(ﬁ( Cochrane
/o Library

Cochrane Database of Systematic Reviews

Pharmacological treatments for preventing epilepsy following

traumatic head injury (Review)

Thompson K, Pohlmann-Eden B, Campbell LA, Abel H

Thompson K, Pohlmann-Eden B, Campbell LA, Abel H.

Pharmacological treatments for preventing epilepsy following traumatic head injury.
Cochrane Database of Systematic Reviews 2015, Issue 8. Art. No.: CD009900.

DOI: 10.1002/14651858.CD009900.pub2.

www.cochranelibrary.com

Pharmacological treatments for preventing epilepsy following traumatic head injury (Review) Wl LEY
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1002%2F14651858.CD009900.pub2
https://www.cochranelibrary.com

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

TABLE OF CONTENTS

ABSTRACT ittt ettt ettt st e et e e tt e st e s bt e e bt e s bt e s st e esste s ste e st e e st e e aee e st e e st e e at e e st e e A b e e e ab e e et e e e st e e e Rbe e e Rt e e eateenabe e e be e e beesbeeebaeenreens 1
PLAIN LANGUAGE SUMMARY  ..eiiitiieeteetesieertesteettestestestesseessesaeesueesseessesasesatesseensesssesssessesssesssesseensesssesssesseensessesnsenseensesssesnsensesnsesssesnns 2
SUMMARY OF FINDINGS  eeeiteeteieeteetestesteete st e st e stestesstesteesaesatesuaessesssesssesstessesnsesssesssensesnsesnsesssessesnsesnsesssesseensesssesssensesnsesnsesssenseensesses 3
BACKGROUND ..ottt ettt ettt e s et st et e e s bt e saba e st e e s ba e s s e e e baesasee s st e e st e s st e s sae e ste e ste s st eesabe e abe e st aessbeennbeesnbeensseessseenaseennses 7
OBUECTIVES ettt ettt et sttt e e st e st e s bt e b e sas e s st e s b e e s e s et e saeesseeasesasessee s esasesatesaeeseesseensesaeensesasesase st e sesasesntenseensesasesnsensaensesnsesneensennne 7
METHODS 7
RESULTS 10
FIBUIE L. ettt ettt sttt ettt ettt s e et b e e bt s et b et s e et e b et s et e b e e e Rt s e mt s e Rt s e et b e e R et e st e e s e e ent et et ne e nenene 11
FIGUIE 2. ettt s be s b s b s b s e e b s bt et e et e d e R e e R s et et et et e b et e b et et et e b et et et et et e b enbente 12
FIBUIE B ettt et s e b s b s b e b s bt s b s b e e b e b e e b e e bt e bt e Rt e Rt e Rt e Rt e Rt e Rt e a et e Rt e Rt e Rt e Rt e R e e Rt e Rt e et e Rt e Rt et et et et et et et et et e betentetetante 13
DISCUSSION  eeiieeteeteeiterte et ettt e st et e sueeste e st et esueesbe s seeabesueessesaseeabesseessaseseensesseessteaseensesseeaseeaseensessaestensesasesseeaseeasesnsessaestensesnsessasnseensens 17
AUTHORS' CONCLUSIONS oottt et e st ste st st e sueesse st e s st esbeessesssasstessaessesssesaeenseessesssenseensasnsesssenseesesasesssensesnsesssessaensesssessenns 18
ACKNOWLEDGEMENTS 18
REFERENGCES ..ottt ettt ettt et st e st et et s e sae e st s b e sme e s bt e s e st esmeesbe e sesaseeneesseesseeabesaeessaeaseensenne e sas st ensesaeesasasesasensnesasnsesnsesseenses 19
CHARACTERISTICS OF STUDIES  .eeeoeeteetesterteeieete st et st e s testeestestesatestessbesstesssessasasesssessaensesasesssessesnsesssesssensasssesssenseessesssesssenseensesssesnes 24
DATA AND ANALYSES <ottt s et e st e e st e st e et t e e s at e s at e e st e e ab e e st e e st e e abeeeabe s sbeesaseeesbe e sbaesasaesasaeessaesssaesabaesssaesnsaessaessseennsen 43
Analysis 1.1. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 1 Early seizure. .......ccceveuenee 45
Analysis 1.2. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 2 Late seizure. .....c.cceceeuenee. 45
Analysis 1.3. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 3 All-cause mortality. ............ 46
Analysis 1.4. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 4 Any serious event. 46
Analysis 1.5. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 5 Skin rash. ......ccccoeeevineennee. 46
Analysis 1.6. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 6 Sensitivity analysis - early 47
SEIZUE: B OF POPULALION. ettt sttt st b et b e st e st s b et ek et e be st e b et ebe b e st b enesbe st ebeneebansenan
Analysis 1.7. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 7 Sensitivity analysis - early 47
SEIZUIE: SEUAY QUALTLY.  ceerveeieieieieiei ettt ettt te ettt e s b e e st e s e et e s e sseseesas e et et esessesesseseeseseesessesaseesassesensesarsesessasensesessenseseraasn
Analysis 1.8. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 8 Subgroup: late seizure: type 47
OF AED. ettt ettt et e et et et ebe s e b et et et et et e s e b e R e b e R e e b e Rt e b e At e ke s e R e be s et e R et e R e e b eRtebe st e R et es et e s e et eRe et e st ebenses et et e teseetereebeseetaneetans
Analysis 1.9. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 9 Subgroup - late seizure: 48
TrEATMENT AUIATION. ettt ettt et ettt e bt et e st e st s b et e b et e b et eae b e b et e st b e st e b eateb et ebe b ene st enesbenesbeneebantas
Analysis 1.10. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 10 Sensitivity analysis - late 49
SEIZUIE: B Of POPULALION.  oeiiiieieiiriee ettt sttt ettt bttt b etttk ese et et ebebe et st ebenenesssebeneannses
Analysis 1.11. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 11 Sensitivity analysis - late 49
SEIZUIE: COMPATISON SIOUP. .ecveerierierierieriereeseeseeseeseeseeseeseeseesteseesesseesessessessessessessessessessesstsssssesssssssssessessessessestessessentessesensessessesessensenss
Analysis 1.12. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 12 Sensitivity analysis - late 49
SEIZUIE: SEUAY QUALTEY. oottt ettt sttt st et e b et e b et e bt e b et e st et ese st ea e s b eat e b et e b e st e b et ebe st eae b enebeneeseneene
Analysis 1.13. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 13 Subgroup Analysis - all- 50
cause mortality: age Of POPUIALION. ...ttt ettt ettt sttt b ettt be bttt ese st s ssebeneaeanes
Analysis 1.14. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 14 Subgroup analysis - all- 50
cause mMortality: treatmMeENt AUIAtION. ..o et e sttt et e st e s b et e st et et esbe b e sessesaesbesaesaesessessesansansans
Analysis 1.15. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 15 Sensitivity analysis - all- 51
CAUSE MOTTAlitY: TYPE OF AED.  .ouiieiiieietetete ettt sttt ettt ettt ettt et b e b et e b e b e se b e st s b e st b e st e b eat et et ebe st esentenebeseebenebaneenen
Analysis 1.16. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 16 Sensitivity analysis - all- 51
CaUSe MOTtAlity: STUAY QUALILY. oevieeieieirieirie ettt ettt ettt et b e b e e s s ese e s et e s et eseseseesaseesasessensesensesersesenns
Analysis 2.1. Comparison 2 Neuroprotective agent versus placebo, Outcome 1 Early S@izure. .......cccoceevvevnernennenenenecneenes 52
Analysis 2.2. Comparison 2 Neuroprotective agent versus placebo, Outcome 2 Late SEIZUIe. .......cccoceveereienieererenenenenieeneenens 52
Analysis 2.3. Comparison 2 Neuroprotective agent versus placebo, Outcome 3 All-cause mortality. ....c.cocoeveveverreereserneecenens 52
Analysis 3.1. Comparison 3 Antiepileptic drug (AED) versus other AED, Outcome 1 Early SEIZUre. ......cccoveevevevirieencnerenieneenenens 53
Analysis 3.2. Comparison 3 Antiepileptic drug (AED) versus other AED, OQutcome 2 Late SEIZUre. .....cccceveveeereeenieeneeenenesieseenenes 53
Analysis 3.3. Comparison 3 Antiepileptic drug (AED) versus other AED, Outcome 3 All-cause mortality. 53
APPENDICES ettt sttt et st st e ste et e st e sateste s b e saaesse e besasesssessaenbasasesatensaensesaseasaenbeeatesasesseenbaensesatesseenbeease s st e seenbesasesasenseensesasesasan 54
CONTRIBUTIONS OF AUTHORS ..ottt ettt et s e st e stt e s be e s bt e s bt e s b e e s b e e saba e e s e e essee s st essbaessste s sae e st eesbesasaessteessessnsassntannsne 67
DECLARATIONS OF INTEREST ' ceoneteiieieetentesttestestestestt et esaeesutesteessesueesueesesssesasesneessesssesasesseessesasesssesntensesssesnsesseensesssesnsesseensessseensesseensens 67
SOURCES OF SUPPORT  ..eeteetietenieeiestestesiesteste st estesatessaesteessesasessaestesssesasesssensesssesssenseensesssesssenseensesssesseensesssesssesseensesssesssessaensesssessense 67
Pharmacological treatments for preventing epilepsy following traumatic head injury (Review) i

