anthmetic means) at baseline and during adjunctive treatment with levetiracetam or placekb,
and ratios of geometric means (adjunctive treatment over baseline) with cormsponding 90% confidence intervals (C1)

Dirug N Mean serum concentrations {Lg/mL] Ratio of peometric
means {9024 C1)

Baseline Treatment

With levetiracatam

Cartamazepine 368 871 5.62 0.978 (0.963-0.093)
Phermytoin 109 13,99 14.36 0.990(0.942-1.041)
Valproic acid 118 75.2 T1.6 0.941 (0.9065-0.974)
Lamotrigine 43 G615 6.03 0.979(0.922-1.039)
Gabapentin 57 .63 6.71 0979 (0.914-1.049)
Phenobarbital 44 26.5 27.0 1.014 (0.962-1.069]
Primicone 2 11.15 1664 0.954 (0.885-1.024)
Vigabatrin 2 13,59 12,49 0.BTS (067311371
With placebo
Carbamazepine 212 £.49 8,53 0.989 (0.969-1.010)
Phemytoin G5 14.31 13,65 0.887 (0.831-0.947)
Yalproic acid 56 GE. 1 GAL 0.974 (0.925-1.025)
Lamatrigine 25 5.97 .41 1.039 (0.956-1.129]
Gabapentin 22 617 6,95 0.987 (0.882-1.105)
Phenobarbital 3 244 26.5 1064 (0.997-1.136]
Primicone 15 811 .27 1LOSE(0L.9T0-1.155)
Vigabatrin 9 11.99 12.41 1.020(0.742-1 4027

& 90 Cloutside the 0.80-1.25 range.
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Antiepileptic drugs

Fig. 1. Ratio of the geometric mean serum concentrations of concomitant antiepileptic drugs (AEDs) during adjunctive levetimcetam (LEW)
therapy (all measured values ) compared with baseline. Bars represent 90%, confidence intervals. CBZ, carbamazepine; GBP, gabapentin: LTG,
lamotrigine; PB, phencbarbital: PE(FRM J, membolically derrved phencbarbital; FHT, phemytoin, PRM, primidone; VGEB, vigabatnn, VEPA,
valproic acid.

Seizure. 2006 Apr;15(3):214-8. Epub 2006 Jan 18.
Levetiracetam in patients with generalised epilepsy and myoclonic seizures: an open label study.

Labate A, Colosimo E, Gambardella A, Leggio U, Ambrosio R, Quattrone A.

Institute of Neurology, University Magna Graecia, Catanzaro, Italy.

PURPOSE: To evaluate the efficacy and tolerability of levetiracetam (LEV) as either 'de novo' (monotherapy) or
'‘add-on' therapy in patients with different generalised epilepsies characterised by myoclonic seizures from an
observational study. METHODS: We evaluated 35 patients (21 female, mean age 24.7 years) with different types
of generalised epilepsies (juvenile myoclonic epilepsy (JME), severe myoclonic epilepsy of infancy (SMEI),
Lennox-Gastaut syndrome (LGS), myoclonic-astatic epilepsy (MAE), myoclonic absences (MA), benign myoclonic
epilepsy in infancy (BMEI) and 4 patients had unspecified epileptic syndromes). Patients received LEV as de
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novo monotherapy or add-on therapy. Seizure frequency changes and adverse events were observed. Follow-up
was conducted for a period of 12 months after treatment. RESULTS: Patients received LEV 2000-3000 mg/day as
de novo (n = 8) and as add-on therapy. In total, 29 (82%) of the 35 patients achieved > or = 50% seizure
frequency reduction, 15 (42%) patients achieved seizure freedom while a further 14 (40%) patients achieved > or
= 50-99% seizure frequency reduction. Six (17%) patients discontinued LEV due to inefficacy or seizure
worsening. Not even a single patient discontinued due to adverse effects. CONCLUSIONS: Our results confirm
that LEV as de novo (monotherapy) and add-on therapy at doses between 2000 and 3000 mg/day effectively
reduces myoclonic seizure frequency in patients with generalised epilepsy. LEV was also well-tolerated.

Ann Pharmacother. 2004 Nov;38(11):1816-22. Epub 2004 Sep 14.
Clinical, cognitive, and neurophysiologic correlates of short-term treatment with carbamazepine,
oxcarbazepine, and levetiracetam in healthy volunteers.

Mecarelli O, Vicenzini E, Pulitano P, Vanacore N, Romolo FS, Di Piero V, Lenzi GL, Accornero N.

