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Abstract

Objective: The purpose of the present study is to compare efficacy and safety of buccal midazolam withintravenous diazepam in control of seizures in Iranian children.
Methods: This is a randomized clinical trial. 92 patients with acute seizures, ranging from 6 months to 14years were randomly assigned to receive either buccal midazolam (32 cases) or intravenous diazepam (60cases) at the emergency department of a children's hospital. The primary outcome of this study was cessationof visible seizure activity within 5 minutes from administration of the first dosage. The second dosage wasused in case the seizure remained uncontrolled 5 minutes after the first one.
Findings: In the midazolam group, 22 (68.8%) patients were relieved from seizures in 10 minutes.Meanwhile, diazepam controlled the episodes of 42 (70%) patients within 10 minutes. The difference was,however, not statistically significant (P=0.9). The mean time required to control the convulsive episodes afteradministration of medications was not statistically significant (P=0.09). No significant side effects wereobserved in either group. Nevertheless, the risk of respiratory failure in intravenous diazepam is greater thanin buccal midazolam.
Conclusion: Buccal midazolam is as effective as and safer than intravenous diazepam in control of seizures.
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IntroductionRecurrent paroxysmal events in children involve awide range of differential diagnoses. Neurologicaland cardiac disorders are the most importantcontributing factors. Seizures lie among prevalentdiseases of childhood and occur in 10% ofchildren[1]. In the emergency setting, theintravenous route is considered as the most

suitable method, delivering adequate quantities ofbenzodiazepines in a short time[2]. However, whenintravenous administration is not available, otherforms of benzodiazepine administration such asrectal diazepam or buccal midazolam may offer analternative way of drug administration[3].Midazolam, a potent anticonvulsant, iscommonly used intravenously and at timesintramuscularly. Benzodiazepines contain an
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imidazole ring which is highly water soluble and israpidly absorbed from rectal, nasal, and buccalmucosa. The ring is also highly lipophilic atphysiologic pH, a characteristic that facilitates itsrapid effect on the central nervous system[4]. A fewstudies have confirmed both efficacy and safety ofbuccal midazolam as well as rectal diazepam[6-10].Meanwhile, few studies have reported severerespiratory depression following buccalmidazolam administration; a fact that might haveresulted from using high doses of themedication[6,8]. In the study conducted by ThomasMarshal[11], buccal midazolam was found effectivein seizure attacks but it was mentioned that themedication was unlicensed for such a purpose.These findings shed light on the necessity toperform further studies to evaluate the efficacyand potential side effects of buccal midazolam.The purpose of this study was to determinewhether buccal midazolam is efficient in control ofconvulsive episodes in children irrespective of theetiology of the seizure in comparison withintravenous diazepam, namely, the best acceptedway of acute seizure episodes therapy[1,2,9].

Subjects and Methods

PatientsThis study was approved by the Clinical EthicsCommittee of Shahid Beheshti University ofMedical Sciences.  271 children, aged 6 months to14 years, admitted to the pediatric emergencyward of Mofid Children's Hospital due to seizurediagnosis between October 2007 and September2008. Mofid Children's Hospital has full-timemedical and nursing staff on site. The inclusioncriteria dictated that the patients needed to fulfillthe following criteria: (1) documented seizurepersisting at the time of administration ofanticonvulsant; (2) types of atonic, tonic and tonic-clonic seizures; (3) seizure lasting for more than 5min. The exclusion criteria were: (1) patients whoreceived intravenous diazepam or otherbenzodiazepines within 24 hours prior topresentation of the seizure; (2) previous history ofnarrow angle acute glaucoma; (3) doubt about the