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



c Cochra ne Trusted evidence.
. Infi d decisions.
o Library  jmiise

DIFFERENCES BETWEEN PROTOCOL AND REVIEW
INDEX TERMS

Cochrane Database of Systematic Reviews

Pharmacological treatments for preventing epilepsy following traumatic head injury (Review)
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews
[Intervention Review]

Pharmacological treatments for preventing epilepsy following
traumatic head injury

Kara Thompsonl, Bernhard Pohlmann-Eden?, Leslie A Campbell3, Hannah Abel4

1Dpepartment of Medicine, Dalhousie University, Halifax, Canada. 2Dalhousie University, Halifax, Canada. 3Department of Community
Health and Epidemiology, Dalhousie University, Halifax, Canada. 4Community Health and Epidemiology, Dalhousie University, Halifax,
Canada

Contact: Kara Thompson, Department of Medicine, Dalhousie University, Rm 204, Centre for Clinical Research, 5790 University Avenue,
Halifax, NS, B3H 1V7, Canada. Kara.Thompson@cdha.nshealth.ca.

Editorial group: Cochrane Epilepsy Group.
Publication status and date: New, published in Issue 8, 2015.

Citation: Thompson K, Pohlmann-Eden B, Campbell LA, Abel H. Pharmacological treatments for preventing epilepsy
following traumatic head injury. Cochrane Database of Systematic Reviews 2015, Issue 8. Art. No.: CD009900. DOI:
10.1002/14651858.CD009900.pub2.

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ABSTRACT

Background

Head injury is a common event and can cause a spectrum of motor and cognition disabilities. A frequent complication is seizures.
Antiepileptic drugs (AED) such as phenytoin are often used in clinical practice with the hopes of preventing post-traumatic epilepsy.
Whether immediate medical intervention following head trauma with either AEDs or neuroprotective drugs can alter the process of
epileptogenesis and lead to a more favorable outcome is currently unknown. This review attempted to address the effectiveness of these
treatment interventions. This review updates and expands on the earlier Cochrane review.

Objectives

To compare the efficacy of antiepileptic drugs and neuroprotective agents with placebo, usual care or other pharmacologic agents for the
prevention of post-traumatic epilepsy in people diagnosed with any severity of traumatic brain injury.

Search methods

We searched The Cochrane Epilepsy Group's specialized register, CENTRAL, MEDLINE, ClinicalTrials.gov and World Health Organization
International Clinical Trials Registry Platform (ICTRP) in January 2015. We searched EMBASE, Biological Abstracts and National Research
Register in September 2014 and SCOPUS in December 2013. The Cochrane Epilepsy Group performed handsearches of relevant journals.

Selection criteria

We included randomized controlled trials (RCTs) that include AEDs or neuroprotective agents compared with placebo, another
pharmacologic agent ora usual care group. The outcomes measured included a seizure occurring within one week of trauma (early seizure),
seizure occurring later than one week post-trauma (late seizure), mortality and any adverse events.

Data collection and analysis

Two review authors independently assessed study quality and extracted the data. We calculated risk ratios (RR) and 95% confidence
intervals (Cl) for each outcome. We used random-effects models in the meta-analyses and performed pre-defined subgroup and sensitivity
analyses.
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Main results

This review included 10 RCTs (reported in 12 articles) consisting of 2326 participants The methodological quality of the studies varied. The
type of intervention was separated into three categories; AED versus placebo or standard care, alternative neuroprotective agent versus
placebo or standard care and AED versus other AED. Treatment with an AED (phenytoin or carbamazepine) decreased the risk of early
seizure compared with placebo or standard care (RR 0.42, 95% Cl 0.23 to 0.73; very low quality evidence). There was no evidence of a
difference in the risk of late seizure occurrence between AEDs and placebo or standard care (RR 0.91, 95% Cl 0.57 to 1.46; very low quality
evidence). There was no evidence of a significant difference in all-cause mortality between AEDs and placebo or standard care (RR 1.08
95% Cl1 0.79 to 1.46,very low quality of evidence). Only one study looked at other potentially neuroprotective agents (magnesium sulfate)
compared with placebo. The risk ratios were: late seizure 1.07 (95% CI 0.53 to 2.17) and all-cause mortality 1.20 (95% CI 0.80 to 1.81). The
risk ratio for occurrence of early seizure was not estimable.

Two studies looked at comparison of two AEDs (levetiracetam, valproate) with phenytoin used as the main comparator in each study. The
risk ratio for all-cause mortality was 0.53 (95% CI 0.30 to 0.94). There was no evidence of treatment benefit of phenytoin compared with
another AED for early seizures (RR 0.66, 95% 0.20 to 2.12) or late seizures(RR 0.77, 95% CI 0.46 to 1.30).

Only two studies reported adverse events. The RR of any adverse event with AED compared with placebo was 1.65 (95% CI 0.73 to 3.66; low
quality evidence). There were insufficient data on adverse events in the other treatment comparisons.

Authors' conclusions

This review found low-quality evidence that early treatment with an AED compared with placebo or standard care reduced the risk of
early post-traumatic seizures. There was no evidence to support a reduction in the risk of late seizures or mortality. There was insufficient
evidence to make any conclusions regarding the effectiveness or safety of other neuroprotective agents compared with placebo or for the
comparison of phenytoin, a traditional AED, with another AED.

PLAIN LANGUAGE SUMMARY

Medicines for preventing epilepsy following traumatic head injury
Background

Traumatic head injury is a frequent event and can injure the brain. This severe injury is often followed by seizures (fits), which may worsen
the damage and can lead to chronic epilepsy, a neurologic disorder characterized by frequent recurrent seizures. Antiepileptic drugs are
usually given to suppress already diagnosed seizures. Their role in curing the disease and preventing the development of epilepsy in people
who are considered at risk for seizures after any brain injury, including head trauma, is not well understood.

Study characteristics

We searched for studies evaluating the effect of early administration of antiepileptic drugs or other potentially neuroprotective agents
(which act by protecting the structure or function of nerves) on post-traumatic epilepsy. The primary outcomes of interest were early post-
traumatic seizures (within one week of trauma) and late seizures (later than one week post-trauma). We also looked at death, time to late
seizure and side effects. The evidence is current to January 2015.

Key results

We found 10 clinical trials involving 2326 people reported in 12 published articles. The evidence available indicated that early treatment
with a traditional antiepileptic drug (phenytoin or carbamazepine) may reduce the risk of early post-traumatic seizures. Traditional
antiepileptic drugs are no more effective than placebo (a pretend pill) or standard care in reducing late seizures or mortality. Limited data
were available for the comparison of an AED with another AED and for the comparison of other potentially neuroprotective agents with
placebo. Most studies did not report serious side effects and other side effects.

Quality of the evidence

The overall quality of the evidence varied and findings should be interpreted with caution.

Pharmacological treatments for preventing epilepsy following traumatic head injury (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Antiepileptic drugs compared with placebo or standard care for people at risk of epilepsy following

traumatic head injury

Antiepileptic drugs compared with placebo or standard care for people at risk of epilepsy following traumatic head injury

Patient or population: people with traumatic head injuries
Settings: Neurosurgery departments, ICU and trauma centers in North America, UK and Europe
Intervention: antiepileptic drugs

Comparison: placebo or standard care

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments

(95% Cl) (95% Cl) pants evidence

(studies) (GRADE)
Assumed risk Corresponding
risk

Placebo or Antiepileptic-

standard care drugs
Early seizures 139 per 1000 59 per 1000 RR 0.42 987 DO Sensitivity analysis by quality of the study
Count of events (32t0102) (0.23t0 0.74) (5 studies) low 1.2, shows that RR for early seizures in low/un-
Follow-up: 5-7 days clear risk studies was no longer significant

(RR0.59,95% CI1 0.20 and 1.73)
Late seizures 178 per 1000 162 per 1000 RR0.91 1029 BDOOO RR of late seizures remained insignificant re-
Count of events (100 to 260) (0.57 to 1.46) (6 studies) very low 3:4,5 gardless of type of antiepileptic drug, treat-
Follow-up: 3-24 months ment duration, age of population or quality of
the study
All-cause mortality 174 per 1000 188 per 1000 RR1.08 1065 B0 RR for all-cause mortality remained insignifi-
Follow-up: 5 days to 24 (138 to 255) (0.79to 1.46) (5 studies) very low 1,45 cant regardless of treatment duration, age of
months population or quality of the study
Any serious adverse 94 per 1000 154 per 1000 RR 1.63 568 DDOO
event of treatment low 5,6
(69 to 345) (0.73 10 3.66) (2 studies)

count of events
Follow up: 12 months
Time to first seizure from  See comment See comment Not estimable 0 See comment No study reported time to first seizure in an
randomization (0 studies) interpretable way
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*The basis for the assumed risk is the event rate in the control (placebo or standard care) group. The corresponding risk (and its 95% confidence interval) is based on the
assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; RR: risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Downgraded one level due to serious risk of bias: Two studies included in this outcome had instances of high risk of bias assessment. The remaining studies had a mix of low
and unclear risk of bias.

