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ABSTRACT - An historical overview is provided regarding the use of ben-
zodiazepines for the treatment of acute prolonged convulsive seizures. It
is clear that intravenous benzodiazepines remain a first step for the in-
hospital treatment of prolonged seizures or status epilepticus. However,
in the community, in a pre-hospital situation, intravenous administration is
not possible. In recent years, it was shown that rectal, buccal, intranasal,
and intramuscular administration of benzodiazepines is very effective as a
first and safe treatment step. In many cases, rectal diazepam is not socially
acceptable anymore, and therefore more emphasis is now put on buccal,
intranasal, and intramuscular administration. At present, based on the avail-
able data, midazolam is the product of choice for the acute treatment of
prolonged convulsive seizures.
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The risks of acute and especially
prolonged convulsive seizures are
now well established. Apart from
possible secondary injuries (e.g.
head trauma, drowning, and burn-
ing), prolonged seizures can induce
significant medical emergencies
such as cardiac arrhythmias, lung
congestion, liver failure, and rhab-
domyolysis (Jovic et al, 2011;
Kravljanac et al., 2011; Varelas et al.,
2013). Increased seizure duration is
associated with increased morbid-
ity. The effects of prolonged seizures
on the epileptogenic process is still
a matter of debate, but preliminary

data from the FEBSTAT study indi-
cate that a prolonged febrile seizure
can entail MRI-visible changes in
about 10% of the children scanned
within 72 hours of their seizure (see
also Van Landingham et al. [1998]).
Some of these children will go on to
develop mesial temporal sclerosis
and concurrent refractory temporal
lobe epilepsy (Shinnar et al., 2012;
Harden, 2013; Yoong et al., 2013). By
definition, a prolonged convulsive
seizure is the start of an imminent
status epilepticus and appropriate
action to stop the seizure is there-
forewarranted. Itis reassuringto see
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that many doctors now include an acute seizure treat-
ment protocol in their overall epilepsy treatment plan
(Lagae, 2011; Wait et al., 2013). Until recently, acute
treatment was still reserved for a medical setting,
such as an ambulance or the emergency department.
Since a critical turning point for developing status
epilepticus is at around 5-10 minutes of seizure activ-
ity, initial action in a medical setting might already
be too late (Shinnar et al.,, 2001). Smith et al. (1996)
showed that 80% of the seizures lasting for more than
five minutes will continue for >30 minutes. There-
fore, attention has shifted towards “pre-hospital” and
“community-based” treatment options. This implies
thatafirst-treatmentaction could also be administered
by non-medically trained people, such as parents,
teachers, or a partner of the patient. It is very clear
from the community-based study of Chin et al. (2008)
that pre-hospital treatment significantly reduces the
duration of status epilepticus.

This first step in the treatment of a convulsing patient
should therefore be effective, simple, and safe. In this
review, we will therefore focus on the benzodiazepines
(BZP), as these are the most potent and direct-acting
drugs to stop an ongoing seizure. In particular, we
will discuss the non-intravenous use of BZP, as these
are the possible drug formulations for treatment in
pre-medical community settings. The mechanism of
BZP is well known; BZP activate the GABA-A receptor,
thereby inducing a hyperpolarisation with a decrease
of excitability (for a detailed review on BZP mechanism
and GABA receptors, see, for instance, Galanopoulou
[2008] and Sankar [2012]).

The gold standard:
intravenous benzodiazepines

The study of Alldredge et al. (2001) is a pivotal study
that illustrates the efficacy of intravenous BZP in
status epilepticus. In this study, 258 adults with a status
epilepticus were randomly assigned to three treatment
groups: lorazepam (2 mg), diazepam (DZP) (5 mg),
or placebo. This pre-hospital treatment was given by
trained ambulance personnel. In about 30% of the two
active study groups, a second similar dose of the study
drug was given. This was similarly performed for 50%
of the placebo group. One of the primary outcome
parameters was the cessation of the status epilepticus
upon arrival at the emergency department of the
hospital. In both active treatment groups (lorazepam
and DZP), the mean duration of the prolonged seizure
was around 30 minutes (lorazepam: 34+17.8 minutes;
DZP: 31.3+£14.5 minutes; placebo 46.7+38.8 minutes),
indicating that indeed the majority of patients
suffered from a status epilepticus, if one accepts the
30-minute-duration definition of status epilepticus.

