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DEDICATION

This thesis is especially dedicated to children suffering with epilepsy.



ABSTRACT

Convulsive status epilepticus (CSE) is an emergency condition associated with
mortality and morbidity. It is commonly tresd with antiepileptic drugs (AEDs), but

these may cause serious adverse events and even death in children. Research on their
effectiveness for CSE, and related adverse events in children remains limited. The
primary aim of thisesearclhwasthus to evalu the effectiveness and safety of AEDs

in treating acute toniclonic seizure including convulsive status epilepticus (CH&hn
systematic reviewand metaanalyses were conducted to address these aims. The first
evaluate the effectiveness of AEDs in ibtiren with acute toniclonic sezures

including (CSE). The secor@Valuaté the safety of AED# this population

The systematic reviewof AED effectivenessdentified 20 studies publishebetween

1946 and April 2015. It showed that buccal midazolam wasere effective than rectal
diazepam for treating acute torglonic seizures including CSE in children, and was
associated with a lower recurrencate Lorazepam and diazepam were equally
effective in terminating seizures, but for lorazepam, intraversaministration was

more effective than the buccal, sublingual or intranasal routes. Intravenous valproate
appeared to be more effective than intravenous phenytoin and phenobarbital; however,

the difference was not significant.

The systematic review of AEDsafety for childrenwith acute tonieclonic seizures
identified 25 studies,published between 1946 and April 2015. These studies were
predominantg randomised controlled trials and of thd€estudies reported more than

one adverse event, while 6 reportedne. A total of 2B adverse events were



documented, most commonly respiratory depresgibdl children) mainly after
treatment with diazepam (46 children). The rates of respiratory depression with buccal
midazolam and real diazepam were similar (3.0%d3.3%, respectively. Compared

to intravenous diazepanmtravenous lorazepam was associated with less respiratory
depression. No child suffered respiratory depression associated with intravenous
valproate treatment, compared to one child with intravenplienobarbital. When
looking at all adverse events, intravenous valproate was significantly safer than
intravenous phenobarbital. Respiratory depression was not noted in children who
received intravenous levetiracetam; however, all levetiracetam stdéieified in this

review were cohort and nesomparative.

In conclusion,in the treatment of acute toratonic seizures (including CSEpuccal

was the best administration route for children admitted to the emergency department.
Intravenous lorazepam tite@dent was associated with less respiratory depression than
intravenous diazepam. Where IV access prasticableintravenous lorazepam was the
drug of choiceMore randomised control trials are needed to evaluate the effectiveness

and safety of AEDs assecondine treatment.
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1 Introduction

CHAPTER 1: INTRODUCTION

1. Background
Status epilepticus (SE), and specifically convulsive status epilepticus (CSE) is a
neurological emergency associated with a low, but definite mortality and significant

morbidity; this applies to both adult@paediatric (<18 years) populatipils

The earliest description of CSE was found in a series of medical texts known as Skikku
SDOO GLVHDVHV"™ RQ %DE\ORQLDQ FOD\ WDEOHWYV IURP

[2]. In the fourth century BC, Hippocrates described a severe condition associated with

prolonged seizures and concluded that death may occur from these s&kutéshe

beginning of the 19 century, systematic studies of epileptic seizures were started on

hospitalised patients and led to the description of mgmgstof seizures including CSE,

ZKLFK ZDV NQRZQ DW WKDW WLPH DV[3].Ule@prd3dsiod VWDW

SVWDWXV HSLOHSWLFXV® ZDV ILUVW XVHG LQ %D]JLUHT

clinical medicine in 1868 and these lectures made it clear that CSE is a series of attacks

rather than a single seizure with a different f¢din

1.1 Definition

Thereare two broad categories of SE: convulsive status epilepticus (CSE) and non
convulsive status epilepticus (R@SE). The identification of ne@SE from
behaioural signs is difficult andelectroencephalography (EEG) is oftancrucial

diagnostic too[5]. Thereforethis thesis will focus discussion on CSE.

Most authors distinguish CSE from other types of seizure based on the duration of the
attack. The Internationaldague Against Epilepsy (ILAE) standard definition is a single

seizure or series of seizures lasting for 30 minutes or longer with unconsciousness
12



1 Introduction

between seizure]. They suggest that the incidence of brain injury rises markedly
after a 36minute period and is almost certain after 60 minutes of continued CSE. This
definition has been used widely for epidemiological and pathoplogscal purposes

[7,8].

There are four phases of statepilepticus. They are classified on the basis of duration

as follow$9-12]:

1- Early phase or premonitory status: in which the convulsion continues for more
than5 minutes. At this stage the first line treatments (benzodiazepines) are used
to control the seizure eitherior to arrival at hospitabythe SDWLHQW TV SDUH:¢
paramedics, and at hospital in the emergency department.

2- Established status epilepticun: which the seizure activity continues for more
than 10 and up to 30 minutes with loss of consciousness between seizures. In
this stage second line treatments such as intravenous phenytoin, phenobarbital or
levetiracetam are used to try and terminat&liis phase of status epilepticus
may be termed benzodiazepiresistant status epilepticus.

3- Refractory status epilepticus: in which the seizure activity (convulsion) lasts for
more than 30 minutes or has failed at least one dose of benzodiazepine and a
dose of secordine intravenou\ED, or both.

4- Superrefractory status epilepticus: in which the seizure activity lasts for more
than 24 hs and the patient will have been treated with intravenous anaesthetics

such as thiopental, pentobarbital or propofol.

13



1 Introduction

1.2 Classification

The first classification of CSE was established in 1962 in Marsgllg. The
classification was based on the type of seizure: partial, generalised or unclassified.
However, this classification wamt usefll in routine clinical practice. Moreover,was
unhelpful in filing to include the aetiology. Correspondingly, it was unhelpful

determining the treatment and outcome of CSE.

In 1994, Shorvon introduced a new classification based on sesetatd: seizure type,
age group, pathophysiological mechanisms and clinical features including EEG. This
classification was more appropriate in clinical practice because it provided valuable
information about prognosis and aetiolddyl]. Shorvon further divided SE into four
agerelated categories: the neonatal period, infancy anttlrdod, childhood and

adulthood

Mastrangelo and Celato in their 2012 revigl®| categorised SE into CSE and non

CSE (Table 1.2).

14



1 Introduction

Table 1.1: Status epilepticus classification

Convulsive SE Non-convulsive SE
x Focal X Absences (typical/atypical)
f Focal motor x Focal statis epilepticus with sensory
f Focal motowith secondary symptoms
generalization x Autonomic or focal status epilepticus with
f Epilepsia partialis continua affective symptoms
X Generalized x Focal status epifgicus with autonomic
f Myoclonic symptoms (Panayiotopoulos
f Clonic X syndrome)
f Tonic x Complexpartial status epilepticus
X Tonic-clonic X Continuous spike and wave during slow
sleep

This table is adapted from Mastrangelo and Celato[15]

Non-CSE is not considered a medical emergency since patients do not lose
consciousness and usually return to normal within minutes of its resolution (either
spontaneously or in response to treatment).CBE, however, early treatment is

essential to avoid irreversible brain injury through both metabolic decompensation and
respiratory depression which further exacerbates the cerebral metabolic injury through

anoxia, and subsequently, profound hypotengl&h

1.3 Aetiology
The formal aetiology of status epilepticus has been classified by the International
League Against Epilepsy17] into five divisions: acute symptomatic, remote

symptomatic, idiopathic epilepsglated, cryptogenic epilepsglated and unclassified.

15



1 Introduction

In 2006, the North London Convulsive Status Epilepticus in Childhood Surveillance
Study (NLSTEPSS) classified the aetiologyoiry groups: prolonged febrile seizure,
acute symptomatic, remote symptomatic, remote with acute causes, idiopathic epilepsy

related, cryptogenic epilepsy related and unclassified (Tabl¢1BJ3)

16



1 Introduction

Table 1.2: Aetiology of status epilepticus

Aetiology Definition Causes

Prolonged febrile seizure | CSE that occurred in normal children who had| Febrile seizure
history of central nervous system (CNS) infect
and aged between 6 months and 5 years wi
temperature at least 38.0C

Acute symptomatic CSE that occurred in otherwidwalthy children| Meningitis

who had neurological insult within the past weg Viral CNS infection
Head injury
Hypoxia

Remote symptomatic CSE reported in children who had a {apdsting | Tuberous sclerosis
CNS abnormality for more than 1 week Encephalopath

Remote with acute causes | CSE that occurred in children within a week frq Cerebral palsy
febrile illness or acute neurological insult a| Hydrocephalus
associated with a history of previous neurologi
abnormalities

Idiopathic epilepsy related | CSE hat occurred in children who had a history Idiopathic epilepsy
of idiopathic epilepsy with no symptomatic
causes for the seizure

Cryptogenic epilepsy relate] CSE that occurred in children who had a histor] Cryptogenic epilepsy
of cryptogenic epilepsy with no symptomatic
cau®s for the seizure

Unclassified All otherSE e

This table is adapted from Chine etal [18]

1.4 Epidemiology

The incidence of CSE in children ranges from 10 to 38 in 100,000 pefly20]. The
higher incidence is reported in children aged less than 4 j&Hrand is most common

in children aged less than one year. The risk decreases in the teenad@2lyears
Children with a history of prexisting epilepsy constitute the highest pntjpom of SE
patients (1620%)[23, 24]. Febrile SBvas most commonly documented in children less
than 2 years old while cryptogenic and symptomatic SE were more frequently
documented in older childrg5]. In the NLSTEPSS study, prolonged febrile SE was
the cause of first episodes of CSE in 32% of childidimpathic epilepsyelated SE

was identified in 10% of paediatric cases and cryptogenic epilepsy ja&%

17



1 Introduction

1.5 Treatment

Current treatment protocols for CSE are designed to terminate the seizure and maintain
vital functions[26] as rapidly and as safely as possible. International organisations and
institutions follow different guidelines and algorithms based on local experience and the
availability of antiepileptic drugs (AEDs)[27-36], but all recommend atting
treatment early to avoid brain injurf26]. Traditionally and almost universally,
treatment is instituted if the episode of CSE has not stopped after 5 minutes; the
rationale for this is that over 90% of convulsive seizures will stop spontdnedies 3

4 minutes and if the seizure has not stopped afteminutes, it is highly unlikely to

then stop spontaneously. In addition, the longer the duration of the presenting
convulsive seizure, the more difficult it will be to terminate with AEDsthi UK, the

Status Epilepticus Working Group recommended a CSE protocol for children based on
a comprehensive literature review and consequemsestsus among its expert group
[32]. The experts included ConsultamsGeneral Paediatrics, Paediatric Accident and
Emergency Medicine, Paediatric Pharmacology and Paediatric Neurology. This
guideline was adopted by the National Institute for Health and Care Excellence (NICE,
2004)[37], the Scottish Intercollegiate Guidelines Network (SIGN, 2(38) and is

used in the Advanced Pediatric Life Support (APLS) co[88k(Figure 1.4). In 2012,

the revised Epilepsy Guideline published by NICE indicated that rectal payelkle
should no longer be considered as a definite, but only as an optional treatment in the
management algorithm, depending on the policy of each local Emergency Department
or Emergency Roomi33]. In part this change reflected the concern that paraldehyde
might have contributed to the incidence of respiratory depressioerveosin the

NLSTEPSS Studj18).

18



1 Introduction

Figure 1.1: Drug management protocolfor CSE in the UK

*Check airway, breathing and circulation
* Confirm clincally if epileptic seizure

5 minutes

*Bucal midazolam at 0.5mg/kg or rectal diazepam at 0.5 mg/kg
*If IV access is obtained: lorazepam at 0.1 mg/kg over 30-60 seconds
*This step can be managed by parents and paramedic

15 minutes

* Intrarectal paraldehyde 0.4 ml/kg
*If IV access is obtained: lorazepam at 0.1 mg/kg over 30 to 60 seconds
»call for senior help and prepare for phenytoin

25 minutes

*Intravenous phenytoin at 20 mg/kg over 20 minutes or if already on phenytoin, phenobarbital IV at
20 mg/kg over 10 to 20 minutes

+If IV is not obtained, give the medication by intraosseous infusion
s Intrarectal paraldehyde at 0.8 ml/kg can be given at the same time as phenytoin or phenobarbital
*Call senior anaesthetist and inform the intensive care unit

45 minutes

*Rapid sequence induction of anasethesia using thiopentone IV at 4 mg/kg
* Transfer to paediatric intensive care unit

This diagram is adopted from Appleton et al [32]
All international guidelines recommend intravenous (1V) slacting benzodiazepine as

a bolus and then a second dose if the seizure is not terminated. In [tB8 URanada

[39] and US[35] intravenous lorazepam is the preferred treatment for CSE if IV access
is already available or obtained immediately on arrival in the Emergency Department /
Room. In France, clonazepam is the preferred first treatment if IV access is obtained
[40]. Phenytoin and phenobarbital (leagting AEDs) are the secoflide treatments

used in the UK. Howevr, phenatbital may be associated with a higher risk of

19



1 Introduction

hypotension and respiratory depression than phenyB8#h Early studies suggested

that IV phenobarbital had comparable anticonvulsant activity to IV phenytoin; leowev

an increased incidence of respiratory depression has been reported, particularly when
phenobarbital was administered in combination with a benzodiazdgihd5).
Fosphenytoin is the preferred secdm# AED in the UJ35], Canadd39] and France

[40]. There are two significant advantagesigingfosphenytoin over phenytoin: first,

it can be given intramuscularly and second, it camfaesed slightly more rapidly than
phenytoij46]. However, one randomised study reported that fosphenytoin and
phenytoin showed a similar frequency of adverse-sftect§47]. Fosphenytoin is
usually prescrEHG DV pSHARLMLWRQRAQWYVYT DQG WistalkcuRiioh UHV X O\
and consequent doskggrors. Finally, fosphenytoin is considerably more expensive
than phenytoin (at least four to five times more expensive in the UK) and is not
considered to beosteffective when compared with phenyt¢#i, 48]. For these
reasons, fosphenytoin is not currently prescribed in the Ik possible that other
AEDs, and specifically levetiracetam or sodium valproate may replace phenytoin in the
future[49]. However, sodium valproate may be associated with serious adverse events,
particularly hepatotoxicity and pancreaflfi§]. Several studies have recommended
levetiracetam instead of sodium valproate or phenytoin as a sdioendreatment

following the failure of benzodiazepingsl-55].

A current study entitledEmergenCy Treatment withL evetracetam orPhenytoin in
StatusESLOHSWLFXV p(F/L 3ar HpetddadelFrEnd@nizedrtantrolled trial

has been approved by therth West- Liverpool Central Research Ethics Commitiee

the UK. This is an NIHR HTAfundedstudy which will be conducted in approximately
25-30 Accident and Emergency Departments (Emergency Rooms) throughout the UK.
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Children aged between 6 months and <18 years with focal or generalised CSE which
has failed to respond to firBhe treatment (tgically, one or two doseof a
benzodiazeping)56]. The children will be randuly selected for treatment with either
intravenous levetiracetam (40 mg/kg administered over 5 minutes) or intravenous
phenytoin (20mg/kg infused) administered over 20 minutes. The aim of the study is to
evaluate whether levetiracetarm more effective tha phenytoin as a secoitide
emergency antiepileptic drug, and to compare their adverse side effects. The study is

ongoing and the results are expected to be published in late 2019.
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1.6 The Research Aims

Children withCSE areat high risk of mortality ath also morbidity. As this is a medical
emergency, the management of CSE must be rapid, effective and safe. Consequently,
there is a risk that the treatment of CSE may be associated with iatrogenic
complications, including potentially serious adverse-sitkcts. Despite the fact that

much research has been carried out to assess the effectiveness and safety in adult
patients, less research has been done to evaluate this in infants, children and young

people.

This researchwas designed tassesghe effectveness and safety of'zand 2 line
treatment of acute tonic clongtatus epilepticus in children. This was achieved through

two systematic reviews and metaalyseamely

1. A systematic review of the effectiveness &fahd 2 line treatment of
acutetonic clonic status epilepticus in childteéfhe effectiveness of the
following AEDs were evaluated benzodiazepines, paraldehyde,
phenytoin, phenobarbital, sodium valproate and levetiracé@drapter

3).

2. A systematic review of theafety of AEDs in childen who received
benzodiazepines, paraldehyde, phenytoin, phenobarbital, sodium
valproate and levetiracetam, in the treatment of acute tonic clonic status

epilepticug(Chapter 4)
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2 Methods

CHAPTER 2: METHODS

2.1 Introduction
For this thesis | have conductidb systenatic reviews in the paediatric population; the
effectiveness of AEDs for convulsive status epilepticus (C@Bapter 3) and the

safetyof AEDs for convulsive status epilepticus (C&)apter 4).

Systematic reviews are the gold standard for evaluatingalbld scientific evidence in
health care, they play a major rale helpng practitioners develop guidelines and
improve health carg57]. The key points of systematic reviews are that they include a
clear objective and eligible iteria and have rigorous methodology that attempts to

identify all relevant studies of high quality to answer the question j68gd

2.2 Objectives
a) To compare the effectiveness of AEDs for conwdsstatus epilepticus (CSE)
(chapter 3)
b) To comparehesafetyof AEDs for convulsive status epilepticus (CS&hapter
4).

The primary and secondary objectives @udinedin therespectivechapters.
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2.3  Search strategy and eligibility criteria

Six electronc databasesvere searched in thestudies namely the; US National
/[LEUDU\ RI OHGLFLQHYY ELEOLRJUDSKLF GDWDEDVH O0O("
(EMBASE), International Pharmaceutical Abstract (IPA), Cumulative Index to Nursing

and Allied Health Liteature (CINHAL),Cochrane databasand PubMed. All scientific

papers involing children aged upo 18 years were included.

MEDLINE, EMBASE and IPA were searched separately and then combined to remove
duplications. While Cochrane, CINHAL and Pubmed werecombined with previous
databaseshoth were searched and reviewed manually to remove duplisadioch
identify relevant articlesThe search strategy included all languagdr@seign language
publications were translated to Engli@here translated whengossible)and then the

applicable dta wereextracted for analysis.

The types of studies, the types of participants, the types of interventions and the types of
outcome measures were the main four criteria identified for selecting the scientific
papers thiaincluded and analysed in these systematic reviews.

The following subsctions will describe in detathe search strategy and eligibility

criteria for each systematic review.
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2.3.1 The effectiveness of AEDs for convulsive &tus epilepticus (chapter4)
2.3.1.1Databases and search terms

A literature search was conductetectronicallyon MEDLINE (1946-April 2015),
EMBASE (1974April 2015), Cochrane database (until April 2015) and Pubmed
database (until April 2015)l'he search terms weselected based on their seiv#y

and specificity according to the previous systematic reviews ava[agleThe search

terms used arhswntable 21.
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Table 2.1: Search strategy for Ovid database (EMBASE AND MEDLINE)

Subject Result Search type
1  epilep$.tw. 241072 Advance
2 seizure$.tw. 213878 Advance
3 convulsion$.tw. 35265 Advance
4  exp Epilepg/ 317612 Advance
5  exp Seizures/ 153216 Advance
6 lor2or3or4or5 467656 Advance
7  exp Epilepsy, TonkClonic/ 7715 Advance
8  tonic clonic.tw. 11598 Advance
9  status epilepticus.tw. 20675 Advance
10 exp Status Epilepticus/ 21427 Advance
11 l1o2or3ordor5or6or7or8or9orl0 467731 Advance
12 limit 25 to human 341377 Advance
13  (pediatr$ or paediatr$).tw. 562824 Advance
14  child$.tw. 2273156 Advance
15 exp child/ or exp child, preschool/ or exp infant/ 4239990 Advance
16 13 orl4or15 4922336 Advance
17 12 and 16 8869 Advance
18 emergency.tw. 383850 Advance
19 17 and 18 267 Advance
20 benzodiazepines.mp. [mp=ti, ab, ot, nm, hw, kf, px, rx, 49227 Advance
ui, sh, tn, dm, mf, dv, kw]
21 paraldehyde.mp. [mp=ti, ab, ot, nm, hd, px, rx, ui, sh, 1907 Advance
tn, dm, mf, dv, kw]
22 phenytoin.mp. [mp=ti, ab, ot, nm, hw, kf, px, rx, ui, sh, 74297 Advance
tn, dm, mf, dv, kw]
23  phenobarbital.mp. [mp=ti, ab, ot, nm, hw, kf, px, rx, ui, 83492 Advance
sh, tn, dm, mf, dv, kw]
24 levetiracetam.mp. [mp=ti, ab, ot, nm, hw, kf, px, rx, ui, 6139 Advance
sh, tn, dm, mf, dv, kw]
25 sodium valproate.mp. [mp=ti, ab, ot, nm, hw, kf, px, rx 5985 Advance
ui, sh, tn, dm, mf, dv, kw]
26  valproic acid.mp. [mp=ti, ab, ot, nm, hw, kf, px, rx, ui, 62631 Advance
sh, tn, dm, mf, dv, kw]
27 20o0r21or22or23or24or25o0r26 227607 Advance
28 19 and 27 620 Advance

29 remove duplicates from 28 490 Advance




2 Methods

2.3.1.2Inclusion and Exclusion criteria

The inclusion criteria were:

1) Randomised controlled gties (blinded or unblinded) or neandomised
controlled studies (prospective hospital based studies and retrospective
population based studies).