Department of Neurological Sciences, La Sapienza University, Rome, Italy. oriano.mecarelli@uniroma1.it

BACKGROUND: The adverse effects of the antiepileptic drugs (AEDs) originally developed are well known, while
those of the newer AEDs remain unclear. OBJECTIVE: To investigate clinical, cognitive, and neurophysiologic
effects of carbamazepine, oxcarbazepine, and levetiracetam in healthy volunteers. METHODS: A double-blind
crossover study was conducted in 10 volunteers. Eight-day treatment with carbamazepine, oxcarbazepine,
levetiracetam, or placebo was administered in random order. Drug doses were titrated gradually to the daily target
doses on day 7: carbamazepine 800 mg, oxcarbazepine 1200 mg, and levetiracetam 1500 mg. At baseline and at
the end of each treatment period, participants underwent cognitive and neurophysiologic assessment. A washout
period of 14 days between treatment periods was conducted. RESULTS: More adverse events were self-reported
with carbamazepine (63%) than the other treatments (oxcarbazepine 12%, levetiracetam 20%, placebo 5%; p <
0.001 between the 4 groups). Carbamazepine induced the greatest motor slowing (p = 0.002), followed by
oxcarbazepine (p = 0.01). Levetiracetam left baseline motor speed unchanged. All AEDs increased attention span
from baseline values as shown on the Stroop test. Quantitative electroencephalogram (EEG) analysis showed
that carbamazepine significantly increased the delta-theta power and reduced the frequency of alpha rhythm;
oxcarbazepine induced smaller changes than carbamazepine. Levetiracetam did not change any EEG
measurements. On color visually evoked potential (VEP) tests, carbamazepine induced a constant slowing of P1
latency, while oxcarbazepine induced changes only after the blue-black pattern. All color VEP measures for
volunteers receiving levetiracetam were almost unchanged. CONCLUSIONS: After short-term treatment in
healthy volunteers, carbamazepine induced major clinical and neurophysiologic changes. Oxcarbazepine was
better tolerated than carbamazepine. Levetiracetam interfered least with clinical and neurophysiologic test results.
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Table 1. Subjective Self-Reported Adverse Effects
During Each Treatment
Parameater Carbamazeping Oxcarbazepine Levetiracetam Placebo
Adverse effect?
asthenia 7 3 4 ]
concentration! G 1 2 ]
ITiE maory
decreased libido 2 ] 0 ]
dizziness 7 0 2 ]
dysgeusia 2 1] 2 ]
headache | 4 3 2
hypotension 1 0 0 0
jdeo-maotor slowing 7 0 1 1
increased appetite 5 ] 1 1]
lipothymia 2 ] 1 1]
nauseg 4 0 1 ]
Nenousness 0 0 1 ]
paresthesia 3 ] 1 1]
rash 2 0 0 ]
slumred speech 8 i 0 ]
somnolence 10 7 a 3
tremaor 2 i 0 ]
unsteadiness 9 0 0 1
visual disturbance 4 1 0 ]
TOTAL B4 (63%) 16 (12%) 27 (20%) T (5%
Severity?
severe il ] 0 ]
moderate 25 0 2 2
mild 55 16 25 &
Percentages are calculated for the sum of the self-reported complaints during the
4 treatment periods; p < 0.001 between the 4 groups (3 test); p < 0.001 carba-
mazeping vs placebo; p = 0.003 carbamazepine vs ocxcarbazeping p <= 0.03 car-
bamazepine vs levetiracetam; p = 0.01 leveliracetam vs placebo (2 test).
Bp = 0.001 between the 4 groups i;{‘ test);, p= 0.002 carbamazepine vs oxcar-
bazepine; p = 0.002 oxcarbazeping va placebo; p = 0.003 carbamazepine vs lev-
etiracetam; p = 0.01 levetiracetam vs placebo (? test).

Neurology. 2006 Jun 13;66(11):1654-60. Epub 2006 Apr 26.
Double-blind placebo-controlled trial of adjunctive levetiracetam in pediatric partial seizures.

Glauser TA, Ayala R, Elterman RD, Mitchell WG, Van Orman CB, Gauer LJ, Lu Z; N159 Study Group.

Children's Hospital, Department of Neurology, Cincinnati, OH 45229, USA. glauser@cchmc.org