historical information given by patient’s family.After history taking and physical examination, 46patients had conditions that mimicked seizure likedrugs side effects (e.g. extrapyramidal movementdue to metoclopramide), movement disorders (likemyoclonic jerks), etc. 96 of 271 patients did notmeet inclusion criteria and 37 declined toparticipate. So, 92 children (51 boys, 41 girls) wereenrolled in the study (Fig 1).Consecutive patients were enrolled and wererandomized to receive either buccal midazolam orintravenous diazepam. A random number table wasused for randomization.
EvaluationThe primary outcome variable was clinicalcessation of overt seizure activity[12]. If the seizurewas not controlled within five minutes ofadministration of buccal midazolam or intravenousdiazepam, the second dose of the same drug wasgiven to patient. In the event that the seizureremained uncontrolled within ten minutes after thefirst buccal midazolam or intravenous diazepamadministration, either phenobarbital or phenytoinwas used as the second line antiepileptic.
Dosages of the medications administeredBuccal midazolam (Epistatus, Midazolam Buccalliquid, and Midazolam Maleate) was used withfollowing doses: 2.5 mg for children aged 6-12months, 5 mg for 1-4 years, 7.5 mg for 5-9 years,and 10 mg for 10 years or older. Buccal midazolamin the appropriate dose was drawn into a syringe.Children received buccal midazolam by placing thesyringe between their teeth and cheek, and afterdrug administration the cheek was gentlymassaged. Intravenous diazepam was administeredin a dosage of 0.3 mg/kg/dose and through anintravenous line as usual.
Study proceduresScreening and subsequent enrollment of thepatients was performed consecutively.  All thenurses and doctors of the emergency ward wereaware of the study and helped our team foradministration of drugs as well as follow up of thepatients and completing the information sheet. Incase the patient fulfilled the inclusion criteria, aninformed consent was provided after a parent or
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Fig. 1: Flow diagram of patients
legal guardian was briefed about the study purposeand procedures. In the next step, the patient wasrandomly assigned into one of the two treatmentgroups, either buccal midazolam (first group) orintravenous diazepam (second group). In order torecord the underlying causes of convulsions,patient’s history, physical examination, andlaboratory evaluations including determination ofelectrolytes and glucose were considered for allpatients. Neuroimaging was performed wheneverrequired. Heart rate, respiratory rate, bloodpressure, and hemoglobin oxygen saturation weremonitored continuously all through the procedure.During the seizure, oxygen was administered bynasal prongs. Patients were followed up for 24hours after drug administration. Any side effectsincluding apnea, hypotension, bradycardia,… due todrug administration were also recorded.The duration of seizures before buccalmidazolam or intravenous diazepam therapy wasapproximate, based on the history obtained fromthe patient’s attendants and other family members.For each patient, the time of noticing the firstconvulsion at the arrival in emergency, the time ofadministrating the drugs and the time of cessationof all motor seizure activity were recorded. Thedrug administration was considered as “FAILED” incase the convulsive motor activities did not stopwithin 10 minutes of administration. Nobody was

lost to follow up in both groups, because the resultsof intervention were recorded on site and allpatients were admitted for at least 24 hours.
Statistical analysisThis study was a prospective randomizedcontrolled clinical trial (interventional). Everypatient included in the study, was assigned by anumber in series and the numbering was basedupon ‘Table of random sampling’ for groupingthem in case and control groups. Differencesbetween proportions were statically tested by Chi-square or Fisher’s exact test. All other numericalor quantitative comparisons were performedusing Student’s unpaired t-test. A P-value of 0.05or less was considered significant. SPSS version17.0 was used for most analyses.

FindingsFifty-one (55.4%) out of 92 participants weremale and 41 (44.6%) female. In the buccalmidazolam group, 14 patients were male and 18were female while in the intravenous diazepamgroup, 37 were male and 23 were female (P=0.1).The mean age was 17.5±10.1 months (6 to 60
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Table 1: Underlying disorders associated with the symptomatic or cryptogenic seizure episodes
Cause Number (%)
Developmental delay 5 (5.4)
Mental retardation 4 (4.3)
Metabolic disease 1 (1.1)
Structural abnormality of the brain 3 (3.3)
Others 6 (6.5)

months). The median age in buccal midazolamgroup was 18.4±10.3 and in the other group was17.1±10.1. This difference was not statisticallysignificant (P=0.6). 82% of patients’ age was equalor less than 24 months with mean weight of10.6±2.73kg (6 to 18kg). Twenty (21.8%) patientshad tonic seizure, 58 (63%) had tonic-clonicseizures and others (15.2%) had atonic seizure. Inthe buccal midazolam group, 9 patients had tonicseizures, 18 had tonic-clonic and 5 had atonicseizures. In intravenous diazepam group, 11 hadtonc seizures, 40 had tonic-clonic and 9 had atonicseizures. There was no statistically significantdifference in the seizure types between the twogroups (P=0.5). The etiologies included idiopathicepilepsy 64 (70%), febrile seizure 9 (10%), andcryptogenic or symptomatic epilepsy 19 (20%).Underlying disorders associated with thesymptomatic or cryptogenic seizure episodes hasbeen shown in table 1. In our study, 32 (34.8%) ofpatients received buccal midazolam and 60(65.2%) intravenous diazepam.  None of thepatients had received any treatment before

admission. Comparison of the two treatmentresponses is illustrated in Table 2 and Fig 2. In thefirst group, the first administration was effectivein controlling the seizures in 13 (40%) whereas inthe second, seizures were completely controlledafter the first dosage in 24 (40%) (P=0.9). Overall,22 (68.7%) of the patients in the first group wererelieved from seizures after the first or the seconddosage whereas the applied medication controlledseizures in 42 (70%) patients of the second group(P=0.9).Significant adverse effects included agitationobserved in 11 and 25 patients, and mildhypotension in 7 and 9 patients in the first andsecond group, respectively. In the second group, 4patients experienced apnea; such an adverseeffect was not reported from the first group.All the vital parameters of other childrenremained within normal limits. There was nomortality overall. There was no statisticallysignificant difference in the side effects betweenthe two groups (agitation P=0.5, hypotention
P=0.4, apnea P=0.2). The mean time for