2) Studies that evaluated the efficacy of the following antiepileptic drugs;
benzodiazepines, phenytoin, phemrdiital, phenytoin, sodium valproate,
paraldehyde and levetiracetam irrespective of route of administration.

3) Children aged”18 years admitted to hospital or emergency department with
acute tonieclonic convulsion.

We excluded case reports from the effesmtiess analysis because it was impossible to
determine the response rate from individual cases. Alg®, excluded reviews,
comments, lettar correspondence and short surveys, adult studies (aged over 18 years)
and studies where the number of childrenhar data for childrenvere not separately

described.

2.3.1.30utcome measures

x The termination of acute tonic clonic seizures following treatment.

X The seizure recurrence rate from the termination of convulsion.

x

Timeto seizure contrahfter drug administration.

x

The need for additional dose(s).

x

Additional antiepileptic drugs.
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2.3.1.4Data extraction

All analysed articles were read carefully and the following types of data were extracted:

f Year of publication

Study region

Study period

Age of children

Number of children reeiving AEDs

Route of administration

Dosesof AEDs

Successful seizure control rate

Time to seizure control after administration the medications

Seizure recurrence rate

~ ~ ~ @~ - - -~ -

Number of children who needed of second dose and/or additional AEDs

~

2.3.1.5Quality assessmets

The quality of RCTs (for metanalysis) was assessed for risk of bias. Randomised
controlled trials were assessed udingCochrane risk of bias checklig8]. For RCTs

to be considered asaving a low risk of bias, the rating should ke4 out of 7 marks

The qualities of prospective observational and retrospective population based studies
were assessed using a STROBE checkli§t. Any study with a minimum scerof

50% was considered a good quality study. Two independent assessors (KA and research
QXUVH -$ EOLQGHG WR HDFK RWKHUfV VFRUHYV DVVHV\
clinical pharmacologist (Dr Sammons) independently resolved any disputes bétereen

independent blinded reviewers
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2.3.1.6Statistical analysis

A descriptive analysis for the number and age of children receiving each medlication
the number of children who successfully controlled their seizure, time to seizure control
after antiepileptic admistration, the seizure recurrence rate and the faeaisecond

dose and/or additional antiepileptic drugs to terminate the convulgsnconducted

using SPSS version 12 statistical software. This measured the median, ranges and
Interquartile range (IQR The metaanalysis was performed using RevMan software
version 5.3 and forest plots used to compare the effectiveness data between the AEDs
The elative ratio (RR) of effectiveness was calculated and 95% CIl was determined.
The heterogeneityl’) was assssed between studies by usi@bi-squared X?) test

when pvaluewereless than 0.058]. A random effect model was used for pooled data

if heterogeneityl’) H[LVWV afRetiHeffeldt Wthodel was used for pooled
data if hetemgeneity(I) did not exist (< 50%)The differences between treatments was

considered significant @<0.05.
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2.3.2 The toxicity of AEDs for convulsive status epilepticus (CSE) (chmer 5)

2.3.2.1Databases and search terms

We used the same databases and search desnsbed previously for theffectiveness

systematic reviewsection 2.3L.1, table 21.)

2.3.2.2Inclusion and Exclusion criteria

The inclusion criteria were the same as for effectass of AEDs for CSE. However,
case reports and retrospective population based studies were also included to provide a

complete picture of all AEs documented in the literature.

The exclusion criteria were reviews, comments, Igtteprrespondence and sho
surveys, adult studies (aged over 18 years) and studies where the number of children or

the data for childrewerenot describedeparately

2.3.2.30utcome measures

X The incidence of adverse effects.
X The incidence of admission to the ICU.

x Death due to the adrse effects.

2.3.2.4Data extractions

All analysed articles were read carefully and the following types of data were extracted:

f Year of publication

f Study region

f Study period

f Age of children
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f Number of children receiving AEDs

f Route of administration

f AEDs doses

f Number of children experiencing adverse events

f Adverse events classificatioAdverse events were classified according to

the recommendation of the National Cancer Institute in the US (€@I)

f ICU admissions and death cases related to adverse effects

2.3.2.5Quality assessments

We used the same quality assessments tools for RCTs, prospective observational and
retrospective population based studiésscribed inthe previous chapter (seatio

2.3.25)

2.3.2.6Statistical analysis

A descriptive analysis for the number and age of children receiving each medication,
the reported numbers of adverse events, ICU admissions and deaths due to adverse
events of the AEDsvas conducted by using SPSS versionsidtistical software to
measure the median, ranges and Interquartile range (#R)risk per 100 children

was calculated from RCTs and cohort studies (both hospital and population) by dividing
the number of children with adverse events by the total nuwibehildren receiving
diazepam or midazolam or lorazepam or phenobarbital or phenytoin or levetiracetam or

sodium valproate or paraldehyde (after combining all AEs from these study types).

For statistical analysig metaanalysis was performed using¥an software version

5.3 and forest plots used to compare the safety data between diazerolam,
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lorazepam, phenobarbital, phenytoin, levetiracetam, sodium valproate and paraldehyde.
Relative risk of the safety was calculated and 95% wekre deternined. The
heterogeneityl?) was assessed between studies by usi@imquaredX?) test when

p-value were less than 0.0%8]. A random effect model was used for pooled data if
heterogeneityl?) existed « + R Z HaYixed effect model was used for pooled
datawhenheterogeneityl?) did not exist (< 50%). The differences between treatments

was considered significant p£0.05.Also, a )LVKHUfV H[DFW WHVW ZDV X\
the respiratory deprass between théwo most common AEDSs. Values p£0.05 were

considered significant.
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3 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

CHAPTER 3: SYSTEMATIC REVIEW ONE

3.1 Introduction

Status epilepticus is an emergency condition, with associated mortality and morbidity,
andrequires prompt and ef€tive treatment. The definition for generalised convulsive
tonic-clonic status epilepticus is seizures lasting for 30 minutes or more associated with

loss of consciousneg$2, 63]. However, effective management of acute taronic

seizures should be given to all patiemtisose seizures hee ODVWHG PLQXWH)
certainly those whoattend emergency department, regardless of the duration of
convulsion, to prevent progression rgfractory or super refractorstatus epilepticus

[59].

Benzodiazepines such as midazolam, lorazepam and diazepam are thiaefirst
treatment for children with acute torstonic seizure$38]. When benzodiazepines fail

to stop convulsions, after a second dose, an alternative anticonvulsant [shaiNen

such as rectal paraldehyde, intravenous or intraosseous phenytoin, or intravenous or
intraosseous phenobarbital. Other agents have also been explored; dabepstudy
showed that sodium valproate was more effective than phenytoin and phetabber
secondine treatmen{64]. In 2012, amobservationaktudy showed that levetiracetam

seenedto be effectiveand safen thetreatment of CSE5]].

The primary aimof this review was to evaluate the effectiveness of the following

antiepileptic drugs: benzodiazepines, paraldehyde, phenobarbital, phenytoin, sodium
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3 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

valproate, and levetiracetam, irrespective of the administration routes, for the treatment

of acute tonieclonic seizuresncluding convulsive statuspilepticus inchildren

3.2 Methods

The methodologwydopted irthis reviewwas described iohapter2.

3.3 Results

1,851 articles were evaluated based on the specified inclusion and exclusion criteria
(Figure3.1 and Table3.1). Twenty studes were identified and analysed. In addition, 8
studies identified by the search were published in Turkish and Japanese, it was not
possible to translate them for further assessment for inclusion. (RBdu@nd Table

3.1).
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3 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

Figure 3.1: Flow chart for the systematic review

[ EMBASE=475] [ MEDLINE:145] [PUBMED: 1343] [ COCHRANE=18

Total publications after limiting to human subjects = 198

L :>[ Duplication = 130 ]

[ 1851 articles ]

1811 articles excluded after
L . —=| screening abstracts

V

[ 40 articles ]
61 articles excluded: \

1263 Abstracts not meeting

9 non-comparative studies inclusion criteria
8 artic les published in 543 Review articles
Japanesg5) &Turkish (3) conference, survey and letter

3 with data for not
separately described

1 case report

1 article added by
< |
manual search

20 STUDIESINCLUDED
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Table 3.1: Reasons for exclusion from the systematic review

Reason Total
Irrelevant article 1268
Review, conference, survey 543
Non-comparative studies 9
Studies in Turkish and Japanese 8
Studies reporting the efficacy without mentioning the number of 3
children, or the data for children not described separately.

Case report 1
Total 1832

3.3.1. Quality assessment

The 20 studiethat remained after screening were assessed; 17 RCTs with the Cochrane
risk of bias tool[58] and three observational studies (comparative-raodomised
studies) withthe STROBE tool[60]. Eight RCTs were rated lowisk for all criteria] 65

72]. The method of randomisation was inadequately described in 4 stid&ié§|, and

was unclear in one study7]. In 3 RCTs, the risk of bias in the allocation concealment
was high[73, 76, 78]. One RCT was rated higisk in blinding of participants and
personnel 78] (Figure 3.2). None of these RCTs were excluded from the systematic
review. None of the observational studies (comparativerandomised studies) axe

excluded as alstudies were of sufficiently good quality.
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Figure 3.2 Risk of bias summary
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3.3.2. The study descriptions

Twentystudies were included; 17 were randomised controlled {6&81] and 3 were
comparative nomandomised studief82-84]. These studies imwved more than 3,000
children aged from birth to 18 years. Most of the children were treated with lorazepam

(1503, 47%) and diazepam (1041, 32%) (T&B.

Table 3.2: Antiepileptic drugs used in 20 studies

Anti -epileptic drug used No. of_stugies No. o_f children
(N =20) (N =3178)
Lorazepam 8 1503
Diazepam 15 1041
Midazolam 8 416
Diazepam + phenytoin 1 88
Paraldehyde 1 80
Sodium valproate 2 52
Phenobarbital 2 41
Phenytoin 2 26
Phenobarbital + phenytoin 1 7
Otherberrodiazepinaot specified 1 7

* Some children and studies accounted more than once

3.3.2.1Randomised controlled studies

17 randomised controlled trials published between 1995 and 2015 were analysed,
including 11 opedabel studie$66, 69, 71-74, 76-79, 81], 4 singleblind studied65, 68,
75, 80], and 2 doubkblind studies[67, 70]. Of thesel7 studies; 15 were-&med
clinical trials,onewas3 arms[71] and theremainingstudyhad4 arms[76]. 8 studies

compared midazolam and diazepam (T&o8).
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Table 3.3: Randomised controlled studies characteristics

Study characteristics No. of studies No. of children
(N=17) (N =3047

Type of blinding

Open label 11 1796

Single blinded 4 918

Double blinded 2 333

Antiepileptic drugs compared

A. Midazolam vs. diazepam 8 914

B. Lorazepam vs. diazepam 3 795

C. Lorazepam vs. paraldehyde 1 160

D. Lorazepam vs. diazepam + phenytoin 1 178

E. Intravenous lorazepam vs. intranasal lorazepam 1 141

F. Intravenous lorazepam vs. intranasal & buccal LZP 1 761

G. Sodium valproate vs. phenytoin 1 38

H. Sodium valproate vs. phenobarbital 1 60

Sixteen of the 17 randomised control trials included were conducted solely in the
paediatric population. In thsingle mixedpopulation study, the rate of successful
seizure control was described separately for the childfén The successful seizure
control rate was documented in all 17 RCTs studieglve studies also documented

the seizure recurree rate (Tabl&.4).
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Table 3.4 : Outcomes

Study characteristics No. of stugies
(N=17)

Successful seizure control 17

Time to seizure control 16

Second dose or additional antiepileptic drugs 14

Seizure recurrence rate 12

* Some sudies accounted more than once

The definition of acute toniclonic seizuredncluding convulsive status epilepticus
varied among studies; nif65, 67, 70-72, 75, 77, 79, 81] used a definition of at least 5
minutes of continuous seizure, while one stiiig] used a definition of at least 10

minutes.Sevenstudies did not specify the definiti¢é8, 69, 73, 74, 76, 78, 80].

The definition of effectiveness of the intervention also varied between stddie time

to seizure control was the sole measure for determining succéssitrhent in 11
studies; in 8 of these treatment was considered effective if the seizure was controlled
within 10 minutes ofiruginfusion [66, 69-75]. In 2 studies, the criteria was 5 minutes
[68, 80], and one study used am@nute definition[76]. The other 6tsidies used some
combination of a time frame along with recurrence rate and incidence of respiratory
depression and hypotension. In 3 of these studies, the treatment was considered
successful if the seizure was controlled within 30 minutes, without reoenithin 1

hour, and without respiratory depressi@b, 78, 79]. In one study, the criteria were
described as control of seizure within 20 minutes, no recurrence within 1 hour and no
incidence respiratory depression or hypotensi@Y]. Another study defined

effectiveness as seizure control within 20 minutes and no recurrence within 12 hours
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[77]. In the remaining study, the criteria were defined as control within 10 minutes and

no recurrence within 30 minut@éd1].

The measurement of seizure rgemce also varied among studies. In 6 studies, it was
measured for one ho{B5, 66, 69, 70, 78, 79, in 5 for 24 hour$67, 71, 72, 75, 76] and
in one study for 18 hour81]. The remaining 5 studies did not define recurrgit&
73,74,77,80].

A. Midazolam versusdiazepam
Eight studies compared the effectiveness of midazolam and diazepam. They involved
more tharB00 children (466 treated with midazolam) aged between birth and 14 years.
Five were operlabel [66, 73, 74, 78, 79] and 3 were singldlind [65, 68, 80]. The
effectiveness of buccal madolam was compared with rectal diazepam in 4 styéks
73, 78, 79] and with intravenous diazepam in one st{@ly}. Of the remaining 3 studies,
2 compared the effectiveness of intranasal midazolam with intravenous diag@ham
74], and the third compared the effectiveness mtfamuscular midazolam with

intravenous diazepaf®g].

A.1l. Buccal midazolam versus rectal diazepam
The following 4 studies compared buccal midazolam to rectal diazepam in more than
600 children aged between birth and 15 yealhseewere operabel [73, 78, 79] and

one was singkdlinded[65].

Mcintyre et al. (2005) conducted ayB8ar, multicentre, randomised, controlled, cpen
label study in children who attended an emergency department with active convulsions

in the UK[78]. The study medicatianwere selected in weekly blocks at 4 hospitals.
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Children were excluded if they presented with partial seizures ocovulsive status
epilepticus. A total of 219 episodes in 177 children were evaluated. The treatment was
considered successful if the zaies were controlled within 10 minutes of the initial
dose, with no recurrence within one hour and no respiratory depregsibocal
protocol was applied if the seizure lasted more than 10 minutes after the initial dose.

Results were reported separatieythe initial episode and the total episodes.

Baysun et al. (2005) performed a prospective, singtdre study in Turkey involving

43 children aged between 2 months and 12 years with acutectonic seizure$73].
Randomisation was achieved by alternating the study medications daily. Treatment was
recorded as successful if the seizure terminated within 10 minutes of the initial dose. If
seizures were still active afté0 minutes, crossover treatment was applied: diazepam

for the midazolam group and midazolam for the diazepam group.

Mpimbaza et al. (2008) assessed buccal midazolam against rectal diazepam in 330
children, aged between 3 months and 12 years, who attandeghergency department

with prolonged seizurg$5]. This was an 8nonth, singleblind, singlecentre study in
Uganda. Randomisation was performed by an independent staff member who used
computergenerated treatment codes and opaque envelopes. Treatment was deemed
successful if the seizes stopped within 10 minutes after the initial dose, without
recurrence for one hour. If the seizure remained active for more than one hour,
intravenous diazepam was given. This study also assessed respiratory depression.
Children were excluded if they hadceived intravenous phenobarbital or intravenous

diazepam within 24 hours prior to admission.
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Ashrafi et al. (2010) conducted a eyear, operlabel, randomised study in 2 paediatric
referral hospitals in Iran on 98 children aged less than 12 years tdmded the
emergency room with acute convulsive seizures lasting for more than 5 nfifgjtes

Half the children were selected to receive buccal midazelara random number table.

The treatment was considered successful if the seizures were controlled within 5
minutes of the initial dose, with no respiratory depression or recurrence of seizure for
one hour. If the seizure remained active or recurred withenhour after the initial dose,

intravenous diazepam was given.

Overall, the seizure terminated in 231 of 329 children (70%) who received buccal
midazolam and in 175 of 319 children (55%) who received rectal diazepam. Seizure
termination was higher withuccal midazolam in 3 of the studies (TaBl&). Diazepam

was more effective in one small study in Turkey, however this was not statistically
significant (p = 0.57)73]. The pooled risk ratio of the outcomes of these 4 studies
showed that the effectiveness of buccal midazolam in seizure termination was superior

to that of rectal diazepam (RR: 1.29; 95% CI: 1.15.43; p < 0.04).

Seizure termination occurred 3 to 10 minutes after treatment with buccal midazolam,

and 3 to 15 minutes after rectal diazepam.

No children in either group needed additional dasfethe same drugdHowever, 3 of

the studies showed thaB &f 280 children (31%) who received buccal midazolam
required additional antiepileptic drugs (AEDs) to terminate their seizures compared to
121 of 270 children (45%) who received rectal diazep@fy 73, 78]; the difference

was significant (RR: 0.7; 95% CI: 0.57 to 0.87; p = 0.001).

43



3 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

The seizure recuence rate was reported in 2 of the studiés 78]. Seizures recurred
in 17 of 257 children (7%) who received buccal midazolam and in 32 of 250 children
(13%) who received rectal diazepam; the difference wadfisigmt (RR: 0.51; 95% CI:

0.29 t0 0.9; p = 0.02) (Tab®5).

In summary, buccal midazolam is superior to rectal diazepam for the treatment of acute
seizures in children. It is more effective and associated with a lower recurrence rate of

seizures (Tabl8.5 and Figure3.3).
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Table 3.5: Buccal midazolam versus rectal diazepam

Reference, | Study Age (Y) No. of AEDs Dose (mg/kg) | Seizure control Time to seizure control (No. of children)] Additional AEDs Recurrence raté
country design children (No. of children) (No. of children) (No. of children)

RR (95% ClI) RR (95% ClI) RR (95% CI)

P-value P-value P-value

MDZ DzZ» | MDzZ DzP MDZ DZP | MDZ DzP
Mcintyre et| Open label| 0.7-15 92 MDZz 0.5BUC 49 24 Median 8 min Median 15 mi 33 41 7 14
al., 2005, RCT
UK [78] 85 DzP 0.5PR 1.89(1.32.8) 0.65 (0.460.91) 0.54 (0.21.3)

p =0.001 p=0.01 p=0.17
Baysun et| Open label| 0.2-12 23 MDZ 0.25 BUC 18 17 3 min (12) 3min (10) [ 5 Data was not available
al., 2005 | RCT
Turkey[73] 20 DzP 0.30.5 PR 0.92 (0.71.2) 3-5min (3) 3-5min (4) | 0.45(0.45.3)

p =057 p=0.58

5-10 min (3) -8 min (3)

Mpimbaza et| Single blind| 0.3- 12 165 MDZ 0.5BUC 115 94 Median 4.7 min Median 4.3 | 50 71 10 20
al. 2008, | RCT min
Ugandg65] 165 DzP 0.5PR 1.22 @-1.4) 0.7 (0.530.9) 0.5 (0.241)

p=0.02 p =0.02 p =0.06
Ashrafi et Open label | 0-12 49 MDz 0.30.5BUC | 49 40 Median 4 min Median 5 m{ Data was not available | 0
al., 2010, RCT
Iran[79 49 DzP 0.5PR 122 (1.11.4)

p = 0.004
Total 4 0-15 329 MDZ 0.250.5 BUC | 231 174 3-10 min -13 min | 88 12} 17 3

319 DzP 0.30.5PR 1.23(1.01-1.5) 0.7 (05-0.8) 0.51(0.290.9)
p<0.04 p =0.001 p =0.02

MDZ: Midazolam, DZP: Diazepam

* Within one hour
** Median

N
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Figure 3. 3: The effectiveness of buccal midazolam versus rectal diazepam

1. Sucessful seizure control

2. Additional AEDs

Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Baysun, 2004 5 13 30020 16%  1.45[0.40,5.37) N E—
hdclntyre, 2004 KX V) 47 8% 397%  0.659[0.46 087 &+
Wpimbaza, 2008 a0 164 7169 A77%  0.70[0.53,0.94] ! 3
Total {95% CI) 280 270 100.0%  0.70[0.57,0.87] Q
Total events a9 11
Heterogeneity, Chi*=1.41, df= 2 (P =049 F= 0% 001 o e -

Test for overall effect 2= 3.21 (P =0.001)

3. Seizure recurrence

Midazolam Diazepam

Midazolam  Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Mcintyre, 2005 [Yi 12 85 384%  054[022,1.300 —&
Mpimbaza 2008 10 165 20 165 B16%  0.A0([024,1.04] —
Total {95% CI) PLTi 250 100.0%  0.51[0.28,0.90] <
Total events 17 32
Heterageneity, Chi*=0.02, df=1 (P =090 F=0% II].IJ1 Elf1 1'EI 100

Testfor overall effect =231 (P=0.03

Midazolam Diazepam
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A.2. Intranasal midazolam versus intravenous diazepam

There were 2 singleentre opetlabel studies that involved 114 children, aged between

0.2 to 15 yearf66, 74].