Clinical efficacy of BZP for prolonged seizures

More than 50% of all patients were known to have
epilepsy and one of the most frequent causes (in
overall around 20%) of their status epilepticus was
a chronic antiepileptic drug level in the blood that
was too low, probably illustrating the well known,
but underestimated, low treatment compliance in
epilepsy. Inthe three groups, ittook around 16 minutes
to get to the emergency department. In the lorazepam
and DZP groups, the status epilepticus was terminated
in 59.1 and 42.6%, respectively. In the placebo group,
spontaneous cessation was observed in only 21.1%.
Although this difference between active treatmentand
placebo is very clear, one should notignore thatalarge
group continued to have a status epilepticus even after
BZP treatment. One of the most likely explanations
is the delayed administration of adequate rescue
drugs, again a strong argument to start treatment in
the community, before the arrival of medically trained
personnel. Further analysis showed that lorazepam
was significantly more effective than DZP. This find-
ing represented the start to promote intravenous
lorazepam as the first step in the majority of treatment
protocols of status epilepticus. The study also demon-
strates the high morbidity of status epilepticus; 47.8%
(DZP group), 56.9% (LZP group), and 63% (placebo
group) of patients had to be admitted to intensive
care for further diagnosis and treatment. Neurological
deficits at hospital discharge were observed in around
16%. Perhaps even more illustrative were the mortality
data; in the LZP and DZP groups, this was 7.7 and
4.5%, respectively, but as high as 15.7% in the placebo

group.

Influential non-intravenous BZP studies

Probably, the first study using rectal DZP for the treat-
ment of acute seizures was published in 1979 by
Knudsen (1979). Rectal DZP (<3 years: 5-7.5 mg; >3
years: 7.5-10 mg) was given to 44 children with 59
seizure episodes. Children were between six months
and five yearsand all seizures were generalised convul-
sive seizures. Of the 59 seizures, 35 were febrile
seizures. With regards to febrile and non-febrile
seizures, the results were the same, and 80% of the
treated seizures (43/54) stopped within 5 minutes.
Another 7/54 of the seizures stopped after subsequent
intravenous administration of DZP. A post hoc analysis
showed that earlier administration of rectal DZP was
associated with a higher chance of success; if given
before 15 minutes of seizure duration, seizures were
stopped in 96%. Later treatment (>15 minutes) was
successful in 57%, which is indeed comparable to the
data reported in the Alldredge study. In the Knudsen
study, the rectal DZP administration did not cause any
significant respiratory depression.
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Respiratory depression clearly is the most important
possible side effect to deal with, but, as was already
shown in this DZP study, it should not be over-
emphasized. In this respect, the study of Chin et al.
(2008) clearly showed that respiratory depression can
be observed only after two or more dosages of BZP.
This was also confirmed in a recent study by Spatola et
al. (2013). Therefore, when necessary, it is advocated to
give a second dosage of BZP, but under medical super-
vision and best in a setting where respiratory support
can be given.

The study of Dreifuss et al. (1998), albeit using a
different study design and outcome parameters, basi-
cally confirms the Knudsen study. In the Dreifuss study,
feasibility of rectal DZP gel for prolonged seizuresin a
home-based setting was studied. Rectal DZP (0.5 mg/kg
for children 2 to 5 years of age, 0.3 mg/kg for chil-
dren 6 to 11 years of age, and 0.2 mg/kg for patients
12 or older) was compared to placebo. One of the
efficacy outcome parameters was the recurrence of a
seizure within an observation period following admin-
istration (12 hours for children). In the DZP group, 62%
remained seizure-free in the next 12 hours, whereas
this was the case in only 24% in the placebo group.
The time to first seizure recurrence was significantly
longer in the DZP group than in the placebo group.
Concerning side effects, respiratory depression was
not reported in the patients receiving DZP. Only som-
nolence was observed more frequently in the DZP
group (33%) than in the placebo group (11%). The fact
that somnolence was also observed in the placebo
group illustrates that this is a possible and well-known
post-ictal phenomenon, and that not all sleepiness or
somnolence should be attributed to BZP treatment.
This Dreifuss study was very influential, and rectal
DZP has since become the non-intravenous standard
againstwhichall other BZP preparations are compared.

