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1. Background and significance:

Status epilepticus (SE) occurs when seizures continue beyond their usual duration, likely due to failure of
mechanisms allowing their natural termination (Lowenstein 1998). Its yearly cumulative incidence has
been estimated at 10-41 / 100,000 population (DeLorenzo 1996, Coeytaux 2000).

Refractory status epilepticus is commonly defined as SE resistant to treatment with one first-line
(benzodiazepines, BDZ) and one second-line (phenytoin, phenobarbital, or valproic acid) antiepileptic drug
(AED) (Mayer 2002). Since SE tends to become more refractory to conventional treatment with time and
the number of AED used (Treiman 1999), coma induction with an appropriate AED, including barbiturates
(BBT), propofol (PRO) or midazolam, is advocated after failure of second-line treatment (Lowenstein
1998). Treatment resistance has been postulated to result from a shift from inadequate GABA-ergic
inhibition towards glutamate (NMDA-mediated) ecitotoxicity (Bleck 2001). Interestingly, however, pure
NMDA antagonists bear the risk of neuronal damage; as a result, the combination with GABA-ergic
activity has been proposed as a method to avoid this risk (Jevtovic-Todorovic 2001).

Refractory SE develops in 31%-44% of patients with status epilepticus (SE) and has a mortality of 16%-
23% (Mayer 2002, Holtkamp 2005, Rossetti 2005). Despite this clinical impact, relatively few studies have
investigated this entity and its treatment. Of note, the few comparative prospective trials focusing on SE
treatment assessed only first-line therapy (Leppik 1983, Treiman 1998, Alldredge 2001). Technical
difficulties related to patient recruitment, problems in defining SE, and the lack of consensus among
clinicians at different centers in the United States and Europe as regards the optimal therapeutic protocol
(Claassen 2003, Holtkamp 2003) may possibly account for the paucity of relevant investigations and the
low level of evidence for the treatment of refractory SE..

Most of the existing studies of refractory SE deal with case series of patients receiving a single coma-
inducing AED (Stecker 1998, Prasad 2001, Parviainen 2002, Rossetti 2004). This may not accurately
reflect clinical practice, in which treatments may be combined. Considering barbiturates, mortality within
the first 4 days of refractory SE treatment or treatment failures was 0/10 (0%, Parviainen 2002), and 3/8
(38%, Stecker 1998). Considering propofol, corresponding proportions were 13/31 (45%, Rossetti 2004),
3/6 (50%, Stecker 1998) and 8/14 (57%, Prasad 2001). However, a meta-analysis did not disclose any
significant difference of short-term mortality (48% for barbiturates vs. 52% for propofol); acute failure
(within the first 6 hours of drug administration) was 8% vs. 27%; breakthrough seizures (during drug
administration) were 12% vs. 15%; withdrawal seizures (within 48h of discontinuation of the treating
agent) were 43% for barbiturates vs. 46% for propofol. In this analysis, though, patients with
nonconvulsive SE and coma (which is more treatment resistant) were more prevalent in the propofol group,
and an unclear number of anoxic subjects were included (Claassen 2002). Furthermore, a retrospective
survey of refractory SE treatment, taking into account several strategies (drugs combinations or
monotherapy), did not show any statistical difference in outcome (Rossetti 2005). There is also uncertainty
for the optimal extent of EEG suppression in this context (Krishnamurthy 1999, Rossetti 2005).

There are three classes of medications currently in use for treatment of refractory SE barbiturates (BBT),
propofol (PRO), and midazolam (MDZ). Each has particular advantages and disadvantages



Propofol has been used since more than 25 years for induction and maintenance of anesthesia (Rogers
1980). It has a short half-life of about 140 minutes after prolonged perfusion (Wessen 1994), allowing a
rapid titration and withdrawal, with practically no risk of accumulation. Its main mechanism is an agonistic
action on GABA, receptors, but modulation of Ca and Na channels has also been described (Marik 2004).
Its effect on NMDA glutamate receptors is controversial, since some found an inhibitory action in vitro
(Hans 1994, Orser 1995), while others describe a potentiation of NMDA mediated neuronal damage (Zhu
1997, Zhan 2001). Propofol has bronchodilatatory and anti-inflammatory properties (Marik 2004), but may
induce the so-called “infusion syndrome”, a potentially fatal cardio-circulatory collapse with
hypertriglyceridemia and rhabdomyolysis, which however has been only exceptionally described in
patients with SE (Vasile 2003).