Lahat et al. (2000) performed a-fribnth, sngle-centre, opettabel, randomised study

in Israel to compare intranasal midazolam with intravenous diazepam for treating febrile
seizured66]. It involved 44 children aged between 6 months and 5 y&amsnty-one
children with 26 episodes were given intranasal midazolam, while 23 children with 26
episodes were gan intravenous diazepam. Patients were excluded if they had received
AEDs or had an intravenous line established by paramedics prior to being admitted to
the emergency room. Randomisation was performed by a hospital pharmacist (who was
not involved in thestudy) via a number table and opaque, sealed envelopes. Treatment
was considered effective if the seizures were controlled within 5 minutes, or successful
but delayed if the seizures stopped between 5 and 10 minutes. For treatment failure
(continued seizir more than 10 minutes after study medication was administered) the

local treatment protocol was used.

Four years later, Mahmoudian et al. (2004) assessed intranasal midazolam against
intravenous diazepam in 70 children aged between 2 months and 15 wkars,
attended an emergency department with convulsive status epilepticus[{@EH)his

was a 14month, singlecentre, opeitabel, randomied study conducted in Iran. Patients
were excluded if they had received prior emergency AEDs. Randomisation was
allocated based on an edddeven number table (children with odd numbers received

intravenous diazepam, and children with even numbers recegitranasal lorazepam).
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Treatment was considered successful if the seizure stopped within 10 minutes of initial
study medication. For treatment failure (continued seizure after 10 minutes),
intravenous diazepam was prescribed for the midazolam grouphemeblparbital for

the diazepam group.

The seizure ended in 58 children (95%) who received the intranasal midazolam and in
59 children (97%) who received intravenous diazepam; the difference was not
significant (RR: 0.98; 95% CI: 0.91 to 1.06; p = 0.67)eThte of seizure termination

was the same in the Iranian stu@i§4]. There was a nestatistically significant
difference in seizure termitian in the other study66], with diazepam having the

highertermination rate (Tabl&.6).

Seizure termination occurred 2.5 to 3 minutes after treatment with intranasal midazolam

and 2.5 to 2.6 minutes after intravenous diazepam.

The administration of additional antiepileptic drugs to terminate the seizures was
repated only in the Lahat studyrhreeof 21 children (14%) who received intranasal

midazolam needed additional antiepileptic drugs compared to 2 of 23 children (9%)
who received intravenous diazepam; the difference was not significant (RR: 1.64; 95%

Cl: 0.3t0 8.9; p = 0.5656].

Neither study in this section recordetiether additional doses were required.

The seizure recurrence rate was also only reported in the Lahat study; it was 5% (one
child) for intranasal midazolam and 4% (one child) for intravenous diazgg@lmthe

difference was not significant (RR; 1.1; 95% CI: 0.07 to 16.4; p = 0.95) (Table 4.6).
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In conclusionfrom these two small studies we can conclude that intranasal midazolam

andintravenous diazepam were equally effec(iVable3.6 and Figure3.4).
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Table 3.6: Intranasal midazolam vs. intravenous diazepam

Reference, | Study | Age No. of AEDs Dose Seizure control Time to seizure control Additional AEDs Recurrence raté
country design [ (Y) children (mg/kg) (No. of children) (No. of children) (No. of children)
RR (95% ClI) RR (95% CI) RR (95% ClI) RR (95% ClI)
P-value P-value P-value P-value
MDZ DZP MDZ DZP MDZzZ DzZP | MDZ DzP
Lahat et al.,[| Open | 0.612 | 21 MDZ 0.2 (IN) 23 24 | Mean 31 min Mean 2.5 min| 3 1 1
2000, Israel| label (26 episodes)
[66] RCT 0.96 (0.81.1) 1.64 (0.38.8) 1.1 (0.0716.4)
23 DzZP 0.3(IV) p=0.64 p = 0.56 p =0.95
(26 episodes)
Mahmoudian| Open | 0.2-15 | 35 MDZz 0.2 (IN) 35 35 | Mean 25 min Mean 2.6 min | Data was not Data was not
and Zadeh| label available available
Mohammadi,| RCT 1(0.91)
2004, Iran 35 DzZP 0.2 (IV) p=1
[74
Total 2 0.2-15 | 56 MDZzZ 0.2 (IN) 58 59 | 2.53.1 min 2.52.6min| 3 211 1
(61 episodes)
58 DzP 0.20.3 (IV) | 0.98 (0.911) 1.64 (0.38.8) 1.1 (0.0716.4)
(61 episodes) p=0.67 p =0.56 p=0.95

MDZ: Midazolam, DZP: Diazepam

Data for whether additional dose(s) were administered was not reported

* The seizure rate was measured within one hour.

** Median.
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Figure 3.4: The effectiveness of itranasal midazolam vs. intravenous diazepam

1. Successful seizure control

Midazolam  Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight K-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Lahat 2000 23 Xk A 26 403%  DSE[0E0 114
Wahmoudian, 2004 I 335 587%  1.0010095,1.06)
Total (95% Cl) 61 61 100.0% 0.98 [0.91, 1.06]
Total events A3 A9
Heteragenaity: Chi*= 0.45, df=1 (P = 0.50) F= 0% | | ) | |
Testfor overall effect =043 (F = 0.67) 001 D.1Diazepam 1 Midaznlamm 100
2. Additional AEDs
Midazolam  Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Fixed, 95%Cl M-H, Fixed, 95% CI
Lahat 2000 R 2 23 1000%  164[0.30,8.89 E—
Total (95% Cl) 1 23 100.0%  1.64[0.30, 8.89] -*-
Total events ] ?
Heterogeneity: Mot applicable | | | |
Testfor overall efiect 2= 0.58 (P = 0.56) o mDiarepam Midarnlamm o
3. Seizure recurrence
Midazolam  Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Fixed, 95% Cl M-H, Fixed, 95% Cl
Lahat 2000 1 A T 221000% 1100007 16.43]
Total (95% Cl) 1 23 100.0% 1.10[0.07,16.43]
Total events 1 1
Heterogeneity: Mat applicable 'D.El 1 EII 1 1| 1'|J -

Testfor overall effect £=0.07 (F=0.93)

Midazolam Diazepam
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A.3. Buccal midazolam versus intravenous diazepam

One study compared the efficacy of buccal midazolam against intravenous diazepam in
children whoattended the emergency room with convulsions, irrespective of duration.
This randomised, singlBlind, singlecentre study in India wasonducted by Talukdar

et al. (2009) anéhvolved 120 bildren aged less than 12 years of whi€hwere treated

with bucal midazolan80]. Successful seizure remediation was defined as the ending
of seizures within 5 minutes of thsitial dose of study medications. When the seizures
lasted longer than that, the local protocol was applied. Children were excluded if they
had the following seizure types: myoclonic, atonic, or absence. Selection of the study
medication was performed thia random number table. Cardiorespiratory compromise
was evaluated at 5 and 10 minutes after administration of the study medications. This
study documented the treatment success and time to seizure control rather than seizure

recurrence rate.

The seizurestopped in 51 of 60 children (85%) who received buccal midazolam, and in
56 of 60 children (90%) who received intravenous diazepam; the difference was not

significant (RR: 0.9; 95% CI: 0.8 to 1.03; p = 0.15) (Ta®iB.

Nor was there a significant difience in the time to seizure termination, with a mean of

1.7 minutes for buccal midazolam and of 1.1 minutes for intravenous diazepam.

Whether additional dose(s) were administered was not recorded. However, 9 children
(15%) in the buccal midazolam groumated additional AEDs to terminate their

seizures compared to 2 children (3%) in the intravenous diazepam group; the difference
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was of borderline statistical significance (RR: 4.5; 95% CI: 1.01 to 19.96; p = 0.05)

(Table3.7).

The recurrence rates were meported.

In conclusion, although the number of children whose seizure ended with buccal
midazolam was lower than the intravenous diazepam group, the difference was not
significant (Table3.7 and appendix A There was, however, a borderline statistical

difference in the use of additional AEDs, favouring intravenous diazepam.
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Table 3.7: Buccal midazolam versus intravenous diazepam in one study

Reference, | Study Age No. of AEDs Dose Seizurecontrol Time to seizure control Additional AEDs
country design (Y) children (mg/kg) | (No. of children) (No. of children)

RR (95% ClI) RR (95% CI)

P-value P-value

MDZ pzp | MDZ DZP MDZ DZP
Talukdar et| Singl blind| <12 | 60 MDZz 0.2BUC |51 56 | Mean 1.7 min Mean 1.1 mif 9 2
al, 2009,| RCT
India, [80]

60 DZP 031V 0.91 (0.81.03) 4.5 (1.0119.96)

p=0.15

p =0.05

MDZ: Midazolam, DZP: Diazepam

Data for whether additional dose(s) were administered and recurrence rate were not reported
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A.4. Intramuscular midazolam versus intravenous diazepam

One study in Brazil comparethtramuscular (IM)midazolam andntravenous V)
diazepam in 32 children who attended the emergency department with seizures,
irrespective of type and duratig8]. Children were excluded if they h&ly/) access

prior to hosgal admission, or a history of hepatic, renal or coagulopathic disorders.
Children aged between 2 months and 14 years were randomly asgighecidazolam

or (IV) diazepam. Randomisation was performed by preparing blocks of 10 medications,
5 of which wee (IM) midazolam and KIV) diazepam. The study was blinded to
participants only. Treatment was considered to have failed if the seizures did not
terminate within 5 minutes, or if patients required a second dose of study medication or
additional AEDs. Thistudy documented the treatment success and failure rates, but not

the recurrence rate.

The number of children who stopped seizing was the same in both groups (14 children,

88%) (RR: 1; 95% CI: 0.77 t0o 1.3; p = 1).

Seizure termination occurred within 4imates after treatment with intramuscular

midazolam, and within 3 minutes after intravenous diazepam (Ba)le

One child (6%) in each group required additional dose(s) of the study medication to

control their seizures (RR: 1; 95% CI: 0.07 to 14.6; p=1).

Two of 16 children (13%) with intramuscular midazolam required an additional AED to
end their presenting seizure compared to one child (6%) who received intravenous
diazepam (Table 4.8); the difference was not significant (RR: 2; 95%.Z1t019.9; p

=0.5).The recurrence rate was nmeported
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To summarise, this study showed equal effectiveness of intramuscular midazolam

compared to intravenousatiepam (Tabl8.8 and appendix A
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Table 3.8: Intramuscular midazolam versus intravenous diazepam

Reference,| Study | Age | No. of AEDs | Dose Seizure control | Time to seizure Second dose(s) Additional AEDs
country design] (Y) children (mg/kg) (No. of children) | control (No. of children) (No. of children)
RR (95% Cl) RR (95% Cl) RR (95% CI)
P-value P-value P-value
MDZ DZP | MDZ pzp | MDZ DZP | MDZ DzP
Portela et al,| Singl 0.214 | 16 mMDZ 0.21M 14 14 | 4 min 3 min| 1 1(9 2
2014, blind (Max 15 mg)
i RCT
Brazial[68] 16
DzZP 0.3 at
Smg/min IV | 1(0.771.3) 1 (0.0714.64) 2 (0.219.91)
(Max10mg) | p=1 p=1 p =0.55

MDZ: Midazolam, DZP: Diazepam

Data for recurrence rate was not reported
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A.5.  Summary of midazolam \ersusdiazepam

Four studies compared the effectiveness of buccal midazolam and rectal diazepam for
treating acute tonic clonic seizune children. Of these, three studies involving 605
children (306 treated with buccal midazolam and 299 treated with rectal diazepam)
showed that the effectiveness of buccal midazolam in seizure termination was superior
to that of rectal diazepam (RR:1.8%p = 0.00178], RR: 1.22 & p = 0.0265] and RR:

1.22 & p = 0.00479], respectively) (Table 4.5). These 3 studies provided the majority

of the patients and were responsible for most of the significant differences in this
systematic review. The fourth study showed no significant difference (p {T8R7)

The overall pooled risk of ratio showed that the effectiveness of buccal midazolam in

seizure termination was superior to that of rectal diazepam (RR: 1.29 & p < 0.04).

In contrast, there were no significadifferences in seizure termination between
midazolam (intranasal, buccal or intramuscular) and diazepam (intravenous)3Bable

3.7 and3.8).

Additional doses were only documented in one s{&®y involving 16 children; there

were no differences among the groups.

The use of additional antidgeptic drugs (AEDSs) to terminate seizures was documented
in 6 studies[65, 66, 68, 73, 78, 80]. Two studies showed that the requirement
additional antiepileptic drugs was lower with buccal midazolam (median = 33%) than

with rectal diazepam (median = 49%).
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The seizure recurrence rate was documented in 3 stiihe66, 78]. The 2 studies
comparing buccal midazolam with rectal diazepam reported a lower likelihood of

seizure recuance with buccal midazolam

In conclusion, buccal midazolam was more effective than rectal diazepam. Studies
involving other routes of administration of the 2 drugs showed no difference between

the 2 drugs.

B. Lorazepam versus diazepam
There were 3 studies @h compared the effectiveness of lorazepam and diazepam,
involving more than 700 children; one was open |1§6], one a singkblinded study

and one was doubldinded[70, 75].

B.1.Intravenous lorazepam vs. intravenous diazepam

Two studies recruited a total of 334 children; one was -dgiesl, while the second was

doubleblinded.

Appleton et al. (1995) conducted a-d®dnth, singlecentre, randomised, op4aiel
studycomparing lorazepam vs. diazepam in the UK. Children received one of the two
drugs either intravenously or rectally6]. The study recruited 102 children aged
between one month an® Years who attended the emergency department with an acute
tonic-clonic convulsion. Siteen children received the wrong medication and were
therefore excludedSixty-one children received intravenous treatment (27 lorazepam
and 34 diazepam). Randomisation was achieved by alternating the study medication
daily. Treatment was considered effeetif the presenting seizures terminated within 8

minutes of the initial dose. If the seizures were still active after 8 minutes, a second dose
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of the study medication was given by the same rdtie.local protocol was applied if

the second dose was reffective.

Efficacy and safety was assessed by the following measures: the time from drug
administration to end of seizure, the incidence of respiratory depression, and the
numbers of doses, children that required additional AEDs, and children withergcurr

seizures in the first 24 hours.

In the second study, Chamberlain et al. (2014) assessed the efficacy of intravenous
lorazepamagainst intravenous diazepam in 273 children, aged from 3 months through
17 yearsOne hundred and forfyatients were giveniazepam and 133 lorazepdif0)].

This was a 4year, doubléblind, randomised clinical trial conducted in the USA at 11
paediatric hospitals. Status epilepticus was defined as 3 or moreeseadthin the hour

prior to emergency admission and still ongoing at the emergency room, or 2 or more
seizures with loss of consciousness and still ongoing at the emergency room, or single
current seizures lasting at least 5 minutes. Patients were exftadethe study if they

were pregnant, attended with cardiovascular complications including hypotension or
cardiac dysrhythmia, required surgical interventions or general anaesthesia, were
contraindicated for benzodiazepines, had used benzodiazepinas Witlsys prior to

hospital admission, or had received prehospital AEDs.

Randomisation was allocated within 3 age groups: 3 moerghgars, 3 12 years, and

13 - 17 years. A unique dispensing system distributed the medications in opaque
syringes with cd GV DWWDFKHG WKDW GHVFULEHG KRZ WR XV
bedside.
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If the seizures were controlled within 10 minutes of the initial dose, without recurrence

for 30 mirutes the treatment was deemed successful. If the seizures remained active

after 12 minutes from the benzodiazepine dose, phenytoin IM2Q1%ng/kg) or
phenobarbital were used. If the seizure continued for more than 20 minutes from initial

dose, the study became openDEHO DQG $('V ZHUH JLYHQ DFFRUGLQ

decison.

The secondary outcomes included the number of children who required a second dose
or additional AEDs in both treatment groups, and the number of children whose
seizures were controlled for 1 and 4 hours after administration of the study medications.
The primary safety outcome was respiratory depression within 10 minutes of the initial
dose of the study medications; the secondary outcomes were incidences of aspiration

pneumonia, sedation, or agitation, and time to recover consciousness.

In the two stdies, the seizure terminated in 116 of 160 children (73%) who received
intravenous lorazepam and in 123 of 174 children (71%) who received intravenous
diazepam. There was no difference between intravenous lorazepam and intravenous
diazepam in achieving seire termination (RR: 1.02, 95% CI: 0.89 to 1.17; p = 0.73)

(Table3.9).

Seizure termination occurrezl second4o 2 minutes after treatment with lorazepam,

and2 seconds$o 2.5 minutes after diazepam.

Fifty-two of the 160 children (33%) given intravenoiasazepam required additional
doses to terminate their seizure compared to 54 of the 174 children (31%) on

intravenous diazepam. One study favoured lorazepam and the other diazepam. The
61



3 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

pooled risk ratishowedthat the requirement of additional doses wiasilar (RR: 1.05;

95% Cl: 0.76 to 1.44; p = 0.77) (Tal8®).

Both studies showed that the requirement for additional antiepileptic drugs was slightly
lower with intravenous lorazepam (22 children, 14%) than with intravenous diazepam
(26 children, 15%)the difference was not significant (RR: 0.91, 95% CI: 0.54 to 1.55;

p = 0.73) (Tabls.9).

The seizure recurrence rates were lower for intravenous lorazepam (16 children, 10%)
than for intravenous diazepam (23 children, 13%); however, the differencesnater

significant (RR: 0.79, 95% CI: 0.44 to 1.43; p = 0.44) (T&x®.

To summarise, the two studies showed that intravenous lorazepam and intravenous
diazepam were equally effective for treating acute tonic clonic seizures @ akdad

Figure3.5).