Rectal administration of medication is not always easy
and is no longer socially acceptable, especially for
older children or adults. Other routes of administra-
tion and other BZP were therefore examined. Scott
et al. (1999) compared buccal midazolam (MDZ) (at a
dosage of 10 mg; 40 seizures in 14 patients) with rectal
DZP (atadosage of 10 mg; 39 seizures in 14 patients). All
patients were children or adolescents, older than five
years, presenting with prolonged seizures. Basically,
this study clearly showed equal efficacy for both drugs;
75% of the seizures treated with buccal MDZ and 59%
of the seizures treated with rectal DZP were respon-
sive to the treatment. The median time between drug
administration and end of the seizures was somewhat
shorter for buccal MDZ (median: 6 minutes; range: 4-10
minutes) than for rectal DZP (median: 8 minutes; range:
4-12 minutes), but this difference was statistically not
significantly different (p=0.31).

The study of MclIntyre et al. (2005) examined in more
detail, and in a larger patient group, the efficacy of
buccal MDZ versus rectal DZP; 109 prolonged seizure
episodes were treated with buccal MDZ and 110 with
rectal DZP. In this study, the time to stop the seizures
was significantly shorter for buccal MDZ (median: 8
minutes; range: 5-20) than for rectal DZP (median: 15
minutes; range: 5-31 minutes; p=0.01). In the MDZ
group, 65% of the seizures stopped within 10 minutes,
whereas this was the case in 41% of the DZP group.
This difference in efficacy is also reflected in another
outcome parameter; whereas subsequent intravenous
lorazepam was required in 33% of the MDZ group, it
was required in 57% of the DZP group. In addition, this
study also investigated how many seizures recurred
within one hour after initial success, defined as seizure
cessation within 10 minutes. Again, there was clear dif-
ference between the two groups; early recurrence was
observed in 14% in the MDZ group and in 33% in the
DZP group. In this study, respiratory depression was
carefully monitored and was defined as a fall in oxygen
saturation or decrease in respiratory effort, sufficient
to require assisted breathing. The rate of respiratory
depression was very similar in both groups; 5 and 6%
in the MDZ and DZP group, respectively.

The largest study comparing buccal MDZ to rectal
DZP was performed in Uganda (Mpimbaza et al., 2008)
and included 330 patients, 50% assigned to rectal DZP
and 50% to buccal MDZ. The dosage for both drugs
was similar: 2.5 mg for 3-11 months of age, 5 mg for
1-4 years, 7.5 mg for 5-9 years, and 10 mg for 10-12
years. The direct cause for the prolonged seizure was
malaria in more than 60% in both groups. Similar out-
come parameters to those used in the Mclntyre study
were included; seizure cessation 10 minutes after drug
administration. Overall, there were no significant dif-
ferences between the two treatment arms, but buccal
MDZ was more effective in the non-malaria group;
seizures treated with buccal MDZ stopped within 10
minutes in 74% (36/49), whereas this was the case in
only 45% in the rectal DZP group (26/59; p=0.02). Look-
ing in more detail, the median time for cessation of
the seizure was around 4.5 minutes in the overall pop-
ulation and was not different between the MDZ and
DZP groups. However, as in the Mclntyre study, recur-
rence within one hour after initial success of the drug
was higher in the DZP group (17.5%) than in the MDZ
group (8%; p=0.026). Recurrence rate within 24 hours
after initial success was also investigated, and was in
fact relatively high in both groups; 46.3 and 39.1%
in the DZP and MDZ group, respectively. Recurrence
occurred earlier in the DZP group (median: 1.81 hours)
than in the MDZ group (median: 5.11 hours; p=0.001).
Although this study indeed dealt with a rather unique
population, it basically confirms the Mclntyre study,
with data showing a better overall efficacy of MDZ.