2 Downgraded one level due to imprecision: RR for early seizures by study was inconsistent and ranged from 0.24 to 1.22. The difference in risk tends to be associated with
differences in risk of bias between studies.

3 Downgraded one level due to serious risk of bias: Four studies included in this outcome had one to four instances of high risk in risk of bias assessment. The remaining two
studies had a mix of low and unclear risk of bias.

4Downgraded one level due to inconsistency of results (12=54%): Some heterogeneity may be explained by study design, population, intervention (dose) or follow-up. However,
there is wide variation in the results showing both considerable harm and considerable benefit.

5 Downgraded one level due to imprecision of results: wide 95% ClI that includes both considerable harm and benefit.

6 Downgraded one level due to serious risk of bias: selection bias was likely in both trials

Summary of findings 2. Neuroprotective agent versus placebo for people at risk of epilepsy following traumatic head injury

Neuroprotective agents compared with placebo for people at risk of epilepsy following traumatic head injury

Patient or population: people with traumatic head injuries

Settings: Neurosurgery departments, ICU and trauma centers in North America, UK and Europe
Intervention: Neuroprotective agents

Comparison: Placebo

Outcomes Illustrative comparative risks* (95% CI)  Relative effect  No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Placebo Neuroprotective
agents
Early seizure 0 per 1000 0 per 1000 RR 2.99 499 BDOO No events occurred in the
(0to 0) (1 study) low1,2 control group therefore cor-
Count Of events (0.12 to 73.00) responding nsk |S a[so zero

Follow-up: 7 days
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Late seizure 56 per 1000 60 per 1000 RR1.07 498 ettt
(30to 122) (1 study) high
Count of events (0.53t02.17)
Follow-up: 6 months
All-cause mortality 150 per 1000 180 per 1000 RR1.20 466 SDDD
(120 to 272) (1 study) high
Follow-up: 6 months (0.80to 1.81)
Any serious adverse event of treat-  See comment See comment Not estimable 0 See comment No study reported adverse
ment (0 studies) event data
Time to first seizure from random-  See comment See comment Not estimable 0 See comment No study reported time
ization (0 studies) to first seizure in an inter-

pretable way

*The basis for the assumed risk is the event rate in the control (placebo or standard care) group. The corresponding risk (and its 95% confidence interval) is based on the
assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; RR: risk ratio.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Downgraded one level due to risk of bias: As reported in the study paper, 96% of participants received phenytoin for the first week in both treatment groups. This may have

resulted in a very low early seizure rate

2 powngraded one level due to imprecision of results: wide 95% ClI that includes both considerable harm and benefit.

Summary of findings 3. Anti-epileptic drugs compared to other anti-epileptic drugs for people at risk of epilepsy following traumatic head injury

Anti-epileptic drugs compared to other anti-epileptic drugs for people at risk of epilepsy following traumatic head injury

Patient or population: people with traumatic head injuries
Settings: Neurosurgery departments, ICU and trauma centers in North America, UK and Europe

Intervention: Phenytoin

Comparison: Other anti-epileptic drugs (AEDs)
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Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of Partici- Quality of the Comments
(95% Cl) pants evidence
Assumed risk Corresponding risk (studies) (GRADE)
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Other AEDs Phenytoin

Early seizure 57 per 1000 38 per 1000 RR 0.66 431 DDOO

(11to121) (2 studies) low1,2
Counts of events (0.20t02.12)
Follow up: 7 days
Late seizure 166 per 1000 128 per 1000 RR0.77 378 elelelo)

(76 to 216) (2 studies) moderatel
Counts of events (0.46 to 1.30)
Follow up: 6 months to 2 years
All-cause mortality 164 per 1000 87 per 1000 RR0.53 431 SPPO

(49 to 154) (2 studies) moderatel
Follow up: 6 months to 2 years (0.30to 94)
Any serious adverse event of treat- See comment See comment Not estimable 0 See comment No study report-
ment (0 studies) ed adverse event

data

Time to first seizure from randomiza- See comment See comment Not estimable 0 See comment No study report-
tion (0 studies) ed time to first

seizureinanin-
terpretable way

*The basis for the assumed risk is the event rate in the control (placebo or standard care) group. The corresponding risk (and its 95% confidence interval) is based on the
assumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; RR: risk ratio.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1 Downgraded one level due to risk of bias; unclear information reported in one study regarding study design (randomisation and blinding) and loss to follow up from the study
2 Downgraded one level due to imprecision of results: wide 95% Cl that includes both considerable harm and benefit.

Kieaqi (JF)
aueayrory \

‘yyeay 19199
*SUOISII3P pawioju]

SM3IADY J13BWSISAS JO seqeleq auelyd0)

*32UBPINS pashiL



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

BACKGROUND

Description of the condition

Head injury is a common event and can cause a spectrum of motor
and cognition disabilities. A frequent complication is seizures.
While 'early seizures' are frequently considered to be nonspecific
diffuse reactions as a result of an acute encephalopathy and
are self limited, seizures following several weeks or months after
head trauma seem to reflect an underlying process of post-
traumatic scar formation and epileptogenesis. However, there
is evidence from epidemiologic studies that early seizures can
be predictors for late seizures (Wyllie 2010). This suggests that
these definitions reflect simplifications of the underlying ongoing
tissue transformation over time. The risk for late 'unprovoked'
seizure recurrence increases with the severity of the injury,
involvement of the cerebral cortex, presence of dura penetration,
skull fracture and intracerebral hematoma, and the occurrence
of early seizures (Jennett 1981; Annegers 1998). Timing and the
interplay of potentially involved factors in the development of this
epileptogenic process are unclear.

Description of the intervention

Behind the concept of preventing post-traumatic epilepsy stands
the hope that the silent period of weeks and months after the
trauma, before seizure occurrence, is a window of opportunity
to stop the process using appropriate interventional treatment
strategies (Temkin 2009). Antiepileptic drugs (AEDs) can suppress
seizures; however, it is the subject of a controversial debate if
they are also able to interfere positively with the process leading
to epilepsy. Experimental studies looking at neuroprotective
agents, such as antioxidants and free radicals, have also been
promising but historically have not translated well into the clinical
environment (Slemmer 2008). Therefore, this Cochrane review will
carefully evaluate the impact of either early or late use of AEDs and
neuroprotective agents on the occurrence of unprovoked seizures
following the trauma.

How the intervention might work

Current experimental epilepsy research using animal models,
such as kindling and post-status epileptic condition, suggests
that some new AEDs may have the potential to alter the
underlying epileptogenic process and act as disease-modifying
agents (Loscher 2002; Brandt 2006). There is also some evidence
that neuroprotective agents may alter the epileptogenic process.
For example, antioxidants may be able to suppress this process
by interfering with free radical reactions initiated by hemorrhage
associated with brain injuries (Willmore 2009).

Why it is important to do this review

Post-traumatic seizures are quite prevalent. Most of these people
undergo a careful functional and structural diagnostic algorithm
including electroencephalography (EEG) and magnetic resonance
imaging (MRI) or at least computed tomography (CT). Therefore,
post-traumatic seizures can be considered an ideal model to
study tissue changes and regional hyperexcitability as part of the
evolving epileptogenic scar. It is not yet known whether immediate
medical intervention following head trauma with either AEDs or
neuroprotective drugs can alter the process of epileptogenesis
and lead to a more favorable outcome. There are limited data on

traditional AEDs such as phenytoin, phenobarbital, valproate and
carbamazepine.

With the advent since the mid-2000s of many new AEDs and
research into alternative treatments such as neuroprotective
agents, it seems critical and timely to review the human experience
carefully and evaluate how these experimental findings might
translate into the prevention of post-traumatic epilepsy in clinical
practice. Therefore, this review will conduct a systematic, up-to-
date review of randomized controlled trials (RCTs) examining the
effectiveness and safety of both AEDs and neuroprotective agents
with special focus on recently licensed products.

OBJECTIVES

To compare the efficacy of antiepileptic drugs and neuroprotective
agents with placebo, usual care or other pharmacologic agents for
the prevention of post-traumatic epilepsy in people diagnosed with
any severity of traumatic brain injury.

METHODS

Criteria for considering studies for this review
Types of studies

RCTs that included AEDs or neuroprotective agents compared with
placebo, another pharmacologic agent or a usual care group. We
included studies published in any languages. We excluded quasi-
randomized studies, dose-finding studies and cluster randomized
or cross-over trials.