A prospective comparative naandomised study conducted by Wassmer et al. (2002)
compared intravenous lorazepam and intravenous diazepam in the UK and also reported
a similar resulf{84]. This study involved 48 children aged 5 months to 11 years with
convulsive status epilepticus. A definition of convulsive status epilepti@as not given.
Thirty-onechildren received intravenous lorazepam and 17 intravenous diazepam. The
seizure was terminated in 20 children (65%) who received intravenous lorazepam and in

11 (65%) receiving intravenous diazepam within 15 minutes.
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Table 3. 9: Intravenous Lorazepam vs. Intravenous diazepam

Reference, | Study [ Age (Y) | No. of AEDs Dose Seizure control | Time to seizure control Additional dose(s) | Additional Recurrence raté
(No. of children) (No. of children) AEDs (No. of (No. of children)
country design children (mg/kg) children)
RR (95% CI) RR (95% CI) RR (95% CI)
P-value P-value RR (95% Cl) P-value
P-value
LzP DzZP | LzP DZP| LZP DzZP | LzP DZP | LzP DzP
Appleton et| Open | 0.1-16 27 LZP 0.050.1 19 22 | 20-60 sec. 260 sec.| 8 12 |1 5|6 12
al., 1995, label (V)
UK [76] Quast 34 DzP 1.09 (0.771.54) 0.84 (0.41.76) 0.25 (0.032.03) | 0.63 (0.271.46)
RCTs 0.30.4(IV) | p=0.64 p=064 p=0.2 p=0.28
Chamberlain| Double | 0.3- <18 | 133 LZP 0.1 (IV), 97 101 | 2 min 2.5min| 44 42 | 21 21 | 10 11
etal.., 2014, | blind Max. 4 mg
USAT[70Q] RCT 1.01 (0.871.17) 1.1 (0.781.56) 1.05 (0.61.84) 0.96 (0.422.18)
140 DzP 0.2 (IV), p=0.88 p =0.58 p=0.86 p=0.92
Max. 8 mg
Total 2 0.3 <18] 160 LzP 0.050.1 116 123 1 0.2-2 min 0.2 £2.5 min | 52 54 | 22 26 | 16 23
(V)
Max 4 mg | 1.02 (0.891.17) 1.05 (0.761.44) 0.91 (0.5441.55) | 0.79 (0.441.43)
p=0.73 p=0.77 p=0.73 p=0.44
174 DzP
0.2-0.4 (IV)
Max. 8 mg

LZP: Lorazepam, DZP: Diazepam

* The first study documented the rate within 24 hours while the second study within one hr.
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Figure 3.5: The effectiveness of intravenous lorazepam vs. intravenous diazepam

1. Successful seizure control

Lorazepam IV Diazepam IV

Risk Ratio

Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Appleton, 1994 19 27 22 34 1648%  1.09[077,1.54]
Chamberlain, 2014 8y 133 101 140 8348%  1.01[0.87 1.17]
Total {95% CI) 160 174 100.0%  1.02 [0.89,1.17]
Tatal events 116 123
_II-_Iet?;ugeneWyl:l CQ Tgi% 31:1:;EF‘D=TD3.TD);I = 0% 'EI.EI1 Df1 1| 1'D 1DD'
estfor overall eflect 2= 0.34 (F=073) Diazepam Lorazepam
2. Additional dose(s)
Lorazepam IV Diazepam IV Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Appleton, 1994 g8 27 12 34 206%  0.841[0.40,1.76]
Chamberlain, 2014 44 133 42 140 794%  1.10([0.78, 1.56]
Total {95% CI) 160 174 100.0%  1.05[0.76, 1.44]
Tatal events h2 a4
_II-_Iet?;ugeneWyl:l CQ Tgil?;j g;=;EPD=Tg.51);I =% 'EI.EI1 Df1 1| 1'D 1DD'
estfor overall eflect 2= 028 (F=0.77) Lorazepam Diazepam
3. Additional AEDs
Lorazepam IV Diazepam IV Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Appleton, 1994 1 27 a 34 178%  0.29[003,2.03 & '
Chamberlain, 2014 21 133 21 140 82.2%  1.05[0.60,1.84]
Total (95% CI} 160 174 100.0%  0.91 [0.54, 1.55]
Total events 22 26
?et?;ugenemrl:l CQ T;.’E SE:QEPD:?DSJQ);I =41% 'EI.EI1 D!1 1| 1'IJ 1DD'
estior overall effect 2= 0.35 (F=0.73) Lorazepam Diazepam
4. Seizure recurrence
Lorazepam IV Diazepam IV Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Appleton, 1934 & 27 12 34 498% 063027, 1.46)
Chamberlain, 2014 10 133 " 140 50.2%  0.96[042 218]
Total {95% CI} 160 174 100.0%  0.79 [0.44,1.43]
Total events 16 23
Heterogeneity, Chi*=048, df=1 (P =0.48), F= 0% o1 01 ] h 100

Testfor overall effect Z=077 (P=1044)

Lorazepam Diazepam
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B.2.Rectal lorazepam vs. rectal diazepam

The study by Appleton et al. (1995) describedvabin the previous sectiosgction )
also compared rectal lorazepam and rectal diazepam in 25 chiltBlerSix children

received lorazepam and 19 received diazepam.

Seizure termination occurred in all 6 children who received rectal lorazepam, compared
to only 6 of B (32%) children who received rectal diazepam (Table 4.10). Lorazepam
was more effective than diazepam in achieving seizure termination (RR: 2.8; 95% CI:

1.5 to 5.5; p = 0.002) (TabB10)

Thirteen children (68%) who received rectal diazepam requiredi@uali dose(s) (RR:
0.1; 95% CI: 0.041.56, p = 0.1) and 12 children (63%) in the same group required
different AEDs (RR: 0.2; 95% CI: 0.e1.69, p = 0.1) to terminate their seizu(@able

3.10).

In the lorazepam group, none of the six children in telysiexperienced a further
seizure within 24 hours of drug administration, compared to 7 children in the diazepam
group; the difference was not significant (RR: 0.2; 95% CI: 0.01 to 2.9; p £TaBle

3.10)

In summary, in this small study rectal lorazepwas seen to be more effective than
rectal diazepam for initial seizure control and was associated with no recurrent seizures

within 24 hrs (Table3.10 and appendix A
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Table 3.10: Lorazepam (PR) versus diazepam (PR) in ongtudy

Reference, Study Age (Y) No. of AEDs Dose (mg/kg) [ Seizure control Time to seizure control Additional dose(s) Additional AEDs Recurrence raté

(No. of children) (No. of children) (No. of children) (No. of children)
country design children

RR (95% ClI) RR (95% CI) RR (95% CI) RR (95% CI)

P-value P-value P-value P-value

LZP DZP | LZP DzP LZP DZP| LzP DZP | LZP DzP
Appleton et| Open 0.1-16 6 LzP 0.050.1 (PR)| 6 g 20-60 seconds 260 seconds| 0 13| 0 17 0 7
al., 1995, UK| label
[76] Quask 19 DzP 0.30.4 (PR) | 2.8 (1.55.5) 0.1 (0.011.56) 0.1 (0.011.69) 0.2 (0.022.9)

RCT p =0.002 p=0.1 p=0.1 p=0.2

LZP: Lorazepam, DZP: Diazepam

* Within 24 hours.
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3 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

B.3. Sublingual lorazepam vs. rectal diazepam

The efficacy of sublingual lorazepam was studied against rectal diazepam by Malu et al.
(2013) [75]. This was an 18nonth, randomised, controlled sindiénd study of
children admitted to the emergency room with seizures lasting more thanufemi

This study was conducted in s@aharan Africa at 9 different hospitals and involved
436 children aged from 5 months to 10 years. Treatment was considered effective if the
presenting seizures terminated within 10 minutes of the initial dose. $etheares were

still active after 10 mintes a second dose of the study medication was given by the

same route. If this was not effective, intravenous phenobarbital was administered (15

mg/kg).

Randomisation was allocated based on an altedts basisif., on even days of the
month, children received rectal diazepam, and on odd days they received sublingual
lorazepam). At the emergency room, blood pressure and oxygen levels were monitored
for the first 20 minutes of admission. Monitoring was extentbedO minutes for
patients who needed a second dose, and supplemental oxygen was provided if oxygen
saturation fell below 93%. Children were excluded if they had been administered AEDs
prior to hospital attendance, had seizures lasting less than 5 mioutegcted the

diazepam within 10 minutes.

The seizure ended in 131 of 234 children (56%) who received sublingual lorazepam and
in 160 of 202 children (79%) who received rectal diazepam (Table 4.11). This result
significantly favoured rectal diazepam fegizure termination (RR: 0.71; 95% CI: 0.62

to 0.81; p < 0.00001) (Tab®11).
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Seizure termination occurred within 9 minutes after treatment with sublingual

lorazepam, and within 6 minutes after rectal diazepam.

Sixty-three of the 234 children (27%) tresd with sublingual lorazepam required
additional dose(s) to terminate their seizures compared to 24 of the 202 children (12%)
on rectal diazepam; the differences was significant (RR: 2.3, 95% CI: 1.5 to 3.5; p =

0.0002) (Table.11)

Data related to adddnal AEDs was not available.

Eighty-five of the 234 children (36%) treated with sublingual lorazepam experienced a
further seizure after drug administration compared to 80 of the 202 children (40%)
given rectal diazepam; the differenams not significan{RR: 0.92, 95% CI: 0.72 to

1.17; p = 0.48) (Tabla.11).

To conclude, sublingual lorazepam was inferior to rectal diazepam for the treatment of
acute seizures in children. It was less effective and more likely to require an additional

dose(s) (Tabl&.11and appendix A
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Table 3.11: Lorazepam sublingual versus rectal diazepam in one study

Reference, Study Age (Y) No. of AEDs Dose (mg/kg) Seizure control Time to seizure control Additional dose(s) Recurrence raté

(No. of children) (No. of children) (No. of children)
country design children

RR (95% ClI) RR (95% CI) RR (95% CI)

P-value P-value P-value

LZP DZP| LZP DZP | LZP DZP| LZP DZP
Malu et al.,| single | 0.510 234 LzP 0.1 (sublingual) 131 160| 9 min 6 mirl 63 24 85 8(
2013, sub | blind
Saharan RCT 202 DzP 0.3 35 VHF| 0.71 (0.620.81) 2.27 (1.53.5) 0.92 (0.721.17)
Africa [75] p < 0.00001 p = 0.0002 p =0.48

LZP: Lora zepam, DZP: Diazepam

Data for whether additional AEDs were administered was not reported

* Within 24 hours.
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B.4. Summary of lorazepam vs. diazepam

The results suggest that IV lorazepam and IV diazepam are equally effective in
terminating seizures (RRL.02 & p = 0.73) and there were no differences between the
groups in term of additional doses (RR: 1.05 & p = 0.77), additional AEDs (RR: 0.91 &

p = 0.73) and seizure recurrence (RR: 0.79 & p =0.44) (Tad)e

With regard the rectal route, there wa® @tudy involving a small number of children

which makes it difficult to conclude anything in relation to effectiveiégls

Sublingual lorazepam appears to be inferior to rectal diazepam for the treatment of
acute seizures in childrefRR: 0.71 & p < 0.00001and this my due to its poor
absorption A pharmacokinetic study conducted by Anderson et.al (2012) showed that
lorazepam was slowly absorbed following buccal administrafi@®]. Sublingual
absorption is likely to be similar to buccal absorption. Peak absorption followinglbucc
administration was at 180 minutes, suggesting that this may not be the best route for
treating acute seizur¢85].

In summary, intravenous lorazepam is the best route of administration for this drug.

Intravenous lorazepam and diazepam appear to be equally effectiv
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4 The Effectiveness of AEDs for convulsive statepilepticus (CSE)

C. Lorazepam versus paraldehyde
Shafique et al. (2006) compared intranasal lorazepam (100 pg/kg) and intramuscular
paraldehyde (0.2 ml/kg) in a 48onth, singlecentre, randomised, opéabel study
conducted in su®aharan Africd72]. It was carried out in 160 children aged 2 months
to 12 years who attended thmaediatric emergency department with generalized

convulsions continuing for at least 5 minutes.

Children were excluded if they received antiepileptic drugs within 1 hour before
attending, had seizures due to hypoglycaemia which were stopped with itsticofre

had signs of hepatic or hypertensive encephalopathy, or suffered organophosphate
poisoning. Randomisation was assigned by computer, and treatment was allocated in

unmarked sealed envelopes.

The primary outcome was whether the seizures stopped withminutes of treatment.
The secondary outcomes were time to seizure cessation, incidence of hypotension or
hypoxia, and the seizure recurrence rate within 24 hours. The local protocol was applied

for children whose seizures lasted more than 10 minutes.

Intranasal lorazepam was more effective than intramuscular paraldehyde in terminating
seizures (60 children (75%) terminated their seizure vs. 49 children (61%)). However,
this difference was not statistically significant (RR: 1.22; 95% CI: 0.9 to 1.52).97)

(Table3.12 and appendix A

There was no difference between medications in the time to achieve seizure termination,
7.5 minutes (median) for intranasal lorazepam and 8 minutes (median) for intramuscular

paraldehyde.
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Significantly fewer childrerreceiving intranasal lorazepam (8 children, 10%) required
an additional dose(s) and different antiepileptic drugs to terminate their seizures than
with intramuscular paraldehydel(2hildren, %) (RR: 0.3; 95% CI: 0.Bto 088; p =

0.01) (Table3.12 andappendix A.

The seizure recurrence rate was 10% (8 children) for intranasal lorazepam compared to
14% (11 children) for intramuscular paraldehyde; the difference was not significant (RR:

0.73; 95% CI: 0.31 to 1.71; pG=47) (Table3.12 and appendix A

In summary, children receiving intranasal lorazepam as opposed to intramuscular
paraldehyde were significantly less likely to require additional dose(s) or an alternative
antiepileptic drug. It appeared to be more effective, but this difference was not

statstically significant
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Table 3.12: Lorazepam (intranasal) vs. paraldehyde (intramuscular) in one study

Reference, Study Age (Y) No. of AEDs Dose Seizure control Time to seizure control Additional dose(s) Recurrence rate**
and AEDs*

country design children (No. of children) (No. of children) (No. of children)

RR (95% CI) RR (95% CI) RR (95% CI)

P-value P-value P-value

LzZP Paraldehyde | LZP Paraldehyde| LZP Paraldehyde | LZP Paraldehyde
Shafique et | Open 0.2-12 80 LZP J NJ 60 44 Median 7.5 min Median 8 mi (8) @ |8 1
al., 2006,| label
subSaharan| RCT 80 Paraldehyde | 0.2 mlikg (IM) 1.22 (0.91.52) 0.33 (0.18-0.88) 0.73(0.311.17)

LZP: Lorazepam

* The data for the requirement of additional dose(s) and AEDs was combined in this study.

** \Within 24 hours.
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4 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

D. Intravenous lorazepam vs. intravenous diazepam pkiphenytoin
A 2010 study compared intravenous lorazepam with an intravenous combination of
diazepam and phenytoin in a tertiary hospital in Irf@if. The study was randomised
and operabel. Phenytoin wagiven 15to 30 minutes after diazepam administration,
evenif seizures had not recurred. The study included178 children aged between 1 and
12 years with convulsive status epilepticus lasting for at least 5 minutes. If IV access

could not be obtained, the same dose of lorazepam and diazepam was given rectally.

Children were excluded if they received antiepileptic drugs within the past 4 weeks or

had headache, injury, jaundice, diarrhoea, renal failure or a history of poisoning.

Randomisation was assigned by a computer, and treatment was allocated in sealed

envelogs.

If the seizures were controlled within 10 minutes of the initial seizure, without

recurrence for 18 hours, the treatment was deemed successful.

The primary outcome was seizure cessation within 10 minutes of the first intervention,
without recurrence foseizures during the next 18 hours. If the seizures did not stop
immediately after the initial dose, a second dose of the same medication was used
during the first 10 minutes from the initial seizure. If the seizure was still active after the
second doséfter 10 minutes from the initial seizures), the following medications were
used: phenytoin (18 mg/kg, 1V), phenobarbital (20 mg/kg, IV) and midazolaf (1

pg/kg/min, 1V).
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The secondary outcomes included time to stop seizure after the first dose, wiimber
doses required to stop the initial seizures, number of seizures during 18 hours after the
initial dose, incidence of respiratory depression, number of children who crossed over to
another treatment regimen and number of cases transferred to the ICiudyheeriod

was not documented.

The authors described both medicines to be effective in all patients (RR: 1; 95% CI:
0.98 to 1.02; p = 1), However, their definition of being effective included the use of a
second dose of the anticonvulsasix (7%) of D children on intravenous lorazepam
required an additional dode terminate their initial seizure, compared with 14 of 88
children (16%) on intravenous diazepam and phenytos the effectiveness of
lorazepam was 93% compared to 84% for diazepam wiémytoin). Thedifference

was not statistically significant (RR: 1.1; 95% CI: 0.17 to 1.04;(@06) (Table3.13

and appendix A All of the doses were received during the first 10 minutes of the

emergency admission.

No children in either group requireah additional antiepileptic drug or had a further

seizure within 18 hrs after drug administration and this result was due to the longer

action of duration of lorazepam and the use of the-lwiong AED (phenytoin) along

with diazepam (Tabl&.13). Intravenous diazepam has a short duration of action, and

seizure recurrence may occur within 2 hours after diazepam administi8thn

Moreover, the recommended concentration of diazepam to terminate a seizure is 200
J/ EXW WKLV FRQFHQWUDWLRQ GHFUHDVHV LQ OHVYV

which explains the rapid recurrence of sei@d. Therefore, seizures may recur with
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diazepam if patients are not given a loading dose of-&mting AEDs, such as
phenytoin[81]. By contrast, intravenous Ezepam has a long action of duration, which

helps avoid seizure recurrence within 18 hours after seizure termiftjon

In summary, intravenous lorazepam appeared to be more effective than the intravenous
combination of diazepam and phenytoin in the treatmenbaite seizures. The

difference was of borderline statistical significant (RR: 1.1; 95% CI: 1 to 1.23; p = 0.05).
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Table 3.13: Intravenous lorazepam vs. intravenous diazepam plus phenytoin in one study

Reference, | Study [ Age No. of AEDs Dose (mg/kg) Seizure control Time to seizure control | Additional dose(s)*
(No. of children) (No. of children)
country design | (Y) children
RR (95% CI) RR (95% ClI)
P-value P-value
LZP DZP+PHT | LZP DZP+PHT LZP DZP+PHT
Sreenath Open | 142 90 LZP 0.1(IVv) 84 71 20 sec 20 sec 6 14
et al., | label _
2010 RCT 88 DZP+PHT | 0.2 +18/1580 min (IV) | 1.1 (1 4.23) 0.42 (0.174.04)
India[81] P =0.05 P =0.06
LZP: Lorazepam, DZP: Diazepam, PHT: Phenytoin

* All additional doses are given within the first 10 minutes of the initial seizure
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E. Intravenous lorazepam vs. intranasal lorazepam

Two studes recruited a total of 650 children aged between 2 months and 14 years; one

was conducted in Indi@9] and the other in Malawir1].

Arya et al. (2011) conducted the randomised, dpbel, singlecentre study in India

[69]. The researchers recruited 141 children aged between 6 and 14 years who attended
the emergency deparent with an acute toriclonic convulsion, over a 7 month period,

and compared intravenous to intranasal lorazepam administration. The primary outcome
was clinical termination of the seizure activity within 10 minutes of drug administration.

If the seizue continued or recurred after 10 minutes from the initial dose, phenytoin
was given at 20 mg/kg over 20 minutes. Secondary outcomes were persistent
termination of seizures for 1 hour after drug administration, time for seizure control,
incidence of hypotesion within 1 hour of drug administration, and incidence of
respiratory depression needing ventilation. Children were excluded if they were
hypersensitive to benzodiazepine, had received intravenous AEDs within 1 hour prior to
being admitted to the emergsnroom, or appeared to have cerebrospinal fluid
rhinorrhoea or upper respiratory tract infection. Advance randomisation was performed

using blocks of variable lengths and storing the medication in opaque sealed envelopes.

Four years later, Lissauer et.dR015) conducted a randomised, ojerel study at a
single centre in Malawi comparing intravenous to intranasal lorazepam. The study
period was not documentedive hundred and ninehildren aged from 2 months to 14
years who attended the emergency d@pent with acute generalised seizures lasting at

least for 5 minutes were included. Lorazepam was given intravenously to 264 children
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and intranasally to 245. Randomisation was compggeerated via a number table, in
blocks of 10, and stratified dependi on whether IV access was available, already
established or could not be obtained. The primary endpoint was control of seizures
within 10 minutes of the initial dose. The secondary outcomes included the time to stop
seizure after the first dose, numbdrdmses, additional AEDs, recurrence within 24
KRXUV OHQJWK Rl VHL]XUH VLGH HIIHFWV DQG WKH
Treatment was considered effective if the presenting seizure terminated within 10
minutes of the initial dose. If the seiesrwere still active after 10 minutes, a second
dose was given by the same route. If the seizure lasted for 20 minutes or more, the
following medications were used: intramuscular paraldehyde (0.2ml/kg) followed by
intravenous phenobarbital (18 mg/kg), themavenous phenytoin (18 mg/kg/10minutes)

as necessary, according to local guidelines.

The seizure ended in 274 of 334 children (82%) who received intravenous lorazepam
and in 198 of 316 children (63%) who received intranasal lorazepam (Balle

There was no difference statistically (RR: 1.19; 95% CI: 0.78 to 1.81; p = 0.42). Seizure

termination was statistically higher with intravenous lorazepam in one study (RR: 1.46

& p <0.00001)7]]. In the other study, however, there was no difference between the 2

routes (RR: 0.96 & p = 0.6/H9]. Seizure termination occurred 3 to 5 minutes after

treatment with intravenous lorazepam, and 3 to 10 minutes after intréoragapam.

One of the studies involving 509 children recorded whether an additional dose(s) and
additional AEDs were needeldl]. Forty-six of the 264 children (17%) receiving

intravenous lorazepam required additional dose(s) compared to 99 of the 245 children
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(40%) who received intranasal lorazepam (Tabl&).the difference was statistically

significant (RR: 0.4; 95% CI: 0.32 to 0.58; p < 0.00001) (T&tld).

