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Key Points

Both levetiracetam and phenytoin were effective in controlling seizure activity for established

status epilepticus
Levetiracetam was not significantly superior to phenytoin in seizure cessation.

Levetiracetam was not superior to phenytoin in mortality, serious adverse events, or other

adverse events.



Abstract:

Objectives: To compare the efficacy and safety of levetiracetam and phenytoin for the
treatment of established status epilepticus

Methods: In this systematic review, we searched Medline, Embase, and Cochrane databases
from their inception with no language restrictions until May 8, 2019, for randomized controlled
trials comparing the efficacy and safety of levetiracetam and phenytoin for the treatment of
established status epilepticus. A meta-analysis was conducted to calculate the risk ratio (RR)

using random-effects models.

Results: We identified six trials with a total of 765 participants. Levetiracetam was not
associated with an increased rate of clinical seizure cessation within 15 min compared with
phenytoin (RR, 1.03; 95%CI, 0.92-1.16; ’=23%,; levetiracetam, 65.1 % [241/370] vs phenytoin,
64.3 % [222/345];19 more events [95% CI, -51 to 103] per 1000 participants; moderate-quality
evidence). The sample size met the optimum size in trial sequential analysis. There were also
no statistically significant effects on all-cause mortality (RR, 0.88; 95% CI, 0.40-1.97; Iz=0%),
serious adverse events (RR, 0.51; 95% CI, 0.19-1.36; Iz=0%), or any adverse events (RR, 0.95;

95% ClI, 0.67-1.34; I’=0%).

Conclusions: Medium-quality evidence suggested that levetiracetam was not significantly

superior to phenytoin in seizure cessation in patients with established status epilepticus.

KEYWORDS: Status epilepticus, Levetiracetam, Phenytoin, Meta-analysis



1 Introduction

Convulsive status epilepticus is the second most common neurologic emergency, with an annual
incidence of 10—40 cases per 100,000 people.[1, 2] Morbidity and mortality are considerable,
and thus, timely termination of convulsive status epilepticus is the primary goal of
management.[3-5] Benzodiazepines, typically lorazepam or diazepam, are used as first-line
therapy for status epilepticus.[6-8] However, benzodiazepines fail to terminate convulsive
status epilepticus in about 40—60% of patients. The neurocritical care society guideline
recommend phenytoin, levetiracetam, or valproate for the treatment of benzodiazepine-
refractory status epilepticus, also known as established status epilepticus. [Brophy et al 2012]
Yet, only fosphenytoin (a precursor drug to phenytoin) is approved by the Food and Drug
Administration (FDA) for this indication in adults, with no second-line treatments approved for
children. [6-8] Further, evidence for this indication is sparse. Most evidence for phenytoin came
from RCTs where phenytoin was administered as a second-line drug irrespective of whether
status epilepticus was controlled by benzodiazepines; the studies did not demonstrate

benzodiazepine-refractory status epilepticus.

Levetiracetam, a newer anticonvulsant, has been viewed as a potential alternative to phenytoin
for the treatment of established status epilepticus.[2] Levetiracetam can be given more rapidly
by intravenous infusion (5 min) than phenytoin (20 min).[10] In observational studies,
levetiracetam was superior to phenytoin in higher seizure cessation rates [11] and less serious
adverse events[12] for the treatment of established status epilepticus. However, data from
randomized controlled trials conducted so far does not support the use of one drug over
another.[13, 32, 33] A systematic review and meta-analysis of two small trials did not find a
statistically significant difference between levetiracetam and phenytoin, likely due to the

limited sample size.[14]



Since the publication of that review, several trials[15-18] on this topic have become available,
resulting in a combined sample size that is 5 times greater than the previous meta-analysis.
Therefore, we performed a systematic review and meta-analysis to compare the efficacy and
safety of levetiracetam versus phenytoin as the treatment of established status epilepticus. We
also performed trial sequential analyses to identify if firm evidence is reached in cumulative

studies.

