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Background: Convulsive status epilepticus demands urgent and appropriate management
with anticonvulsants. Intravenous diazepam is an established drug in the management of
convulsive status epilepticus in adults as well as in children. The efficacy of intravenous
lorazepam has not been well established in children.
Objective: To determine whether intravenous lorazepam is as efficacious as diazepam-
phenytoin combination in the treatment of convulsive status epilepticus in children.
Study design: Randomized controlled trial.
Methods: A total of 178 children were enrolled in the study; 90 in the lorazepam group and
88 in the diazepam-phenytoin combination group. Enrolled subjects were between 1 and
12 years with a clinical diagnosis of convulsive status epilepticus, presenting in pediatric
emergency of a tertiary care hospital. They were randomized to receive either intravenous
lorazepam (0.1 mg/kg) or intravenous diazepam (0.2 mg/kg)-phenytoin (18 mg/kg) combi-
nation at admission and were followed up for subsequent 18 h.
Results: The overall success rate of therapy was 100% in both the groups. There was no
statistically significant difference in the two groups (lorazepam versus diazepam-
phenytoin combination) in the median time taken to stop the seizure [20 s in both groups],
the number of subjects requiring more than one dose of the study drug to stop the pre-
senting seizure [lorazepam 6(6.7%) versus diazepam-phenytoin combination: 14 (15.9%);
adjusted RR (95% CI) = 0.377 (0.377, 1.046); P = 0.061] and the number (%) of patients having
respiratory depression [lorazepam 4(4.4%) versus diazepam-phenytoin combination 5
(5.6%)]. None of the patients in the two groups required additional anticonvulsant drug to
stop the presenting seizure. No patient required mechanical ventilation and none of the
patients in the two groups required cross-over to the alternative regimen.
Conclusion: Lorazepam is as efficacious and safe as diazepam-phenytoin combination. We
recommend use of lorazepam as a single drug to replace the two drug combination of diazepam-
phenytoin combination to control the initial seizure in pediatric convulsive status epilepticus.
© 2009 European Paediatric Neurology Society. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction

Convulsive status epilepticus is the most common neurolog-
ical emergency of childhood and demands urgent and
appropriate management with anticonvulsants. However,
controversy exists regarding the best initial drug for treat-
ment. According to the recommendations of the Epilepsy
Foundation of Americas Working Group on Status Epi-
lepticus,® either lorazepam 0.1 mg/kg or diazepam 0.2 mg/kg
should be administered intravenously as the first line drug to
terminate the presenting seizure. As initial therapy for all
types of pediatric status epilepticus, intravenous diazepam
was the treatment of choice in a European Expert Consensus
Survey published recently.? A number of studies®® suggest
that lorazepam is superior to diazepam as first line therapy,
with improved seizure outcome and less respiratory depres-
sion. However, most reports of lorazepam usage in status
epilepticus refer to adults.**’® There is only one open
prospective quasi-randomized study® comparing the efficacy
of lorazepam and diazepam in treatment of status epilepticus
in children. Nevertheless, lorazepam has recently been rec-
ommended as the first line intravenous drug in treating
convulsive status epilepticus in children in a published
consensus treatment.” The Cochrane Systematic Review
2008 opines that “there remains a paucity of available data
on the drug management of acute tonic-clonic seizures in
childhood. Significant gaps remain in the evidence-base for
the treatment of acute tonic-clonic convulsions and convul-
sive status epilepticus in childhood.” These facts highlight the
need for additional randomized controlled trials in treating
convulsive status epilepticus. Therefore, we conducted
a randomized controlled trial to compare the efficacy of
intravenous lorazepam versus diazepam-phenytoin combi-
nation in the management of pediatric convulsive status
epilepticus.

2. Subjects and methods

This randomized controlled trial was conducted at a tertiary
care centre attached to a medical college in North India. A
clearance from the ethical committee of the institute was
obtained. Informed consent was taken prior to enrolment into
the study.

Enrolled subjects were between 1 and 12 years and pre-
senting with a clinical diagnosis of convulsive status epi-
lepticus. For the purpose of this study, convulsive status
epilepticus was defined as a continuous convulsive activity
lasting for 5 min or more. Children were excluded from the
trial if they had (i) received any antiepileptic medication in the
preceding 4 weeks; (ii) sustained acute head trauma; (iii)
jaundice, suspected renal failure (oliguria) or diarrhea pre-
senting with seizures and (v) history of poisoning.