S46

Epileptic Disord, Vol. 16, Supplement 1, October 2014



Talukdar and Chakrabarty (2009) compared the effi-
cacy of buccal MDZ (n=60) to intravenous DZP (n=60).
This study allows us to look at the time differences
induced by the necessary handling and preparation of
the medication. It is expected that preparation of an
intravenous drug will take more time than that for a
drug for buccal administration. Essentially, both treat-
ments were overall equally effective; seizures were
controlled in 93% in the intravenous DZP group and
in 85% in the buccal MDZ group. Post-hoc analy-
sis did show a significant difference when different
convulsive seizure types were considered, and com-
plex partial seizures reacted better to intravenous DZP
than to buccal MDZ; 100% versus 63.6%, respectively
(p=0.01). For generalised tonic-clonic seizures, no dif-
ferences were found (efficacy was measured ataround
90% for both). The treatmentinitiation time (the time to
deliver the medication) was, as expected, significantly
longer for the intravenous preparation than for the
buccal preparation; it took about twice as long to get
the intravenous preparation ready. On the other hand,
and again not surprising, the time for the drug to take
effect was much shorter in the intravenous DZP group;
mean time of 1.1 minutes for the intravenous DZP
group versus 1.6 minutes for the buccal MDZ group
(p<0.001). Overall, however, the time from seizure start
to cessation was shorter in the MDZ group (mean: 2.39
minutes versus 2.98 minutes; p=0.004), indicating that
the shorter preparation time of the medication sig-
nificantly contributed to the success rate. However,
one should not over-emphasize these, albeit small,
time differences. The authors did conclude that their
common practice to use intravenous medication as
a first-line approach could indeed be replaced by
the much easier buccal administration, if intravenous
access was not easily possible.

Anotherway to deliver MDZ is the intranasal route, and
in some countries this way of delivering MDZ is clearly
preferred. In 2010, Holsti et al. published a study with
a classic design, comparing intranasal MDZ (0.2 mg/kg;
n=50) to rectal DZP (0.3-0.5 mg/kg; n=42) (Holsti et al.,
2010). In the intranasal MDZ group, there was a shorter
median cessation time compared to the DZP group (1.3
minutes faster; p=0.09). Further analysis also showed
that intranasal administration is safe, although more
children in the intranasal group (6%) needed extra
oxygen compared to the intrarectal group (2%). This
difference was not statistically significant.

Lahat et al. (2000) published their small randomised
study, comparing intranasal MDZ (0.2 mg/kg) to intra-
venous DZP (0.3 mg/kg). In this study, BZP were used
to treat febrile seizures in young children. Overall,
both medications were equally effective if one looked
at seizure cessation at 10 minutes; 23 of 26 seizures
responded to initial treatment with intranasal MDZ

Clinical efficacy of BZP for prolonged seizures

and 24 of 26 responded to intravenous DZP. None of
the treated children had clinical signs of respiratory
depression. As in the Talukdar study, it took longer for
the intravenous formulation to work, only because of
the time needed to prepare drug administration.