Types of participants

People of all ages diagnosed with acute traumatic brain injury (TBI)
who received prophylactic treatment with AEDs or neuroprotective
agents. Administration was post-injury and prior to the occurrence
of a first post-traumatic seizure (FPS). We excluded people with
previously documented unprovoked seizures.

Types of interventions
Treatment

» Any conventional AED post-injury and prior to the occurrence
of an FPS. Traditional AEDs included, but were not limited
to, carbamazepine, phenytoin and valproate, and examples of
new AEDs included but were not limited to oxcarbazepine,
lamotrigine, levetiracetam and topiramate.

« Any alternative neuroprotective pharmacologic treatments,
including administration of distinct neurotrophic factors,
hormones or antioxidants post-injury and prior to the
occurrence of an FPS.

Comparison
Other pharmacologic agent, placebo or usual care.
« Pharmacologic agents (AED) versus placebo or usual care.

» Neuroprotective agent versus placebo or usual care.

« Pharmacologic agent A (AED) versus pharmacologic agent B
(AED).

We analyzed each comparison separately.
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Types of outcome measures
Primary outcomes

« Proportion of participants who experience an early seizure post-
trauma, defined as occurring within one week of trauma.

« Proportion of participants who experience a late seizure post-
trauma, defined as occurring later than one week post-trauma.

Secondary outcomes

« Mortality from any cause during follow-up period.
« Time to first seizure from randomization.

« Proportion of participants experiencing serious treatment-
related adverse events.

Search methods for identification of studies

Electronic searches

We searched the following databases:

« Cochrane Epilepsy Group Specialized Register (latest search
date: 13 January 2015) using the search strategy given in
Appendix 1;

« Cochrane Central Register of Controlled Trials (CENTRAL) via
Cochrane Register of Studies Online (CRSO), latest search date:
13 January 2015, using the search strategy given in Appendix 2;

« MEDLINE (OVID; 1946 to 13 January 2015) using the search
strategy given in Appendix 3;

« EMBASE (Elsevier; latest search date: 5 September 2014) using
the search strategy given in Appendix 4;

o ClinicalTrials.gov and World Health Organization (WHO)
International Clinical Trials Registry Platform (ICTRP) searched
on 13 January 2015 for 'traumatic head injury AND epilepsy';

« SCOPUS (1823 to 17 December 2013) using the search strategy
given in Appendix 5;

« Biological Abstracts (latest search date: 5 September 2014) using
the search strategy given in Appendix 6.

The electronic search strategy used in the review by Schierhout
2001 was expanded upon.

It is no longer necessary to search SCOPUS or EMBASE, because
RCTs listed in EMBASE are now included in CENTRAL, and SCOPUS
is a substitute for EMBASE.

Searching other resources

In addition to searching electronic databases, we consulted the
following sources.

« Bibliographies of related Cochrane reviews.

« Reference sections of included papers and key systematic
reviews (Temkin 2001; Beghi 2003).

« Authors of relevant reports regarding any further published or
unpublished work.

« National Research Register.

« Handsearching of content related journals as conducted by The
Cochrane Epilepsy Group.

Data collection and analysis
Selection of studies

Two review authors independently reviewed titles and abstracts
obtained from the literature search. Review authors then ranked
each as follows.

« Include: study met criteria.
+ Unclear: insufficient to determine if study met criteria.
« Exclude: study did not meet criteria.

The review authors compared and discussed results; a third
review author arbitrated any disagreements. We excluded papers
where insufficient evidence was available in a study. If necessary,
we contacted authors for further clarification. When multiple
publications of the same study were found, we included the original
study that met the inclusion criteria; we included the second study
if it contained different outcomes. We placed no language or time
restriction on included studies.

Data extraction and management

We used the full text to include or exclude studies where it
was unclear from reading the abstracts. Two review authors
independently extracted data from included RCTs in the following
categories.

« Participant characteristics:
« inclusion and exclusion criteria;
« number of participants per group;
. age;
. sex;
« trauma characteristics such as severity, MRl or CT
documented pattern of injury,
o EEG findings.
« Methods:
« study design;
« duration of study;
« randomization method;
« treatment allocation;
« completeness of follow-up;
« presence of blinding;
« intention-to-treat (ITT) analysis.
« Intervention:
« type of agent, treatment 1, treatment 2 or control;
« method of administration;
« dosage and duration of treatment;
« time post-trauma treatment was delivered;
« control or usual care intervention.
« Outcome measures and clinical findings:
« seizure occurrence;
« mortality;
« number of seizures;
« time to first seizure;
« adverse events;
« neurologic findings.
« Possible sources of heterogeneity:
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« median age of participant at time of injury;
« severity of trauma;
« pharmacologic agent;
« duration of treatment;
o timing of treatment.
« Other:
« country and setting of study;
« year of publication;
o title;
« authors.

We used a predefined form for this task (Appendix 7).

The form was developed and pilot tested on three trials prior to use
on all studies.

Assessment of risk of bias in included studies

Two review authors independently assessed the quality of studies.
Methods used for summary assessment are provided in the
Cochrane Handbook for Systematic Reviews of Interventions 5.1,
Section 8.4 (Higgins 2011). We scored each of the following domains
asat'high’,'low' or'unclear' risk and reported the scores in the 'Risk
of bias' table.

« Selection bias:
o sequence generation;

o allocation of concealment.

« Performance bias:
o blinding of participants and personnel;

o other potential threats to validity.

« Detection bias:
o blinding of outcome assessment;

o other potential threats to validity.
o Attrition bias:

o incomplete outcome data.
« Reporting bias:

o selective outcome reporting.
« Other bias

Measures of treatment effect

We performed statistical analyses and produced a summary of
the data using Review Manager 5 (RevMan 2012). We presented
dichotomous outcomes as risk ratios (RR) with corresponding 95%
confidence intervals (Cl). We planned to present time-to-event
outcomes as hazard ratios with 95% Cl. If hazard ratios were not
given, we planned to use indirect estimation methods (Parmar
1998; Williamson 2002). None of the included studies presented
time-to-event data; we therefore did not summarize results using
hazard ratios. For individual listed adverse effects, we quoted
99% Cls, making an allowance for multiple testing. We performed
separate analyses for each control group. We used an ITT analysis
on outcomes from all randomized participants where possible for
primary analyses.

Unit of analysis issues

The unit of analysis for this review was the individual participant

Dealing with missing data

We contacted authors where substantial outcomes of interest were
not reported or to clarify uncertainty about study characteristics.
We waited one month for a response from authors, after which time
we formally considered data to be missing.

ITT analyses were performed.

Assessment of heterogeneity

We used forest plots to assess the statistical heterogeneity
of studies visually and the Chi2 test to assess evidence of
heterogeneity. We used a P value < 0.1 to determine statistical
significance (Whitehead 1991). We calculated the 12 statistic with
12 values greater than 50% indicating substantial to considerable
heterogeneity (Higgins 2011). If we found values of heterogeneity
greater than 50%, we attempted to explain the heterogeneity based
on the differences in study characteristics and participant profiles
(such as severity of trauma, age).

Assessment of reporting biases

We planned to assess publication bias using funnel plots if more
than 10 studies were included. Reasons for funnel plot asymmetry
include publication bias, outcome reporting bias, language bias,
citation bias, poor methodologic design and heterogeneity. We
assessed these for each trial, where possible. We planned to include
an ORBIT table to explore theimpact of selective outcome reporting
further (Kirkham 2010). We found few studies assessing each of the
pre-specified outcomes; we therefore did not prepare funnel plots
or orbit tables

Data synthesis

To pool the data for each outcome, we used the random-
effects method (DerSimonian 1986) based on the inverse variance
method , rather than using an fixed effects method. A random-
effects model meta-analysis involves an assumption that the
effects being estimated in the different studies are not identical but
follow the same distribution (Higgins 2011). Summary intervention
estimates are a weighted mean of the estimate from each individual
study. A fixed-effect model was considered as a sensitivity analysis.

'GRADEIng' the evidence

We followed the recommended GRADE approach to assess the
quality of the evidence for each outcome. We produced 'Summary
of findings' tables for each treatment comparison for the primary
outcomes (early seizure and late seizure) and secondary outcomes
(all cause mortality, time to first seizure from randomisation
and proportion of participants experiencing serious treatment-
related adverse events) based on established recommendations
(Schiinemann 2011).

Subgroup analysis and investigation of heterogeneity

We intended to evaluate clinical and methodologic heterogeneity
across studies by comparing the characteristics of participants,
interventions and study designs.

We performed the following clinically relevant subgroup analyses
to investigate possible sources of clinical heterogeneity.

Pharmacological treatments for preventing epilepsy following traumatic head injury (Review) 9
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

+ § Cochrane
é) Library

Cochrane Database of Systematic Reviews

« Mean age of participants in study at time of injury: adults (ages
over 17 years), school age children (ages six to 17 years) and
children (ages under six years).

« Pharmacologic agent: recently licensed AEDs and traditional
AEDs.