Fig. 2: Box and whisker plots of time from drug administration up to the end of seizure
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Table 2: Control of seizures and seizure control time in two groups
Parameter Buccal midazolam IV diazepam P-value
Seizure control time after first dose (mean±SD) 3.76 (0.39) 2.25 (0.40) <0.001
Seizure control time after 2nd dose (mean±SD) 8.44 (0.39) 7.54 (0.60) <0.001
Seizure control time after first or 2nd dose (mean±SD) 5.68 (2.39) 4.52 (2.68) 0.09
Controlled seizure in F.C. 3/3 5/6 0.5
Controlled seizure in cryptogenic and symptomatic epilepsy 4/7 6/12 0.8
Controlled seizure in idiopathic epilepsy 18/22 36/42 0.8
Overall Controlled seizure 22/32 42/60 0.9
Controlled seizure in age of ≤24 months 19/25 34/50 0.5
Controlled seizure in age of >24 months 3/7 8/10 0.1
Controlled seizure in male 8/14 28/37 0.2
Controlled seizure in female 14/18 14/23 0.2

medication effect was not significantly shorterwith intravenous diazepam as compared to buccalmidazolam (P=0.09), but the mean time forcontrol of patients in the first or the secondadministration drug dose was significantly shorterwith intravenous diazepam than with buccalmidazolam (Fig. 2 and Table 2).
DiscussionAccording to our results, administration ofintravenous diazepam or buccal midazolamresulted in cessation of convulsions similarly. Theoverall rate of response in both groups wassimilar and this suggests that buccal midazolam iseffective in controlling acute convulsions ofgeneralized tonic, tonic-clonic, or atonic type. Sofar there has been a few study comparingintravenous diazepam and buccal midazolam[4,13].In that study the rate of controlled seizures wassimilar in both groups, but the overall frequencyof control of convulsive episodes by buccalmidazolam was 85%. In Ashrafi’s et al study,midazolam ceased all of the seizures with 5 minand diazepam ceased 82% of patient's seizureswith 5 min of drug administration[5]. In anotherstudy from Iran Javadzadeh et al showed the timeneeded to control seizure by intranasalmidazolam was shorter than intravenousdiazepam[13]. In other researches such as ourstudy, efficacy of buccal midazolam was

confirmed[3-,5,8-10]. Our results showed the time ofseizure control in both groups of patients in thefirst five minutes or the second five minutes afteradministration of drugs was not significantlydifferent. In the previous study, the results of themean time for controlled seizure in the twogroups was similar to our study, and the time forseizure cessation with intravenous diazepam wasless than buccal midazolam[4]. In another study,mean time for seizure cessation with buccalmidazolam was reported to be 3.89±2.22minutes[3]. These differences of overall control andthe time required to complete the control shouldbe subject to further investigation.There is increasing evidence that the longerseizures persist, the more difficult they will be tostop. A previous study showed that first linetherapy stopped seizures in 80% of patients whenadministered within 2 hours after the onset of theseizures, but less than 40% of patients werecontrolled if the treatment started after 2hours[14]. The results of the present study manifestthat buccal midazolam efficacy is similar tointravenous diazepam for seizure cessation andbecause buccal midazolam administration is veryeasy and fast, it can prevent status epilepticus. Sofar, no serious adverse effects have been reportedin most cases of buccal midazolamadministration[4,7,15,16], but in some of the studiesrespiratory depression has been observed[6,8].Probably, this complication is a result of highdosage of buccal midazolam (0.5 mg/kg/dose).Administration of buccal midazolam with a doseof 0.3 mg/kg/dose does not seem to cause side
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effects. In our study, respiratory depression withbuccal midazolam was not seen; some patientsexperienced mild hypotension and agitationwhereas patients who took intravenous diazepamshowed respiratory depression, mild hypotension,and agitation.The results of our study must be interpreted inthe face of certain limitations. This study was notblinded and placebo was not administered,although placebo administration in thesesituations may not be ethical. Another limitation ofour study was small numbers of patients, so wesuggest this study must be repeated with morepatients.
ConclusionOur results suggest that buccal midazolam at adose of 0.3 mg/kg may be as effective asintravenous diazepam for the treatment of acuteconvulsive seizures in children and it is safer thanintravenous diazepam, so buccal midazolam canbe used at home very easy, safe and effective.
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