Simple randomization was done using a computer gener-
ated random number table on a master list, which was
available to the principal investigator. Allocation was done by
sealed envelope technique.

The study protocol is summarized in Fig. 1. When the
patient was brought with convulsions, measures were taken

to establish and maintain a patent airway, breathing and
circulation. As soon as the cardiorespiratory status was
stabilized, an IV access was established and blood samples
were obtained to measure blood glucose, blood urea and
serum electrolytes. Children were randomized to receive
intravenously either (i) lorazepam (0.1 mg/kg) or (ii) diaz-
epam (0.2 mg/kg). If IV access was not possible, the study
drug was given rectally in the same dose. Children still
convulsing after the initial dose received a second dose of
the same drug. In the diazepam-phenytoin combination
group, a loading dose of phenytoin (18 mg/kg) was adminis-
tered, even if seizures had not recurred, 15-30 min after
administration of diazepam. If seizure persisted after the
second dose of the study drug, additional anticonvulsant
drugs namely phenytoin, phenobarbitone and midazolam
infusion were used in that order as summarized in Fig. 1. The
child was monitored to see if there was any recurrence of
seizure in the subsequent 18 h following seizure control with
the study drug. In case of recurrence, the patient was crossed
over to the alternative regimen as shown in Fig. 1. Treatment
‘kits’ consisting of two doses of study drug protocol and data
entry sheets were available in the emergency room. After the
completion of 18 h study period, appropriate maintenance
antiepileptic drugs were started as per need of the individual
case.

2.1. Primary outcome

The primary outcome of interest was the overall success rate
of therapy. Treatment was considered successful, if all clinical
evidence of seizure activity stopped within 10 min of the first
intervention and there was no recurrence of seizure over next
18 h.

2.2 Secondary outcome

Secondary outcome measures included (a) time taken for
initial (presenting) convulsion to stop after administration of
the first dose of drug, (b) number of doses of the study drug
required to treat the initial convulsion, (c) the use of additional
anticonvulsant drugs, (d) the total number of seizures occur-
ring in the first 18 h following administration of the study
drug, (e) the development of respiratory depression (defined
as requiring either endotracheal intubation, a poor respiratory
effort or reduced respiratory rate following cessation of the
convulsion; or oxygen saturation <92%); (f) the number of
patients requiring transfer to ICU for mechanical ventilation;
and (g) the number of patients requiring cross-over to alter-
native regimen.

The duration of the seizure was recorded on the basis of
information provided by the parent or accompanying relative.
The time taken to stop the convulsion following drug
administration was measured by a staff nurse using a stop-
watch, from the onset of intravenous drug administration to
the end of the seizure activity (tonic or clonic movements).
Data on patient characteristics, seizure type and duration,
diagnosis, previous use of antiepileptic drugs, vitals signs,
frequency of convulsions before and after infusion of study
drug and other relevant details were recorded. Blood pressure,
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Fig. 1 - Study protocol for the treatment of children with convulsive status epilepticus.

heart rate, respiratory rate, level of consciousness (Glasgow
Coma Scale) and convulsive activity were monitored during
the 18 h follow-up period.

2.3.  Sample size

According to sample size testing for equivalence studies, the
sample size in each treatment group was estimated to be 88
taking an « error of 0.05, 8 error of 0.20, meaningful difference
of 10% between the two treatment arms, and the efficacy of
diazepam-phenytoin combination group and lorazepam
group as per a previous study being 56% and 65%,

respectively.* Hence, a total of 178 children were enrolled in
the study.

2.4. Statistical analysis

Analysis was performed on an intention to treat basis. Chi
square test was used to compare categorical variables. All
quantitative variables were compared by unpaired t test or
analysis of variance. Multivariate analysis was conducted
with multiple regression and logistics models. The alpha error
was set at 0.05.
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3. Results

Fig. 2 depicts the inclusion and follow-up of the study subjects
in a flowchart. There were 90 subjects in the lorazepam group
and 88 subjects in the diazepam-phenytoin combination
group. One of the patients had inadvertently received lor-
azepam in spite of being assigned diazepam-phenytoin group,
thus resulting in difference in number of subjects enrolled in
the two groups.