2 MATERIALS AND METHODS

2.1 Protocol and guidance

This study protocol and hypotheses is registered on the Open Science Framework
(https://osf.i0/b3zjn). The systematic review was conducted following the recommendations of
The Cochrane Handbook for Systematic Reviews of Interventions[19] and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.[20] The
PRISMA checklist is presented in Supplement eTable 1. Ethical approval was not obtained

because this is a systematic review.

2.2 Eligibility criteria

Inclusion criteria following PICOS (population, interventions, comparators, outcomes, and

study design):

(1) Population: The population of interest included patients with convulsive status epilepticus



(generalized or focal) despite first-line antiepileptic drugs (e.g., benzodiazepines) . Status
epilepticus was defined as convulsive seizures lasting >5 minutes.

(2) Intervention: Intravenous levetiracetam.

(3) Comparison: Intravenous phenytoin (fosphenytoin in the USA)

(4) Outcome: The primary outcome was clinical seizure cessation within 15 min. Secondary

outcomes were all-cause mortality, admission to critical care, and good functional outcome.

(5) Study design: Randomized controlled trials

Exclusion Criteria: Types of myoclonic, absence, or non-convulsive status epilepticus.

2.3 Data Sources

We searched the databases Medline (from 1956 to May 8, 2019), Embase (from 1976 to May
8,2019), and Cochrane databases (from 1992 to May 8, 2019) . We also checked the reference
lists of previous reviews for additional studies. We searched trial registries on ClinicalTrials.gov
for ongoing studies or the availability of completed studies. We did not use any language
restrictions. Details of the search strategy used for each database are reported in Supplement

eTable 2.

2.4 Study selection

After removal of duplicates, two authors (YZ and LJ) independently screened the title and
abstracts of the search results. The full text of the remaining papers was assessed independently

by the two authors. Disagreements between the two authors were resolved by a third reviewer



(FF).

2.5 Data collection process

Two authors (YZ and YF) independently extracted data on study characteristics and event rates
from the eligible trials into standardized collection forms. The following baseline
characteristics were extracted from the included studies: key study characteristics (e.g., first
author, year of publication, study design, country in which the study was performed and number
of cite, study period, number of included patients, sex, age, initial dosages) and quantitative
outcomes (clinical seizure cessation, all-cause mortality, admission to critical care). The data
was collected on an intention-to-treat principle. Disagreements between the two authors were

resolved by a third reviewer (FF).

2.6 Risk of Bias, Publication Bias, and Quality of Evidence

Two authors (FF and LL) independently assessed the risk of bias with the Cochrane
Collaboration risk of bias tool across five domains (sequence generation, allocation
concealment, blinding, detection bias, and attrition bias).[21] Each domain was assessed as
either low, unclear, or high risk of bias. Disagreements between the two authors were resolved
by a third reviewer (FF). Two authors (YZ and YF) independently rated the confidence in the
estimates of effect for each outcome using the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE).[22] We assessed the small-study effect using a visual

estimate of the funnel plot and Egger’s test, Begg’s test, and Harbord’s test when 10 or more



trials were pooled.[23]

2.7 Data synthesis

All statistical analyses were performed using RevMan (5.3.3; The Cochrane Collaboration).
Pooled effect sizes were calculated using a random-effects model. For dichotomous outcomes,
we calculated risk ratios (RR) and 95% Cls with the Mantel-Haenszel method. Statistical
significance testing was 2-sided and P<.05 was considered statistically significant.
Heterogeneity was assessed using the Chi® test and the I” test, with I* > 50% considered

substantial.**!

2.8 Trial sequential analysis

We conducted trial sequential analysis[25] for the primary outcome to explore whether
cumulative data were adequately powered to evaluate outcomes. Trial sequential analysis was
used to maintain an overall 5% risk of type I error, an anticipated relative risk reduction of
20.0%, and a control event rate of 67.0%. TSA viewer version 0.9.5.10 Beta (Copenhagen Trial

Unit, Centre for Clinical Intervention Research, Copenhagen, DE. 2016) was used for analysis.