OBJECTIVE: To evaluate the efficacy and tolerability of levetiracetam (LEV) as adjunctive therapy in children (4
to 16 years) with treatment-resistant partial-onset seizures. METHODS: This multicenter, randomized, placebo-
controlled trial consisted of an 8-week baseline period followed by a 14-week double-blind treatment period.
During the treatment period, patients received either placebo or LEV add-on therapy and were up-titrated to a
target dose of 60 mg/kg/day. RESULTS: One hundred ninety-eight patients (intent-to-treat population) provided
evaluable data. The reduction in partial-onset seizure frequency per week for LEV adjunctive therapy over
placebo adjunctive therapy was significant (26.8%; p = 0.0002; 95% CI 14.0% to 37.6%). A 50% or greater
reduction of partial seizure frequency per week was attained in 44.6% of the LEV group (45/101 patients),
compared with 19.6% (19/97 patients) receiving placebo (p = 0.0002). Seven (6.9%) LEV-treated patients were
seizure-free during the entire double-blind treatment period, compared with one (1.0%) placebo-treated patient.
One or more adverse events were reported by 88.1% of LEV-treated patients and 91.8% of placebo patients. The
most common treatment-emergent adverse events were somnolence, accidental injury, vomiting, anorexia,
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hostility, nervousness, rhinitis, cough, and pharyngitis. A similar number of patients in each group required a dose
reduction or withdrew from the study as a result of an adverse event. CONCLUSION: Levetiracetam adjunctive
therapy administered at 60 mg/kg/day is efficacious and well tolerated in children with treatment-resistant partial
seizures.
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from baseline and 100% seizure reduction) for levetirac-
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J Clin Pharmacol. 2003 Dec;43(12):1370-6.
Levetiracetam: relative bioavailability and bioequivalence of a 10% oral solution (750 mg) and 750-mg
tablets.

Coupez R, Straetemans R, Sehgal G, Stockis A, Lu ZS.

UCB S.A. Parma Sector, Chemin do Foriest, Braine I'Alleud, Belgium.

Levetiracetam, an antiepileptic drug, is used worldwide as an adjunctive treatment for partial-onset seizures. The
availability of a new oral solution formulation would provide an additional treatment option for patients who have
difficulty swallowing tablets. A phase | single-center, randomized, open-label, two-way crossover, single-dose
study was conducted to confirm that a 10% oral solution of levetiracetam was bioequivalent to the 750-mg oral
tablet and to characterize its pharmacokinetics. Each of 24 healthy subjects received a single oral 750-mg dose of
the randomized levetiracetam formulation (7.5 mL of 10% solution or 750-mg tablet) on day 1 and a single oral
dose of the alternate formulation on day 8. Serial blood samples were collected from 0 to 36 hours after each
dose administration for determination of plasma levetiracetam concentrations. Pharmacokinetic parameters were
calculated, and bioequivalence of the two formulations was evaluated. The mean levetiracetam plasma
concentration-time curves and pharmacokinetic parameters essentially were identical for the oral 10% solution
and tablet and consistent with previously reported levetiracetam pharmacokinetics. The 90% confidence limits of
the geometric mean ratio of the two formulations for area under the plasma concentration-time curve from time 0
to infinity, area under the plasma concentration-time curve from time 0 to last measurable time point, and
maximum plasma concentration were within the 80% to 125% range, demonstrating bioequivalence of the two
formulations. Both levetiracetam formulations were well tolerated. The levetiracetam 10% oral solution is a
bioequivalent, well-tolerated alternative to the tablet formulation in patients who have difficulty swallowing.
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Table I Pharmacokinetic Parameter Values of Two Oral Levetiracetam Formulations

Pharmacokinetic Parameter 10% Solution (n = 24) Tablet (n = 24)
AUC (ngeh/mL) 201.7 £ 33.6 204.7 + 33.6
AUC (ngeh/mL) 193.0+135.3 195.2 + 35.0
Cnax (Mg/mML) 21.1+4.0 20.3+3.9
tonax (D) 0.50(0.33, 1.50) 0.75 (0.50, 2.00)
MRT (h) 10.3+1.20 10.6 + 1.46
, (1/h) 0.0955 £0.0119 0.0953 £0.0135
ty (h) 7.4+ 0.87 7.4+1.02
CL/F/WT (mL/min/kg) 0.86 +0.14 0.85+0.15
V,/F/WT (L/kg) 0.54 +£0.08 0.54 £0.08

Values are expressed as arithmetic mean + standard deviation, except ty,,. which is expressed as median (range). AUC, area under the plasma concentration-
time curve from time 0 o infinity; AUC., AUC from time 0 to last measurable time point: G, maximum plasma concentration: ty,,. time to G0 MRT,
mean residence time; k. terminal elimination rate constant: ty,, elimination half-life; CL/F/WT, apparent plasma clearance normalized by body weight; V,/F/
W, apparent volume of distribution normalized by body weight.

Levetiracetam IV Formulation

Epilepsia. 2006 Jul;47(7):1128-35.
Levetiracetam intravenous infusion: a randomized, placebo-controlled safety and pharmacokinetic study.

Ramael S, Daoust A, Otoul C, Toublanc N, Troenaru M, Lu ZS, Stockis A.

