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Immediate management of children's epilepsy is essential before the patient arrives to the hospital. The
purpose of this study was to compare the efficacy of intranasal midazolam vs. rectal diazepam in the
management of acute pediatric seizures. In this cross-sectional study, 68 patients having acute seizure were
evaluated for response to treatment after receiving intra-nasal midazolam (34 patients) or rectal diazepam
(34 patients). Patents were assessed by physicians at the arrival to emergency department for history taking
and examination. Blood samples were assessed for valproate, phenobarbital and phenytoin levels in serum
to determine previous use of antiepileptic drugs. Seizure duration and response time to treatment were
evaluated along with health care utilization and were compared between study groups, by the statistical
package for the social sciences software. Mean age of study participants, sex disturbance, age at onset
of a seizure, type of seizure and prehospital time had not any significant differences between two groups
(p>0.05). The mean response time to diazepam was 8.0+4.9 min and 6.3+2.2 min for midazolam; which
had a significant difference between groups (0.001). Linear regression of serum antiepileptic drug levels in
association of response time in each group was not significant in all case (p>0.05), expect the lamotrigine
serum level in midazolam group (p=0.029). Intranasal midazolam was seen to have a better effect than
rectal diazepam in the management and treatment of acute seizures in children; while antiepileptic drugs
monitoring want helpful in assessing the absolute effect.
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Seizures are a common neurological disorder in the
pediatric age group!!!. The prevalence of this disease is
2-5 % and indicates a major disorder in the central
nervous system®3. Since 10-20 % of children with
epilepsy are still suffering from acute epileptic seizures
despite receiving a variety of Antiepileptic drugs
(AEDs), immediate management of these attacks would
be necessary. Managing acute seizure should be started
out of hospital and in the case of delayed treatment, the
chance of successful response to single drug therapy
would be reduced®. Therefore, rapid control of seizures
by the patient's relatives can be beneficial and result in
less drug use in hospital and shorter duration of
seizures!¥l. Most cases of rectal diazepam are used for
treatment before the patient arrives to emergency
department, but there are drawbacksPl. Firstly, the
maximum plasma concentration of diazepam, obtained
after rectal administration would be achieved 2 to 5 min
later'®), due to slow absorption and low bioavailability
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of rectal diazepam™¢. Secondly, low bioavailability
makes the clinical response in different individuals
considerably different!”l. Midazolam is the a water
soluble benzodiazepine with a half-life of less than
diazepam®. Midazolam could be used in intravenous,
intramuscular, intranasal and rectal routes®™. An efficient
AED should cause less complications and has a good
effectinseizure control®. After intranasal administration
of midazolam, the maximum plasma concentration can
be accessed within 4-5 min. This route of midazolam
administration increases the activity of beta waves in
electroencephalography (EEG)!'”. By administering it
through the nose, by eliminating the need for first
passage of the liver, it will be absorbed rapidly and
directly into the systemic circulation, while being a
non-invasive procedure!'!l, As more patients are using
AEDs to control epilepsy, judgment about the failure or
success of treatment by a single drug in randomized
clinical trial would not be possible without determination
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of blood levels of these drugs. Due to the conflicts of
previous studies, the aim of this study was to compare
the efficacy of rectal diazepam and nasal midazolam in
the control of acute pediatric seizures, along with
monitoring blood AEDs level. This cross sectional
descriptive study lasted from March 2019 to May 2019.
The study was conducted on the pediatric ward of
affiliated Hospital to Jiamusi University. Study was
approved by committee of ethics in research of Jiamusi
University. A previous clinical trial study by Lather et
al. demonstrated the efficacy for control of seizure
episode in the midazolam group and the diazepam
group to be approximately 92.3 % and 65 %,
respectively. Considering this factor, it was calculated
that at least 34 patients were required to be enrolled in
each group (Alpha=0.05, Beta=0.2, Power=0.8). In this
study, 68 patients with acute seizures were enrolled.
Patients who had not received any treatment by parents
before the hospital were included in the study. The
same number of packed equivalent envelopes containing
the name of the drug to be delivered was randomly
distributed. In the pediatric ward, a box containing such
envelopes was held. When an individual was enrolled
in the research, randomization was done by selecting an
envelope to either group and the specified drug was
prescribed'?. There were two types of envelopes
containing nasal spray of midazolam 0.2 mg/kg body
weight and 0.3 mg/kg body weight rectal diazepam.
With the help of a nasal spray, midazolam was inserted
into the anterior nares and diazepam was inserted into
the rectum with an 8-F size infant feeding tube inserted
into the anal opening for 4 cm. The time of entry to
emergency department (ED) and stop of seizure was
recorded. Patients were given continuous pulse
oximetry. Patients were monitored for complications
such as tachycardia, bradycardia, hypotension,
bradypnea, shortness of breath, arterial oxygen
saturation for up to 1 h in the ED and then for 4 h in the
next transferred ward. We considered the efficacy of the
drug as the time of seizure stop. At the patient arrival 2
cc blood sample was taken. AEDs monitoring methods
were done wusing  High-performance  liquid
chromatography-Ultraviolet (HPLC-UV)/Liquid
chromatography—mass spectrometry (LC-MS)
methods!'?).  All data collected were entered in the
Microsoft Excel (MS Excel). Data were analyzed using
Statistical Package for Social Sciences (SPSS) 15.0
version. All categorical variables were expressed in
numbers (percentage) and all continuous variables were
expressed as mean standard deviation (SD) or median
(IQR). Categorical variables were compared using Chi-
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Square Test or Fischer Exact test. Continuous variables
were compared between the midazolam group and
diazepam group using Student’s‘t’ test or Wilcoxon
Rank Sum test. All tests were two-tailed and p<0.05
was considered to be statistically significant. 68
participants were enrolled in this study. Mean age of
participants in midazolam group (4.8+1.1 y) had not
significant difference with Diazepam group (4.5+1.7 y).
There were 13 male individuals in midazolam group
and 17 in diazepam group, with no significant difference
in distribution based on the subject’s gender (p>0.05).
Generalized tonic, generalized tonic-colonic and Focal
seizures happened in 26.47, 38.24, and 35.29 % of
midazolam group and 38.24, 38.24, and 23.53 % of
diazepam group, without any significant difference of
distribution of type of seizure (p>0.05). As shown in
Table 1, demographic and clinical characteristics of
children with epilepsy who have used intranasal
midazolam or rectal diazepam, had not any significant
difference, in case of frequency of seizures, age at onset
of seizures in months, duration of seizures, being febrile
or not, history of previous seizures and pre-hospital
coma score (p>0.05). The timing of seizures per minute
in each group is given in fig. 1. The analysis of the two
groups revealed that the mean response time to
diazepam (39.2+13.2) and mean response time of
midazolam (48.5+15.4) had a significant difference
(p=0.001). There was no significant difference between
the two groups regarding the total pre-hospital time
(p>0.05). There was no significant difference between
the two groups regarding the seizure duration (p>0.05).
As shown in Table 2, median serum level of study
subjects was demonstrated as possible conflicting factor
which this issue was assessed by linear regression.
Linear Regression of serum AED levels in association
of response time in each group was not significant in all
case (p>0.05), expect the lamotrigine serum level in
midazolam group (p=0.029). The pharmacological
effects of midazolam are similar to those of other
benzodiazepines and include: hypnotic, sedative,
anticonvulsant, muscle relaxant and stress relievers!'4.
The difference between midazolam and other AEDs is
the faster onset of activity and a shorter duration of
activity'”l. Midazolam belongs to a more potent drug
group than benzodiazepines called
imidazobenzodiazepines!®. Yoshikawa et al. showed
that midazolam as a first-line drug is effective in treating
childhood static seizures®. At an acidic pH of less
than 2, the benzapine ring opens up the drug and
increases its solubility in water™. At physiological pH,
the benzepine ring is tightened, causing the drug's
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lipophilicity, which increases the speed of molecules to
pass through the nasal mucosa and blood-brain
barrier'®. On the other hand, it has been shown that
midazolam tends to bind to benzodiazepine receptors in
the central nervous system. Therefore, in addition to
speed, its effect will be greater than diazepam. Mucosal
administration of midazolam results in a rapid increase
inplasmaand cerebrospinal fluid (CSF)concentrations!!”!
(Table 3). De Haan et al.[18] performed the effect of
nasal spray midazolam and rectal diazepam solution on
the treatment of seizures in adults. Their results showed
that there was no difference in the onset of the
anticonvulsant effect of the drugs studied. This is
inconsistent with the results of our study. This difference
can be attributed to the age of the study group. In a
prospective study conducted by Fisgin et al.l'! as an
anticonvulsant, intranasal midazolam®?” is more
effective than rectal diazepam, although this requires
further research. They found no serious complications
in their study. Lahat er al.*"! compared the effects of
intranasal midazolam with intravenous diazepam in
controlling febrile convulsions. At the end, it was
concluded that although intravenous diazepam works
faster than intranasal midazolam, the time spent on
intravenous administration may eventually lead to a
decrease in seizures in the intravenous diazepam
receiving group. And, therefore, nosebleeds are
preferred even in emergency cases. This study was
limited to cases of fever and seizures and was not
compared with rectal diazepam. In another study, Scott
et al. compared oral midazolam to rectal diazepam in
pediatric seizure control and stated that oral medial
midazolam was at least as effective and moderately