2.9 Subgroup analysis

Because of the concern that the effect of levetiracetam may differ in children and adults, we



stratified trials by age into two categories: children (age<18 years old) vs adults (age>18

years old).

2.10 Sensitivity analyses

Sensitivity analyses were done to explore potential heterogeneity by (1) excluding trials at each
time, (2) using fixed-effect models, (3) excluding trials with a high risk of bias, (4) excluding

trials with less than 100 patients.

3 Results

3.1 Study selection and study characteristics

Details of the study selection process are presented in Figure 1. We identified 965 studies in the
systematic electronic literature search, and we also identified two additional trials after
checking previous reviews. After removal of records according to pre-specified criteria, 13 full-
text reports were reviewed for potential eligibility. After exclusion of incomplete reports[14,
26-31], six trials[15-18, 32, 33] were deemed eligible and included in the meta-analysis. The
reasons for excluding trials that underwent full-text review are presented in Supplemental

eTable 3.

The key characteristics of all included studies are summarized in Table 1 and eTable 4-5. Across
the six trials, 765 participants were enrolled (390 randomized to levetiracetam, 375 randomized
to phenytoin). The number of participants ranged from 44 to 286. The trials were published

10



between 2015 and 2019. Two trials[17, 18] were multicenter, and four[15, 16, 32, 33] were

single-center.

3.2 Risk of Bias and Quality of Evidence

Risk-of-bias assessments are reported in Supplement eFigure 1 and 2. Three trials[15, 17, 18]
were deemed at high risk of bias because of the unblinded design; one trial[32] was high risk
for selection bias. Two trials[16, 33] were ranked as unclear risk. Key findings of GRADE

assessment for main outcomes are shown in Supplement eTable 6.

3.3 Primary outcome

Of the six trials included in the meta-analysis, five trials were included in primary outcome
assessement as they provided information on clinical seizure cessation within 15 min. The rates
of seizure cessation within 15 min were 65.1 % (241/370) in the levetiracetam group and 64.3 %
(222/345) in the phenytoin group. Compared with phenytoin, levetiracetam was not associated
with a high rate of clinical seizure cessation (RR, 1.03; 95%ClI, 0.92-1.16; ’=23%; moderate-
quality evidence; Figure 2). We did not perform analysis to detect small-study effects due to the
low number of trials. The planned subgroup analysis of adult and pediatric patients was not
performed, because there were no trials that only included adults (age > 18 years). Sensitivity
analyses showed similar results in clinical seizure cessation for all of the following: excluding
trials one at a time, using fixed-effect models, excluding trials with a high risk of bias, excluding

trials with less than 100 patients (Supplement eTable 7). In trial sequential analyses of clinical

11



seizure cessation, the effect estimate lay outside the futility boundary for relative risks of 20%,
meaning there is reliable evidence that overall, levetiracetam compared with phenytoin does
not increase the rate of clinical seizure cessation by 20% (Supplement eFigure 3). However, in
the pediatric subgroup, trial sequential analyses showed that the optimum size was not met

(Supplement eFigure 4).

3.4 Secondary outcomes

The forest plots of secondary outcomes are shown in Figure 3. Similar with primary outcome,
levetiracetam was not superior to phenytoin in good functional outcome (RR, 1.05; 95% CI,
0.90-1.23; Iz=0%), admission to critical care (RR, 1.15;95% CI, 0.97-1.36; Iz=0%), or all-cause

mortality (RR, 0.88; 95% CI, 0.40-1.97; I’=0%)).

4 Discussion

In this meta-analysis of 6 trials with a total of 765 patients, we did not detect a significant
difference between phenytoin and levetiracetam for the treatment of established status
epilepticus with regards to any outcome, including clinical seizure cessation within 15 minutes
and safety. Both drugs were effective in controlling seizure activity after the failure of first-line
treatment(benzodiazepines). These findings were not changed after sensitivity analyses were

performed.