SGS Life Sciences Services, Research Unit, Stuivenberg Hospital, Antwerp, Belgium. steven.ramael@sgs.com

PURPOSE: The primary objective of this placebo-controlled study was to evaluate the safety and tolerability of
levetiracetam (LEV) administered intravenously (V) at higher doses and/or at a faster infusion rate than
proposed. The secondary objective was to assess LEV pharmacokinetics. METHODS: Single ascending doses of
LEV administered by IV infusion (2,000, 3,000, 4,000 mg over 15 min; 1,500, 2,000, 2,500 mg over 5 min) were
evaluated in 48 healthy subjects in a randomized, single-blind, placebo-controlled study. RESULTS: All
randomized subjects completed the study. Adverse events reported after IV administration of LEV (<or=4,000 mg
infused over 15 min and <or=2,500 mg infused over 5 min) were primarily related to the CNS (dizziness, 52.8%;
somnolence, 33.3%; fatigue, 11.1%; headache, 8.3%) and were consistent with the established safety profile for
the oral formulation. Safety profiles were similar for each dose level of LEV and for both IV infusion rates, with no
clear relation noted between incidence of adverse events and IV dose level or infusion rate. The
pharmacokinetics of LEV administered by IV infusion was comparable across all dose groups and infusion rates.
Respective geometric means (coefficient of variation) for 4,000 mg administered over 15 min and 2,500 mg
infused over 5 min were maximum plasma concentration, 145 (24.6%) and 94.3 (36.2%) mug/ml; area under the
plasma concentration-time curve, 1,239 (19.2%) and 585 (9.6%) mug/h/ml; terminal half-life, 8.0 (14.5%) and 7.0
(12.7%) h. CONCLUSIONS: LEV administered by IV infusion at dosages and/or infusion rates higher than those
proposed was well tolerated in healthy subjects, and the pharmacokinetic profile was consistent with that for LEV
administered orally.
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TABLE 2.

Namber {percestage ) of subjects with sty drag-refated, freatment-eaergent adverse events, infenl-to-treal population

Leveliracetam intravenous infusion

15 min 5 min
Syalem org an class/ Placebo  2000mg 3000 mg 4,000 mg L3 meg 2000mg  2500mg Al levetiracetam doses
prefemed term in=12}) in =16 (n=1>G) (n=1m) (n =) n=1m) n="n) (n = 36)
Any drug-related adverse evenls 1 (8.3 4 (65T 5833 G100 5833 3500 & L0 29 (806
Nervous syslem 183 35 4 (66T G100y 5833) 305m Gl TiT5)
Balance disorder 1] 4] i 1] 1 (167 1] 1] 1 (28]
Divziness 0 2(33.3) 1(16.7) 5(83.3) 4 (66.T) 2(33.3 5(83.3) 19 (52.8)
Divziness postural ] 0 3 (50) 1(16.7) 1(16.7) 2(333 ] T(194)
Drysgensia 183 0 0 0 a a a a
Headache ] 0 i 1(16.7) ] 1(16.7) 1(16.7) 383
Somnolence n 1 (16,7 1(16.7) 2(333) 2(33.3) 3 (50) 3 (500 12 (33.3)
Eye, hlurred vision ] 0 i n ] ] 1(16.7) 1 (2.8)
Gl disorders 0 0 0 1(16.7) n 1(16.7) n 2(58)
Diry mouth a 0 0 0 a 1(16.7) a 1 (2.8
Niansca 0 0 0 1(16.7) 0 n 0 1 (2.5)
Momiling 0 A i 1(16.7) 0 0 0 1 (2.8)
Generl disorders 0 1 (16,7 2(333) n 0 1(16.7) 1(16.7) 5(13.m
Fatigue 1] 1 (1&.T) 2(33.3 n 1] ] 1 (16.7) 4111
Feeling drunk a 0 1167 0 a a a 1 (2.8
Thirsl 0 0 0 n n 1(16.7) n 1 (2.5}
(i1, gaslrointestinal.
180 ] ~® 2000 mg 180 [
—0— 3000 mg 160
1m_ —'— 4[m mg g 140 1[_‘_\_‘\“
B |
140 £
E T
E
120 5
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TABLE 4. Pharmacokinetic parameters of fevetivacetam affer a single 15-min infravenouy infusion of 2,000-mg, 3,000-mg, and
£ 000-mg doyes, and after a single 3-min infravenous infision of 1,500-mg, 2,000-mg, and 2, 500-mg doses, per protoced popalabion

15-min intravenous infusion S-min intravenous infusion
2000 mg 30 mg 4,000 mg 1,500 mg 2, mg 2500 mg