Both study groups (lorazepam versus diazepam-
phenytoin combination) were similar in the baseline char-
acteristics such as age, sex distribution, anthropometric
measurements, type of seizure, and cause of seizure.
Except for the difference in venous blood glucose, both the
study groups were comparable in the vital state, initial
biochemical profile (blood urea, serum sodium and potas-
sium), and presence of provoking or predisposing factors,
i.e. presence of fever, signs of meningeal irritation, devel-
opmental delay and presence of contact with tuberculosis
(Table 1).

The overall success rate of therapy was 100% in both the
groups. There was no statistically significant difference in the
two groups in the time taken to stop the seizure after intra-
venous drug administration, the number of subjects requiring
more than one dose of the study drug to stop the presenting
seizure and the number (%) of patients having respiratory
depression. None of the patients in two groups required
additional anticonvulsant drug to stop the presenting seizure.
None of the patients in the two groups required transfer to the
ICU for mechanical ventilation and none of the patients in the
two groups required cross-over to the alternative regimen.
The outcome measures in two groups are summarized in
Table 2.

4, Discussion

In this study, we defined convulsive status epilepticus as
a continuous convulsive activity lasting for 5min or more.
This is based on the operational definition stated by Low-
enstein and Bleck." The rationale for this revised, operational
definition is that defining status epilepticus based on the
theoretical concept of neuronal injury, as done in the past, is
of questionable value because the relationship between status
epilepticus and neuronal injury in humans is complex and
influenced by various factors besides duration of seizure
activity, which are poorly understood in children. Practically
speaking, any person who exhibits persistent seizure activity
or who does not regain consciousness for 5 min or more after
a witnessed seizure should be considered to have status
epilepticus.™

Both intravenous lorazepam and diazepam-phenytoin
combination were equally effective in the management of
convulsive status epilepticus, each with a success rate of
100%. There was no statistical difference in the two groups in
the time taken to stop the seizure after drug administration,
number of doses of the study drug required to treat the
initial convulsion or proportion of patients with respiratory
depression. Patients in both the groups did not require any

additional anticonvulsant for upto 18 h after control of the
initial seizure. No patient in either of the study groups
required mechanical ventilation or cross-over to the alter-
native regimen.

The main strength of the present study is its robust design,
including a large sample size. The only other study in children
on lorazepam versus diazepam-phenytoin combination was
not adequately randomized.® In that study, children were
assigned to receive either diazepam or lorazepam on an ‘odd
and even’ date basis. The study population was small and
there were substantial differences in the size of the two
treatment groups [lorazepam 33 (38%) subjects and diazepam
53 (61%) subjects]. There were a relatively large number of
protocol violators (16% of the total study population) who
were excluded from the analysis. The analysis was therefore
not an ‘intention to treat’ analysis. In our study, these lacunae
were avoided.

Our study has certain limitations. Though we ascer-
tained the etiologies of these seizures, data regarding
further follow up were not collected for study purposes, as
this was not the primary objective. Children of age less than
1 year were excluded from our study as metabolic abnor-
malities account for a major proportion of seizures occur-
ring in this age group, where the seizures tend to recur in
spite of anticonvulsant therapy until the underlying meta-
bolic derangement has been corrected. This limits the
applicability of the findings to the younger age groups
where the incidence of SE is very high. Children who had
received anticonvulsant medication in the preceding 4
weeks were also excluded from the study, with the inten-
tion to avoid the possibility of drug-drug interactions
causing variations in the outcome variables. Nevertheless,
this exclusion criterion also reduces the generalizability of
the study. Patients with history of acute head trauma were
excluded from the study as most of them would require
prompt neurosurgical intervention. Similarly, children with
jaundice, suspected renal failure (oliguria) or diarrhea pre-
senting with seizures were excluded.