12



4.1 Comparison with other studies

A previous review with a similar analysis approach showed the absence of a statistically
significant difference because of the lack of statistical power to detect a difference.[14] The
previous review only included two small trials with a total of 157 adults. Hence there was
considerable uncertainty around the conclusions and children could not be examined. Our
findings are consistent with the previous review. However, our study differed in the following
four aspects. First, our comparative analysis was the largest to date, comprising data, five times
larger than the previous study, which has made it possible to improve the precision of the
outcomes. Second, trial sequential analysis showed that our data meet the minimum information
size, which increased the reliability of the results. Third, we have also provided absolute as well
as relative risks and a formal rating of the quality of the evidence and documented the credibility
of the primary outcome. Fourth, we quantified several new findings, including no difference
between both groups in all-cause mortality, serious adverse events, non-serious adverse events,

and admission to critical care.

After this study was submitted for initial review, an additional trial, the Established Status
Epilepticus Treatment Trial (ESETT), was published.[13] The ESETT trial compared the
efficacy and safety of levetiracetam, fosphenytoin, and valproate in children and adults with
established status epilepticus, and found the three drugs were associated with similar incidences
of seizure cessation. Though our results were similar to that of the ESETT trial, our study
quality was inferior to the ESETT trial, which is a high-quality, double-blind, multi-site
randomized trial that was well-powered to detect a difference between levitiracetam,

fosphenytoin and valproate.

4.2 Strengths and limitations

13



We conducted this study based on an a priori protocol that defined a rigorous methodological
approach based on the Cochrane Handbook. We also assessed the quality of evidence using
GRADE (and found the quality for many critical outcomes moderate) and the minimum
information size using in the trial sequential analysis in the overall analysis (and found our data

meet the minimum information size).

This study had limitations. First, the main limitation of this study was the overall moderate

methodological quality of included trials. The two large trials were delivered without blinding.

Second, the number of included trials was limited, and thus we were unable to evaluate the bias
resulting from small-study effects (i.e. smaller studies show greater treatment effects than larger

ones). However, the potential bias may be low because all included trials had negative results.

Third, although there were no significant difference between rates of adverse events in
levetiracetam and phenytoin, levetiracetam showed a trend in reduced risk of serious adverse
events. Also, caution is required when interpreting adverse events due to the extremely wide

confidence intervals.

Fourth, trials included in this systematic review differed in their definition of convulsive status
epilepticus, including the time of prolonged seizures and types of status epilepticus (generalized

convulsive SE / focal motor SE). It may be a possible source of clinical heterogeneity.

Fifth, we used trial sequential analyses to control the risks of type I and type II errors. However,
the use of trial sequential analyses has been criticized, and it appears more controversial to
ignore the risks of random errors.[34] Interpretation of trial sequential analyses is complex and

should be considered with caution.

Finally, while our meta-analysis specified the second-line treatment, it did not specify

14



demonstrated refractoriness to the first-line benzodiazepine treatment. Four of six trials
described in their methods section how patients who failed the first-line benzodiazepine was
enrolled and patients who responded to benzodiazepine was excluded. However, two trials
allocated second-line treatments immediately after benzodiazepine administration.[15,33] The
two trials did not provide time for observing the cessation of epileptic activity, and some of the
patients may have seizure cessation not attributable to the second-line treatment, leading to

clinical heterogeneity in our meta-analysis.

4.3 Implications

In the past decade, guidelines recommend phenytoin as the treatment of established status
epilepticus after the failure of first-line treatment with benzodiazepines.[6-8] The use of
alternative drugs had been limited by the lack of high-quality evidence for this indication.
Results of our meta-analysis of randomized trials suggests that levetiracetam and phenytoin had
similar efficacy and safety for the treatment of established status epilepticus. Another recently
published head-to-head trial provided stronger evidence for the same conclusion. In light of the

evidence, recommendations for second-line treatment could be expanded.

Nonetheless, our findings should be interpreted with caution because a planned subgroup
analysis stratified by age was not performed. The subgroup analysis was not conducted was due
to a lack of trials that enrolled only adults, and the sample size of trials conducted in children

failed to meet the optimum size in trial sequential analysis.