Barbiturates prescribed to induce coma in refractory SE, such as thiopental (THP) in use in Europe, or its
metabolite pentobarbital (PTB) in use in North America, after prolonged administration have an at least
seven times longer elimination half-life as compared to propofol (THP 14-36 hours; PTB 15-22 hours)
(Bayliff 1985, Cordato 1999), although higher values have been reported earlier (THP 38-86h, PTB 26h)
(Piatt 1984). There is a considerable tendency to accumulation, thus prolonging the need for mechanical
ventilation with potential risks of associated morbidity. Their main action is also GABA-ergic (GABA,A
receptors), with possible action also on calcium channels (Zhan 1998, Rogawski 2004). Both THP (Zhu
1997, Zhan 1998, Zhan 2001) and PTB (Charlesworth 1996) are NMDA antagonists in vitro. On the other
hand, barbiturates may exert immunological inhibition (Kress 1987). A hypotensive action has been
described for barbiturates and propofol (Claassen 2002), and both agents reduce intracranial pressure and
brain metabolic requirements (Jevtovic-Todorovic 2001, Marik 2004). Although PTB has been claimed to
be less hypotensive than THP (Van Ness 1990), the issue remains controversial.

The third agent used for refractory SE, midazolam, appears somewhat less popular among clinicians
(Holtkamp 2003), probably because of the important tachyphilaxia that may develop within 24-48h
(Beyenburg 2000). Furthermore, benzodiazepines do not act on NMDA receptors.

The previous points suggest that the optimal agent for refractory SE should exert a GABA-ergic and
NMDA antagonistic action, be fast acting, with a short half-life, and have a favorable risk profile. So far,
no single drug may be considered gold standard: PRO has a controversial action on NMDA receptors and
the possibility of inducing the “infusion syndrome”, whereas barbiturates have a very long half-life. A
comparison between these drugs should help understanding whether potential pharmacokinetic advantages
(PRO) or a potential more complete pharmacodynamic profile (BBT) are more important in this setting.

To date, no controlled comparative study has been conducted to investigate the use of these agents. In
consideration of the unclear relative effectiveness despite several retrospective case series and meta-
analysis, a prospective investigation is needed (Schor 2005). Previous descriptions included patients with
cerebral anoxia/hypoxia. However, since these have invariably a dismal prognosis, it seems appropriate to
exclude them from an investigational treatment assessment.

11. Specific aims:

This study is designed to assess the effectiveness (SE control, adverse events) of a first course of propofol
versus barbiturates in the treatment of refractory SE.

111. Subject selection:

Inclusion criteria:

e Patients with refractory SE not due to cerebral anoxia. Refractory SE will be defined as ongoing
clinical or electrographical seizure activity or repetitive seizure activity without intercurrent return
to the baseline for at least 30 minutes despite administration of at least 1 first-line AED
(benzodiazepine), and at least one second-line AED (phenytoin, valproate, phenobarbital, other),
in adequate doses, needing coma induction for clinical management.

e Note: patients intubated for airway protection and sedated with a small dose of benzodiazepines
(<0.02mg/kg.h midazolam or equivalent), propofol (<1mg/kg.h) or receiving opiates are eligible.




Exclusion criteria:
e Age<l6yo.
Known pregnancy.
Post-anoxic SE.
Epilepsia partialis continua (simple partial SE).
Known intolerance to the study drugs.
Known mitochondrial disorder, hypertriglycerydemia (>5 mmol/l), or significant rhabdomyolysis
(CK>1500 UN).
e Known allergy to egg lecithin.

Source of subjects and method of recruitment:

Patients presenting in the participating centers with RSE during the study period and requiring coma-
induction for their clinical management will be randomized to one of the study treatments.

1V. Subject enrollment:

All eligible patients should be recruited for randomization. In fact, both study drugs classes are routinely
used for this indication worldwide, but in an uncontrolled manner. As discussed under section 1., there is no
evidence than one agent is more safe or efficacious than the other.

Confidentiality of study data:

Each participant will be linked to a code; he/she will be directly identifiable only by the PI and his co-
investigators of the center where he was recruited. Five years after publication of the data, the cross linking
information will be destroyed.

V. Study procedures:

Design and schema:

This will be a pragmatic, randomized, single blind (markedly different pharmacokinetics and side effects
profiles implying targeted monitoring), multi-center, bi-national two arms clinical trial comparing propofol
with barbiturates for the treatment of refractory SE. An electroencephalographist blinded to the study
treatment will perform outcome assessment.