« Severity of trauma: minor, moderate and severe TBI. This review
followed the paper by Teasell 2007 for classification of head
trauma (Appendix 8).

« Duration of treatment: short-term treatment (treatment less
than three months post-injury), mid-term treatment (more than
three months and less than 12 months post-injury) and long-
term treatment (any duration longer than one year post-injury).

Tests of Interaction (Cochran's Q and Higgins 12) for subgroup
differences were performed. Data were not available for all the pre-
planned subgroup analysis (see Differences between protocol and
review).

Sensitivity analysis

We performed sensitivity analysis to evaluate the robustness of
decisions made in the review methodology.

« Study quality: excluding studies which were high risk of bias

« Age range of participants: analysis repeated excluding those
studies where it was not possible to separate participants that
did not meet the inclusion criteria for age.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies.

Results of the search

Of the 1929 initial citations identified, we screened 75 reports (See
Figure 1).
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Figure 1. Study flow diagram.
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Included studies

Ten RCTs described in 12 published articles met review inclusion
criteria and included 2326 randomized participants ages five years
and older. All trials included participants with moderate and severe
TBI and excluded people with pre-existing epilepsy.

Five trials included children (McQueen 1983; Young 1983; Pechadre
1991; Manaka 1992; Young 2004). Young 2004 included only children
under the age of 10 years.

_ -

1854 recards
excluded
(including
duplicates)

63 records excluded
Study type: 40

Data unavailable: &
Teatment: 5
Cutcome: &

Fopulation: 7

Six trials reported on short-term treatments (five to seven days
to one month) (Young 1983; Pechadre 1991; Temkin 1999; Young
2004; Temkin 2007; Szaflarski 2010), three reported on mid-term
treatments (six to 12 months) (McQueen 1983; Temkin 1990;
Temkin 1999), and three trials reported on long-term treatments
(18 months to two years) (Glotzner 1983; Young 1983; Manaka
1992). Most studied traditional AEDs versus placebo or usual care:
phenytoin (McQueen 1983; Young 1983; Temkin 1990; Pechadre
1991; Young 2004), phenobarbital (Manaka 1992), carbamazepine
(Glotzner 1983), and valproate (Temkin 1999); one studied a newly
licensed agent: levetiracetam versus phenytoin (Szaflarski 2010),
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and one studied an 'other' agent, magnesium sulfate (MgSQy)
versus placebo (Temkin 2007).

Six trials were conducted in the USA (Young 1983; Temkin 1990;
Temkin 1999; Young 2004; Temkin 2007; Szaflarski 2010), three in
Europe (Glotzner 1983; McQueen 1983; Pechadre 1991), and one in
Japan (Manaka 1992).

We included nine trials in the meta-analysis and assessed the
primary and secondary outcomes of early seizures, late seizures,
all-cause mortality and adverse events (Glotzner 1983; McQueen
1983; Young 1983; Temkin 1990; Pechadre 1991; Manaka 1992;
Temkin 1999; Young 2004; Szaflarski 2010). All but two trials
reported incidence of early and late seizures; Manaka 1992 and
McQueen 1983 reported only late seizures. All trials but Manaka
1992 and Pechadre 1991 reported mortality. The majority of trials
primarily investigated whether AEDs (traditional or newly licensed)
prevented early or late (or both) seizure occurrence in people
with TBI. One trial primarily investigated safety and reported on
adverse events (Szaflarski 2010). McQueen 1983 and Temkin 1990
also reported the occurrence of skin rashes. Temkin 2007 was not
included in a meta-analysis as it was the only study included in the

review that studied an 'other' agent. See Characteristics of included
studies table for details.

Excluded studies

We excluded 63 studies from the review. Forty were not RCTs or
quasi-randomized trials, in seven the data were unavailable (i.e.
trial cancelled due to lack of enrolment or unable to acquire details
from author), four studies were secondary publications of studies
already included, which contained no further relevant information.
Five studies did not report treatment of interest, seven did not
include the population of interest. See Characteristics of excluded
studies table for details.

Risk of bias in included studies

Figure 2 and Figure 3 summarize the risk of bias of included studies.
We deemed no study to be at low risk of bias in all bias types. The
majority of studies had a mix of low and unclear bias to varying
degrees. Five trials had a number of bias types classified as high risk
of bias (Glotzner 1983; McQueen 1983; Young 1983; Pechadre 1991;
Manaka 1992).

Figure 2. Risk of bias graph: review authors' judgments about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgments about each risk of bias item for each included study.
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Allocation

Only three trials adequately described the sequence generation
and allocation process (Temkin 1999; Young 2004; Temkin 2007).
Szaflarski 2010 indicated the participants were randomized by
the pharmacy but did not describe the sequence generation and,
therefore, the risk of selection bias was unclear. Risk of selection
bias was unclear in McQueen 1983; Young 1983; Temkin 1990;
Manaka 1992 , due to lack of clear description of the sequence
generation and allocation process. The sequence generation in
Glotzner 1983 and Pechadre 1991 was based on odd/even birthday
or days of admission and, therefore, at high risk of predicting group
allocation.

Blinding

Six of the 10 trials were low risk for performance bias as they
adequately described blinding of participants and personnel
(McQueen 1983; Young 1983; Temkin 1990; Temkin 1999; Young
2004; Temkin 2007). In Glotzner 1983; Manaka 1992; and Szaflarski
2010, risk of bias for performance bias was unclear as these trials
did not report on blinding of participants and personnel. Risk of
detection bias was low in five trials (McQueen 1983; Temkin 1990;
Temkin 1999; Temkin 2007; Szaflarski 2010), and unclear in four
publications as they did not describe blinding of the outcome
assessment (Glotzner 1983; Young 1983; Manaka 1992; Young 2004).
Pechadre 1991 was at high risk for performance and detection bias
as it did not describe blinding of the participants, personnel or
outcome assessment and the predictable randomization process
suggested that assessors could easily determine which participants
were allocated to treatment and control groups.

Incomplete outcome data

Three trials were low risk for attrition bias as they clearly described
outcome data and attrition patterns (McQueen 1983; Temkin 1990;
Young 2004). Six trials had unclear risk for attrition bias due to poor
descriptions of reasons for attrition (Glotzner 1983; Young 1983;
Pechadre 1991; Temkin 1999; Temkin 2007; Szaflarski 2010), and
Manaka 1992 was high risk of bias for lack of description or details
on 52 people who were excluded or dropped out from study.

Selective reporting

Only four of the 10 trials were low risk for reporting bias (McQueen
1983; Temkin 1990; Young 2004; Szaflarski 2010). Four trials were
at high risk of selective reporting as they did not report adverse
events (Glotzner 1983; Young 1983; Pechadre 1991; Manaka 1992).
In addition, Manaka 1992 and Pechadre 1991 did not report
mortality and Young 1983 reported mortality inconsistently across
age groups. Young 1983 reported mortality as a count of events for
all ages in the short-term treatment; however, mortality in adults
on long-term treatment were not reported as a count of events and,
therefore, overall deaths for the entire trial were underestimated.
Manaka 1992 was high risk for reporting bias as the trial did
not report baseline characteristics. The remaining two trials had
unclear risk (Temkin 1999; Temkin 2007).

Other potential sources of bias

Three publications were at high risk for other types of bias (Glotzner
1983; McQueen 1983; Manaka 1992). Glotzner 1983 reported that
the majority of participants received an AED in the first week
regardless of allocation group resulting in potential contamination
of controls. McQueen 1983 reported potential significant baseline

differences between the control and treatment groups with more
five to 15 year olds in the treatment group and below therapeutic
levels of the phenytoin were reported. Manaka 1992 did not
report baseline characteristics, so it was impossible to compare
baseline characteristics between treatment groups. Several studies
reported difficulties with compliance (McQueen 1983; Young 1983;
Temkin 1990; Temkin 1999), and maintaining therapeutic levels
particularly when evaluating late seizure outcome.

Effects of interventions

See: Summary of findings for the main comparison Antiepileptic
drugs compared with placebo or standard care for people at risk of
epilepsy following traumatic head injury; Summary of findings 2
Neuroprotective agent versus placebo for people at risk of epilepsy
following traumatic head injury; Summary of findings 3 Anti-
epileptic drugs compared to other anti-epileptic drugs for people at
risk of epilepsy following traumatic head injury

1. Antiepileptic drug versus placebo or usual care
1.1 Occurrence of early seizure

Five trials involving 987 participants examined the occurrence
of early seizures (Glotzner 1983; Pechadre 1991; Temkin 1990;
Young 2004; Young 1983). All trials compared a traditional AED
(carbamazepine or phenytoin) with a placebo or usual care. The
trials included a range of ages from children to adult. Duration of
treatment for this outcome varied from five to seven days. The
proportion of participants experiencing an early seizure in the
treatment group was 5.0% (25/499) compared with 13.9% (68/488)
in the placebo group/usual care group. The pooled results favored
the traditional AED treatment compared with the control group
(RR 0.42, 95% CI 0.23 to 0.73; Analysis 1.1). Heterogeneity was low
among the studies (12 = 29%). We reanalyzed the outcome using
fixed-effect methods; results were consistent with those obtained
using random-effects models. We rated the quality of the evidence
as low due to high selective reporting bias in 3 of the studies and
inconsistency in RR results in the two studies with low risk of bias
(Analysis 1.7).