5 Conclusions

15



This meta-analysis did not find evidence supporting that levetiracetam was superior to

phenytoin in cessation rate of clinical seizure within 15 minutes.
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Author contributions:

FF conceived the study and designed the protocol.

YZ and AF performed the literature search.

YZ and L1J selected the studies.

YZ and YF extracted the relevant information.

LM and DJ synthesized the data.

LL wrote the first draft of the paper.

YZ, AF, L], YF, LM, DJ, WC and FF critically revised successive drafts of the paper.

FF is the guarantor of the review.

Funding: This work is supported by the project of Chengdu Science and Technology
Bureau(2015-HM01-00482-SF), the National Natural Science Foundation of China (No
81100925 and No 81472361) and the National Key R&D Program of China (No
2018YFA010860004). The funders of the study had no role in study design, data collection,

data analysis, data interpretation or writing of the report.

16



Competing interests: None.

Acknowledgments: None

Ethical approval: Not required

Financial Disclosure Statement: None

References:

[1] Rossetti, A.O., Hurwitz, S., Logroscino, G. and Bromfield, E.B. Prognosis of status
epilepticus: role of aetiology, age, and consciousness impairment at presentation. J Neurol
Neurosurg Psychiatry 2006; 77:611-615.

[2] Zaccara, G., Giannasi, G., Oggioni, R., Rosati, E., Tramacere, L. and Palumbo, P.
Challenges in the treatment of convulsive status epilepticus. Seizure 2017; 47:17-24.

[3] Holmes, G.L. Seizure-induced neuronal injury: animal data. Neurology 2002; 59:53-6.

[4] Chin, R.F., Neville, B.G., Peckham, C., Bedford, H., Wade, A., Scott, R.C. and Group, N.C.
Incidence, cause, and short-term outcome of convulsive status epilepticus in childhood:
prospective population-based study. Lancet 2006; 368:222-229.

[5] Eriksson, K., Metsaranta, P., Huhtala, H., Auvinen, A., Kuusela, A.L. and Koivikko, M.
Treatment delay and the risk of prolonged status epilepticus. Neurology 2005; 65:1316-
1318.

[6] Glauser, T., Shinnar, S., Gloss, D., Alldredge, B., Arya, R., Bainbridge, J., Bare, M., Bleck,
T., Dodson, W.E., Garrity, L., Jagoda, A., Lowenstein, D., Pellock, J., Riviello, J., Sloan, E. and
Treiman, D.M. Evidence-Based Guideline: Treatment of Convulsive Status Epilepticus in
Children and Adults: Report of the Guideline Committee of the American Epilepsy Society.
Epilepsy Curr 2016; 16:48-61.

17



[7] NICE Epilepsies: diagnosis and management. London: National Institute for Health and
Care Excellence 2012; www.nice.org.uk/ guidance/cg137 (accessed Dec 15, 2018).

[8] Group, A.L.S. Advanced paediatric life support: a practical approach to emergencies, 6th
edn. Hoboken: Wiley-Blackwell 2016.

[9] Brigo, F., Bragazzi, N.L., Lattanzi, S., Nardone, R. and Trinka, E. A critical appraisal of
randomized controlled trials on intravenous phenytoin in convulsive status epilepticus. Eur J
Neurol 2018; 25:451-463.

[10] Wheless, J., Clarke, D., Hovinga, C., Ellis, M., Durmeier, M., McGregor, A. and Perkins, F.
Rapid Infusion of a Loading Dose of Intravenous Levetiracetam With Minimal Dilution: A
Safety Study. Journal of child neurology 2009; 24:946-951.

[11] Yasiry, Z. and Shorvon, S.D. The relative effectiveness of five antiepileptic drugs in
treatment of benzodiazepine-resistant convulsive status epilepticus: a meta-analysis of
published studies. Seizure 2014; 23:167-174.

[12] Wheless, J.W., Clarke, D., Hovinga, C.A., Ellis, M., Durmeier, M., McGregor, A. and
Perkins, F. Rapid infusion of a loading dose of intravenous levetiracetam with minimal
dilution: a safety study. J Child Neurol 2009; 24:946-951.