Adults with refractory SE needing
coma induction

Stratified by:
institution
[Blocks with sealed envelopes]
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Baseline work-up (standardized form):

Demographics: age, gender.

History: previous seizures/SE, concurrent medical treatment, presumed time to treatment (SE
beginning to administration of first-line AED).

Functional Score before SE episode (0-2): 0 = completely independent; 1 = partially dependent; 2
= completely dependent.

Consciousness impairment at presentation (before 1% treatment) (alert, somnolent/confused,
stupor, coma).

Assessment of seizure type (simple partial, complex partial, generalized convulsive,
nonconvulsive status in coma).

Blood tests: creatinine, ASAT, ALAT, yGT, triglycerides, CK, CRP.

Drug blood levels (if applicable), particularly PHT, PB, VPA, CBZ.

Urine pregnancy test in women 18-50 yo.

During the first 24h: Simplified acute physiological score (SAPS2).

SE is primarily a clinical diagnosis, and this will be sufficient when that diagnosis can be made (e.g., in
presence of abnormal movements, myoclonus); in other cases, such as complex partial and nonconvulsive
SE, EEG will be needed.

Randomization:

Randomization will be stratified by institution, using blocks with sealed envelopes.

Intervention:

The patient is in an ICU setting, intubated and ventilated according to standard practices for ventilated
brain-injured patients. The second-line AED(s) is (are) administered in usual daily doses. EEG monitoring
must be available at least within 12h of the beginning of the intervention.

PTB (USA and Basel, Switzerland): Loading of 5 mg/kg IV, then titration towards burst-
suppression (5-15 seconds interburst intervals) and/or (especially if no EEG available) towards
clinical seizure control. Titration towards 2mg/kg/h until EEG is available (within 12 h) (Van Ness
1990, Beyenburg 2000).

THP (rest of Switzerland): bolus of 2mg/kg IV, then titration towards burst-suppression (5-15
seconds interburst intervals) and/or (especially if no EEG available) towards clinical seizure
control. Titration towards 4mg/kg/h until EEG is available (within 12 h) (Turcant 1985,
Beyenburg 2000).

PRO (USA & Switzerland): bolus of 2 mg/kg, then titration towards burst-suppression (5-15
seconds interburst intervals) and/or (especially if no EEG available) towards clinical seizure
control. Titration towards Smg/kg/h until EEG is available (within 12 h) (Beyenburg 2000,
Rossetti 2004).

In each arm, a benzodiazepine is administered at low dose (lorazepam: 4mg/24h) throughout the
study period (Rossetti 2004).

The pharmacological equivalence, for the aim of this study, of THP and PTB has been independently
confirmed (Perucca 2005).

Burst-suppression is continued for 36-48 hours under EEG control, then the study drug administration is
reduced to 50%, for at least 24h. If the treating clinicians believe that the patient has been clinically and



electroencephalographically treated (seizure have been controlled), the drug is then withdrawn over
maximally 24h (Parviainen 2002, Rossetti 2004). If not, the clinicians choose to pursuit the best treatment
according to their experience (they may decide to retry the study drug, to switch it, or to combine it). The
controlled application of the study drug ends at that point.

Daily assessment (during the controlled study drug application, until 48hrs after treatment evaluation has
been performed, standardized form):

e Clinical seizure activity.

e EEG (long-term monitoring, LTM): extension of burst-suppression/complete suppression,

intercurrent seizure activity. LTM needs to be carried out at least until 2h after the moment the

record begins to be continuous (i.e., without suppressions, see VI.). (Thereafter, EEGs will be
performed according to the clinical judgment).

Body temperature.

Triglycerides, CK, CRP, glucose, blood gas analysis, lactate (twice a day).

Episodes of oxygen desaturation <90%.

Episodes of cardiac arrhythmia (sustained supraventricular or ventricular tachycardia, bradycardia

< 50 bpm, new heart blocks) associated with hemodynamic instability and requiring treatment.

e Intercurrent infections: (pneumonia, defined as new infiltrate on chest X-ray, fever, leucocytosis >
10.000 or >10% band-formed neutrophils; sepsis, defined as leucocytosis or leucopenia, acidosis,
positive blood culture; urinary infection, defined as fever, leucocytosis, positive urine culture).

e Doppler/duplex confirmed deep vein thrombosis, scintigraphy or CT confirmed pulmonary
embolism.

e Severe hypotension, defined as systolic BP < 90 mmHg refractory to volume expansion and
requiring vasopressors (epinephrine, norepinephrine, dopamine > Sug/kg.min.

e  Administered dose of study drug.

e C(Class of administered antibiotics.

e Blood levels and dosage of other administered AED, particularly PHT, PB, VPA, CBZ.