effective as diazepam. In this study, intermittent periods
of seizures were reported in both groups about 1 to 5
min 2. The delayed effect of intraoral midazolam
appears to be due to its delayed absorption from the
large oral cavity space and the narrowing of the oral
vessels (as compared to the small space and rich nasal
cavity vessels). In our study, the efficacy of nasal
administration of midazolam in controlling acute
seizures in children was more than rectal diazepam.
The mean response to treatment with midazolam was
less than diazepam; while the duration of seizure had
not any difference which could be due to timing of
medication prescription or individual changes.
Bhattacharyya et al. in a similar study of 188 seizures
in 46 children also found that nasal administration of
midazolam was preferable to the treatment of pediatric
seizures through rectal diazepam!**!. Monitoring AEDs
in our study didn’t reveal any significant information;
while a significant association was seen in the case of
lamotriginem which had not a high power. This analysis
was done to show that the occurred response was just
due to the prescribed medications. Finally, according to
the results of the present study, midazolam can replace
intranasal diazepam by nasal route and can provide
better results if it is properly taught to the family. Larger
studies, however, are needed with more children and
evaluating the effect of seizures types. Therefore,
intranasal midazolam may not be able to replace rectal
diazepam in the control of acute pediatric seizures
outside the hospital. Especially if midazolam products
would be available in the form of a spray or a nasal
drip, easier use and greater efficacy of the drug will be
expected.