[13] Kapur, J., EIm, J., Chamberlain, J.M., Barsan, W., Cloyd, J., Lowenstein, D., Shinnar, S.,
Conwit, R., Meinzer, C., Cock, H., Fountain, N., Connor, J.T., Silbergleit, R., Nett and
Investigators, P. Randomized Trial of Three Anticonvulsant Medications for Status
Epilepticus. N Engl J Med 2019; 381:2103-2113.

[14] Brigo, F., Bragazzi, N., Nardone, R. and Trinka, E. Direct and indirect comparison meta-
analysis of levetiracetam versus phenytoin or valproate for convulsive status epilepticus.
Epilepsy Behav 2016; 64:110-115.

[15] Guijjar, A.R., Nandhagopal, R., Jacob, P.C., Al-Hashim, A., Al-Amrani, K., Ganguly, S.S. and
Al-Asmi, A. Intravenous levetiracetam vs phenytoin for status epilepticus and cluster
seizures: A prospective, randomized study. Seizure 2017; 49:8-12.

[16] C.S., S., P, S. and M, K. Randomized controlled trial of levetiracetam versus fosphenytoin
for convulsive status epilepticus in children Int J Pediatr Res 2018; 5:237-242.

[17] Dalziel, S.R., Borland, M.L., Furyk, J., Bonisch, M., Neutze, J., Donath, S., Francis, K.L.,
Sharpe, C., Harvey, A.S., Davidson, A., Craig, S., Phillips, N., George, S., Rao, A., Cheng, N.,
Zhang, M., Kochar, A., Brabyn, C., Oakley, E. and Babl, F.E. Levetiracetam versus phenytoin

18



for second-line treatment of convulsive status epilepticus in children (ConSEPT): an open-
label, multicentre, randomised controlled trial. Lancet 2019.

[18] Lyttle, M.D., Rainford, N.E.A., Gamble, C., Messahel, S., Humphreys, A., Hickey, H.,
Woolfall, K., Roper, L., Noblet, J., Lee, E.D., Potter, S., Tate, P., lyer, A., Evans, V. and
Appleton, R.E. Levetiracetam versus phenytoin for second-line treatment of paediatric
convulsive status epilepticus (EcLiPSE): a multicentre, open-label, randomised trial. Lancet
2019.

[19] JPT Higgins, S.G.E. the Cochrane Handbook for Systematic Reviews of Interventions. The
Cochrane Collaboration, Oxford 2011; Version 5.1.0.

[20] Liberati, A., Altman, D.G., Tetzlaff, J., Mulrow, C., Gotzsche, P.C., loannidis, J.P., Clarke,
M., Devereaux, P.J., Kleijnen, J. and Moher, D. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care interventions:
explanation and elaboration. Ann Intern Med 2009; 151:W65-94.

[21] Shinichi, A. Cochrane Handbook for Systematic Reviews of Interventions. Online
Kensaku 2014; 35:154-155.

[22] Guyatt, G.H., Oxman, A.D., Vist, G.E., Kunz, R., Falck-Ytter, Y., Alonso-Coello, P.,
Schunemann, H.J. and Group, G.W. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. Bmj 2008; 336:924-926.

[23] Egger, M., Davey Smith, G., Schneider, M. and Minder, C. Bias in meta-analysis detected
by a simple, graphical test. Bmj 1997; 315:629-634.

[24] Higgins, J.P. and Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat Med
2002; 21:1539-1558.

[25] Brok, J., Thorlund, K., Gluud, C. and Wetterslev, J. Trial sequential analysis reveals
insufficient information size and potentially false positive results in many meta-analyses. J
Clin Epidemiol 2008; 61:763-769.

[26] Sedighi, M., Asadi, F., Moradian, N., Vakiliamini, M. and Moradian, M. Efficacy and
safety of levetiracetam in the management of seizures in neonates. Neurosciences (Riyadh)
2016; 21:232-235.