Long-term assessment (standardized form):

e SE Etiology (classified according to Commission Epilepsia, 1993).
e Functional Score (0-3; 3 = death): at hospital discharge, at 21 days (+/- 2 days), at 3 months (+/- 4
days).

Note: the further etiological work-up (complementary examinations, neuroimaging, lumbar tap, etc) is up
to the treating clinician. The same is true for the management of drug-related systemic complications

(hypotension), and infections.

Interruption criteria:

e PRO: infusion syndrome with CK>2000 U/l (Vasile 2003), triglycerides > 5.3 mmol/l
(=500mg/dl), progressive lactic acidosis > 6hrs. after treatment initiation (>2.5 mmol/l with
bicarbonate <20 mmol/l), not due to sepsis, and after lactate normalization (lactate may be
elevated due to prolonged seizures).

e BBT: hypersensitivity reaction with rash, fever, lymphadenopathy.

e PRO or BBT: Refractory hypotension (as judged necessary to reverse by the attending physician).



V1. Biostatistical analysis:

Primary outcome measure and statistical method:

The primary endpoint will be the assessment of the proportion of patients in whom control of SE has been
achieved, as defined below.

The primary analysis for this study will be the comparison of SE control between the two treatment groups
(Mantel-Haenszel % test and logistic regression model). This analysis will be stratified for potential
confounders (i.e., age [dichotomous, cut-off 65], SE etiology [dichotomus], seizure type at the beginning of
treatment [ordinal], consciousness impairment at the beginning of treatment [ordinal], history of previous
SE episodes [dichotomous], time to first-line treatment initiation [dichotomous, cut-off 1h]).

The assessment, performed by the same clinician blinded to the study treatment, occurs by inspecting the
EEG recording for 2 consecutive hours (“assessment period”), beginning at the time when the record
becomes continuous (i.e., no suppressions >1 second), after weaning of the study drug. This biological
threshold should allow a fair comparison between the two agents, since, in consideration of the markedly
variable elimination half-lives between and among the study drugs (see section 1.), a correct @ priori time
prediction appears unlikely.

Specific criteria for SE control (all must be met):

e Patient alive 4 days after having reached a stable burst-suppression pattern.

e No clinical need to re-titrate the study drug to a higher dose after weaning.

e <] discrete seizure (defined electrographically as evolving focal or generalized pattern for more
than 5 sec. and less than 2 min.) per hour. A single seizure lasting more than 2 min. is sufficient
for a failure. If presence of PLEDs (periodic lateralized epileptiform discharges), average
interdischarge interval > 1 sec.

Interictal EEG activity is compatible with SE control.

36-48h of Weaning 50% EEG Assessment period:
stable BS becomes
of the dose . 2hrs.
continuous

Secondary outcome measures (and statistical methods):

e Clinical outcome at day 21, assessed by the functional score (Wilcoxon rank-sum test),

Time (days) of ventilator treatment in survivors (if censoring: log rank test; if no censoring: t-test).
Ventilator weaning will be managed according to standardized ICU practices (ACCP Task Force),
Incidence of thromboembolism (comparison of proportions).

Incidence of infectious complications requiring specific treatment (comparison of proportions).
Incidence of hypotension requiring specific treatment (comparison of proportions).

Incidence of PRO infusion syndrome, defined as CK>2000 U/l (Vasile 2003) or triglycerides > 3
mmol/l (=280mg/dl) (Cramer 2001) (simple proportion).

Sample size:

The primary objective is to compare the proportion of patients with control of SE after 36-48h of a stable
burst-suppression pattern (interburst interval 5sec. — 15sec.) and subsequent weaning of the study drug by
at least 50%.

Previous case series suggest a success proportion between 43% and 100% (see section L.); this range is
extremely wide. With the described criteria, a postulated success of 75% for the best treatment seems
reasonable; it would be important to determine an absolute difference of 22% (relative difference = 30%)
towards the worse treatment, with 0=0.05 (two-sided), and 3 = 0.2. The lower limit of this difference lies



10% above the lower margin of the range described above. The postulated difference between the
treatments should represent a critical value for clinical practice, in consideration of the present uncertainty.