1.2 Occurrence of late seizure

Six trials reported on late seizures in 1029 participants (Glotzner
1983; McQueen 1983; Young 1983; Temkin 1990; Pechadre 1991;
Manaka 1992). Manaka 1992 compared phenobarbital with usual
care, Glotzner 1983 compared carbamazepine with placebo, while
the other four trials compared phenytoin with placebo. Duration of
treatment varied from three months to two years. Five of the six
trials included adults and children; Temkin 1999 was the only trial
to assess adults exclusively. About 15.6% (81/518) of participants
receiving AED treatment experienced a late seizure compared
with 17.8% (91/511) receiving placebo/usual care. The six-pooled
studies showed no statistically significant effect for traditional AEDs
compared with placebo or usual care on late seizure occurrence
(RR0.91,95% CI 0.57 to 1.467; Analysis 1.2). There was evidence of
heterogeneity among the studies (12 =54%). This result was rated as
very low quality due to high risk of bias in 2 or more categories for
several studies, imprecision of pooled RR estimate and moderate
level of heterogeneity.

1.3 All-cause mortality

Five trials reported mortality in 1065 participants (Glotzner 1983;
McQueen 1983; Young 1983; Temkin 1990; Young 2004). They
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compared a traditional AED (carbamazepine or phenytoin) with
placebo. Duration of treatments varied from five days to 24 months.
About 18.4% (101/549) of participants in the AED group died
compared with 17.4% (90/516) in the placebo group. The five
pooled trials showed no statistically significant difference in the
RR of death between participants treated with traditional AEDs
compared with placebo (RR 1.08, 95% CI 0.79 to 1.46; Analysis 1.3).
Heterogeneity was low among the studies (12 = 19%). This result
was rated as very low quality due to high risk of bias in 2 or more
categories for several studies, imprecision of pooled RR estimate
with confidence interval ranging from benefit to harm.

1.4 Any serious event

McQueen 1983 and Temkin 1990 looked at any serious events
comparing phenytoin with placebo. About 14.4% (42/292) of
participants in treatment group experienced an adverse event
compared with 9.4% (26/276) in the placebo group. The pooled RR
of an adverse event in treatment group compared with placebo
was 1.63 (95% CI 0.73 to 3.66; 568 participants; Analysis 1.4).
Heterogeneity was low among the studies (12 = 18%). We performed
no subgroup analysis due to too few studies.The result was rated as
low based on imprecision of RR estimate with confidence intervals
covering both benefitand harm and serious risk of biasin one study.

1.5 Skin rash

McQueen 1983 and Temkin 1990 reported skin rash comparing
phenytoin with placebo. About 10.3% (30/292) of participants in
the phenytoin group experienced skin rash compared with 6.5%
(18/276) in the placebo group. The RR of skin rash in the phenytoin
group compared with placebo was 1.65 (99% Cl 0.54 to 5.04;
568 participants; Analysis 1.5). Heterogeneity was low among the
studies (12 = 17%). We performed no subgroup analysis due to too
few studies. The result was rated as low based on imprecision of RR
estimate with confidence intervals covering both benefit and harm
and serious risk of bias in one study.

1.6 Sensitivity analysis
Occurrence of early seizure: age of population

Four of the five trials that reported on early seizures had a mean or
median age that was greater than 18 years (Glotzner 1983; Young
1983; Temkin 1990; Pechadre 1991). Young 2004 consisted solely
of children. We ran the analysis excluding Young 2004. About 4.9%
(22/453) of participants treated with an AED experienced an early
seizure compared with 15% (65/432) receiving placebo. The result
still favored AED treatments compared with placebo; producing a
marginally lower RR compared with the original analysis in Section
1.1 (RR 0.36, 95% Cl 0.21 to 0.60, 12 = 12%; Analysis 1.6) (compare
with Analysis 1.1).

1.7 Sensitivity analysis
Occurrence of early seizure: study quality

Three of the five trials that examined early seizures had high risk of
bias in one or more category (Glotzner 1983; Young 1983; Pechadre
1991). We reran the analysis excluding Glotzner 1983; Young 1983;
and Pechadre 1991. The pooled results of the two remaining studies
no longer showed a benefit of AED treatment compared with
placebo (RR 0.48, 95% CI 0.11 to 2.18, 506 participants; Analysis
1.7) (Temkin 1990; Young 2004). Heterogeneity (12 = 68%) increased
compared with the original analysis (see Analysis 1.1). Differences

in participant populations likely contributed to the increase in
heterogeneity; participants in the Temkin 1990 trial were adults,
whereas Young 2004 studied exclusively children.

1.8 Subgroup analysis
Occurrence of late seizure: type of antiepileptic drug

Four of the six trials compared a traditional AED treatment,
phenytoin, with placebo for late seizures (McQueen 1983; Young
1983; Temkin 1990; Pechadre 1991). The two remaining studies
treated participants with other AEDs; carbamazepine compared
with placebo (Glotzner 1983), and phenobarbital compared with
usual care (Manaka 1992). In subgroup analysis, 15% (59/393) of
participants treated with phenytoin experienced a late seizure
compared with 17.5% (63/359) receiving placebo (RR 0.83, 95%
Cl 0.40 to 1.70; 752 participants; Analysis 1.8). About 17.6%
(22/125) of participants receiving carbamazepine or phenobarbital
experienced a late seizure compared with 18.4% (28/152) in the
placebo or usual care group (RR 0.96, 95% Cl 0.46 to 1.99, 277
participants; Analysis 1.8). There was no statistically significant
subgroup difference between the types of antiepileptic drug
(P=0.78, 12 =0.0%). The subgroup RRs did not differ substantially
from the primary analysis results (see Analysis 1.2).

1.9 Subgroup analysis
Occurrence of late seizure: treatment duration

Five of the six trials that examined the occurrence of late seizures
had a treatment duration ranging from 12 to 24 months (Glotzner
1983; McQueen 1983; Young 1983; Temkin 1990; Manaka 1992). One
trial had a treatment duration less than one year (Pechadre 1991).
In subgroup analysis, for treatment duration of 12 to 24 months,
16.3% (79/484) of participants in the AED group experienced
late seizures compared with 15.1% (69/459) of participants in
the control groups. In the Pechadre 1991 trial, 5.88% (2/34) of
participants in the AED treatment group experienced late seizures
compared with 42.3% (22/52) in the control group. Although
there was no statistically significant subgroup difference between
different treatment durations (P=0.87, 12 =0.004%) the results show
greater risk in the AED treatment group for studies with longer
treatment duration (12 to 24 months) (RR 1.08, 95% CI 0.81 to 1.46,
943 participants; Analysis 1.9) while the one study with treatment
duration of less than one year showed reduced risk (RR 0.14, 95%
C10.03 to 0.55, 86 participants; Analysis 1.9) (Pechadre 1991).

1.10 Sensitivity analysis
Occurrence of late seizure: age of population

Five of the six trials that examined occurrence of late seizures
included both adults and children (Glotzner 1983; McQueen 1983;
Young 1983; Pechadre 1991; Manaka 1992). Removing Temkin
1990, the only study that excluded children, from the analysis
did not alter the results substantially. The pooled effect remained
statistically non-significant as per the original results (RR 0.81, 95%
Cl 0.44 to 1.48, 706 participants; Analysis 1.10) as per the original
results (see Analysis 1.2).

1.11 Sensitivity analysis
Occurrence of late seizure: comparison group

Five trials of the six trials that examined the occurrence of late
seizures compared an AED with placebo (Glotzner 1983; McQueen
1983; Young 1983; Temkin 1990; Pechadre 1991). Manaka 1992
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compared an AED treatment with usual care. The pooled RR,
excluding Manaka 1992, remained not statistically significant (RR
0.83, 95% Cl 0.48 to 1.41, 903 participants; Analysis 1.11) (see
Analysis 1.2).

1.12 Sensitivity analysis
Occurrence of late seizure: study quality

Five of the six trials that examined the occurrence of late seizures
had a high risk of bias in one or more bias categories (Glotzner
1983; McQueen 1983; Young 1983; Pechadre 1991; Manaka 1992).
Temkin 1990 was the only trial that did not have a high risk of bias
in any category. The Temkin 1990 trial favored the placebo group
(RR 1.25,95% C1 0.79 to 1.96, 323 participants; Analysis 1.18), which
differs from the original analysis, which favored the AED treatment
(see Analysis 1.2). However, neither comparison was statistically
significant.