[27] Dalziel, S.R., Furyk, J., Bonisch, M., Oakley, E., Borland, M., Neutze, J., Donath, S.,
Sharpe, C., Harvey, S., Davidson, A., Craig, S., Phillips, N., George, S., Rao, A., Cheng, N.,
Zhang, M., Sinn, K., Kochar, A., Brabyn, C. and Babl, F.E. A multicentre randomised controlled

19



trial of levetiracetam versus phenytoin for convulsive status epilepticus in children
(protocol): Convulsive Status Epilepticus Paediatric Trial (ConSEPT) - a PREDICT study. BMC
Pediatr 2017; 17:152.

[28] Lyttle, M.D., Gamble, C., Messahel, S., Hickey, H., lyer, A., Woolfall, K., Humphreys, A.,
Bacon, N.E.A., Roper, L., Babl, F.E., Dalziel, S.R., Ryan, M. and Appleton, R.E. Emergency
treatment with levetiracetam or phenytoin in status epilepticus in children-the EcLiPSE
study: study protocol for a randomised controlled trial. Trials 2017; 18:283.

[29] Lakshmikantha, K., Bansal, A., Muralidharan, J., Sankhyan, N. and Medhi, B. Comparison
of iv levetiracetam and phenytoin combination versus iv phenytoin-placebo combination in
children with benzodiazepine resistant convulsive se-double blind randomized controlled
trial. Pediatric critical care medicine 2018; 19:43-.

[30] Singh, K., Aggarwal, A., Faridi, M.M.A. and Sharma, S. IV Levetiracetam versus IV
Phenytoin in Childhood Seizures: A Randomized Controlled Trial. J Pediatr Neurosci 2018;
13:158-164.

[31] Thangaratinam, S., Marlin, N., Newton, S., Weckesser, A., Bagary, M., Greenhill, L.,
Rikunenko, R., D'Amico, M., Rogozinska, E., Kelso, A., Hard, K., Coleman, J., Moss, N.,
Roberts, T., Middleton, L., Dodds, J., Pullen, A., Eldridge, S., Pirie, A., Denny, E., McCorry, D.
and Khan, K.S. AntiEpileptic drug Monitoring in PREgnancy (EMPIRE): a double-blind
randomised trial on effectiveness and acceptability of monitoring strategies. Health Technol
Assess 2018; 22:1-152.

[32] Chakravarthi, S., Goyal, M.K., Modi, M., Bhalla, A. and Singh, P. Levetiracetam versus
phenytoin in management of status epilepticus. J Clin Neurosci 2015; 22:959-963.

[33] Mundlamuri, R.C., Sinha, S., Subbakrishna, D.K., Prathyusha, P.V., Nagappa, M., Bindu,
P.S., Taly, A.B., Umamaheswara Rao, G.S. and Satishchandra, P. Management of generalised
convulsive status epilepticus (SE): A prospective randomised controlled study of combined
treatment with intravenous lorazepam with either phenytoin, sodium valproate or
levetiracetam--Pilot study. Epilepsy Res 2015; 114:52-58.

[34] Wetterslev, J., Jakobsen, J.C. and Gluud, C. Trial Sequential Analysis in systematic
reviews with meta-analysis. Bmc Medical Research Methodology 2017; 17:39.

20



Figure descriptions:
Figure 1 Search strategy and final included and excluded studies
Figure 2 Association of levetiracetam versus phenytoin with clinical seizure cessation.

Figure 3 Association of levetiracetam versus phenytoin with all-cause mortality, admission to

critical care, and good functional outcome
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A. Good functional outcome

Levetiracetam Phenytoin

Mundlamuri 2015 31 37 29 35 56.4%
Chakravarthi 2015 19 22 18 22 36.4%
Gujjar 2017 12 22 12 30 7.2%
Total (95% CI) 81 87 100.0%
Total events 62 59

Heterogeneity: Tau? = 0.00; Chi? = 1.10, df = 2 (P = 0.58); I? = 0%
Test for overall effect: Z = 0.61 (P = 0.54)

B. Admission to critical care

Levetiracetam

Phenytoin

Gujjar 2017 5 22 10 30  35%

Lyttle 2019 97 152 72 134 76.1%
Dalziel 2019 39 119 34 114  20.4%
Total (95% CI) 293 278 100.0%
Total events 141 116