(http://www.health.ucalgary.ca/~rollin/stats/ssize/b2.html, accessed 8.10.2005)

A total of 150 patients older than 16 years old, 75 in each treatment arm, will be needed to detect a relative
difference of 30% in the proportion of subjects reaching a control of their refractory SE episode after 48 h
of coma induction with burst-suppression on EEG between these 2 treatment groups, with a power of 0.8,
using a two-sided p = 0.05 level test.

In practice, considering of the rarity of the condition, the sample size is limited (+10%). With p = 0.05, and
a total sample of 150, following power is predicted for different proportions of success of the best
treatment and relative differences:

Success of best treatment
85% | 80% | 75% | 70% | 65%
Relative 40% | 1.00 | 0.99 | 0.97 | 0.94 | 0.90
Difference | 30% | 0.94 | 0.89 | 0.80 | 0.75 | 0.65
25% | 0.85 1 0.77 | 0.69 | 0.57 | 0.51
20% | 0.69 | 0.59 | 0.50 | 0.43 | 0.36

With a total sample of 166 subjects (corresponding to a recruitment of 10% higher than planned), leaving
the other parameters unchanged, following power is predicted:

Success of best treatment
85% | 80% | 75% | 70% | 65%
40% | 1.00 | 1.00 | 0.99 | 0.97 | 0.94
Relative 30% | 0.97 | 0.93 | 0.83 | 0.82 | 0.72
Difference | 25% | 0.90 | 0.83 | 0.76 | 0.64 | 0.57
20% | 0.76 | 0.66 | 0.57 | 0.49 | 0.42

If the success of the best treatment will be higher, the total sample size of 150 patients allows a reasonable
power to detect smaller relative differences. For the opposite scenario, a higher sample size would be
needed: if the best treatment will show an efficacy of only 65%, a reasonable power to detect a 30%
difference could be reached with about 170 randomized patients.

A conservative estimation of ten centers recruiting each 5 patients per year for three years will be needed
for completion of this study. The follow-up per patient is going to be 1 month; therefore the total duration
of the study should be about 3-4 years.

As a representative example, the Brigham and Women’s hospital, whose size corresponds to the average
size of the other potentially participating centers, treated in the period July 2004-June 2005 (12 months) 10
patients eligible for this study.

One interim analysis after randomization of 100 patients will be performed using the Haybittle-Peto
stopping rules (p<0.001) by the Data Safety Monitoring.

VII. Risks and discomforts:

The participating patients should not experience additional risks or discomfort as compared to patients in
the same clinical condition not participating in the study.

Drug-determined adverse effects:



http://www.health.ucalgary.ca/%7Erollin/stats/ssize/b2.html

e Propofol: PRO infusion syndrome (potentially fatal cardiocirculatory and metabolic breakdown,
uncommon); hypotension, transitory extrapyramidal movements (common) (Claassen 2002,
Vasile 2003, Rossetti 2004).

e Barbiturates: hypersensitivity reaction (uncommon), hypotension (common) (Claassen 2002).

Adverse effects related to coma-induction (uncommon):
e  Pulmonary infection, sepsis.
e  Vein thrombosis, embolism.
e  Decubitus.

VI1I1. Potential benefits:

No additional benefits other than careful monitoring of side effects may be expected for participating as
compared to non-participating patients.

This study, being the first prospective one in this field, may represent an important step in clinical research
of SE, leading to the optimization of the treatment of refractory SE.

1X. Monitoring and quality assurance

It is extremely unlikely that one or the other study drug will show an unexpected side effect, since all drugs
have been used at least for more than 15 years for this indication.

Informed consent should be administered to surrogates (proxy), since both investigation drugs represent to
date standard treatments in the investigated clinical condition; furthermore, they have to be administered in
an emergency setting to mostly unconscious patients.

A Data Safety Monitoring will receive monthly data updates and will be notified within 24 hours of serious
adverse events. Dr. Malin Maeder-Ingvar, Child Epileptologist at the University Hospital of Lausanne
(CHUV), Switzerland, has been designated for this task. She is not an investigator for this study. She will
be working together with a certified ICU specialist. Since the study is unblinded for the PIs, the role of the
Data Safety Monitoring is to quickly provide them with summary data (i.e., primary endpoint, mortality)
justifying an early interruption of the study.