Paramelar n= n= n=35") n=1) n=) n=1)
Copa (pegfml) S5.6(25.7) 1.2 (H.5 145 (24 .6) 6.9 18.00 GG (0.0 94,3362
Cps or Cs (peiml) S0.5(35.9 T43 (559 142 (27 4) 41.7021.5 6.3 04540 91.3i37.4
[— 0500 0.27-40.50) 0,375 (0.25-2.0) 025 (0.25-1.0 002 (DR30.25) 0,125 (0.083-0.5) 0083 (0.08-40.17)
ALUCH g (ughiml) 4700 16.4) 663 (9.2 1] (19.1) 3258 420 (13.7) REINR NN
AL (pegmhiml) 529(16.3) 754 (6.4 1239 (19.2) ME(7.6) 4584 (14.3) SRS (9.6)
Ligz (hi TI1011.1) TIL(131) E(14.5) T.380124) T.T2(128) GERC12T
CLilh) ATE(16.3) 308 (6.4) 323(19.2) 4.32(7.6) 4130143 4. 280067
Wil 4200184 44.2(17.7) 37.3(22.9) 459 (3.4) 46.00(16.5) 43.1016.2)

Values are reported as geometric mean [coefficient of varialion (% )], excepl for Ly, which is expressed as median (range).

AUC, area under the plasma concentrati on—time curve from dme O toinfinity; AUCG_, area under the plasma concenlmtion-time curve from time O
to last quantifishle concentration;, Cps, or Cs, plasma concentration al the end of the 15-min or 5-min infusion; Cgpae, maximum plasma concentration;
CL, tolal body clearance; tnax, lime o maximum plasma concentration; L2, lerminal hali=life; Vz, vwolume of distibution.

“0ne subjoct excluded from per-protocol population because of connection-line problem during the infusion.

Levetiracetam Use in Status Epilepticus

Epilepsy Behav. 2006 May;8(3):651-4. Epub 2006 Feb 21.
Determinants of success in the use of oral levetiracetam in status epilepticus.

Rossetti AO, Bromfield EB.

Division of Epilepsy and EEG, Department of Neurology, Brigham and Women's Hospital, 75 Francis Street,
Boston, MA 02115, USA.

The use of new antiepileptic drugs for treatment of status epilepticus (SE) has not been studied systematically,
particularly with respect to response predictors, the possibility of a dose-response relationship, and the efficacy of
administration through a nasogastric tube. We analyzed 23 patients with SE treated with levetiracetam (LEV). The
median daily dose of LEV was 2000 mg (range: 750-9000 mg). Ten patients (43%) responded; all had received
LEV within 4 days after the beginning of their SE episode (P=0.019 vs nonresponders), and were administered
less than 3000 mg LEV/day (P=0.046). No demographic or etiological variable was predictive. Among 16 patients
given LEV through a nasogastric tube, administration was successful in 5; blood levels in 2 nonresponders were
within or above the range 5-30 microg/mL. These data suggest that LEV may be a useful alternative in SE if
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administered early, even in intubated patients, and that escalating the dosage beyond 3000 mg/day will unlikely
provide additional benefit.

Tahle 1
Demographic, climcal, and pharmacological comparison between LEV responders and nonresponders
Responders (n = 1) Monresponders (v = 13} P wvalue

Age <h5 T TirE) T %) LER LY
History of scizures LR T (5% (AT
Acute SE ctiology 5 (5lrer B (B N6ES
Vigilance before treatment (alert, sommnolent, stuporows, comatoss) 2242 04625 0516
Scizure type (simple partial, complex partial, generalized comvulsive, 257211 0/TI33 0,200

nonconvulsive status with comaj
Refractory SE requiring coma induction 2 (20%) 0.197
Administration through nasogastric tube 5 (500 0.221
Treated with LEV before beginning of SE ERETI A (2304 .630
Delay to LEVY start/change >4 days 0 {0 1 ) e
(ther AED administered at beginning of LEV treatment
Benzodiazepines B (E0d) 10§ T (AT
Phermytoin 6 (6] 1O 7Ta) 650
Phemytoin blood level < 12 pg/ml Lfie (L7 e L e LS LA¥i
Valproate 2 (2% 4 (31 LER TN
Barbiturates 1 lirs) 5 39%) 0179
Propafol 4] 4 (31%) 104
Maximal LEV dose =300 mg/day { 5(39%) ik

* Meurssurgical intervention (2 VP shunt, arterial aneurysm), ischemic stroke, intracranial hemorrhage, systemic infection.
b B b B oL o B B gno B B G B
lschemic stroke, intracramial hemorrhage (2, systemnic infection (21, viral encephalitis, drog intoxication, severe by ponatremia.

Seizure. 2006 Apr;15(3):137-41. Epub 2006 Jan 19.
The use of levetiracetam in refractory status epilepticus.

Patel NC, Landan IR, Levin J, Szaflarski J, Wilner AN.