Heterogeneity: Tau? = 0.00; Chi? = 1.43, df = 2 (P = 0.49); I? = 0%
Test for overall effect: Z = 1.56 (P = 0.12)

C. All-cause mortality

Levetiracetam Phenytoin

Chakravarthi 2015 2 22 2 22 18.4%
Mundlamuri 2015 5 50 6 50 51.1%
Gujjar 2017 2 22 3 30 22.1%
Dalziel 2019 0 70 0 72

Lyttle 2019 1 152 1 134 84%
Total (95% Cl) 316 308 100.0%
Total events 10 12

Heterogeneity: Tau? = 0.00; Chi? = 0.03, df = 3 (P = 1.00); I = 0%
Test for overall effect: Z = 0.31 (P = 0.76)

Risk Ratio Risk Ratio

1.01[0.82, 1.24] 2015
1.06 [0.82, 1.37] 2015
1.36 [0.76, 2.44] 2017

1.05 [0.90, 1.23]

.,
t t

0.2 0.5 1 2 5

Favours [ Phenytoin ] Favours [ Levetiracetam ]

Risk Ratio Risk Ratio

0.68 [0.27, 1.71] 2017
1.19[0.97, 1.45] 2019 il
1.10[0.75, 1.61] 2019 N
1.15[0.97, 1.36] R
0.2 05 1 2 5

Favours [ Levetiracetam ] Favours [ Phenytoin ]

Risk Ratio Risk Ratio

1.00[0.15, 6.48] 2015 ¢ ”

0.83[0.27, 2.55] 2015 L

0.91[0.17,4.99] 2017 * .
Not estimable 2019

0.88[0.06, 13.96] 2019 * v

0.88 [0.40, 1.97]

t
0.2 0.5 1 2 5
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cu
Levetiracetam Phenytoin

d n ota a e
Chakravarthi 2015 13 22 15 22 6.4%
Mundlamuri 2015 39 50 34 50 18.9%
Senthilkumar 2018 23 25 21 25 23.7%
Dalziel 2019 60 119 68 114 19.7%
Lyttle 2019 106 154 84 134 31.3%
One more study, should be 6 studies

Total (95% Cl) 370 345 100.0%
Total events 241 222

Heterogeneity: Tau? = 0.00; Chi2 = 5.22, df = 4 (P = 0.27); 12 = 23%
Test for overall effect: Z = 0.57 (P = 0.57)

Risk Ratio

0.87 [0.55, 1.36]
1.15[0.90, 1.46]
1.10[0.89, 1.35]
0.85[0.67, 1.07]
1.10 [0.93, 1.30]

1.03 [0.92, 1.16]
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Table 1 Characteristics of trials included

Trials Country Site Age Patients, N Mean age Female, % Initial Dosages

range LEV PHT LEV PHT LEV | PHT LEV PHT
Mundlamuri 2015 India 1 > 15 50 50 34.78+13.64 33.24+13.39 36 44 25 mg/kg 20 mg/kg at 50 mg/min
Chakravarthi 2015 India 1 > 14 22 22 39.00+18.40 31.82+12.68 45 32 20 mg/kg at 100 mg/min 20 mg/kg at 50 mg/min
Guijjar 2017 Oman 1 > 15 22 30 38+19 37+19 41 30 30 mg/kg over 30 min 20 mg/kg over 30 min
Senthilkumar 2018 | India 1 0.25-12 25 25 2.28+2.19 3.34+3.36 28 36 | 30mg/kg over 7 min 20mg/kg
Dalziel 2019 Australia, New Zealand 13 0.25-16 119 114 3.8+3.8 4.0+39 50 54 20mg/kg over 5 min 20 mg/kg over 20 min
Lyttle 2019 UK 30 0.5-18 152 134 2.7 2.7 51 46 40 mg/kg over 5 min 20 mg/kg (max 2g)

PHT: phenytoin; LEV: levetiracetam
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