In 2012, the first results of the RAMPART study (Rapid
Anticonvulsant Medication Prior to Arrival Trial) were
published (Silbergleit et al., 2012); the largest study on
the use of BZP for the treatment of pre-hospital sta-
tus epilepticus. This study was performed in children
and adults and compared intramuscular MDZ (10 mg
if body weight >40 kg) with intravenous lorazepam
(4 mg). With regards to intention to treat, 448 patients
were listed in the MDZ group and 445 patients in
the lorazepam group. For this study, an autoinjector
device was designed for rapid intramuscular injec-
tion of MDZ. Looking at the aetiologies of long-lasting
seizures, about 30% were due to non-compliance or
discontinuation of the prescribed antiepileptic drugs,
and therefore, perhaps theoretically, preventable.
Seizures were arrested without additional rescue med-
ication at arrival at the hospital (=primary outcome) in
73.4% in the intramuscular MDZ group and 63.4% in
the intravenous lorazepam group. Here also, detailed
timing analysis of the different treatment steps was
provided. Time to administration of active treatment
was significantly lower in the intramuscular MDZ
group than in the intravenous lorazepam group (1.2
versus 4.8 minutes). On the other hand, time from
active treatment to cessation of seizures was signi-
ficantly shorter in the intravenous lorazepam group
(1.6 versus 3.3 minutes), but this did not make up
for the much faster preparation of the drug; over-
all, time from opening the box to cessation of the
convulsions was still shorter for the intramuscular
MDZ group. However, importantly, the large major-
ity of seizures stopped well before 10 minutes in both
groups.

Safety was assessed as one of the secondary endpoints.
Inboth groups, about 14% required endotracheal intu-
bation within 30 minutes after arrival at the emergency
room. Most likely, this reflects the fact that the seizures
did not stop in all patients and that more intensive care
and second/third-line agents were needed to stop the
seizures in these patients. It is therefore difficult to
understand in how many patients this ventilatory sup-
port was needed because of pure drug side effects.
Recurrence of seizures within 24 hours, again, was
not different between both groups; 11.4 and 10.6%
in the MDZ and lorazepam group, respectively. This
large study clearly shows that intramuscular adminis-
tration of MDZ is also a valuable option for treating
long-lasting seizures. A primary condition remains
the availability of a well-designed autoinjector with
adjustable dosages for infants, children, and adults.
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In 2010, McMullan et al. published a meta-analysis
comparing DZP to MDZ for the treatment of status
epilepticus in children and young adults (McMullan
etal.,2010). All routes of drug administration were con-
sidered (intravenous, intramuscular, intrarectal, and
intranasal). This study was undertaken before the
publication of the RAMPART study. It should be noted
that the definition of status epilepticus was variable
but included definitions such as convulsions of >5 or
10 minutes, or convulsions upon entering the emer-
gency room. This study therefore focused more on the
effect of medication for prolonged seizures than for
“classic” status epilepticus (>30 minutes duration of
seizures). At that time, only six publications fulfilled
the criteria for an adequate meta-analysis. Taking into
account the small number and heterogeneity of the
studies (especially with regards to route of administra-
tion), this analysis nevertheless confirmed that MDZ
was superior to DZP (the risk ratio for MDZ to be
superior was 1.52 [95% CI: 1.27-1.82]). Moreover, DZP
was not effective in 170/386 seizures, and MDZ was
not effective in 112/388 seizures. Respiratory safety
was also analysed. Both drugs were equally safe in
that respect; respiratory depression occurred in 3/375
seizures treated with DZP and in 2/375 seizures treated
with MDZ.

Although almost no studies have been performed
with intravenous or rectal MDZ, there is also limited
experience with other diazepines and especially
lorazepam (for an overview see Anderson and Saneto
[2012]). Because of the superior results with intra-
venous lorazepam, it is indeed logical also to consider
this product for non-intravenous use.

In 2011, Arya et al. (2011) published the results of
their study comparing intravenous lorazepam (70
children) versus intranasal lorazepam (71 children).
Dosage for both routes of administration was 0.1 mg/kg
(max: 4 mg). Randomisation occurred at hospital
entrance, hence the duration of the ongoing seizures
was very variable but comparable in both groups.
Both routes of administration were equally effective;
seizure termination occurred within 10 minutes in 80
and 83.1% in the intravenous and intranasal group,
respectively.