Pediatric Neurology, M756, MSB, DC058.00, One Hospital Drive Columbia, MO 65212, USA.
PateIN@health.missouri.edu

Six patients with status epilepticus (SE) of various etiologies refractory to at least two antiepileptic drugs (AEDs)
had complete cessation of their seizures following administration of oral levetiracetam (LEV). Seizure types
included convulsive, focal, and nonconvulsive status epilepticus. Effective doses of levetiracetam ranged from
500 to 3000 mg/day, achieving seizure control within 12-96 h. No significant adverse events were noted.
Adjunctive levetiracetam should be considered for patients with status epilepticus unresponsive to initial therapy.

Table 1 Status epilepticus case summaries

Case Age Sex  Seizure Cotherapy SE SE Maximum LEY Time to LEV
type duration etiology dose used response
to treat SE
{mg/ day)
1 i F Convulsive, focal PHT, LZE VP4, 24 Days  Left insular 3000 4 Days
CBZ, PB vascular lesion
2. 91 M  Right focal PHT, VP& 9 Days  Left MCA infarct 3000 2 Days
3. 63 F Right focal PHT, VP4 7 Days  Left frontal 2000 2 Days
hemorrhagic
infarct
4 16 F Convulsive and LIF PB, TPM 2 Days  Static 500 1 Day
nonconvulsive encephalopathy
5 34 M Partial motor LZR PB, VPA, 3 Days  Posttraumatic 3000 12h
with and without LTG epilepsy
secondary
generalization
&. 25 F  Convulsive and LZP MDZ, VPA, CBZ 9 Days  Moncompliance 1000 36 h
monco nvul sive

CBZ, carbamazeping; GBP, gabapentin; ICH, intracerebral hemorrhage; LEY, levetiracetam; LTG, lamotrigine; LZP, lorazepam; MDZ ,

midazolam; PB, phenobarbital; PHT, phenytoin; SE, status epilepticus; TPM, topiramate; VP, valproic acid.
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Management of Status Epilepticus.

JOSEPH I. SIRVEN, M.D.,Mayo Clinic, Scottsdale, Arizona

ELIZABETH WATERHOUSE, M.D., Virginia Commonwealth University School of Medicine, Richmond, Virginia

Status epilepticus is an increasingly recognized public health problem in the United States. Status epilepticus is
associated with a high mortality rate that is largely contingent on the duration of the condition before initial
treatment, the etiology of the condition, and the age of the patient. Treatment is evolving as new medications
become available. Three new preparations—fosphenytoin, rectal diazepam, and parenteral valproate—have
implications for the management of status epilepticus. However, randomized controlled trials show that
benzodiazepines (in particular, diazepam and lorazepam) should be the initial drug therapy in patients with status
epilepticus. Despite the paucity of clinical trials comparing medication regimens for acute seizures, there is broad
consensus that immediate diagnosis and treatment are necessary to reduce the morbidity and mortality of this
condition. Moreover, investigators have reported that status epilepticus often is not considered in patients with
altered consciousness in the intensive care setting. In patients with persistent alteration of consciousness for
which there is no clear etiology, physicians should be more quickly prepared to obtain electroencephalography to
identify status epilepticus. Physicians should rely on a standardized protocol for management of status epilepticus
to improve care for this neurologic emergency.

TAELE 2

Antiepileptic Drugs Used in Status Epilepticus

Dialvzable
Maintenance Route of i protein
g Loading dose dosage metabolism binding) Adverse effects
Diazepam 101220 mg Mone Hepatic =90 Respiratory depression,
ivaliurr) hypotension, sialorrhea
Lorazepam 4.mg MNone Hepatic a0 Same as diazepam
{Ativan)
Phenytoin 18 to 20 mg per kg 5 mq per kg per day Hepatic 70 Cardiac depression,
Dilantin) at 50 g per minute hypotension
Fospherytoin 18 to 20 mg per kg More Hepatic 70 Cardiac depression,
(Cerebyx) PE at 150 mg per minute hypotension, paresthesias
Phenobarbital 20 mg per kg 1 to 4 mg per kg per hour Hepatic 50 to 60 Respiratory suppression
Pentobarbital 2 to 8 mg per kg 0.5 to 5 mg per kg per hour  Hepatic 59 to 63 Hypotension, respiratory
suppression
Midazolarr 0.2 mg per kg 0.75 to 10 mg per kg per Hepatic 96 Hypotension, respiratory
i\ersed) minute suppression
Propcfol 2 mq per kg 5to 10 mg per kg per hour  Hepatic 97 to 98 Respiratory depression,
(Diprivan) initially, then 1 to 3 mg per hypotension, lipemia,

kg per hour

acidosis

PE = phenytoin equivalents.