The intravenous route had a lower likelihood of requiring a different AED to terminate
the seizure (23 children, 9%) than the intranasal routecl@@ren, 23%) (RR: 0.38;

95% ClI: 0.24 to 0.6; p < 0.0001) (Tal3d 4).

Eighty-eight of the 334 children (26%) on intravenous lorazepam experienced a further
seizure after drug administration compared to 106 of the 316 children (34%) on
intranasal lorazeam; the differencevas not significant (RR: 0.7; 95% CI: 0.61 to 1.12;

p = 0.23) (Tabls.14).

In conclusion, intravenous lorazepam appeared to be more effective than the intranasal
lorazepam in the treatment of acute seizures with a lower recurrencef ssizures.

These differences however did not reach statistical significance. There was however a
statistically lower risk of needing treatment with additional dose(s) and additional AEDs,

favouring intravenous lorazepam (TaBlé4 and Figuré&.6).
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Table 3.14: Lorazepam (IV) versus lorazepam (IN)

Reference, | Study Age (Y) | No. of AED Dose (mg/kg) Seizure control Time to seizure contol Additional dose(s) | Additional AEDs Recurrence*
(No. of children) | (median) (No. of children) (No. of children) (No. of chidren)
country design children
RR (95% ClI) RR (95% ClI) RR (95% CI) RR (95% CI)
P-value P-value P-value P-value
[\ IN [ IV IN [\ IN [ IV IN [ IV IN
Arya etal.,, |Open 6-14 70 LzP 0.1 (IV), 4 mg max| 56 59 3 min Bin | NA NA|[NA NA (41 4
2011, India | label
(69
71 LzP 0.1/3060 sec (IN) |0.96 (0.821.13) 0.95 (0.721.24)
p=0.64 p =0.68
Lissauer et | Open 0.214 (264 LzP 0.1 (Iv) 218 13{5 min 10 mif 46 99(23 5q 47 q
al. ,2015, label
Malawi [71] 1.46 (1.291.65) 0.4 (0.321.58) 0.38 (0.240.6) 0.7 (0.50.99)
245 LzP 0.1(IN) p <0.00001 p <0.00001 p <0.0001 p =0.04
Total 2 0.214 (334 LzP 0.1 (IV), 4 mg max/ 274 198 | 3-5 min 40 min | 46 923 5¢ 88 1d
316 LzP 0.1/3060 sec (IN) |1.19 (0.781.81) 0.4 (0.321.58) 0.38 (0.240.6) 0.83 (0.61+1.12)
p=0.42 p < 0.00001 p <0.0001 p=0.23

IV: Intravenous, IN: Intranasal

* The first study documented the rate within 1 hour while the second study within 24 hours.
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Figure 3. 6: The effectiveness of lorazepam at different route of the administration (IV vs IN)

1. Successfubkeizure control

Risk Ratio

Lorazepam (IV)

Lorazepam (IN)

Risk Ratio

Study or Subgroup  Events  Total Events  Total Weight M-H, Random, 95%Cl M-H, Random, 95% CI
Ana 2011 il il a4 1 483% 0961082 1.13]
Lisgauer, 2014 218 264 138 245 A0T% 146 [1.29, 1.69] [ |
Total (95% ClI) 334 316 100.0% 1.1910.78, 1.81]
Total events 74 148
Heterogeneity, Tau® = 0.08; Chi*=17.68, df=1(F = 00001} F= 94% l l T ; |
Testfor overall effect Z= 080 (P =042 oo Lurﬂé;epam [|N':1Lurazeparlt[ll"v"': 1o
2. Additional dose(s)
Lorazepam (IV)  Lorazepam {IN) Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Liszauer, 2014 4k 264 94 M5 1000%  0.43[032 048 .
Total (95% Cl) 264 245 100.0%  0.43[0.32, 0.58] 0
Total events 46 a4
Heterogeneity, Mot applicable 'EI.EH Elf1 11[' 1[|[|'

Testfor overall effiect 7=4543(F = 0.00001)

3. Additional AEDs

Lorazepam (V) Lorazepam (IN)

Lorazepam (IV)  Lorazepam (IN) Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C
Lis=zauer, 2014 23 264 56 245 1000% 038024, 0.60)
Total (95% Cl) 264 245 100.0%  0.38[0.24, 0.60] *
Tatal events 23 il
Heteragenaity, Mot applicahle l | l
Testfor averall effect Z= 417 (P < 0.0001) o Lu?élepam ) Luravepar:][EIN" o
4. Seizure recurrence
Lorazepam (IV)  Lorazepam (IN) Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events  Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Arya, 2011 4 70 44 71 B55% 0.85[0.72,1.24]
Liggauer, 2015 47 264 G2 245 4445% 0.70[0.40,0.99]
Total (95% CI) 334 6 100.0% 0.83[0.61,1.12]
Tatal events ga 106
Heterogeneity, TauF=0.02; Chi*=2.03 df=1{(P=0.18); F= 51% II:I.I:I1 0!1 1| 1'IZI 1IZIIZI'

Testfor overall effiect Z=1.21 (P=10.23)

Lorazepam (V) Lorazepam (IN)
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F. Intravenous lorazepam vs. buccal lorazepam

The Lissauer et al. (2015) study described in the previous section (intravenous vs.

intranasal lorazepam) also compared intravenoubucal lorazepafiil].

Seizures ended in 218 of 264ildren (83%) who received intravenous lorazepam, and
in 115 of 252 children (46%) after buccal Ipepam (Table.15 and appendix AThe
results favoured intravenous lorazepam over the buccal route for seizure termination

(RR: 1.81; 95% CI: 1.56 to 2.0p;< 0.00001)Table3.15 and appendix A

Forty-six children (17%) receiving intravenous lorazepam required additional dose(s)
compared to 130 children (51.5%) who received buccal lorazepam. The result revealed
that children treated with intravenous lagpam were significantly less likely to need a

second dose (RR: 0.34; 95% CI: 6285; p < 0.0001) (Table3.15 and appendix }A

The intravenous route also had a significantly lower likelihood of requiring a different
AED to terminate the seizure (23 khien, 9%) than the buccal route (80 children, 32%)
with significant differences between both routes, favouring intravenous (RR: 0.27; 95%

Cl: 0.180.42; p < 0.0001) (Table3.15 and appendix A

The seizure recurrence rate within 24 hours was similardegtvthe administration
routes, 47 children for intravenous and 48 for buccal and the risk ratio did not prove to

be significant (RR: 0.7; 95% CI: 0.61 to 1.12; p.23) (Table3.15 and appendix A

In summary, intravenous lorazepam was found to be superiouccal lorazepam for
the treatment of acute seizures in children. It was more effective and less likely to

require additional dose(s) or further AEDs to terminateues (Table 4.17 and
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appendix A. This suggests that buccal lorazepam is poorly rhlesib As previously
mentioned, gharmacokinetic study conducted by Anderson et.al (2042)showrthat
lorazepam was slowly absorbed following buccal administrd®dh Peak absorption
following buccal administration was at 180 minutes, suggesting that this rhag tice
best route for treating acute seizuf85]. The findings in relation to buccal lorazepam
are similar to those described earlier for sublingual lorazepam. (See d®gahB.3

& B.4).
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Table 3.15: Lorazepam (IV) versus lorazepam(buccal)

Reference, | Study Age (Y) | No. of AED Dose (mg/kg) Seizure control Time to seizure control Additional dose(s) |Additional AEDs Recurrence*
(No. of children) | (median) (No. of children) (No. of children) (No. of children)
country design children
RR (95% ClI) RR (95% ClI) RR (95% CI) RR (95% CI)
P-value P-value P-value P-value
[\ BUC| IV BUC | IV BUG IV BUC| IV BU(
Lissauer et Open 0.214 |264 LZP 0.1 (Iv) 218 1145 min 12 mif 46 13( 23 8(147 48
al. ,2015, label
Malawi [71] 1.81 (1.562.09) 0.34 (0.250.45) 0.27 (0.180.42) 0.93 (0.651.34)
252 LzP 0.1(BUC) p <0.00001 p <0.00001 p < 0.00001 p=0.72

IV: intravenous; BUC: buccal

* Within 24 hours
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G. Intravenous valproate vs. intravenous phenytoin
The efficacy of intravenous valproate and intravenous phenytoin were compared in a
15-month, singlecentre, mied-population, randomised study conducted by Agarwal et
al. (2007) in Indig77]. A group of 100 adults and children who had benzodiazepine
resistant status epilepticus was divided into 2 sets of 50 patients. Group A, with a subset
of 22 patients aged below 18 years, were given intravenous valproate (20atg/kg
40mg/min). Group B, with a &set of 16patients agedbelow 18 years, were given
intravenous phenytoin (20mg/kg at maximum 50mg/min). Treatment was considered
successful if the convulsion terminated within 20 minutes after starting the infusion and
if there was no recurrence over thext 12 hours. If the seizures were still active after
20 mirutes or recurred after 12 hours of treatment, the crossover treatment was applied.
Patients were excluded if they were aged under 2 years or had hepatic encephalopathy,
myoclonic status epilemus, or a history of benzodiazepine or barbiturate

contraindication.

The only data for the paediatric population in this study was seizure termination. The
seizure stopped in 20 of 22 children (91%) who received intravenous valproate, and in
14 of 16 chitiren (88%) who received intravenous phenytoin; the difference was not

significant (RR: 1.04; 95% CI: 0.8 to 1.3; @=4) (Table3.16 and appendix A

86



4 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

Table 3.16: Valproate (IV) versus phenytoin (IV) in one study

Reference, Study Age (Y) | No. of AED Dose (mg/kg) Seizure control Time to seizure control | Additional dose(s) Additional AEDs Recurrence
(No. of children) | (median) (No. of children) (No. of children) (No. of children)
country design children
RR (95% ClI) RR (95% CI) RR (95% CI) RR (95% CI)
P-value P-value P-value P-value
VAP PHT| VAP PHT| IV PHT| IV PHT| IV PHT
Agarwal et | Open 0-18 22 VAP 20 (V) 20 4 |Data was not available | Data was not availabld Data was not Data was not
al. ,2007, label
India[77] RCT 1.04 (0.81.3) available available
16 PHT 20 (V) p=0.74
VAP: Valproate, PHT: Phenytoin
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H. Valproate versus phenobarbital
An Iranian study compared intravenous valproate to intravenousliphedial in the
treatment of acute prolonged seizures at 2 centres in E®2 This randomised,
doubleblind study took place over 2 years and involved 60 children aged between 3
and 16 years old who attended the emergency room with seizures lasting more than 5

minutes, which had not been controlled by intravenous diazepam (0.2mg/kg).

The children were excluded if ¢l had a history of an adverse reaction to sodium
valproate, or coagulopathy, hepatic, or cardiovascular problems, or were on lamotrigine
at more than 200 mg/day. Advance randomisation was allocated by a random number of
tables in a quaternary block andildren received either intravenous valproate (20
mg/kg at maximum % mg/min) as a rapid loading dose ovefl(® minutes or
intravenous phenobarbital (20 mg/kg at maximum160 mg/min). Treatment was
considered successful if the seizure stopped within iOtes of the start of infusion of

the initial study medication, without respiratory depression, hypotension, or recurrent

seizure within 24 hour.

The seizure stopped in 27 of 30 children (90%) who received intravenous valproate, and
in 23 of 30 children(77%) who received intravenous phenobarbital; the difference was

not significant (RR: 1.17; 95% CI: 0.93 to 1.48; p.27) (Table3.17 and appendix A

There was no difference in the time to end seizures which was less than 20 minutes for

each medicatian

Whether additional dose(s) or antiepileptic drugs were required to terminate seizures

was not documented.
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Four of the 30 children (13%) in the intravenous valproate group experienced a further
seizure within 24 hours, compared to 12 of the 30 childdd%6) who received
intravenous phenobarbital; the difference was statistically significant (RR: 0.33; 95% CI:

0.12 to 0.92; p = 0.03) (Tab&17).

This study showed that children receiving intravenous valproate were significantly less
likely to have seizre recurrence within 24 hrs compared to those receiving intravenous
phenobarbital. It appeared to be more effective, but this difference was not statistically

significant (Table3.17 and appendix A
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Table 3.17: Valproate (IV) versus phenobarbital (IV) in one study

Reference, | Study Age (Y) | No. of AED | Dose (mg/kg) Seizure control Time to seizure control | Additional dose(s) Additional AEDs Recurrence*
(No. of children) | (median) (No. of children) (No. of children) (No. of children)
country design children
RR (95% ClI) RR (95% CI) RR (95% CI) RR (95% CIl)
P-value P-value P-value P-value
VAP PE VAP PB [ VAP PB{ VAP PB| VAP Pq
Malamiri et |Double |3-16 30 VAP |20 at 5 6mg/min (IV) 27 23 < 20 min <20 mir| Data was not availablg Data was not available [ 4 13
al. ,2012, blind
India[67] RCT 1.17 (0.931.48) 0.33(0.12 0.92)
30 PB 20 at 60- 100 mg/min (IV) |p =0.17 p =0.03
VAP: Valproate, PB: Phenobamital

* Within 24 hours.
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3.3.2.2Additional studies

Lewena and Young (2006) conducted a retrospective study in Australia, which involved
37 children ages 2 months to 7 years old who presented at an emergency department
with convulsive status epilepticus lasgiat least 10 minutd83]. The primary aim of

the study was to determine the effectiveness of selioadreatment. There was no

clear deinition of a successful treatment rate.

All the children received benzodiazepines as -fire treatment; 30 intravenous
diazepam, (0.1 0.2 mg/kg). The seizure ended in 5 of 37 children (14Phixty-two
children (86%) required further treatment; aseaondine treatment; 11 phenytoin, 10
phenobarbital, and 7 both agents (the doses were not documehked)seizure

terminated in only 6 of the 28 children (21%) who received the sdaomntreatment.

The low response rate suggests that either the dpsss were inadequate or possibly
the notes were reviewed incorrectly. Howevas the doses of the second line
treatments and other benzodiazepines were not stated, and it was a retrospective study,

it has been excluded from further analysis.

Garr et al(1999) conducted a retrospective study to compare the effectiveness of rectal
and intravenous diazepam (0.4 mg/kg, max 10 mg) in children aged 1 month to 15 years
with tonic-clonic convulsions in the UK82]. No specific definition of toniclonic
convulsions wagiven in this study. The primary outcome was to identify at what stage
of treatment protocol the seizure was controlled. The secondary outcome was to

determine the safety of the medication used.

91



4 The Effectiveness of AEDs for convulsive status epilepticus (CSE)

Of the 81 children, 48 received rectal diazepam, while 3®ived intravenous
diazepam. The seizure was terminated in 41 out of 48 children (85%) in the rectal
diazepam group and 28 out of 33 children (85%) in the intravenous diazepam group
after the first doseTwo children in each group required a second dd®e.children

were treated with paraldehyde and phenytoin (the doses were not documented) as
additional AEDs to control their seizure, resulting in termination of the seizure in 5
children. The result of this study suggested that rectal diazepam was effastiv

intravenous diazepam.
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3.4 Discussion

This systematic review has shown that buccal midazolam was more effective in
terminating seizures in children suffering from acute tahinic seizures than rectal
diazepam, with a success rate ranging from 53@4 (RR: 1.23; 95% CI: 1 to 1.5; p

< 0.04). The important aim in treating acute tonic clonic convulsions in children is to
control the seizures as quickly as possible, thereby preventing the seizures from
developing into theefractoryor super refractyr statusepilepticus phase, which may

lead to neuronal damage [30, 31]. The children receiving rectal diazepam need to be laid
in the appropriate position, which may cause a delay in drug administration; this does
not happen with the administration of batcmidazolam [21]. The means of
administering buccal midazolam is easier and is more socially acceptable in comparison
to the rectal method [27]. The results of this systematic review also showed that seizure
recurrence is lower in children receiving bucoadazolam than in those who receive
rectal diazepam. This could be because buccal midazolam acts over a long duration. The
half-life of midazolam ranges from two to three hours for a healthy child and more than
five hours for ill children, while the halife of diazepam is one hour [32, 33].
Therefore, buccal midazolam should be the first choice for treating acute tonic clonic
convulsion in children when intravenous access is difficult or is yet to be obtained [21].
When evaluating intravenous AEDSs, aasults showed that intravenous lorazepam and
intravenous diazepam are equally effective in treating acute-¢ctomc seizures in
children. The study by Appleton had suggested that lorazepam may be more effective,
showing the need for less additional B&and a lower rectence rate. However, the

number of patienti this study were smallrg].
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Pharmacologically, one would expect a longer duration of action with lorazepam. More
studies are needed to determine whether IV lorazepamore miffective than IV

diazepam.

Suwblingual/buccal lorazepam, however, was inferior to rectal diazepam and intravenous
lorazepam for the treatment of acute seizure in children. It was less effective and more
likely to require additional dose(s) or further AEDs to terminate the seizures. Thi
suggests that sublingual/buccal lorazepam is poorly absorbed. A pharmacokinetic study
conducted by Anderson et al. (2012) showed that lorazepam was slowly absorbed
following buccal administration [27]. Sublingual absorption is likely to be similar to
buccal absorption. Peak absorption following buccal administration was at 180 minutes,

suggesting that this may not be the best rout&réating acute seizures [27].

Only one study was identified in this reviewhich evaluated the effectiveness of
intramusailar paraldehyde. It was as effective as intranasal lorazepam for treating acute
tonic-clonic seizures inchildren but those children treated with intramuscular
paraldehyde were more likely to require additional dose(s) or alternative AEDs. This
could be lecauseof the slower absorption of paraldehyde when given by the

intramuscular route which delays the circulatiopafaldehyde to the brain [14].

Fewerrandomised controlled trialsvaluating the secodthe treatments (VAP, PB and

PHT) were identifiedn this systematic review. Our results showed that intravenous
valproate appeared to be more effective than intravenous phenytoin and phenobarbital,
however, this was nostatistically significant. Several studies have recommended

levetiracetam instead ofodium valproate or phenytoin as a sectind treatment
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following the failure of benzodiazepines [6,-38]. However, to date, no randomised
control studies have been published comparing the effectiveness of intravenous
levetiracetam with other secottide agents for treating convulsive status epilepticus in
children. More RCTs should be conducted to evaluate the effectiveness of these agents

LQ WUHDW L@dviiisie QaBS eplefiticus.

3.5 Limitations

The studies included in this review have a numbk limitations. The majority of
studies were open label, which may affect the quality of a study. In general, the number
of studies included was small, and the definitions of the effectiveness and the
measurement of seizure recurrence varied amongst fhileenefore, the interpretation

of these outcomes is subjective (depends on the time of foigwFewer studies were
identified in this systematic review for secelimie treatment; thus, the results of these

studies should be interpreted with caution.

3.6 Conclusions

Buccal midazolam was more effective in seizure termination in children suffering from
acute tonieclonic seizures than rectal diazepam, and it was associated with a lower rate
of seizure recurrence. This suggests that the buccal route may sheobe&e of
administration when children are initially admitted to the emergency department.
However, the intravenous route is the better route of administration for lorazepam
compared to the buccal, sublingual, or intranasal routes. More randomised t@isro

are required to compare secdim treatments.
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CHAPTER 4: SYSTEMATIC REVIEW TWO

4.1 Introduction

The mortality associated with status epilepticus ranges from approximately 3% to 40%,
and the prolonged convulsions can be associated with hypoxiategion, respiratory
depression and increased intracranial pres$liye88]. Because the mortality and
morbidity that resu#t from acute tonic seizures are correlated with the duration of the
seizures, the first priority for treatment is tontrol the seizure as quickly as possible
[89]. Therefore, the best treatment for acute tonic clonic seizure should be characterised
by safe and rapid effectivenessth minimal recurrenceNot all treatments #t are

currently used to manage acute tonic clonic seizure meet all these Erigria

Benzodiazepines are commonly used as the first line treatment for acute tonic clonic
seizures. Lorazepam is the best choice as it has good effectiveness and a low incidence
of respiatory depressiofi76, 90]. In contrast, diazepam has a higher risk of respiratory

depressioli65, 73, 76].

When two doses of benzodiazepine fail to control seizures, phenytoin or phenobarbital
are the recommended second line treatm@&s The Status Epilepticus Working Party

preferred phenytoin over phenobarbita jlacaused less respiratory depres$ai).

Several stugs have recommended levetiracetam instead of phenytoin or phenobarbital
or sodium valproate as a secdim treatment following the failure of benzodiazepines
[51, 53, 92-94]. Recent cohort studies of intravenous levetiracetam in children have

reported no serious AEs such as respiratory deprefsip®5, 96]. However, to date,
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no randomised control studies comparthg safety ofintravenous levetiracetam with
other secordine agents for treating conviig status epilepticus in children have been

published.