X. References

. ACCP/AARC/SCCM Task Force. Evidence-based guidelines for weaning and discontinuing ventilatory support. Chest
2001;120 (Suppl 6):375S-395S.

. Alldredge BK, Gelb AM, Isaacs SM, et al. A comparison of lorazepam, diazepam, and placebo for the treatment of out-of-
hospital status epilepticus. N Engl J Med 2001;345:631-7.

e  Bayliff CD, Schwartz ML, Hardy BG. Pharmacokinetics of high-dose pentobarbital in severe head trauma. Clin Pharmacol
Ther 1985;38:457-461.

e  Beyenburg S, Bauer J, Elger CE. Therapie des generalisierten tonisch-klonischen Status epilepticus im Erwachsenenalter.
Nervenarzt 2000 Feb;71:65-77.

e  Bleck TP. Refractory status epilepticus in 2001. Editorial. Arch Neurol 2002;59:188-189.

. Charlesworth P, Jacobson I, Richards CD. Pentobarbitone modulation of NMDA receptors in neurons isolated from the rat
olfactory brain. Br J Pharmacol 1995;116:3005-3013. Erratum in Br J Pharmacol 1996;117:1370.

e  Claassen J, Hirsch LJ, Emerson RG, Mayer SA. Treatment of refractory status epilepticus with pentobarbital, propofol, or
midazolam: a systematic review. Epilepsia 2002;43:146-153.

. Claassen J, Hirsch LJ, Mayer SA. Treatment of status epilepticus: a survey of neurologists. J Neurol Sci 2003;211:37-41.

. Coeytaux A, Jallon P, Galobardes B, Morabia A. Incidence of status epilepticus in French-speaking Switzerland
(EPISTAR). Neurology 2000;55:693-697.

e  Commission on epidemiology and prognosis, International League against Epilepsy. Guidelines for epidemiologic studies
on epilepsy. Epilepsia 1993;34:592-596.

. Cordato DJ, Mather LE, Gross AS, Herkes GK. Pharmacokinetics of thiopental enantiomers during and following
prolonged high-dose therapy. Anesthesiology 1999;91:1693-1702.

. Cramer OL, Moons KG, Bouman EA, Kruijswijk JE, de Smet AM, Kalkman CJ. Long-term propofol infusion and cardiac
failure in adult head-injured patients. Lancet 2001;357(9250):117-118.



De Lorenzo RJ, Hauser WA, Towne AR, et al. A prospective, population-based epidemiologic study of status epilepticus in
Richmond, Virginia. Neurology 1996;46:1029-1035.

Lowenstein DH, Alldredge BK. Status epilepticus. New Engl J Med 1998;388:970-976.

Hans P, Bonhomme V, Collette J, Albert A, Moonen G. Propofol protects cultured rat hippocampal neurons against N-
methyl-D-aspartate receptor-mediated glutamate toxicity. J Neurosurg Anesthesiol 1994;6:249-253.

Holtkamp M, Masuhr F, Harms L, Einhaupl KM, Meierkord H, Buchheim K. The management of refractory generalised
convulsive and complex partial status epilepticus in three European countries: a survey among epileptologists and critical
care neurologists. J Neurol Neurosurg Psychiatry. 2003;74:1095-1099.

Holtkamp M, Othman J, Buchheim K, Meierkord H. Predictors of refractory status epilepticus treated in a neurological
intensive care unit. J Neurol Neurosurg Psychiatry 2005;76:534-539.

Jevtovic-Todorovic V, Wozniak DF, Powell S, Olney JW. Propofol and sodium thiopental protect against MK-801-induced
neuronal necrosis in the posterior cingulated/retrosplenial cortex. Brain Res 2001;913:185-189.

Kress HG, Segmueller R. Intravenous anesthetics and human neutrophil granulocyte motility in vitro. Anaesthesist
1987;26:356-361.

Krishnamurthy KB, Drislane FW. Depth of EEG suppression and outcome in barbiturate anesthetic treatment of status
epilepticus. Epilepsia 1999;40:759-762.

Leppik IE, Derivan AT, Homan RW, Walker J, Ramsay RE, Patrick B. Double-blind study of lorazepam and diazepam in
status epilepticus. JAMA 1983;249:1452-4.

Lowenstein DH, Alldredge BK. Status epilepticus. New Engl J Med 1998;388:970-976.

Marik PE. Propofol: therapeutic indications and side-effects. Curr Pharm Des 2004;10:3639-3649.