1.13 Subgroup analysis
All-cause mortality: age of population

Two studies examined all-cause mortality in children only (ages
under 17 years) (Young 1983; Young 2004). The pooled proportion
of children that died in the AED treatment group was 8.5% (8/71)
and 22.2% (16/72) died in the placebo group (RR 0.54, 95% CI
0.25 to 1.19, 143 participants; Analysis 1.13). Temkin 1990 was
the only study that exclusively enrolled participants over 17 years
of age. About 23.5% (49/208) of adults treated with AED died
compared with 20.1% (41/196) of adults receiving placebo. The
pooled RR was 1.13 (95% CI 0.78 to 1.62, 404 participants; Analysis
1.13). The remaining two studies examined all-cause mortality in a
predominantly adult population; although children were included
(Glotzner 1983; McQueen 1983). The pooled proportion that died in
the AED treatment group was 20.1% (32/159) and 14.1% (22/156)
died in the placebo group (RR 1.43, 95% CI 0.90 to 2.27, 315
participants; Analysis 1.13). The studies including exclusively or
predominately adults showed an increased risk of mortality in the
AED group compared with placebo (Glotzner 1983; McQueen 1983;
Temkin 1990), while the studies including only children showed a
decreased risk with treatment. The test for subgroup differences
showed moderate heterogeneity (P=0.11, 12 =53.9%).

1.14 Subgroup analysis
All-cause mortality: treatment duration

Two of the five trials examining all-cause mortality had a short-
term treatment duration of less than one week (Young 1983; Young
2004). 9.9% (18/182) of participants treated with an AED for one
week or less died compared with 15.2% (25/164) of participants in
the control groups. The pooled RR for these short-term treatments
was non-significant and favored AED treatment (RR 0.69, 95% ClI
0.39 to 1.24, 346 participants; Analysis 1.14). In comparison, the
three trials that used a treatment duration of a 12 months or longer
had a non-significant pooled RR that favored the control group;
22.1% (81/367) of participants in the AED group died compared
with 17.9% (63/352) of participants in the control groups (RR 1.24,
(95% C1 0.93 to 1.65, 719 participants; Analysis 1.14) (Glotzner 1983;
McQueen 1983; Temkin 1990). The test for subgroup differences
between studies of different treatment duration was statistically
significant and suggested moderate heterogeneity (P=0.08, 12
=67.4%). Duration of treatment was not further divided into mid-
term and long-term duration due to low number of studies.

1.15 Sensitivity analysis
All-cause mortality: type of antiepileptic drug

In four of the five trials that examined mortality, participants
received phenytoin in the AED group (McQueen 1983; Young
1983; Temkin 1990; Young 2004). Glotzner 1983 compared
carbamazepine with placebo. Excluding Glotzner 1983, 15.6%
(74/474) of participants treated with phenytoin died compared with
15.9% (70/440) of participants who received placebo (RR 0.97, 95%
Cl 0.65 to 1.43, 914 participants; Analysis 1.15). The results remain
consistent with the original analysis (see Analysis 1.3).

1.16 Sensitivity analysis
All-cause mortality: study quality

Three of the five trials that examined mortality had a high risk
of bias in one or more bias categories (Glotzner 1983; McQueen
1983; Young 1983). We reran the analysis excluding these studies.
The pooled results for the remaining studies with low/unclear
risk of bias showed no statistically significant difference between
treatment groups ((RR 1.00, 95% CI 0.72 to 1.41) 506 participants;
Analysis 1.16) (Temkin 1990; Young 2004). The original results were
also statistically non-significant, but favored the placebo group (see
Analysis 1.3).

2. Neuroprotective agent versus placebo

Only one study compared a pharmacologic agent (magnesium
sulfate; MgSQy4) other than an AED with a placebo (Temkin 2007).

2.1 Occurrence of early seizure

Temkin 2007 reported on the occurrence of early seizures. About
0.4% (1/250) of participants in the neuroprotective agent group
experienced an early seizure compared with 0% (0/249) in the
placebo group (Analysis 2.1). However, as reported in the results
section of their paper, 96% of participants received phenytoin for
the first week in both treatment groups. This may have resulted in
a very low early seizure rate.

2.2 Occurrence of late seizure

Temkin 2007 reported on the occurrence of late seizures.
About 6% (15/250) of participants treated with neuroprotective
agent experienced late seizures compared with 5.6% (14/249) of
participants treated with a placebo (RR 1.07, 95% Cl 0.53 to 2.17,
498 participants; Analysis 2.2). There was no evidence of effect of
neuroprotective agents compared with placebo on late seizures.

2.3 All-cause mortality

Only Temkin 2007 reported mortality. About 21% (52/250) of
participants died in the neuroprotective agent group compared
with 14% (35/240) of participants in the control group (RR 1.20, 95%
C10.80 to 1.81, 466 participants; Analysis 2.3).

3. Antiepileptic drugs versus other antiepileptic drugs

Two trials compared phenytoin with another AED (Temkin
1999; Szaflarski 2010). Szaflarski 2010 compared phenytoin with
levetiracetam, a newly licensed AED while Temkin 1999 compared
phenytoin with valproate. Treatment duration was one week in
the Szaflarski 2010 trial compared with up to six months in the
valproate arm of the Temkin 1999 study. The age ranges were
similar in both studies and neither study showed high bias in
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any category. We performed no subgroup analysis due to too few
studies and low evidence of heterogeneity between the two studies.

3.1 Occurrence of early seizure

Szaflarski 2010 and Temkin 1999 reported on the occurrence of
early seizures and compared phenytoin with another AED. About
3.3% (5/150) of participants treated with phenytoin had an early
seizure compared with 5.7% (16/281) of participants treated with
another AED. The pooled results of Szaflarski 2010 and Temkin 1999
showed no statistically significant effect of phenytoin compared
with another AED (RR 0.66, 95% CI 0.20 to 2.12, 558 participants;
Analysis 3.1). Heterogeneity between the two studies was low (12=
29%).

3.2 Occurrence of late seizure

Szaflarski 2010 and Temkin 1999 reported on the occurrence of late
seizures and compared phenytoin with another AED drug. About
12.4% (17/137) of participants treated with phenytoin experienced
late seizures compared with 16.6% (40/241) of participants treated
with another AED. The pooled RR of experiencing late seizures
on phenytoin compared with another AED was not statistically
significant (RR 0.77, 95% CI 0.46 to 1.30, 378 participants; Analysis
3.2). Heterogeneity between the two studies was low (12 = 0%).

3.3 All-cause mortality

Szaflarski 2010 and Temkin 1999 reported all-cause mortality.
About 8.7% (13/150) of participants in the phenytoin group died
compared with 16.4% (46/281) of participants in the other AED
group. The pooled RR for mortality in the phenytoin group
compared with the other AED group was 0.53 (95% CI 0.30 to 0.94;
Analysis 3.3). Heterogeneity between the two studies was low (12 =
0%). We performed no subgroup analysis due to too few studies and
low evidence of heterogeneity.

DISCUSSION

Summary of main results

The review included 10 RCTs described in 12 reports, involving
2326 participants. Interventions were reported in three categories;
traditional AED versus placebo or usual care, phenytoin versus
other AED treatment, and alternative neuroprotective agent versus
placebo or usual care.

Five studies with 987 participants studied early seizure in
participants treated with a traditional AED compared with placebo
or usual care. There was low quality evidence that treatment with
a traditional AED (phenytoin or carbamazepine) decreased the risk
of early seizure compared with placebo or usual care (RR 0.42, 95%
C10.23 t0 0.73, P value = 0.003).

The risk of late seizure occurrence was reduced by AED treatment
compared with placebo or usual care, although the benefit was
not statistically significant (RR 0.91, 95% CI 0.57 to 1.46, 1029
participants). The risk of late seizure favored placebo in the only
trial that did not have a high risk of bias in any category (RR 1.25,
95% 0.79 to 1.96, 323 participants), although evidence of effect
remained non-significant (Temkin 1990). Caution should be taking
when considering this sensitivity analysis as it was based on only
one study.

There was no significant difference in mortality between
participants in the AED drug and participants in the placebo or
usual care group (RR 1.08, 95% Cl 0.79 to 1.46, P value = 0.64)
although the results were based on very low quality of evidence due
to imprecision and inconsistency in results.

Thereview included only one study that examined other potentially
neuroprotective agents compared with placebo or usual care
(Temkin 2007). There was no evidence of treatment effect on late
seizures (RR 1.07, 95% Cl 0.53 to 2.17) or all-cause mortality (RR
1.20,95% C1 0.80 to 1.81) for this comparison. There were no events
in the placebo arm for the outcome of early seizure and a rate
of 0.4% (1/250) early seizures in the treatment group. However,
almost all participants (96%) in this study also received phenytoin
for the first week following injury. No doses or details on phenytoin
treatment levels were provided in the paper.