Protocol for Management of Status Epilepticus

At: zero minutes
Initiate general systernic support of the ainvay (ingert nasal airway or intubate if needed)
¢ Check blood pressure.
= Begin nasal oxygen.
« [Monitor BECG and respiration.
e Check temperature frequently.
« Obtain history.
« Perform neurclogic examination.

Send sarnple serurn for evaluation of electrolytes, blood urea nitrogen, glucose level, complete blood cell count, toxic drug screen, and
anticorvulzant levels; check arterial blood gas values.

Start IV line containing isotonic saline at a low infusion rate.
Inject 50 mL of 50 percent glucose IV and 100 mg of thiamine IV or M.
Call EEG laboratory to start recording as soon as feasible.

Administer lorazepam (Ativan) at 0.1 t0 0.15 mg per kg IV (2 mg per minutel); if seizures persist, administer fosphenytoin (Cerebyx) at
18 mg per kg IV (150 mg per minute, with an additional 7 mg per kg if seizures continue).

At: 20 to 30 minutes, if seizures persist
Intubate, insert bladder catheter, start EEG recording, check termperature.

Administer phencbarbital in a loading dose of 20 mg per kg IV (100 mg per rminute).

At: 40 to 60 minutes, if seizures persist
Begin pentobarbital infusion at 5 mg per kg IV initial dose, then IV push until seizures have stopped, using EEG monitoring; continue
pentobarkital infusion at 1 mg per kg per hour; slow infusion rate every four to six hours to determine if seizures have stopped, with
EEG guidance; monitor blood pressure and respiration carefully. Support blood pressure with pressors if needed.
or
Beqgin midazolam (Versad) at 0.2 mq per kg, then at a dosage of 0.75 to 10 mg per kg per minute, titrated to EEG monitoring.
or
Begin propofol (Diprivan) at 1 to 2 mg per kg loading dose, followed by 2 to 10 mg per kg per hour. Adjust maintenance dosage on
the basis of EEG monitoring.

FIGURE 1. Suggested management of status epilepticus. (ECG = electrocardiography; IV = intravenous; IM = intramuscu-
lar; EEG = electroencephalography)

Adapted with permission from Treatment of convulsive status epilepticus. Recommendations of the Epilepsy Foundation of America’s
Working Group on Status Epilepticus. JAMA 1993,270.857, and Lowenstein OH, Alldredge BK. Status epilepticus. N Engl 1 Med
1998,338:972.

European Journal of Neurology 2006, 13: 445-450
EFNS guideline on the management of status epilepticus

H. Meierkorda, P. Boonb, B. Engelsenc, K. Gocked, S. Shorvone, P. Tinuperf and M. Holtkampa

aDepartment of Neurology, Charite” — Universita“tsmedizin Berlin, Berlin, Germany; sDepartment of Neurology, Ghent University Hospital,
Ghent, Belgium; cDepartment of Neurology, Haukeland University Hospital, Bergen, Norway; dDeutsche Epilepsievereinigung e.V., Berlin,
Germany; elnstitute of Neurology, University College London, London, UK; and fDepartment of Neurological Sciences, University of
Bologna, Bologna, Italy

The objective of the current paper was to review the literature and discuss the degree of evidence for various
treatment strategies for status epilepticus (SE) in adults. We searched MEDLINE and EMBASE for relevant
literature from 1966 to January 2005. Furthermore, the Cochrane Central Register of Controlled Trials
(CENTRAL) was sought. Recommendations are based on this literature and on our judgement of the relevance of
the references to the subject. Recommendations were reached by informative consensus approach. Where there
was a lack of evidence but consensus was clear we have stated our opinion as good practice points. The
preferred treatment pathway for generalised convulsive status epilepticus (GCSE) is intravenous (V)
administration of 4 mg of lorazepam or 10 mg of diazepam directly followed by 15—-18 mg/kg of phenytoin or



equivalent fosphenytoin. If seizures continue for more than 10 min after first injection another 4 mg of lorazepam
or 10 mg of diazepam is recommended. Refractory GCSE is treated by anaesthetic doses of midazolam, propofol
or barbiturates (pentobarbital 10-20 mg/kg, followed by infusion of 0.5-1 mg/kg/hr; midazolam 0.2 mg/kg bolus,
followed by infusion of 0.1-0.4 mg/kg/hour; propofol 2 mg/kg followed by infusion of 5-10 mg/kg/hour); the
anaesthetics are titrated against an electroencephalogram burst suppression pattern for at least 24 h. The initial
therapy of non-convulsive SE depends on the type and the cause. In most cases of absence SE, a small IV dose
of lorazepam or diazepam will terminate the attack. Complex partial SE is initially treated such as GCSE,
however, when refractory further non-anaesthetising substances should be given instead of anaesthetics
(Phenobarbital 20 mg/kg, valproic acid 25-45 mg/kg) . In subtle SE, 1V anaesthesia is required.