TABLE 1: DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF CHILDREN WITH EPILEPSY

variable Midazolam group Diazepam group p
n 34
Age, years (mean+SD) 4.8+1.1 4.5+1.7 0.411
male 13 (38.24) 17 (50)
Sex, n (%) Female 21 (61.76) 17 (50) 0.169
Generalized tonic 9 (26.47) 13 (38.24)
Generalized tonic- 13 (38.24) 13 (38.24)
colonic
Type of seizure, n (%) Focal seizures 12 (35.29) 8 (23.53) 0.935
Daily 6 (17.65) 6 (17.65)
Weekly 5 (14.71) 6 (17.65)
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Monthly 10 (29.41) 6(17.65)
Er(?)”ency of seizure, Six monthlies 8 (23.53) 9 (26.47) 0.327
Yearly 5 (14.71) 7 (20.59)
Age at onset of a seizure in months, months 40.8+17.1 37.05+15.2 0.453
History of fever, n (%) 17 (50) 13 (38.24) 0.169
Pre-hospital Glasgow Coma Scale score 8.6+1.09 8.541.2 0.123
(mean+SD)
Normal 9 (% 26.47) 8 (% 23.53)
Seizing 8 (% 23.53) 8 (% 23.53)
Condition of child Unconscious 6 (% 17.65) 10 (% 29.41) 0.725
Not known 5 (% 14.71) 5 (% 14.71)
Not presented to ED 6 (% 17.65) 3 (% 8.8)
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Fig. 1: Response time, total pre-hospital time and seizure duration
*significant difference between groups, p<0.05; NS: not significant difference, ( yumm ) Midazolam group, ( ) Diazepam group

TABLE 2: AEDS MONITORING RESULTS, SERUM LEVEL WITH MEDIAN (IQR)

Group

Midazolam Group

Diazepam Group

Valproate, pyg/m

Phenobarbital, pg/m

0(0-18.7225)
1.68(0-25.1975)

9.275(0-23.9275)
1.15(0-31.9675)

Phenytoin, pg/m 0.98(0-14.9) 0(0-17.005)
Levetiracetam, pg/m 0(0-2.2) 0(0-3.5)
Lamotrigine, pg/m 0(0-0) 0(0-0)
Felbamate, pg/m 0(0-0) 0(0-0)
Primidone, pg/m 0(0-0) 0(0-0.0225)
Ethosuximide, pg/m 0(0-0) 0(0-0)
Lacosamide, pg /L 0(0-0) 0(0-0.0375)
Gabapentin, pg/m 0(0-0.6075) 0(0-2.685)
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TABLE 3: LINEAR REGRESSION OF SERUMAED LEVELS IN ASSOCIATION OF RESPONSE TIME (SEIZURE

STOP TIME)

Midazolam Group Diazepam Group
Coefficient Standard error P Coefficient Standard error P

Valproate, pg/m 0.018 0.032 0.573 0.022 0.064 0.738

Phenobarbital, pg/m -0.004 0.027 0.886 0.078 0.047 0.109

Phenytoin, pg/m 0.03 0.033 0.376 -0.044 0.063 0.485

Levetiracetam, pg/m -0.028 0.038 0.460 0.099 0.099 0.653

Lamotrigine, pg/m -0.316 0.137 0.029 0.438 0.438 0.734

Felbamate, pg/m -0.022 0.045 0.628 0.096 0.096 0.158

Primidone, pg/m -0.071 0.181 0.698 0.667 0.667 0.809

Ethosuximide, pg/m -0.008 0.021 0.700 0.038 0.038 0.137

Lacosamide, mg/L -0.047 0.075 0.535 0.170 0.170 0.528

Gabapentin, pg/m 0.211 0.231 0.370 0.425 0.425 0.794

Valproate, pg/m -0.028 0.038 0.460 0.099 0.099 0.653
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