Ahmad et al. (2006) also found intranasal lorazepam
to be a valid alternative for the treatment of pro-
longed seizures. They compared intranasal lorazepam
with intramuscular paraldehyde and reported seizure
cessation within 10 minutes in 75% in the intranasal
lorazepam group versus 61.3% in the intramuscular
paraldehyde group. Furthermore, in the lorazepam
group, fewer patients required additional anticonvul-
sant agents compared to the paraldehyde group. They
also confirmed the cardio-respiratory safety in both
treatment arms.

Concluding remarks

This short review of the clinical use of BZP for the treat-
ment of long-lasting convulsive seizures illustrates
that we do have effective drugs to stop the ongoing
seizures in the majority of cases. Since early treatment
to prevent status epilepticus is mandatory, non- intra-
venous use should be advocated. Rectal administration
is no longer preferred, mainly because of social rea-
sons, but also because of overall lower efficacy. MDZ
is nowadays the drug of choice, with buccal, intranasal,
or intramuscular routes of administration. For the use
of possible alternative drugs, further details can be
found in the review of this supplement by Chin (2014).
Because first-line treatment should also be given by
non-medical specialists, any treatment option should
be simple and easy to use, with minimum handling
and without any calculations to determine dosage.
Only then can we hope for an earlier and more effec-
tive treatment of prolonged convulsive seizures, with
eventually less status epilepticus and co-morbidities.
There is an ongoing debate about who should be
selected for acute treatment. Should every patient with
epilepsy be informed and instructed about acute treat-
ment options or should this be reserved for only those
epilepsy syndromes with a high likelihood of develop-
ing long-lasting seizures? This debate should not be
used as an argument to avoid discussion of acute treat-
ment options for the majority of epilepsy patients. [

Disclosures.

Lieven Lagae received consultant honoraria from EISAI,
Cyberonics, Brabant Pharma, and Virpharma.

The author has no conflicts of interests to declare.

References

Ahmad S, Ellis JC, Kamwendo H, Molyneux E. Efficacy and
safety of intranasal lorazepam versus intramuscular par-
aldehyde for protracted convulsions in children: an open
randomised trial. Lancet 2006; 367: 1591-7.

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

Anderson GD, Saneto RP. Current oral and non-oral routes of
antiepilepticdrug delivery. Adv Drug Deliv Rev2012; 64: 911-8.

Arya R, Gulati S, Kabra M, Sahu JK, Kalra V. Intranasal ver-
sus intravenous lorazepam for control of acute seizures
in children: a randomized open-label study. Epilepsia
2011;52:788-93.

Chin RF, Neville BG, Peckham C, Wade A, Bedford H, Scott RC.
Treatment of community-onset, childhood convulsive status
epilepticus: a prospective, population-based study. Lancet
Neurol 2008; 7: 696-703.

S48

Epileptic Disord, Vol. 16, Supplement 1, October 2014


http://www.ncbi.nlm.nih.gov/pubmed?term=Efficacy and safety of intranasal lorazepam versus intramuscular paraldehyde for protracted convulsions in children: an open randomised trial
http://www.ncbi.nlm.nih.gov/pubmed?term=A comparison of lorazepam, diazepam, and placebo for the treatment of out-of-hospital status epilepticus
http://www.ncbi.nlm.nih.gov/pubmed?term=Current oral and non-oral routes of antiepileptic drug delivery
http://www.ncbi.nlm.nih.gov/pubmed?term=Intranasal versus intravenous lorazepam for control of acute seizures in children: a randomized open-label study
http://www.ncbi.nlm.nih.gov/pubmed?term=Treatment of community-onset, childhood convulsive status epilepticus: a prospective, population-based study

Chin RFM. What are the best ways to deliver benzodi-
azepines in children/patients with prolonged convulsive
seizures? Epileptic Disord 2014; 16 (Suppl. 1): S50-8. doi:
10.1684/epd.2014.0684.

Dreifuss FE, Rosman NP, Cloyd JC, et al. A comparison of rec-
tal diazepam gel and placebo for acute repetitive seizures. N
Engl ] Med 1998; 338:1869-75.