Current Phase Il Clinical Trial on IV Levetiracetam use in Status Epilepticus:

Safety and Tolerability Study of Levetiracetam to Treat Patients With Status Epilepticus

This study is not yet open for patient recruitment.
Verified by Medical Center Haaglanden May 2006

Sponsors and Collaborators: Medical Center Haaglanden
ucB

Information provided by: Medical Center Haaglanden
ClinicalTrials.gov Identifier: NCT00362141

Purpose

The purpose of this study is to determine whether levetiracetam is safe and well tolerated by patients while suffering a
status epilepticus. Levetiracetam is added to the standard treatment of patients with this disease.

Condition Intervention Phase

Status Epilepticus Drug: levetiracetam (add-on) Phase I

MedlinePlus related topics: Epilepsy

Study Type: Interventional
Study Design: Treatment, Non-Randomized, Open Label, Uncontrolled, Single Group Assignment, Safety Study

Official Title: Safety and Tolerability of Add-on Levetiracetam in Status Epilepticus

Further study details as provided by Medical Center Haaglanden:

Primary Outcomes: Uneventful intravenous (iv) administration of study medication; Toxicity profile on iv administration,
including: Irritation on injection site; Hypotension, defined as systolic blood pressure below 90 mm Hg recorded within 24
hours of the dose; Cardiac arrest (diagnosed clinically) or bradyarrhythmias including heart block, documented on an
electrocardiogram; Respiratory depression, defined as the occurrence of apnea or need for intubation; Allergic reactions,
like skin rash; Other side-effects

Secondary Outcomes: Pharmacokinetic parameters of levetiracetam and clonazepam in patients with SE

Expected Total Enrollment: 12

Study start: September 2006; Expected completion: July 2008
Last follow-up: April 2008; Data entry closure: April 2008

Status epilepticus (SE) is a disorder with high mortality and morbidity. There are strong indications that ongoing seizure
activity substantially reduces the chances on a good outcome. This implies that optimal treatment of SE should start as
soon as possible. Unfortunately, treatment options are limited and often based on little evidence. Besides, current
treatment options are hampered by serious side-effects like respiratory depression and impaired consciousness.
Therefore, the advent of new and effective anti-epileptic drugs (AEDs) is of great potential interest for the treatment of SE.
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Presently, the newer AEDs are mainly used in later stages of SE at a time when the disease is often more difficult to
control. The characteristics of one of these recently introduced anticonvulsants i.e. levetiracetam seems to provide a
number of fortunate properties for application as first-line treatment of SE. The complicating side-effects of “classical”
AEDs, like a decrease in cardiorespiratory function or in level of consciousness are hardly present. Besides, levetiracetam
may lower the need for benzodiazepines, reducing chances on respiratory depression by benzodiazepines at higher
doses. Due to a remarkable synergism with first-line administered benzodiazepines, levetiracetam may therefore reduce
the need for intubation or ICU treatment. Besides, it may enhance the immediate cessation of seizures, prolong the anti-
seizure activity of benzodiazepines and provide neuroprotective properties. The sustained efficacy of levetiracetam would
suggest that long term sequelae secondary to neurological damage, may also be reduced. Levetiracetam IV has recently
been shown to be safe in healthy volunteers, and becomes available for iv application in clinical practice, early 2006. To
date, there are hardly any data available on its applicability in medical emergencies like SE. We propose as a first step the
executing of a phase Il study on tolerability and safety of intravenous levetiracetam in patients with SE. Current first-line
treatment of SE consists of standardized administration of benzodiazepines. For the study we propose to apply this
regimen together with the iv administration of levetiracetam as add-on therapy.

Eligibility
Ages Eligible for Study: 18 Years and above, Genders Eligible for Study: Both
Criteria

Inclusion Criteria:

e Age: 218 years of age

o All types of SE, diagnosed by the medical examiner according to the predefined definition. Absence of SE has to
be confirmed by EEG.

e Woman: 18-50 years of age of whom is known, from anamnesis or hetero-anamnesis (first line relative), that she
is not pregnant.

Exclusion Criteria:

¢ Woman < 50 years of age, without information on pregnancy
¢ Known pregnancy

o Known allergy for levetiracetam

e Daily dose levetiracetam of more than 2000mg/day

Location and Contact Information

Please refer to this study by ClinicalTrials.gov identifier NCT00362141
Charles Vecht, MD  +31-70-3302508 c.vescht@mchaaglanden.nl
Joris Uges, Pharmacist  +31-70-3217217 j.uges@mchaaglanden.nl

Netherlands, South-Holland
Medical Centre Haaglanden, The Hague, South-Holland, 2512VA, Netherlands
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