Mayer SA, Claassen J, Lokin J, Mendelsohn F, Dennis LJ, Fitzsimmons BF. Refractory status epilepticus frequency, risk
factors, and impact on outcome. Arch Neurol 2002;59: 205-210.

Orser BA, Bertlik M, Wang LY, MacDonald JF. Inhibition by propofol (2,6 di-isopropylphenol) of the N-methyl-aspartate
subtype glutamate receptor in cultured hippocampal neurons. Br J Pharmacol 1995;116:1761-1768.

Parviainen I, Uusaro A, Kalviainen R, Kaukanen E, Mervaala E, Ruokonen E. High-doses thiopental in the treatment of
refractory status epilepticus in intensive care unit. Neurology 2002;59:1249-1251.

Perucca E, personal communication, June 20 2005.

Piatt JH, Schiff SJ. High dose barbiturate therapy in neurosurgery and intensive care. Neurosurgery 1984;15:427-444.
Prasad A, Worrall BB, Bertram EH, Beck TP. Propofol and Midazolam in treatment of refractory status epilepticus.
Epilepsia 2001;42:380-386.

Rogawski MA, Loscher W. The neurobiology of antiepileptic drugs. Nature Reviews Neuroscience 2004;5:553-564.
Rogers KM, Dewar KM, McCubbin TD, et al. Preliminary experience with ICI 35868 as an i.v. induction agent:
comparison with althesin. Br J Anaesth 1980:52:807-810.

Rossetti AO, Reichhart MD, Schaller MD, Despland PA, Bogousslavsky J. Propofol treatment of refractory status
epilepticus: a study of 31 episodes. Epilepsia 2004;45:757-763.

Rossetti AO, Logroscino G, Bromfield EB. Refractory status epilepticus. Effect of treatment aggressiveness on prognosis.
Arch Neurol 2005;62:1698-1702.

Schor NF, Riviello JJ. Treatment with propofol. The new status quo for status epilepticus? Neurology 2005;65:506-507.
Stecker MM, Kramer TH, Raps EC, O'Meeghan R, Dulaney E, Skaar DJ. Treatment of refractory status epilepticus with
propofol: clinical and pharmacokinetic findings. Epilepsia 1998;39:18-26.

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

Treiman DM, Walton NY, Collins JF. Treatment of status epilepticus if first drug fails. Epilepsia 1999;40 (Suppl 7):243.
(Abstract)

Turcant A, Delhumeau A, Premel-Cabic A, et al. Thiopental pharmacokinetics under conditions of long-term infusion.
Anesthesiology 1985;63:50-54.

Van Ness PC. Pentobarbital and EEG burst-suppression in treatment of status epilepticus refractory to benzodiazepines and
phenytoin. Epilepsia 1990;31:61-67.

Vasile B, Rasulo F, Candiani A, Latronico N. The pathophysiology of the propofol infusion syndrome: a simple name for a
complex syndrome. Intensive Care Med 2003;29:1417-1425.

Wessen A, Persson PM, Nilsson A, Hartvig P. Clinical pharmacokinetics of propofol given as a constant-rate infusion and
in combination with epidural blockade. J Clin Anesth 1994;6:193-198.

Zhan RZ, Fujiwara N, Yamakura T, Taga K, Fukuda S, Shimoji K. Differential inhibitory effects of thiopental, thiamylal
and Phenobarbital on both voltage-gated calcium channels and NMDA receptors in rat hippocampal slices. Br J Anaesth
1998;81:932-939.

Zhan RZ, Qi S, Wu C, Fujihara H, Taga K, Shimoji K. Intravenous anesthetics differentially reduce neurotransmission
damage caused by oxygen-glucose deprivation in rat hippocampal slices in correlation with N-methyl-D-aspartate receptor
inhibition. Crit Care Med 2001;29:808-813.

Zhu H, Cottrell JE, Kass IS. The effect of thiopental and propofol on NMDA- and AMPA-mediated glutamate
excitotoxicity. Anesthesiology 1997;87:944-951.



Refractory Status epilepticus study Patient’s form

Center # | Pt. Initials | D.0.B | Gender | Pregnancy test

Historical data

Known for previous seizures (circle the right answer) Yes No

If yes, AED used regularly at the beginning of this SE episode Level Level
known | unkwown

Estimated latency SE beginning — SE treatment institution (hr.)