The primary aim for thiseview wago evaluate the safety of the following antiepileptic
drugs, irrespective of the administration routes, for the treatment of acuteclmmic
seizures including ®nvulsive status epilepticusn children: benzodiazepines,

paraldehyde, phenobarbital, phenytoin, sodium valproate and levetiracetam

4.2 Methods

The method used fothis review are the same as thakscribed in ChapteX.

4.3 Results

Based on the specifieddlusion and exclusion criteria (Figudel and Tablet.1), 1,851
studieswere identifiednitially andfollowing further inspection of the abstract, 34 were
retainedfor evaluation Twenty-five of these studies were analysed, however, 8 studies

could not e evaluated as they were published in JapameBerkish.
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Figure 4.1: Flow chart for the systematic review
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Table 4.1:Reasons for exclusion fromtie systematic review

Reason Total
Irrelevant article 1265
Review, conference, survey 552
Studies in Turkish and Japanese 8
Studies not looking at safety outcomes 1
Studies reporting the safety but the data for children not describec 1
separately

Total 1827

4.3.1 Quality assessment

The 25 studies that remained after screening were assessed; 15 RCTs with the Cochrane
risk of bias tool[58] and 9 observational studies (4 prospective and 5 retripapec
studies) with STROBE todb0]. Eight RCTs were rated lowisk for all criteria[65-72)].

The method of randomisation was dieguately described Bistudieg[73, 74, 76]. In 3

RCTs, the risk of bias in the allocation concealment was [Mgh76, 78]. One RCT

was rated highrisk in blinding of participants and personiié8] (Figure4.2). None of

these RCTs were excluded from the systematic review. None of the observational
studies (prospective and retrospective studies) were excluded. All studies were of
sufficiently good qualityfor inclusion There were no quality tools to ass the case

report/series and determine the quality of these types of studies.
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Figure 4. 2: Risk of bias summary
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4.3.2 The study descriptions

Twentyfive studies were included; 15 were randomised controlled {6&l34, 76, 78

81], 9 were cohort studig®1, 82, 84, 95100 and one case ser[@91]. These studies
involved more than 2,000 children aged from birth to 18 years. Most of the children

were treateavith lorazepam (1263, 42%) (Table2).

Table 4.2: Antiepileptic drugs used in 25 studies

Anti-epileptic drug used No. of_stugies No. o_f children
(N =25) (N =2983)
Lorazepam 7 1263
Diazepam 10 551
Midazolam 9 418
Levetiracetam 4 243
Paraldehyde 2 93
Diazepam + phenytoin 1 88
Sodium valproate 3 60
Phenobarbital 1 30

* Some children and studies accounted more than once

Of the 25 studies that monitored AEs, 19 reported more than one AE. The other 6 studies
reported nongTable 4.3 and4.4). A total of 2@ AEs were reported, mainly associated with
lorazepam (65 AEs) and diazepan3 (8Es). The most common AE reported was respiratory
depression (1D children), mainly reported with diazepam (46 children) and lorazepam (38

children) (Table4.5).
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Table 4.3: Summary of 19 studies that reported AEs

Reference Study design (no. of study) Age (Y) | No. of children No. of AEs
Midazolam vs diazepam Open label RCT (2) 0.214 MDZ (Buccal): 280 | MDZ (Buccal): 8
Single blind RCT (2) MDZ (IM): 16 | MDZ (IM): 1
DZP (PR): 270| DZP (PR): 9
DZP (IV): 16| DZP (IV): 7
Total: 592| Total: 25
Lorazepam vs diazepam Open label RCT (1) 0.1<18 LZP (IV): 191 | LZP (IV): 30
Double blind RCT (1) LZP (PR): 6| LZP (PR): 0
Prospective non randomised (1) DZP (IV): 174 | DZP (IV): 33
DZP (PR): 19 | DzP (PR): 1
Total: 390 | Total: 64
Lorazepam vs diazepam + | Open label RCT1) 1-12 LZP (IV): 90 [ LZP (IV):
PHT DZP+PHT (IV): 88 | DZP+PHT (IV): 5
Total: 178 | Total: 9
Lorazepam vs paraldehyde | Open label RCT (1) 0.2-12 LZP (IN): 80 LZP (IN): ]
Paraldehyde (IM): 80 | Paraldehyde (IM): 21
Total: 160 | Total: 50
Lorazepam vs Lorazepam Open label RCT (1) 6-14 IV: 70 | IV: 2
IN: 71 IN: 0
Total: 141 | Total: 2
Valproate vs phenobarbital | Double blind RCT (1) 3-18 VAP (IV): 30 | VAP (IV): 7
PB (IV): 30 | PB (IV): 22
Total: 60 | Total: 29
Diazepam vs diazepam Retrospective non randomised (1) 0.1-15 PR: 48| PR & IV: 3
\A 33
Total: 81
Levetiracetam Prospective (2) 38 243 (IV) 8
Retrospective (2) weeks18
Y
Valproate Retrospective (2) <9.6 30 (V) 10
Paraldehyde Case series 0.2-17 IV: 9l IV:
PR: 3 | PR:
Both routes: 1 Both routes: 0
Total: 13 | Total: 3
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Table 4.4: Summary of six studies that reported no AEs

Reference Study design (no. of study) Age (Y) No. of children
Midazolam vs diazepam Open label RCT (3) 0-15 MDZ (Buccal): 109
Single blind RCT (1) MDZ (IN): 56
DZP (PR): 49
DZP (IV): 118
Total: 332
Lorazepam vs Lorazepam | Open label RCT (1) 0.2-14 IV: 264
Buccal: 252
IN: 245
Total: 761
Midazolam Prospective (1) 0.912 IN: 20
Table 4.5: Reported AEs from 19 studies
Body system | ADRs LZP DzP MDZ Others Total
Respiratory Respiratory 38* 46 7 DZP+PHT (5) 101
depression Paraldehyde (4)*
PB (1)
Cardiovascular | Hypotension 27 - 1 Paraldehyde (20) 50
VAP (2)
CNS Lethargy - - - PB (17) 20
VAP (3)
Behavioural - - - LEV (7) 7
changes
Hyperactivity - 2 - - 2
Somnolence - - - VAP (2) 2
Others Nausea & vomiting - 3 - VAP (5) 12
PB (4)
Salivation - 2 - - 2
9 $PPRQLD - - - VAP (2) 2
Abnormal LFTs - - - VAP (1) 1
Purities - - 1 - 1
Thrombocytopenia - - - VAP (1) 1
Leukopenia - - - VAP (1) 1
Pain at injection site - - - LEV (1) 1
Total 65 53 9 76 203

* Include three cases of hypoxia; two withdrazepam(LZP) and one with paraldehyde
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4.3.2.1Evidence from RCTs

Fifteenrandomised controlled trials published between 1995 and 2015 were analysed,
including 10 opedrabel studie$66, 69, 71-74, 76, 78, 79, 81], 3 singleblind studied 65,
68, 80], and 2 doubkblind studieg67, 70]. All of these were armed clinical trials
except 2 studiestone of these had 3 armigl] and the other had 4 armig6]. Eight
studies compared midazolam and diazepam. All randomised control trials included were

conducted solely in the paediatric population (Tab&).

Table 4.6: Randomised controlled studies characteristics

Study characteristics No. of studies No. of children
(N =15) (N = 2548)

Type of blinding

Open label 10 1733
Single blinded 3 482
Double blinded 2 333

Antiepileptic drugs compared

Midazolam vs. diazepam 8 914
Lorazepam vs. diazepam 2 334
Lorazepam vs. paraldehyde 1 160
Lorazepam vs. diazepam + phenytoin 1 178
Intravenous lorazepam vs. intranasal lorazepam 1 141
Intravenous lorazepam vs. intranasal &¢ald-ZP 1 761
Sodium valproate vs. phenobarbital 1 60
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A. Midazolam versus diazepam
Eight studies compared the safety between midazolam and diazepam; they involved
over 800 childrer{(466 on midazolamaged between birth and 14 years old; five were
openlabel [66, 73, 74, 78, 79] and three singkdlinded [65, 68, 80]. Four studies
documented one enore AE(S)[65, 68, 73, 78], and four studies did not report any AEs

in either grougd 66, 74, 79, 80] (Table4.7).

Table 4.7: Summary of four studies that did not report AEs

Reference, Study design Age (Y) No. of AEDs Dose (mg/kg)
country children
Ashrafi et al., 2010| Open label RCT | 0-12 49 MDZ 0.30.5BUC
Iran[79

49 DzP 0.5PR
Talukdar et al| Single blind RCT | <12 60 MDZz 0.2 BUC
2009, India[80]

60 DzpP 031V
Mahmoudian and Open label RCT | 0.2-15 35 MDZz 0.2 (IN)
Zadeh,
Mohammadi, 2004
Iran[74] 35 DZP 0.2 (IV)
Lahat et al.,, 2000 Open label RCT | 0.6-12 21 MDZz 0.2 (IN)
Israel[66] (26 episodes)

23 DzP 0.3 (V)

(26 episodes)
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A.1l. Buccal midazolam versus rectal diazepam
Three studies compared the safety of buccal midazolam to rectal diazepam in more than
500 children aged between birth and 15 years. Two weexilabel [73, 78] and one

wassingle-blind[65].

The randomisation g@ences, allocation concealment and definitions used in these
three studies foconvulsive status epilepticus aatfectivetreatmemn were described in

the previous chapterhg effectiveness of AEDs for CRE

Mclintyre et al. (2005) conducted a thrgear, multicentre randomised controlled, open

label study in 177 children who attended an emergency department with active
convulsions m the UK [78]. The safety outcome was the incidence of respiratory
depressions within 1dur of the initial dose ofthe study medications. The oxygen
saturation and respiratory rate were documented at 5, 15 and d@esahthe initial

dose of the study medications. The authors defined respiratory depression as a decrease
of oxygen level or respiratory rate which leadsoxygen supply either by using face

mask inflation or intubation after the initial dose of the study medications.

Baysun et al. (2005) performed a prospective, singtdre study in Turkey involving

43 children aged between 2 months and 12 yearsaaiike tonic clonic seizurd33].

They did not specify the safety outcomes in the methods. However, respiratory rate,
heart rate and blood pressure were recorded at 5 and Lifesdfter the administration

of the study medications. The d@efion of respiratory depression was not specified by

the authors.
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Mpimbaza et al. (2008) assessed buccal midazolam against rectal diazepam in 330
children, aged between 3 months and 12 years, who attended an emergency department
with prolonged seizurd$5]. This was an eighihonth, singt-blind, singlecentre study

in Uganda. The safety outcome was the incidence of respiratory depression after the
administration of the AEDs. The peripheral oxygen saturation was recorded at 0, 5, 10,
20, 40 and 60 mintesafter the administration of theusty medications. Respiratory
definition was defined as a fall in oxygen saturation to < 92%a alecrease in

respiratory efforts which needs breathtogesupported.

Eight of the 280 children who received buccal midazolam experienced AEs; 7 cases of
respratory depression and one case of prurilise of the 270 children who received

rectal diazepam experienced respiratory depression. The total incidence of AEs was
similar between the two groups (3% midazolam and 3.3% diazepam). The difference

was not gynificant (RR: 0.84; 95% CI: 0.33 t0 2.12; p = 0.7) (Tabh).

The incidence of respiratory depression was lower with buccal midazolam in two
studies[73, 78] and higher in the other studg5]. None of the differeces were
significant (Table4.8). The pooled risk ratio showet significancebetween the two

groups(RR: 0.73; 95% CI: 0.28 1.91; p= 0.52).

One study reported pruritus as an AE with midazdlésh (Table4.8).

Admission to intensive care unitas documented in one stuf¥8]. Two of the 92
children (2%) who received buccal midazolam were admitted to ICU due to respiratory
depression compared to three of the 85 children (3.5%) who received rectal diazepam

(RR: 0.62; 95% CI: 0.11 to 3.6; p= 0.59).
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The mortality rate was damented in one study65]. Eight d the 165 children (5%)
who received buccal midazolam died compared to 12 of the 165 children (7%) who
weretreated withrectal diazepaniRR: 0.67; 95% CI: 0.28 to 1.59; p= 0.3bjowever,

all the deaths were documented to be due to status epileptiduéTitdee4.8).

In summary, the three studies showed no difference in the toxicity between buccal

midazolam and rectal diazepam. The incidence of respiratory depressiorBv@ds.3
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Table 4.8: Buccal midazolam versus rectal diagpam

Reference, Study Age (Y) No. of AEDs Dose (mg/kg) All AEs Resp. depression Other AEs ICU admission Deaths
country design children (No. of children, %) (No. of children, %) (No. of children, %) (No. of children) (No. of children)
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
P-value P-value P-value P-value P-value
MDZ" DZP" | MDZ DzP | MDZ DzP | MDZ DzP | MDZ DzZP
Mcintyre et| Open label| 0.7-15 92 MDZz 0.5BUC 4 (4%) 6 (7%)| 4 (4%) 6(7T%) | O ) (3)| Data not available
al, 2005, UK| RCT
(78 85 DZP 0.5PR 0.62 (0.182) 0.62 (0.182) 0.62 (0.113.6)
p=0.44 p=0.44 p =0.59
Baysun et al,| Open label| 0.2-12 23 MDZz 0.25 BUC 1 (4%) 1 (5%) 1 (4%) 1(5%) O 0 | Data not available| Data not available
2005, Turkey| RCT
[73) 20 DzP 0.30.5 PR 0.87 (0.0613) 0.87 (0.0613)
p=0.92 p=0.92
Mpimbaza et| Single 0.3 12 165 MDZ 0.5 BUC 3 (2%) 2 (1%)| 2 (1%) 2 (1%)] 1 (0.6%5°%" 0 | Data not available| (8) (12)
al 2008, | blind RCT 0.67 (0.281.6)
Ugandg[65] 165 DZP 0.5 PR 1.5 (0.258.9) 1(0.147) 3(0.1273.1) p=0.35
p =0.65 p=1 p=0.5
Total 3 0.315 280 MDZ 0.25 0.5BUC 8 (3%) 9 (3.3%) | 7(3%) 9(3.3%)| 1(0.699" 0| (@2 (3)] (8) (12)
270 DzP 0.30.5 PR 0.84 (0.332.12) 0.73(0.281.91) 3(0.1273.1) 0.62 (0.113.6) 0.67 (0.281.6)
p=0.7 p=0.52 p=05 p =0.59 p=0.35

* MDZ: Midazolam, DZP: Diazepam

** Pruritus
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Figure 4. 3: The safety of buccal midazolam versus rectal diazepam

1. All AEs
Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup Events Total Evenis Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Baysun, 2005 1 23 1 20 11.5% 0.87[0.06, 13.02] "
Mclrtyre, 2005 4 02 E BA BTO%  OB2[018 2.11] ——
Mpimbaza, 2008 3 165 2 165 21.5%  1.50[0.25, 6.86] B B —
Total (95% CI) 280 270 100.0%  0.84[0.33, 212 -
Total events g ]
Heterageneity: Chi*= 0.65, df = 2 (P = 0.72%; F= 0% | ; ; !
o N 0.0 0.1 10 100
Test for overall effect Z=0.38 (F=0.70) Midazolam Diazepam
2. Respiratory depression
Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Baysun, 2005 1 23 1 20 11.5% 087006, 13.0%]
Mclntyre, 2005 4 92 B 85 B7.0%  062[018 2.11] ——
Mpimbaza, 2008 2 165 2 165 21.5%  1.00[0.14,7.01] —
Total (95% CI) 280 270 100.0%  0.73[0.28,1.91] -l
Total events T g
Heterogeneity; Chif= 018, df= 2 (P = 0.91); F= 0% | t ;
Testfor overall efiect Z= 0.65 (F = 0.52) 0.01 D':mda,mam Dia?gpamm 100
3. Pruritus
Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C
Wpimbaza, 2008 1 164 0 165 1000% 3000012, 7311
Total (95% CI) 165 165 100.0% 3.00[0.12,73.11] —-*-—
Total events 1 a
Heterogeneity, Mot applicable | I I I
geneit. Not app T 100

Test for overall effect 2= 0.67 (P =0.50)

4. ICU

Midazolam Diazepam Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

Midazolam Diazepam

Risk Ratio
M-H, Fixed, 95% CI

Mcintyre, 2005 2 8z 3 85 100.0% 062 [0.11, 3.60]
Total (95% Cl) 92 85 100.0%  0.62[0.11, 3.60]
Total events 2 3

Heterogeneity: Mot applicable
Testfor overall effect Z=0.54 (F = 0.54)

—ol

0.01

0.1 10
Midazolam Diazepam
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Figure 3.4: The safety of buccal midazolam versus rectal diazepam (continue..)

5. Deaths
Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% C M-H, Fixed, 95% Cl
fdpimbaza, 2008 B 164 12 164 1000% 067028 1.64 —
Total {95% Cl) 165 165 100.0%  0.67 [0.28, 1.59] -
Total events g 12
Heterogeneity. Mot applicable 'EI.D1 DH 1.[| 1E|D'

Testfor overall effect: 7= 092 (P = 0.36) Midazolam Diazepam

A.2. Intramuscular midazolam versus intravenous diazepam

Portela etal. (2014) conducted a singbentre randomised controlled, sindgiiénd study
in Brazil involving 32 children aged between 2 months and 14 &SusThe
randomisation sequences, allocation concealment, convulsive status epilepticus
definition and treatment successful definition for this studyewdescribed in the

previous chapterlie effectiveness of AEDs for CRE

The authors did not specify the safety outcome however; any AEs were assessed in the
first 10 mirutesafter drug administration. The following parameters were monitored
from admissbn and every 5 mirttesthereafter until seizure cessation and discharge;
heart rate and oxygen level by pulse oximetry. The definition of respiratory depression

was not given.

One of the 16 children who received intramuscular midazolam experienced
hypotenson. Sevenof the 16 children who received intravenous diazepam experienced
AEs; 2 cases each of hyperactivity, vomiting and salivation and one case of fdgsea.

incidence of any AE was lower following intramuscular midazolam (6%) than
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intravenous diazepn (44%); borderline statistically significa(RR: 0.14; 95% CI:

0.02 to 1.03; p = 0.09)rable4.9).

No children in either group required ICUma$sion and there were meported cases of

death

In summary, there was a borderline statistical differeimcehe risk of all AEs,

favouring intramuscular midazolam.
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Table 4.9: Intramuscular midazolam versus intravenous diazepam

Reference, Study Age No. of AEDs Dose (mg/kg) All AEs Hyperactivity VVomiting Hypotension Salivation Nausea
country design Y) children (No. of children, (No. of children, (No. of children, (No. of (No. of children, (No. of children,
%) %) %) children, %) %) %)
RR (95% CI) RR (95% ClI) RR (95% ClI) RR (95% ClI) RR (95% CI) RR (95% CI)
P-value P-value P-value P-value P-value P-value
MDZ DZP | MDZ DzZP | MDZ DZP | MDZ DZP | MDZ DZP | MDZ DzP
Portela et al,| Single 0.2-14 | 16 MDzZ 0.5IM (max. 15mg) | 1 (6%) 7 (44%)| O 2(13%)*| 0 2 (13%) 1 (6%) 0o|oO 2 (13%)*| 0% 1 (6%)
2014, Brazil| blind
[68 RCT 16 DzP 0.5 at 5mg/min IV 0.14 (0.021.03) 0.29 (0.013.86) 0.29 (0.013.86) 3 (0.1386.57) | 0.29 (0.013.86) 0.33 (001-7.62)
(max. 10mg) p =0.05 p=0.29 p=0.29 p=0.49 p=0.29 p =0.49
Total 1 0.2-14 | 16 MDzZ 0.5 IM (max. 15mg) | 1 (6%) 7 (44%)| O 2(13%)*| 0 2 (13%) 1(6%) 0O 2 (13%)*| 0 1 (6%
16 DzP 0.5 at 5mg/min V| 0.14 (0.021.03) 0.29 (0.013.86) 0.29 (0.013.86) 3 (0.1386.57) | 0.29 (0.013.86) 0.33 (0.017.62)
(max. 10mg) p=0.05 p=0.29 p=0.29 p=0.49 p=0.29 p=0.49

MDZ: midazolam, DZP: diazepam

* Same children
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B. Lorazepam versus diazepam
Two studies that compared the sgfbetween lorazepam and diazepam involved over

300 children; one was open lalpég], and one was doubldind [70].

Respiratory depression wése only AE reported in both studies. It was most common

in children whoreceived intravenous diazepam @8ldren).

B.1.Lorazepam (IV) versus diazepam (1V)

Two studies compared the safety of intravenous lorazepam to intravenous diazepam

theyrecruited a total of 334 children aged between one montk Egears.

The randomisation sequences, allocation concealment, convulsive status epilepticus
definition and treatment successful definition for these studies were describeal in

previous chapter (4section(2, ).