Galanopoulou AS. GABA(A) receptors in normal develop-
ment and seizures: friends or foes? Curr Neuropharmacol
2008; 6: 1-20.

Harden C. Findings from the FEBSTAT study: can observations
after a provoked seizure occurrence have broad implications
for epileptogenesis? Epilepsy Curr 2013;13: 143-5.

Holsti M, Dudley N, Schunk J, et al. Intranasal midazolam vs
rectal diazepam for the home treatment of acute seizures in
pediatric patients with epilepsy. Arch Pediatr Adolesc Med
2010; 164: 747-53.

Jovic N, Djuric M, Jankovic B, Pekmezovic T. Outcome of sta-
tus epilepticus in children treated in the intensive care unit:
a study of 302 cases. Epilepsia 2011; 52: 358-63.

Knudsen FU. Rectal administration of diazepam in solution
in the acute treatment of convulsions in infants and children.
Arch Dis Child 1979; 54: 855-7.

Lagae L. Clinical practice: the treatment of acute convulsive
seizures in children. Eur J Pediatr 2011;170: 413-8.

Lahat E, Goldman M, Barr J, Bistritzer T, Berkovitch M. Com-
parison of intranasal midazolam with intravenous diazepam
for treating febrile seizures in children: prospective ran-
domised study. BMJ 2000; 321: 83-6.

Mclintyre ], Robertson S, Norris E, et al. Safety and efficacy
of buccal midazolam versus rectal diazepam for emergency
treatment of seizures in children: a randomised controlled
trial. Lancet 2005; 366: 205-10.

McMullan ], Sasson C, Pancioli A, Silbergleit R. Midazolam
versus diazepam for the treatment of status epilepticus in
children and young adults: a meta-analysis. Acad Emerg Med
2010;17:575-82.

Mpimbaza A, Ndeezi G, Staedke S, Rosenthal PJ, Byarugaba
J. Comparison of buccal midazolam with rectal diazepam in
the treatment of prolonged seizures in Ugandan children: a
randomized clinical trial. Pediatrics 2008; 121: e58-64.

Clinical efficacy of BZP for prolonged seizures

Sankar R. GABA(A) receptor physiology and its relation-
ship to the mechanism of action of the 1,5-benzodiazepine
clobazam. CNS Drugs 2012; 26:229-44.

Scott RC, Besag FM, Neville BG. Buccal midazolam and
rectal diazepam for treatment of prolonged seizures in child-
hood and adolescence: a randomised trial. Lancet 1999; 353:
623-6.

Shinnar S, Berg AT, Moshé SL, Shinnar R. How long do new-
onset seizures in children last? Ann Neurol 2001; 49: 659-64.

Shinnar S, Bello JA, Chan S, et al, FEBSTAT Study Team S. MRI
abnormalities following febrile status epilepticus in children:
the FEBSTAT study. Neurology 2012;79:871-7.

Silbergleit R, Durkalski V, Lowenstein D, et al, NETT Inves-
tigators D. Intramuscular versus intravenous therapy for
prehospital status epilepticus. N Engl | Med 2012;366:
591-600.

Smith RA, Martland T, Lowry MF. Children with seizures
presenting to accident and emergency. J Accid Emerg Med
1996; 13:54-8.

Spatola M, Alvarez V, Rossetti AO. Benzodiazepine overtreat-
ment in status epilepticus is related to higher need of
intubation and longer hospitalization. Epilepsia 2013; 54: €99-
102.

Talukdar B, Chakrabarty B. Efficacy of buccal midazolam
compared to intravenous diazepam in controlling convul-
sions in children: a randomized controlled trial. Brain Dev
2009; 31: 744-9.

Van Landingham KE, Heinz ER, Cavazos JE, Lewis DV. Mag-
netic resonance imaging evidence of hippocampal injury
after prolonged focal febrile convulsions. Ann Neurol
1998; 43:413-26.

Varelas PN, Spanaki MV, Mirski MA. Status epilepticus: an
update. Curr Neurol Neurosci Rep 2013;13:357.