The assessment of the efficacy of benzodiazepines in the
management of acute seizures and status epilepticus is
mainly based on nonrandomized uncontrolled trials. The
efficacy of intravenous diazepam has ranged from 54 to
100% in various studies, while it was 82-100% for intrave-
nous lorazepam.'® The success rate in our study was 100%
which is in conformity with that reported in literature. The
definitions used for measuring efficacy of benzodiazepines
have been variable in different studies, which may
contribute to variable efficacies reported in the literature. In
the study by Appleton et al.,’® treatment was considered
efficacious if seizure or episode of status stopped within 7
or 8 min of administration of the first dose of the study
anticonvulsant. In that study, one or two doses of lor-
azepam stopped the convulsion in 19 of 27 (70%) lorazepam
and 22 of the 34 (65%) diazepam-phenytoin treated subjects
(RR=1.09; 95% CI: 0.77, 1.54). In another 12 month single
centre randomized study comparing intranasal midazolam
and intravenous diazepam in the treatment of prolonged
febrile seizures (a seizure of at least 10-min duration) in
children aged 6 months to 5 years, treatment was successful
if the clinical features of the seizure stopped within 5 min.**
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Fig. 2 - Flowchart depicting the inclusion and follow-up of the study subjects.

In our study, treatment was considered successful, if all
clinical evidence of seizure activity stopped within 10 min
of the first intervention and there was no recurrence of
seizure over next 18 h.

Our study is notable for only a small percentage of
subjects requiring a second dose of the study drug to control
the initial seizure (6.7% lorazepam versus 15.9% diazepam-
phenytoin group). No subject required the use of additional
anticonvulsant drug in both the groups. These differences
could have probably arisen due to the difference in mean
duration of initial convulsion before arriving in the hospital.
In the study by Appleton et al.,>° the mean time taken the
presenting convulsion to stop was 29s in the intravenous
lorazepam group and 26s in the intravenous diazepam
group. The median time taken to seizure termination in our
study was approximately 20 s, which is in conformity with
these data. It has also been mentioned that activity of diaz-
epam is noticeable in as little as 10-20 s after administration,
which has been explained on the basis of high lipid solubility

of benzodiazepines, as a result of which they enter cerebral
tissue rapidly.'*

In the present study, none of the patients in both groups
had seizure recurrence in the ensuing 18 h follow-up period.
This was in contrast to the study by Appleton et al.,®> where 6/
27 (22%) patients in the lorazepam group and 35% patients in
the diazepam group had seizure recurrence in 24 h follow-up
period. This variation in the results could be explained by the
fact that in that study,? none of the patients in the diazepam
group was given a loading dose of long-acting anticonvulsant
after the cessation of initial seizure. Diazepam being a short-
acting drug, seizures are likely to recur. Also the follow-up
period in our study was 18h in contrast to 24 h follow-up
period in the study by Appleton et al.®> As the duration of
action of lorazepam is 18 h, the seizures might have probably
recurred in the last 6 h of the 24 h follow-up period in that
study.

The usefulness of intravenous lorazepam was highlighted
in a recently published prospective, population-based study
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Table 1 - Baseline comparison of subjects in lorazepam

versus diazepam-phenytoin group.

Parameter Lorazepam Diazepam+ P-
group (n=90) phenytoin value
group
(n=388)

Table 1 (continued)

A. Patient characteristics

1. Mean age (SD) in months  84.0 (36.8) 78.7 (32.5) 0.31

2. Sex:
Male (%) 55 (61.1) 47 (534)  0.30
Female (%) 35 (38.8) 41 (46.5)
3. Mean weight (SD) in kg 21.4 (6.9) 20.7 (6.3) 0.50
4. Mean height (SD) incm  116.7 (16.9) 114 (16.0) 0.26
5. Mean head 52.2 (2.3) 52.6 (3.0) 0.34
circumference (SD) in
cm)
6. Presence of fever (%) 30 (33.3) 22 (25) 0.22
7. Presence of signs of 9 (10) 6 (6.8) 0.44
meningeal irritation (%)
8. Presence of upper 30 (33.3) 30 (34.01) 0.91

respiratory tract
infection (%)

9. Presence of contact with 1(1.2) 2(2.2) 0.54
tuberculosis (%)

B. Seizure characteristics
1. Type of seizure
(a) Generalised
Generalised tonic 11 (12.2%) 8 (9.0%) 0.40
Generalised clonic 12 (13.3%) 7 (7.9%)

Generalised tonic 51 (55.5%) 61 (69.3%)

clonic
Generalised myoclonic 1(1.1%) 0 (0%)
(b) Partial
Simple partial 1(1.1%) 3 (3.4%) 0.71
Complex partial 10 (11.1%) 8 (9%)
Partial with secondary 4 (4.4%) 3 (3.4%)
generalised
2. Duration of seizure (min) 20 (15-21) 17 (15-20) 0.77