Appleton et al. (1995) conducted a-d®nth, singlecentre, randomised, op4aiel
study of61 children aged between one month aBd/éars who attended the emergency

department with an acute torgtonic convulsiofh76].

The safety outcome was the incidence of respiratory depression. The authors defined
respiratory depreson as requiring oxygen by using fatask inflation or a decrease of

respiratory effort and rate following seizure termination.

In the second study, Chamberlaind colleaguesssesse@73 children, aged from 3
months through 17 year®ne hundred and fty patients were given diazepam and 133
lorazepan{70]. This was a 4year, doubleblind, randomised clinical trial conducted in

the U.S. at 11 paediatric hospitalBhe primary safety outoee was any respiratory
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depression within 10 mutesof the initial dose of the study medications. Respiratory
depression was defined as a decrease in the respiratory effort and rate which led to
oxygen supply. The secondary outcomes were incidences cdtampipneumonia, time

to recover consciousness, and incidence of sedation and agitation.

Twenty-sevenof the 160 children who received intravenous lorazepam experienced
respiratory depressionrhirty-three of the 174 children who received intravenous
diazepam experienced respiratory depression. The total incidence of respiratory
depression was slightly lower with intravenous lorazepam (17%) than intravenous
diazepam (19%), howevethe difference was not statistically significant (RR: 0.57;

95% CI: 0.11¢ 3.07; p = 0.52) (Tablé.10).
The data of other AEs and mortality rate were not reported.

ICU admission was reported in one stiiB}. Only children on intravenous diazepam
were admitted to ICU due to the respiratory depression (8/34 children; RR: 0.07; 95%

Cl: 0 to 122; p = 0.07) (Tablé.10).

In summary, these two studies showed no differenctihenincidence ofespiratory
depression. However, no children on intravenous lorazepam were admitted to ICU due

respiratory depression. The incidence of respiratory depreasis 1719%.
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Table 4.10: Intravenous lorazepam vs intravenous diazepam

Reference, | Study Age (Y) | No. of AEDs Dose (mg/kg) | Respiratory ICU admission
country design children depression (No. of children)
i 0,
(No. of children, %) RR (95% Cl)
RR (95% Cl) Pl
P-value
LZP
LZP DzP | DZP
Appleton et| Open 0.1-16 27 Lorazepam | 0.050.1 (IV) | 1 (4%) 7 0 8
al, 1995, UK | label (21%)
[76] Quast 34 Diazepam | 0.30.4 (IV)
RCTs 0.07 (0+1.22)
0.18 (0.02+1.39) p=007
p=0.1
Chamberlain| Double | 0.3<18 | 133 Lorazepam | 0.1 (IV), 26 (20%) 26 Data was not
etal., 2014, | blind 140 Diazepam 4 mg max. (19%) available
USA[70Q RCT
0.2 (IV),
8 mg max 1.05 (0.65+1.72)
p=0.84
Total 0.1<18 | 160 LZP 0.050.1 (IV) 27 (17%) 33 0
Max 4 mg
(19%) 8
174 DzP 0.20.4 (IV)
Max. 8 mg
0.53 (0.14+2.03) 0.07 0 #1.22)
p=0.35 p =0.07

LZP: Lorazepam, DZP: Diazepam
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Figure 4. 4: The safety of lorazepam (IV) compared with diazepam (1V)

1. Respiratory depression

Lorazepam IV Diazepam [V Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Anpletan, 1884 1 7 7 3 34% 0.18[0.02,1.37] i !
Chamberlain, 2014 26 133 26 140 BARE% 1.06[0.65,1.72]
Total (95% CI) 160 174 100.0% 0.57 [0.11, 3.07]
Total events 7 33
Heterogeneity: Tau®=1.06; Chi*= 284, df=1 (P =009} F= 65% 0o 11 ! i o0

Testfor averall effect Z=065(P=0452)

2. ICU admissions

Lorazepam Diazepam

Lorazepam IV Diazepam IV Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Appleton, 1945 a 27 d 34 100.0% 007000122 4
Total {95% CI) 7 34 100.0%  0.07[0.00,1.22) v —
Total events a a

Heterageneity: Mot applicable
Testfor overall effect 2=1.82 (F=0.07}

B.2. Lorazepam (PR) versus diazepaniPR)

0.01

0. 10
Lorazepam Digzepam

The study by Appleton et al. (1995) also compared rectal lorazepam and rectal

diazepam in 25 children (a concurrent portion of this study, that examined intravenous

lorazepam vs. intravenous diazepam, was described in the previous section) [18]. Six

children received lorazepam and 19 received diazepam.

Respiratory depression was only documented in one child treated with diazepam. A RR

of 0.95 (95% CI: 0.04 to 20.78, p = 0.98), and he was admitted to ICU (RR: 0.57; 95%

Cl: 0.03 t0 10.51, p = 0.71) (TkeA.11)
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The data of other AEs and mortality rate were not reported. This study showed no
statistical difference in the incidence of respiratory depression between lorazepam and

diazepam.
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Table 4.11; Lorazepam (PR) versus diaepam (PR) in one study

Reference, Study Age (Y) No. of AEDs | Dose Respiratory ICU admissions
depression (No. of children)
(No. of children,
%)

country design children (ma/kg)

RR (95% Cl)

RR (95% CI) P-value
P-value
LzP DzP | LzP DZP
Appleton _et| Open | 0.1-16 6 LZP | 00501(PR)| O 1(6%) ) o)
al.,  1995,| label 0.95 (0.04+20.78) | 0.57 (0.03 10.51)
UK [76] Quasi 19 DZP | 0.304(PR) | | g 5=071
RCT

LZP: Lorazepam, DZP: Diazepam

C. Lorazepam versus paraldehyde
Shafiqueand colleaguesonducted a IPnhonth, singlecentre, randomised, opdabel
study in subSaharan Africa to compare intranasal lorazepam and intramuscular
paraldehyde [14]One hundred and sixtghildren aged 2 months to 12 years who
attended the paediatric emergency department with generalized convulsions continuing

for at least 5 minutes were included.

The randomisation sequences, allocation concealment, convulsive status epilepticus

definition and treatment successful definition were described in the previous chapter.

The safety outcomes were the incidence of hypotension or hypoxia. Hypotension was
defined as a reduction of 5 mm Hg or more for systolic and diastolic pressure. Hypoxia
was defind as oxygen saturation (SpO2) level of <92% within 30 minutes of drug

administration.
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Twenty-eight of the 80 children who received intranasal lorazepam experie2@ed
AEs; 27 cases suffered from hypotension and two from hypoxia (i.e. one child had 2

AES).

Twenty-one of the 80 children who received intramuscular paraldehyde experienced
AEs; 20 hypotension and one hypoxia. The total incidence of any AE following
treatment with intranasal lorazepam was higher (35%) than with intramuscular
paraldehyde (26%),ub not statistically differenfRR: 1.33; 95% CI: 0.83 to 2.14; p =

0.23) (Tablet.12).

The total incidence of hypotension was highethelorazepam group (34%) thahe
paraldehyde group (25%). Mesmalysis did not reveal any significant difference

betwveen the two groups (RR: 1.35, 95% CI: 0.83 to 2.2; p = 0.23) (2.

The risk of hypoxia was 2 times greater with lorazepam than paraldehyde. However, our
metaanalysis showedo significant difference between the two gro@@s% CI: 0.19

to 21.62;p= 0.57) (Tablet.12).

The data of other AEs, mortality rate and ICU admissions due to AEs were not reported.

In summary, children receiving intranasal lorazepam as opposed to intramuscular
paraldehyde werseen more ofteno have hypotension and hypoxiagwever, this

difference was not statistically significant.
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Table 4.12: Lorazepam (intranasal) vs paraldehyde (intramuscular) in one study

Reference, country Study Age (Y) No. of AEDs Dose All AEs Hypotension Hypoxia
design children (No. of dildren, %) (No. of children, %) (No. of children, %)
RR (95% CI) RR (95% ClI) RR (95% CI)
P-value P-value P-value
LZP Paraldehyde LZP Paraldehyde LZP Paraldehyde
Shafiqueet al.,2006, | Open label| 0.2-12 80 LzP J NJ 28 (35%) 21 (26%) 27 (34%) 20 (25%) 2 (3%) 1 (1%)
subSaharan  Africaj RCT 1.33 (0.83+2.14) 1.35 (0.83+2.2) 2 (0.19+21.62)
(72 80 Paraldehyde 0.2 mlikg (IM) P =023 P=023 p =057

LZP: Lorazepam
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D. Intravenous lorazepam versus intravenous diazepam plus phenytoin (IV)
A 2010 study compared the intravenous use of lorazepam with an intravenous
combination of diazepam and phenytoin in a tertiary hospital in India [1]. The study was
randomised and opdabel. Phenytai was given, 15 to 30 minutes after diazepam
administration, eveif seizures had not recurred. The study recrulféd children aged
between 1 and 12 years with convulsive status epilepticus lasting for at least 5 minutes.
If IV access could not be obt&d, the same dose of lorazepam and diazepam was given
rectally.
The safety outcome was incidence of respiratory depresRiespiratory depression
was defined as decrease in the respiratory effort and rate following the seizure

termination which needs xygen supply or oxygen saturation less than 92%.

Four of the 90 childrenwho received intravenous lorazepam experiencespiratory
depressiorcompared td of the 88 childrerwho receivedthe intravenous combination
of diazepam and phenytoin. The totatidence of respiratory depression was slightly
lower with intravenous lorazepan®%) than intravenous diazepan6%), but not
statistically significant (RR: 0.78; 95% CI: 0.22 to 2.82; p = 0.71) (T4ll8). There
were no cases required ICU admissidois mechanical ventilation due to respiratory

depression.

The data of other AEs and mortality rate were not reported.

In summary, intravenous lorazepam vgagnlessoftento be associatewith respiratory
depression compared to the intravenous combinatiomliazepam and phenytgin
however this difference was not statically significant.
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Table 4.13: Intravenous lorazepam versus intravenousliazepam plus phenytoin

Reference, | Study Age No. of AEDs Dose (mg/kg) Respiratory depression
i 0,

country design | (Y) children (No. of children, %)

RR (95% CI)

P-value

LZP DZP+PHT
Sreenath | Open | 142 90 LzP 0.1 (IV) 4 (4%) 5%6)
et al,| label 0.78 (0.222.82)
2010, RCT 88 DZP+PHT | 0.2 + 18/1580 min (IV) P=071
India[81]

LZP: Lorazepam, DZP: Diazepam, PHT: Phenytoin

E. Intravenouslorazepam versusntranasal lorazepam

Two openlabel studies compared the safetyintravenous and intranasal lorazepam;

they involved over 600 children (334 on intemous lorazepam) aged between 2

months and 14 years. Of these, one study reported two AEs for intravenous

lorazeparnt69] while the other study did not report AEssithergroup (Tablet.14)[71].

Table 4.14: Summary of study that did not report AEs

Reference, Study design Age (Y) No. of AEDs Dose (mg/kg)
country children

Lissauer et al. ,2015 Open label 0.214 264 LzpP 0.1 (V)
Malawi [71] 245 LzP 0.1 (IN)
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Arya et al. (2011) conducted thenYonth, randomised, opdabel, singlecentre study

in India [11]. The researchers recruited 141 akitdaged between 6 and 14 years who
attendedhe emergency department with an acute tatoaic convulsion and compared
the administration ofntravenousversusintranasal lorazepanihe safety outcomes were
hypotension within 1 hour oW KH Gadinhfgkation and incidence of respiratory
depression needing ventilation.

Two of the 70 children (3%)who received intravenous lorazepam experienced

respiratory depression. There were no other AEs reportgthengroup (Tabled.15).

The intranasatoute appared tde safethantheintravenous route itermsof respiratory

depressionhowever, the difference was not significant (p = 0.29).

Table 4.15: Intravenouslorazepamversusintranasal lorazepam

Reference, Study JAge [No.of |JAED |Dose (mg/kg) Respiratory RR (95% ClI)
depression P-value
(No. of children,
%)

country design | (Y) [Jchildren

v
IN
Aryaetal., |Open |6-14 |70 LzP  [0.1(V),4mg | 2(3%) 5.07 (0.25103.76)
2011, India  |label max. 0 p=0.29
[69]
71 LZP 0.1/3660 sec (IN)
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F. Intravenous lorazepam veisus buccal lorazepam
The Lissauerstudy described in the previous section (intravenous vs. intranasal
lorazepamalso compared intravenowgrsusbuccal lorazepam [13No children had

respiratory depressiaror required ventilation. The other AEs were ngported.

Forty-seven (18%) of the 264 children received intravenous lorazepamh died
compared to 39 (15.5%) of the 252 children treated with buccal lorazgpRaml.15;
95% CI: 0.78 to 1.7; p = 0.48yable4.16). However, it was documented to be due t

status epilepticusself.

Table 4.16: Intravenouslorazepamversusbuccallorazepam

Reference| Study |Age |No. of AED Dose Deaths RR (95% CI)
i 0, 5

country |design |(Y) |children ey | OV G GG, V) [P

v BUC
Lissauer ef Open 0.214 |264 LZP 0.1(IV) [47(18%) 39 1.15 (0.781.7)
al. ,2015, |label (15.5%) p=048
Malawi 252 LZP 0.1 (BUC)
(71]
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G. Valproate versus phenobarbital
An Iranian study compared intravenous valproate to intravenousliphemtalin the
treatment of acute prolongeskizures at 2 centres in 20]1&7]. This randomised,
doubleblind study took place over 2 years. It involvé@children aged between 3 and
16 years who attended the emergency room with seizures lasting more than 5 minutes,

thathad not been controlled by intravenous diazepam (0.2mg/kg).

The following parameters were measured from the starting of treatmentztoesei
termination pulse, blood pressure, respiratory effort (before treatment, at the end of
treatment and at 5, 10, 28hd 30 minutes after starting treatmeahdelectrocardiogram
baselines Children who experienced hypotension or cardiac dysrhythmiese
excluded and treatment was stopped. The authors did not define the respiratory

depression, hypotensigand cardiac dysrhythmia.

Sevenof the 30 childremwhoreceived intravenous valproate experienced 7 AEs; 3 cases
each of lethargy and vomiting amthe case of hypotension. By contrast, 22 of the 30
childrenwho received phenobarbital experienced 22 AEs; 17 cases of lethargy, 4 cases

of vomiting, and one case of respiratory depression (T4ldle).

The total incidence ofAEs following treatment with ntravenous valproate was
significantly lower 23%) thanthosefollowing treatment with intravenous phenobarbital
(73%) (RR: 0.32; 95% CI: 0.16 to 0.63; p = 0.901

Lethargy was the most comma& reported in both groups, withlower occurrence in

thevalproate group (3 childrer,0%) compared tohe phenobarbital group (17 children,
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57%). This was a statistically significant difference (RR: 0.18, 95% CI. 0.06 to 0.54, p =
0.002).

Vomiting was the second most commaAR, with a similar occurrence betweeroth
groups,10% in thevalproate group anii3% in the phenobarbital group (RR: 0.75, 95%

Cl: 0.18 to 3.07, p = 0.99

Respiratory depression was reported in one casgravenous phenobarbitdlowever

it was not reporte@mongstthe valproate group (RR0.33, 95% CI: 0.01 to 7.87, p =
0.5).Hypotension was only documented in one child treated with intravenous valproate

with a risk ratio of 3 (95% CI: 0.13 to 70.83; p = 0.5).

The data for mortality and ICU admission due tosAfere not available (Tab#el7).

In summary, no child receiving intravenous valproate experienced respiratory
depression as opposed to a single child receiving intravenous phenopadnital
difference was not significant. However it appeared overall, when looking at all AEs,

thatvalproate is significantly safer (p = 0.001).
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Table 4.17: Valproate (IV) versus phenobarbital (1V) in one study

Reference, | Study Age (Y) | No. of AED | Dose (mg/kg) All AEs Lethargy Vomiting Respiratory Hypotension
. o . o . 0 . .
country design children (No. of children, %) | (No. of children, %) (No. of children, %) | depression (No. of children,
(No. of children, %) | %)

RR (95% Cl) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

P-value P-value P-value P-value P-value

VAP PB | VAP PB | VAP PH VAP PB VAP PB
Malamiri et | Double |3-16 30 VAP |20 at 5- 6mg/min (IV) 7 (23%) 22 3 (10%) 17 (57%) | 3 (10%) 4 (13%)| 0 1 (3%)|1 (3%)
al. 2012, | blind PB |20 at 60- 100 mg/min (V) | (73%) 0.18 (0.06+0.54) 0.75 (0.1843.07) 0.33 (0.0147.87) 3(0.13+70.83)
India[67 | RCT 30 p =0.002 D =0.69 p=05 p=05

0.32 (0.16+0.63)
p =0.001

VAP: Valproate, PB: Phenobarbital
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4.3.2.2Evidence from prospective observational stdies

Four prospective observational studies involved 156 children aged between 2 months
and 18 years; one compared 2 AEDS (lorazepam and diaz¢BdmAll included
studies, except ondg99], were conducted solely in the paediatric population.
Levetiracetam was the most frequently studied drug (T4ldl8). Seven AEs were
reported; 4 were associated with intravenoustieacetam. Respiratory depression that
resulted in PICU admission was reported in 3 children who were administered

intravenous lorazepam.

Table 4.18: Prospective observationaktudies characteristics

Study characteristics No. of stu*dies No. of child[en
(N=4) (N = 156)

Antiepileptic drugs used

levetiracetam 2 88
diazepam 1 17
lorazepam 1 31
midazolam 1 20

* Some children and studies accounted more than once.
The first of the these four studies was a pextive, comparative, nemndomised
study conducted in the UK by Wassnserd colleaguesvhich compared intravenous
lorazepam and intravenous diazepf®d]. This study involved 48 children aged 5

months to 11 years with convulsive status epilepticus.

Of these 48 children, 31 received intravenous lorazepam and 17 intravkaoesam.

AEs were reported in 3 children (10%) who experienced respiratory depression after
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receiving intravenous lorazepam and were transferred to PICU. Mo AfBs were

reported (Tabld.19).

The second observational study, conducted in the UK by Bledand colleagues
evaluated the safety of intravenous levetiraceiath This study involved 45 children

who were aged between 2 months and 18.8 years (mean 7.1 years) with acute repetitive
seizure or status epilepticus. Two children had-camvulsive status epilepticus and

were excluded from the analysis. Three4@f children exhibited changed, aggressive
behaviour. The treatment was discontinued in one of these three children. There were n

other AEs reported (Tab#%19).

The third study, conducted in the USWhelessand colleaguesvaluated the safety of
intravenous levetiraceta®9]. This study involvedt5 patients aged between 4 and 32
years (mean 14 years). One child aged 16 years with mental retardation experienced
pain at the site of intravenous administration. The levetiracetam was discontinued and
the child was removed from the study. No AEs wezported in the other children

(Table4.19).

The fourth study, conducted in the UK by Conemd colleaguesvaluated the safety of
intranasal midazolam in 20 children aged 10 months to 12 years who attended the
emergency department with seizuf@6(. No AEs were ngorted in this study (Table

4.19).
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Table 4.19: The safety outcome in the prospective observational studies

Reference, country | Study Age No. of AEDs Dose (mg/kg) All Respiratory Behavioural | Pain at the ICU admissions
design (Y) children and route AEs depression change administration site | due to AEs
Wassmer et al| Prospedve | 0.511 | 31 Lorazepam 0.11v 3 3 0 0 3
2002, UK,[84] comparative
17 Diazepam 03IV 0 0 0 0 0

McTague, A., et al| Prospective | 0.2 43 Levetiracetam| 14.4(median) IV | 3 0 3 0 0
2012, UK51] 18.8

(Mean

7.1)
Wheless, J.W., et a| Prospective | 4-32 45 Levetiracetam| 20-60 IV 1 0 0 1 0
2009, USA99] (Mean

14)
Conroy, S., et al| Prospective | 0.912 | 20 Midazolam 0.2 1IN 0 - - - 0
2000, UK 100
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4.3.2.3Evidence from retrospective observationastudies

Five retrospective studies involved 266 childraged from birth to 18 yearsine
compared 2 routes (IV and PR diazepajfi}]. Levetiracetam was the most frequently
studieddrug (Table4.20). Overall, sevdaren AEs were reported,0 were associated

with intravenous valproate. Respiratory depression that resulted in PICU admission was

reported in 3 children who were administered diazepam.