Wait S, Lagae L, Arzimanoglou A, et al. The administration of
rescue medication to children with prolonged acute convul-
sive seizures in the community: what happens in practice?
Eur ] Paediatr Neurol 2013;17:14-23.

Yoong M, Martinos MM, Chin RF, Clark CA, Scott RC. Hip-
pocampal volume loss following childhood convulsive status
epilepticus is not limited to prolonged febrile seizures.
Epilepsia 2013; 54: 2108-15.

Epileptic Disord, Vol. 16, Supplement 1, October 2014

S49


http://www.ncbi.nlm.nih.gov/pubmed?term=A comparison of rectal diazepam gel and placebo for acute repetitive seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=GABA(A) receptors in normal development and seizures: friends or foes?
http://www.ncbi.nlm.nih.gov/pubmed?term=Findings from the FEBSTAT study: can observations after a provoked seizure occurrence have broad implications for epileptogenesis?
http://www.ncbi.nlm.nih.gov/pubmed?term=Intranasal midazolam vs rectal diazepam for the home treatment of acute seizures in pediatric patients with epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Outcome of status epilepticus in children treated in the intensive care unit: a study of 302 cases
http://www.ncbi.nlm.nih.gov/pubmed?term=Rectal administration of diazepam in solution in the acute treatment of convulsions in infants and children
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical practice: the treatment of acute convulsive seizures in children
http://www.ncbi.nlm.nih.gov/pubmed?term=Comparison of intranasal midazolam with intravenous diazepam for treating febrile seizures in children: prospective randomised study
http://www.ncbi.nlm.nih.gov/pubmed?term=Safety and efficacy of buccal midazolam versus rectal diazepam for emergency treatment of seizures in children: a randomised controlled trial
http://www.ncbi.nlm.nih.gov/pubmed?term=Midazolam versus diazepam for the treatment of status epilepticus in children and young adults: a meta-analysis
http://www.ncbi.nlm.nih.gov/pubmed?term=Comparison of buccal midazolam with rectal diazepam in the treatment of prolonged seizures in Ugandan children: a randomized clinical trial
http://www.ncbi.nlm.nih.gov/pubmed?term=GABA(A) receptor physiology and its relationship to the mechanism of action of the 1,5-benzodiazepine clobazam
http://www.ncbi.nlm.nih.gov/pubmed?term=Buccal midazolam and rectal diazepam for treatment of prolonged seizures in childhood and adolescence: a randomised trial
http://www.ncbi.nlm.nih.gov/pubmed?term=How long do new-onset seizures in children last?
http://www.ncbi.nlm.nih.gov/pubmed?term=MRI abnormalities following febrile status epilepticus in children: the FEBSTAT study
http://www.ncbi.nlm.nih.gov/pubmed?term=Intramuscular versus intravenous therapy for prehospital status epilepticus
http://www.ncbi.nlm.nih.gov/pubmed?term=Children with seizures presenting to accident and emergency
http://www.ncbi.nlm.nih.gov/pubmed?term=Benzodiazepine overtreatment in status epilepticus is related to higher need of intubation and longer hospitalization
http://www.ncbi.nlm.nih.gov/pubmed?term=Efficacy of buccal midazolam compared to intravenous diazepam in controlling convulsions in children: a randomized controlled trial
http://www.ncbi.nlm.nih.gov/pubmed?term=Magnetic resonance imaging evidence of hippocampal injury after prolonged focal febrile convulsions
http://www.ncbi.nlm.nih.gov/pubmed?term=Status epilepticus: an update
http://www.ncbi.nlm.nih.gov/pubmed?term=The administration of rescue medication to children with prolonged acute convulsive seizures in the community: what happens in practice?
http://www.ncbi.nlm.nih.gov/pubmed?term=Hippocampal volume loss following childhood convulsive status epilepticus is not limited to prolonged febrile seizures


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier (FOGRA27)
  /Description <<
    /FRA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