[median, IQR]
3. Presence of past history 6 (6.6%) 8(9.09%) 0.54
of seizures

C. Vital status

1. Mean systolic blood 94.6 (12.7) 94.5 (15.0) 0.94
pressure (SD) mmHg

2. Mean diastolic blood 63.6 (9.3) 66.7 (10.3) 0.95
pressure (SD) mmHg

3. Mean temperature (SD)°F ~ 99.9 (1.5) 99.7 (1.4) 0.31

4. Mean SPO, (SD) % 95.3 (2.3) 95.5 (2.3%) 0.63

5. Mean Glasgow Coma 11.4 (6.4) 11.0 (1.6) 0.59
Scale (SD)

D. Biochemical profile

1. Mean venous blood sugar ~ 87.4 (11.3) 96.4 (14.2) <0.001
(SD) mg/dL

2. Mean blood urea (SD)mg/  30.4 (7.8) 30.0 (6.5) 0.73
dL

3. Mean serum sodium (SD) 139.6 (7.0) 139.1 (5.3) 0.57
mEq/L

4. Mean serum potassium 4.2 (0.6) 4.2 (0.6) 0.69
(SD) mEq/L

Parameter Lorazepam Diazepam+ P-
group (n=90) phenytoin value
group
(n=288)
E. Apparent cause of seizure at presentation
1. Unprovoked seizure 60 (66.6%) 64 (72.7%)
2. Simple febrile seizure 15 (16.6%) 7 (7.9%)
3. Atypical febrile seizure 3(3.3%) 7 (7.9%)
4. Pyogenic meningitis 4 (4.4%) 3 (3.4%)
5. Tuberculous meningitis 2 (2.2%) 1(1.1%)
6. Viral 4 (4.4%) 3 (3.4%)
meningoencephalitis
7. Microcephaly 2 (2.2%) 0
8. Cerebral palsy 0 2 (2.2%)
9. Hypertensive 0 1(1.1%)
encephalopathy

Table 2 — Outcome in the lorazepam vs. diazepam-

phenytoin group with respect to recurrence of seizure
and respiratory depression.

S. Outcome Lorazepam Diazepam + Difference
No. variable (n=190) phenytoin

(n=288)
1. Overall success 100% 100% Nil

rate of therapy

2. Time taken
to stop seizure
(s) median
(interquartile
range)

3. Number of 6 (6.7%) 14 (15.9%) Adjusted
subjects RR=0.377
requiring more (0.377, 1.046),
than P =0.061
one dose of
anticonvulsant
to stop seizure

4. Additional None None Nil
anticonvulsant

5. Total number None None Nil
of additional
seizure
in 18 h after
control of initial
seizure

6. Number (%) 4 (4.4%) 5 (5.6%) RR =0.810
having (3.690, 0.177),
respiratory P=0.785
depression

7. No. of patients  None None Nil
requiring transfer
to the ICU for
mechanical
ventilation

8. No. of patients  None None Nil
requiring cross-
over to
alternative
regimen

20 (15-23)  20(15.3-24) P=0.29
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on the treatment of community-onset, childhood convulsive
status epilepticus, in which analysis with multivariate models
showed that treatment with intravenous lorazepam in the
accident and emergency department was associated with
a 3.7 times greater likelihood of seizure termination than was
treatment with rectal diazepam.*®

Although there was no statistically significant difference
between the lorazepam group and diazepam-phenytoin
combination group in our study, in terms of the outcome
measures discussed above, it may still be inferred that lor-
azepam can be used as the drug of choice to treat convulsive
status epilepticus in children instead of diazepam-phenytoin
combination because of the fact that a long-acting anticon-
vulsant like phenytoin need not be loaded after administra-
tion of lorazepam, since lorazepam has a long duration of
action. Also, though not statistically significant, the number of
subjects in the lorazepam group requiring more than one dose
of anticonvulsant to stop the seizure was half that of the
number in the diazepam-phenytoin group [6 (6.7%) cases
lorazepam versus 14 (15.9%) cases in diazepam-phenytoin
group].

Our study adds to knowledge regarding optimum emer-
gency treatment of pediatric convulsive status epilepticus. We
recommend that intravenous lorazepam should be the drug of
choice for the management of convulsive status epilepticus in
children.
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