Table 4.20: Prospective observationaktudy characteristics

Study characteristics No. of stugies No. of child[en
(N =5) (N = 266)

Antiepileptic drugs used

levetiracetam 2 155

diazepam 1 81

sodium valproate 2 30

* Some children and studies acounted more than once.
Garr and colleaguesonducted a retrospective study to conmeptire effectiveness of
rectal and intravenous diazepam, in children aged one month to 15 years with tonic
clonic convulsions in the UK82]. This study involved 81 children, of whom 48
received rectal diazepam, while 33 received intravenous diazepam. The s&fetyeou

was respiratory depression. Three of 81 children (4%) experienced respiratory
depression and required admissiorlGdJ; they all received two doses of diazepam in
addition to rectal paraldehyde and intravenous phenytoin. ¢ &ehildren, one chil
received two doses of rectal diazepam and the authors did not state the route of

administration for the other 2 children.

132



5 The Safetyof AEDs for convulsive status epilepticus (CSE)

@ U J « énH tblleaguesonducted a retrospective study to evaluate the effectiveness and
safety of intravenous levetiracetam in Turf®p]. This study involved 133 children
aged one month to 18 years with acute repetitive seizures. Three of the 133 children
(2%) experienced behavioural changes which resolved after dose reduction. No other

AEs were reported.

Fallah and colleaguesconducted a retrospective study in Iran to evaluate the
effectiveness and safety of intravenous sodium valpf@ide This study involved 11
children aged 3 to 9.6 years admitted to the emergency department with acute repetitive
seizures. Two of the children (18%) experienced transient namsegomiting. There

were no other AEs reported.

An American study conducted by Khand colleaguesompared the effectiveness and
safety of intravenous levetiracetam in 22 neonates aged 37.5 to 41.2[@@el@Gne
child (5%) experienced irritability and subsequently received pyridoxine at 50 mg once

daily.

The laststudy was conducted in Spain Bampistoland colleagueso evaluate the
effectiveness and safety of intravenous sodium valpf@e This study involved 19
children aged less than 7 years. Seven of the 19 children (37%) experienced 8 AEs; two
cases of hyperammonaemia, two casesoainolenceone case of hypotension, and one
case with abnormal liver function tests, thrombocytopenialeuidpenia. Intravenous
valproate treatment was stopped in one child due to the abnormal liver function tests.

None of the children were transferred to the ICU due to the AEs.
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Table 4.21: The safety outcome in the retrospectivetadies

Reference, Study design | Age No. of AEDs Dose All Hypotension | Respiratory | Behavioural | Abnormal Others ICU
country (Y) children (mg/kg) and | AEs depression | change liver admissions

route function due to AEs

tests

Garr et al., Retrospective | 0.1-15 | 48 Diazepam 0.4 PR
1999, UK, comparative 3 0 3 0 0 0 3
(82 33 Diazepam 041V
@0Je*GHU | Retrospective | 0.1-18 | 133 Levetiracetam| 10-20 3 0 0 3 0 0 0
al, over 15 min
2014, Turkey \
[99]
Fallah et al.,| Retrospective | 3-9.6 | 11 Valproate 15 at| 2 0 0 0 0 Nausea and 0
2012, Iran 3mg/kg/min vomiting (2)
[97] 1Y
Khan et al.,| Retrospective | 3841 | 22 Levetiracetam| 50 (20 pts) 1 0 0 1 0 0 0
2011, weeks 20 (1 pt.)
USA[96] 10 (1 pt.)

\Y
Campistol et| Retrospective | 0-7 19 Valproate 20 at 8 1 0 0 1 Qmmonia (2) 0
al., 1999, 1mg/kg/hr
Spain [98] v Somnolence (2)

Thrombocytopenia
@

leukopenia (1)
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4.3.2.4Case reports/series

This systematic review identified one case series which was reported by Gurtess
colleagueg10]]. It discussed the effectiveness and safétyaraldehyden 13 children
aged from 2 months to 17 years, 9 children received the medicine intravenously and 3

rectally. One hild received it by both routes

Three of the children, with ages ranging from 7 months 3oyéars, developed
respiratory depression during or within a few minutes after receiving a loading dose of
0.3 ml/kg of intravenous paraldehyde. All these children were intubated and returned to

normd breathing within one hour (Tab#e22).

One other child, aged one year, died. This wegorted tobe due to the status

epilepticus.

Table 4.22: Paraldehyde AEs in case series

Reference, Patient age Dose of IV paaldehyde AE Treatment

country (Y) (ml/kg)

Curless et al. 13 2.5 Respiratory depressio| Intubated

1983, US . )

[101] 2.4 0.35 Respiratory depressio| Intubated
0.7 0.3 Respiratory depressio| Intubated
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4.3.3 Respiratory depression

Respiratory depressiors a serious AEIn the RCTs and prospective observational
studies this occurred in5&hildren. Table4.23 showed the three most common AEDs

associated with respiratory depression.

Table 4.23: Respiratory depression in RCTs and prospective observational studies

Routes | Midazolam Diazepam Lorazepam
(No. of children experienced| (No. of children experienceq (No. of children experienced
respiratory depression / No. | respiratory depression / No.| respiratory depression / No.
of children receiving of children receiving of children receiving
AEDs, %) AEDs, %) AEDs, %)

Buccal | 7/280 2.5%) - -

PR - 10/289 (34%) -

v - 33/174 (19%) 38/502 (8%)

Total 7/280 @2.5%0) 43/463 (9%) 38/502 (8%)

Buccal midazolam and rectal diazepam were associated with the loskesofr
respiratory depression (24. Intravenous lorazepam was associated with a
significantly lower risk of respiratorgepression than intravenous diazep@R; 0.7;

95% CI: 0.55 to 0.87 < 0.0001).
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4.4 Discussion
The studies included in this review differed broadly in the reporting of AEs; some
studies reported none whereas other studies reported at least one AE. Ih ééisera

were more frequently reported in the randomised control trials than in the cohort studies.

Respiratory depression was the most commonly reported AE, niaiagociatiomwith
benzodiazepinesVariation in the reporting of respiratory depression,e dto
benzodiazepines, was noted. Respiratory depression following diazepam (PR or 1V),
lorazepam (IN), and midazolam (buccal, IV, IN or IM) was not reported in 6 stifies

68, 72, 74, 79, 80Q]. In contrast, it was reported following lorazepam (1V), midazolam
(buccal), diazepam (PR, IV) in 5 studigb, 73, 76, 78, 90]. This variation of the
respiratory depression incidence may be due to the inclusion criteria of some of the
studies. For example, studies that did not report respiratory depression excluded
children who had received benzodiazepines as a prehospital treatment. Children who
had eceived benzodiazepines, and whose seizures were not controlled before arriving at
the hospital, are at a higher risk of respiratory depression. In children who suffered from
acute tonic seizures, the respiratory depression may have been a complidagionfeit

their prolonged seizures or an AE of the benzodiazepine treafth@ht

Respiratory depression was most common with intravenous route however, its incidence
was significantly lower with intravenous lorazepam (8%) compared to intravenous

diazepam (19%) (p< 0.0001).

This review showed no dirence in the rate of respiratory depression between buccal
midazolam and rectal diazepam. However, based on the results of the previous

systematic review (Chapter 4), buccal midazolam was more effective in controlling
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seizures in children suffering frontwe tonieclonic seizures than rectal diazepam
(p<0.04). Therefore, when comparing the safety and effectiveness of both medications,
our results show that buccal midazolam should be the first choice for treating acute

tonic-clonic seizures in children, iintravenous access is difficult to obt4i9].

Looking atthe resultsreported inthe previous chapter (Chapter 4), batlravenous
medications were ea@lly effective in treling acute tonielonic seizure.However
children given lorazepam were less likely to need additional dose(s) or AEDs to
terminate their seizures, and were also less likely to have further seizures after drug
administration. Therefer, intravenous lorazepam has better overall effectiveness and

safety in treating acute tonraonic seizures compared to intravenous diazepam.

Respiratory depression was not reported in children who received buccal or intranasal
lorazepam. These routes hewer, compared to intravenous lorazepam, were less
effective and more likely to require additional dose(s) or further AEDs to terminate the
seizure when compared to intravenous lorazepam, as discussed in Chapter 4. The main
aim of treating acute tonic clanseizures is to terminate the seizure quickly, to prevent

the seizure from developing into status epilepticus, and to avoid the risk of respiratory
depression due to the prolonged seiz(i8€s 87, 102. Therefore, the effectiveness and
safety profile of intravenous lorazepam suggest that intravetelisery may be the

best route for this dru@3].

Few studies that evaluated the safety of second line treatment (VAP, PB, LEV) were
idertified in this review. Our results identified one randomised control study that

compared safety between intravenous valproate and intravenous phenobarbital; it
showedthat no child on intravenous valproate had respiratory depression. Moreover,
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when lookingat all AEs, it appeared that intravenous valproate was significantly safer
than intravenous phenobarbital (p = 0.001). This could be because all children on
intravenous valproate received a rapid loading dose (less than Rfesifrevious
studies recomended that seizures be controlled in less than 30testo reduce the

risk of mortality and morbidity, suggesting that a rapid loading dose of intravenous
valproate (less than 20 miteg may the safest technique to stop seizures in children

[103-105.

There were no casesof respiratory depression in children who received intravenous
levetiracetam. However, no randomised control trials have been publitia¢d
compared the safety of levetiracetam with other setioedagents for treating acute

tonic-clonic seizures in children.
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4.5 Limitations

There were limitations in the studies that were identified in this systematic review. The
majority were open label, mich may affect the quality of a study and introduce bias.
Not all studies included a definition of respiratory depressiso, there was a
variation in respiratory depression imetstudies that defined this AEew randomised
control trials were iderfied for the safety of secorahe treatments; thus, the results of

these studies should be interpreted with caution.

4.6 Conclusiors

Respiratory depression was documented mainly with benzodiazepines. There were no
differences in the incidences of respiratogpression between buccal midazolam and
rectal diazepam. However, buccal midazolam is more effective than rectal diazepam, so
is the preferred choice for acute tomitonic including CSE as *1line treatment.
Intravenous lorazepamas less likely tde asociatedwith respiratorydepression when
compared to intravenous diazepam. Intravenous lorazepam is the drug of choice where
there is IV access. More randomised control trials are needed to compare the safety of

secondline treatmers.
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CHAPTER 5: CONCLUSION

5.1 Introduction

Status epilepticus (SE) is a serious neurological emergency associated with mortality

and morbidity{106-109. Effective management of acutenic-clonic seizures including

CSE should be given to all patients wsboseizures havéD DVWHG PLQXWH\
certainly those whattend the emergency department to prevent progression to status
epilepticus[59]. Acute tonieclonic seizures including CSE often requires IV, IM, PR,

IN or buccal AEDs. An understanding of the comparative effectiveness and safety of

the different AEDs andoutes will guide clinicias when selecting arappropriate

treatmenfor children
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5.2 Summary of findings
In the first and the secondystematic review, 25 studies were identifiaeld were
evaluated to assefize effectiveness andfsty of AEDs for acute toniclonic seizures

including CSE in childreChapter 3& 4).

Buccal midazolam was more effective than rectal diazepam in terminating seizures with
success rate ranging from %3to 100%. Moreover, itvas associated with a lower
reaurrence rate of seizurgsanging from 66 to 8%) and significantly less likg to

require an additional AEQranging from 2% to 36%)

There were no differences in the incidence of respiratory depression between both

groups; incidence wa9/a3.3%.

Also, administeringbuccal midazolam is easier fgrarents, healthcare and other
professionals and is more socially acceptable in comparison to the rectal method.
Therefore, buccal midazolam is the preferred choice for acute-dlmic seizures

including CSEas f'line treatment.

When assessing the intravenous AEDSs, intravenous lorazepam and intravenous
diazepam were equally effeati (RR: 1.02 & p = 0.73)Respiratory depression was
most common withthe intravenous routehowever lorazepam was less likelyp be
associated withespiratory depressiacompared to intravenous diazepam (8% vs 19%)
Intravenouslorazepam was superior to sublingual/bug@&d% vs 46%)or intranasal
lorazepam(82% vs 63%).t was more effetive and less likely to requiradditionad
dose(s) or AEDs to terminate the seizuiidss suggests that buccal lorazepam is poorly

absorbed As previously mentioned, a pharmacokinetic study conducted by Anderson
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et.al has shown that lorazepam was slowly absorbed following buccal administration
[85]. Peak aborption following buccal administration was at 180 minutes, suggesting
that this may not be the best route for treating acute sei@BesS hese results suggest

that intravenous administration is the best route for lorazepam when treating seizures in

children.

FewRCTs were identified that evaluated secdind treatment: intravenous valproate,

phenobarbital and phenytoin.
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5.3 Implications for practice
| would suggest the following recommendations fart of hospital use and for
healthcare professionals workinglbh KLOGUHQ YV KRVSLWDOV
X Buccal midazolams the preferred choice for acute towgionic seizuresincluding
CSE as 1 line treatmentvhen intravenous access is difficult or is yet to be obtained.
X Intravenous lorazepam is the treatment of choice for @nmlavith CSE who have
IV access.
x Training programmesare essential for paramedi@nd parents to deal with
emergency treatment of status epilepticus. This will help medical professionals
ZRUNLQJ LQ FKL OB Jddreafhd/ the Rk DL moididity antbrtality of

status epilepticus.

x Based on this thesis, | am planning to establiSaadi Arabiaepilepticus working
group. This groupwill involve pediatriciansspecialisingin epilepsy and also
emergency department physicatt will work with authori®d hospitacommittees

to developguidelinesfor status epilepticus treatment.

x Develop national guidelirsdor treatment oftatus epilepticus in Saudi Arabia.

5.4 Implications for future research

X Researcheraeedto agreea universal definition othe stage®f status epilepticys
earlystagesestablished, refractory and supefractory status epilepticus

X Researchers need to give a stmddiefinition of treatment outcomesspecially the

seizures recurrence rate; since 5 studies in this thesis did not deturrence.
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x Conduct surveyin Middle East countries about the AEDs used in status epilepticus
in children.

x Conductmore RCTs in Middle East countries to evaluate the effectiveness and
safety of AEDs for acute tonidonic seizures including CSE in ofhien; since
limited numbers of studies have been conducted in this region.

X More RCTs are needed to compare the effectiveness and safety of-beeond
treatment for acute toniconic seizures including CSE in children.

X A previous study in adults has showsimilar efficacy between intravenous
leveiracetam and intravenous lorazegad®]. However, no such study has been
conducted in chilcen. Therefore, it is important to compare the efficacy of
intravenous levetiracetam with intravenous lorazepam in children.

X Intravenous lacosamide alsothoughtto havegood effectiveness ithe treatment
of status epilepticus. There were up to 19 mhad articles ornthe use of
intravenous lacosamide (10 case reports and 9 retrospective $fiidies)
Randomized controlled studies are needed to compare the effectiveness and safety
of intravenous lacosmaidmdother AEDs used for the management of acute tonic
clonic seizures such as intravenous diazepam, lorazepam, phenytoin, phenobarbital,
sodium valproate and levetiracetam in children.

X More RCTs are required to evaluate the use of paraldehyde in children with
convulsive status epilepticus.

X More studies are required to clarify the role of parents and parasnedieating

convulsive status epilepticus out of hospital.
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A. Midazolam versus diazepam
A.1l. Buccal midazolam vs intravenous diazepam

1. Successful seizure control

Midazoalm Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Talukdar 2009 21 B0 86 B0 100.0%  0.91[0.80,1.03]
Total {95% CI) 60 60 100.0%  0.91[0.80,1.03]
Tatal events a1 ]
Heterogeneity. Nat applicable l | . | l
Testfor overall effect 2= 146 (F=015) 0o D'1Dia?epam 1 Mida?ularrjn 1

2. Additional AEDs

Midazoalm Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Fixed, 95% Cl M-H, Fixed, 95% Cl
Talukdar 2009 9 &0 2 B0 100.0% 450[1.01,19.96)
Total {95% CI) 60 60 100.0% 4.50[1.01,19.96] -*-—
Total events g 2
Heterogeneity, Mat appllcahle 'IJ.EI1 EIH 1'IJ 1|J|:|'
Testfor overall effect Z=1.98 (P = 0.05) Midazolam Diazepam
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A.2.

Intramuscular midazolam versus intravenous diazepam

1. Successful seizure control

Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Fixed, 95% CI M-H, Fixed, 95% Cl
Fartela, 2014 14 16 14 168 1000%  1.00[077,1.30]
Total (95% Cl) 16 16 100.0%  1.00[0.77,1.30]
Total events 14 14
T . oW
estfor overall efiect 2= 0.00 (F=1.00) WMidazolam Diazepam
2. Additional dose(s)
Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Fixed, 95% Cl M-H, Fixed, 95% Cl
Fartela, 2014 1 16 1 16 100.0% 1.00[007, 14 .64]
Total (95% Cl) 16 16 100.0% 1.00 [0.07, 14.64]
Total events 1 1
Heterogeneity, Mot applicable 'IJ.EI1 EIH 1| 1'D 1DE|'

Testfor overall effect 7= 0.00(F =1.00)

3. Additional AEDs

Midazolam Diazepam

Midazolam Diazepam Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H,Fixed, 95% Cl M-H, Fixed, 95% Cl
Fortela, 2014 2 1B T 16 100.0% 2.00[0.20,19.91] .
Total (95% Cl) 16 16 100.0% 2.00[0.20,19.91] ——
Total events 2 1
Heterageneity: Mat applicable 'IJ.EI1 EIH 1'IJ 1|J|:|'

Testfor overall effect 7= 059 (P = 0.59)

Midazolam Diazepam
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B. Lorazepam versus diazepam

B.1. Rectal lorazepam versus rectal diazepam

1. Successful seizure control

Lorazepam (PR} Diazepam {PR) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Appleton, 1994 fi fi fi 19 1000% 28R [1.47,5.59]
Total (95% CI) i 19 100.0%  2.86 [1.47, 5.55] L
Total events B B
Heterogeneity. Mot applicable T 01 10

Testfor overall effect 2= 310 (P =0.002) Diazepam Lorazepam

2. Additional dose(s)

Lorazepam (PR} Diazepam {PR) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Appleton, 1994 I fi 13 19 1000%  0.11[0.01,1.56 *
Total (95% CI) B 19 100.0%  0.11[0.01,1.56] e —
Total events 0 13
Heterogeneity. Mot applicable T 01 10

Testfor overall effect 2=1.64 (P=0.10) Lorazepam Diazepam

3. Additional AEDs

Lorazepam (PR} Diazepam {PR) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Appleton, 1994 I fi 12 19 1000%  0.11[0.01,1.69] *
Total (95% CI) B 19 100.0%  0.11[0.01,1.59] e ——
Total events 0 12
Heterogeneity. Mot applicable T 01 10

Testfor overall effect 2=1.48 (P=0.11) Lorazepam Diazepam

4. Seizure recurrence

Lorazepam (PR)  Diazepam (PR) Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Anpletan, 1895 1] ] 7 19 100.0% 019001, 287
Total {95% Cl) ] 19 100.0% 0.19[0.01,297]
Total events 1] 7
Hetaragenaity Mot applicahle o i 11['

Testfor overall effiect Z=1.19(F=0.23) Lorazepam  Diazepam

156



Appendices

B.2. Sublingual lorazepam versus rectal diazepam

1. Successful seizure control

2. Additional dose(s)

3. Seizure recurrence
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C. Intranasal lorazepam versus intramuscular paraldehyde

1. Successful seizure control

2. Additional AE Ds

3. Seizure recurrence
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D. Intravenous lorazepam versus intravenous diazepam plus phenytoin

1. Successful seizure control

2. Additional dose(s)
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E. Intravenous lorazepam versus buccal lorazepam

1. Successful seizure control

2. Additional dose(s)

3. Additional AED s

4. Seizure recurrence
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F. Intravenous valproate versus intravenous phenytoin

1. Successful seizure control
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G. Intravenous valproate versus intravenous phenobarbital

1. Successful seizure control

2. Seizure recurrence
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APPENDIX B: SYSTEMATIC REVIEW TWO: FORES T
PLOTS
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Al

A. Midazolam versus diazepam

Intramuscular midazolam versus intravenous diazepam

1. AllAEs

2. Vomiting

3. Hyperactivity

4. Salivation

5. Nausea

6. Hypotension
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B. Lorazepam versus diazepam

1. Lorazepam (FR) versus diazepam (PR)

2. ICU admission
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C. Intranasal lorazepam versus intramuscular paraldehyde

1. All AEs

2. Hypotension

3. Hypoxia
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D. Intravenous lorazepam versus intravenous diazepam plus phenytoin
(V)

1. Respiratory depression

E. Intravenous lorazepam versus intranasal lorazepam

1. Respiratory depression

F. Intravenous lorazepam versus buccal lorazepam

1. Deaths
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G. Valproate versus phenobarbital

1. All AEs

2. Respiratory depression

3. Hypotension

4. Vomiting

5. Lethargy
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