Functional score before SE episode
(0 = completely independent; 1 = partially dependent; 2 = dependent)

Da¥ 0 gdate: 2; before stud¥ treatment institution

SAPS2 score

Worst seizure type before SE treatment institution
(SP, CP, GC, NCSEC)

Level of consciousness before SE treatment institution
(alert, somnolent, stuporous, comatose)

AED co-medication Level known | Level unknown

S EI I N

Glucose (mmol/l)

CK (U/l)

Triglycerides (mmol/l)

Lactate (mmol/l)

CRP (specify units)

Study drug elected by randomization
Instituted at (time)

Initial dosage (ma/kag/h, after the bolus)




Center # | Pt. Initials | D.0.B | Gender

Days +1 - +9 (fill in until 48hr after treatment evaluation has been performed):

Day
1

Day
2

Day
3

Day 4

Day 5

Day
6

Day 7

Day 8

Day 9

Average dosage of study drug (mg/kg/h)

50% weaning of the study drug (give time)

AED co-medication (with level, if known)

1.

@AW

7

Central temperature > 37 °C (mark if yes)

Desaturation <90% (mark if yes)

Cardiac arrhythmia requiring treatment

Glucose (mmol/l)

CK (UN

Triglycerides (mmol/l)

Lactate (mmol/l), AM

Lactate (mmol/l), PM

CRP (mg/l)

Proven Infection (mark what kind)

Class of administered Antibiotics

Proven Deep Vein Thrombosis

Proven Pulmonary Embolism

Severe Hypotension requiring treatment

Mechanical ventilation

SE untreated

SE treated (decisive AED, hr.)

Interruption of study drug (reason)

Death, cause

Intermediate assessment (21 days after treatment institution)

Mechanical ventilation until day after treatment institution

SE etiology: description

SE etiology: defined after ILAE

Functional score

(O=completely independent; 1=partially dependent; 2=dependent; 3=dead)

Date of death, cause

Final assessment (3 months after treatment institution)

Functional score

(O=completely independent; 1=partially dependent; 2=dependent; 3=dead)

Date of death, cause




Centers in USA Investigator email # IRB Open Recr.

Brigham and Women’s Hospital, Boston MA Dr. E. Bromfield | ebromfield@partners.org 11 yes 07/06 4
(P1 USA)

Massachusetts General Hospital, Boston MA Dr. A. Cole acolel@partners.org 12 yes 11/06 3

Beth Israel & Deaconess Medical Center, Boston | Dr. F. Drislane fdrislan@bidmc.harvard.edu

MA

U-Mass. Medical Center, Worchester MA Dr. C. Phillips PhillipC@ummhc.org; 13 yes 04/07
Dr. J. Narayanan | narayanj@ummhc.org

Brown University Medical Center, Providence, Dr. A. Blum ABlum@Lifespan.org

RI

Dartmouth-Hitchcock Medical Center, Lebanon, | Dr. B. Jobst Barbara.C.Jobst@Hitchcock.org 14 yes 02/08

NH

Centers in Switzerland (CH) Investigator email

Centre Hospitalier Universitarie Vaudois, Dr. A. Rossetti andrea.rossetti@chuv.ch 1 yes 06/06 8

Lausanne (PI CH)

Hopital Cantonal et Universitaire, Genéve Dr. M. Seeck Margitta.Seeck@hcuge.ch 4 yes 11/06 2

Kantonsspital Sankt Gallen Dr. B. barbara.tettenborn@kssg.ch 3 yes 05/07
Tettenborn dominique.fluegel @kssg.ch

Universtitatsspital Basel Dr. S. Rilegg srueegg@uhbs.ch 2 yes 10/06

Inselspital Bern Dr. J. Mathis mathis@insel.ch 6 yes 08/07 4

Ospedale Regionale Lugano Dr. C. Stadler claudio.staedler@eoc.ch 7

Spitalzentrum Biel/Centre hospitalier Bienne Dr. F. Donati filippo.donati@szb-chb.ch 5 yes 08/07



mailto:PhillipC@ummhc.org
mailto:narayanj@ummhc.org
mailto:barbara.tettenborn@kssg.ch

	Interruption criteria:
	Sample size:

	RSE-Form.pdf
	Mechanical ventilation
	Death, cause
	Mechanical ventilation until day after treatment institution
	SE etiology: description
	SE etiology: defined after ILAE

	CentersShort.pdf
	Centers in USA
	#
	IRB 
	Open
	Recr.