There was evidence of treatment benefit of phenytoin in
comparison to another AED (levetiracetam or valproate). Phenytoin
significantly reduced the risk of mortality compared with another
AED (RR 0.53, 95% CI 0.30 to 0.94). Caution must be taken as
this result was based on only two studies. No treatment benefit
of phenytoin was observed compared with another AED for early
seizure (RR 0.66, 95% Cl 0.20 to 2.12) or late seizure (RR 0.77, 95%
Cl10.46 to 1.3).

Only two of the included trials reported any serious treatment-
related adverse event. Both trials compared a traditional AED with
placebo. There was no evidence of increased risk of adverse effects
for the AED group (RR 1.63,95% CI 0.73 to 3.66). Similarly there was
no evidence of increased risk of skin rash (RR 1.65, 99% Cl 0.54 to
5.04).

Overall completeness and applicability of evidence

All participantsincluded in the review had a diagnosis of moderate-
to-severe TBIl. The methods of measurement of severity of TBI
varied between studies. The majority of participants were admitted
to trauma centers or emergency departments. Participants were
randomized and received treatment within 24 hours of admission;
however, one study reported that the majority of participants
were treated within 14 days post-injury. Three studies allowed the
inclusion of participants with an immediate post-injury seizure,
while other studies listed this as an exclusion criteria. One study
included participants if they had a pre-injury seizure; however,
these participants were excluded from outcomes of early and late
seizure outcomes. Reporting of outcomes was not consistent across
the studies with only two studies reporting any serious adverse
event and skin rashes. Two studies also did not document mortality
and the majority of studies did not consider time to first seizure or
time to second seizure from first seizure. Maintaining therapeutic
levels of AED was a challenge in many of the trials with reports
of only 40% to 80% of participants maintaining therapeutic levels
at follow-up visits. Several studies did not follow the participants
beyond the treatment duration, thereby limiting the ability to
determine if the treatment effect is sustained once mediation is
stopped.

Quality of the evidence

Overall quality of the evidence was varied. All included trials
were RCTs yet the majority did not adequately describe the
randomization and allocation processes clearly. The majority
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adequately blinded participants and personnel, but blinding of
outcome assessment was considered either unclear or high in
five of the 10 trials. Risk of bias of selective reporting was also
unclear or high in six trials. Potential sources of bias in this review
were: the inability to assess if treatment effects differed between
children and adults adequately as children were included in many
of the trials and not analyzed separately; and differing treatment
protocols regarding timing and duration of treatment, AED dose,
maintaining therapeutic levels of AEDs, differences in severity of
trauma and different methods of evaluating seizure occurrence.
Due to the high proportion of studies in this review that we
categorized as unclear and high risk of bias, the findings in this
review should be interpreted with caution.The evidence was graded
as low to very low for all outcome comparisons based on the
high risk of bias previously discussed as wells uncertainty in the
estimates with many confidence intervals showing both harm and
benefit.

Potential biases in the review process

The Cochrane Epilepsy Review Group conducted a comprehensive
search of all published data as well as handsearching the
bibliography of selected studies and reviews. We reviewed the full-
text reports and two review authors (KT and HA) extracted data
and resolved disagreements by discussion to minimize bias. We
were unable to obtain further information from some of the trials
because they were published many years ago or the authors could
not be contacted. We are unable to comment on the potential for
publication bias in the review due to the insufficient number of
studies to analyze publication bias in funnel plots.

Agreements and disagreements with other studies or
reviews

This review differed from the original review by Schierhout
2001 in that we included a study looking at other potentially
neuroprotective agents and studies with dual treatment groups.
The comparison of traditional AEDs with placebo now includes
a study carried out exclusively in children (Young 2004), which
was not in the previous review. The results were consistent in
both reviews, treatment with traditional AED reduced the risk of
early seizure compared with placebo or usual care. When those
studies with high bias in at least one category were removed, the
evidence of treatment effect was no longer significant. However,

heterogeneity among this subset of studies increased, potentially
due to differences in treatment duration and median age of
participants.

There was no evidence of treatment effect on late seizure
occurrence or mortality. This result was consistent with the results
for late seizure occurrence and mortality published in the previous
review (Schierhout 2001).

AUTHORS' CONCLUSIONS

Implications for practice

This review found low quality of evidence that early treatment
with an antiepileptic drug (AED) compared with a placebo or usual
care reduced the risk of early post-traumatic seizures. There was
no evidence to support a reduction in the risk of late seizures or
mortality.However, these results must be interpreted with caution
due to potential bias and high level of heterogeneity among studies
and were graded as very low quality. The risk of serious or other
adverse events was not greater among treatment versus placebo
groups, but this may be due to limited number of trials included
in the comparison and small sample size. There was insufficient
evidence to make any conclusions regarding the effectiveness and
safety of other neuroprotective agents compared with placebo or
phenytoin, a traditional AED, compared with another AED.

Implications for research

There have been very few studies in the area, with wide variability
in the age of the target population, definition of early seizures,
assessment of the extent of brain injury, timing of the intervention,
AED dosage and duration of treatment. Further high-quality
randomized controlled trials are warranted, particularly for the
newly licensed products. Only one published study looking at
alternative neuroprotective agents was eligible for inclusion in the
review; therefore, further investigation is needed.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]
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* Indicates the major publication for the study

Methods RCT; single center

Enrolled: 1978-1979

Duration of treatment: long-term; 18-24 months

Follow-up: 18-24 months

Setting: Neurosurgery Department of University of Wurzburg

Type of agent: traditional AED

Participants

151 participants > 15 years of age, 88.5% male, were admitted due to moderate and severe TBI. Severity

determined by GCS and presence of retrospective amnesia

Carbamazepine: 75 participants

Placebo: 76 participants

Pre-existing epilepsy was excluded

Interventions

Carbamazepine: participants were treated according to serum levels 300-600 pg. First dose given im-

mediately after accident (no dosage given), other details not specified

Placebo: details not provided

First dose given before FPS

NOTE: 61% of all 139 participants received additional phenobarbital for brain edema (administered in
first week). Mean cumulative dosage: 2780 pg in placebo group vs. 1500 pg in intervention group. 59%
of all 139 participants received diazepam: 248 pg in placebo group vs. 150 pg in carbamazepine group:

acute phase only

Outcomes « Early seizures
« Late seizures
« Mortality
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Glotzner 1983 (continued)

Seizure identification: EEG and clinical findings

Notes Imbalance at baseline: carbamazepine group had more permanent vegetative states 26% vs. 13%
placebo

Unable to confirm the data with respect to late seizures; therefore, not included in analysis.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Random sequence predicable - based on birthdays. carbamazepine = even
tion (selection bias) birthdays, placebo = odd birthdays

Allocation concealment Unclear risk Allocation concealment not described

(selection bias)

Incomplete outcome data  Low risk Loss to follow-up: 6 from carbamazepine group, 5 from placebo group (poor
(attrition bias) description of reasons)
All outcomes

Selective reporting (re- High risk Very detailed description of severity of injury (over 50 baseline descriptive ta-
porting bias) bles) but no adverse events reported
Other bias High risk Majority of participants received phenobarbital or diazepam, or both (both ac-

tive AEDs) in the first week for edema treatment

Blinding of participants Unclear risk Is not stated if participants or physicians were blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Study indicated as "blinded"; blinding of assessment not specifically reported

sessment (detection bias)
All outcomes

Manaka 1992

Methods RCT; multicenter; parallel group study
Enrolled: 1983-1985
Duration of treatment: long-term; 2 years
Follow-up: 5 years
Setting: Japan

Type of agent: traditional AED

Participants 244 participants ages 7-88 years admitted due to TBI
Analyzed:
Group | with severe TBI (mean age 38 + 19.9 years):

« Group IA: 50 participants received phenobarbital
« Group IB: 76 participants received usual care
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Manaka 1992 (continued)

Group Il with mild TBI: 65 participants; mean age 29.3 + 19.6 years): treatment not described
Proportion male: not reported

Did not specify if pre-existing epilepsy was excluded

Interventions

Group IA: received phenobarbital, 10-25 ug/mL, started 4 weeks after TBI. Full dose for 2 years, tapered
in third year

Group IB: some participants received nothing, some participants received anticonvulsants
Group II: intervention not specified

First dose given before an FPS: not reported

Outcomes « Late seizures
» Cumulative seizure occurrence rate
« Risk factors for seizures
Seizure identification: not specified
Notes Baseline characteristics not reported
Drug not administered until approximately 2 months post-injury; some early seizures occurred
Control group appeared to include participants who were taking other anticonvulsant drugs
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk No further details provided; therefore, no confirmation method was carried
tion (selection bias) out appropriately
Allocation concealment Unclear risk Allocation concealment process not described: used envelope method; no fur-
(selection bias) ther details provided.
Incomplete outcome data  High risk Loss to follow-up at 5 years was 25%. 52/244 excluded due to drop-out or
(attrition bias) "against" protocol. No mention of which groups these participants were in,
All outcomes their characteristics, if they were randomized or if they received treatment pri-
or to drop-out. Intention-to-treat not performed
No Table 1 to clearly describe participant characteristics
No clear description of drug protocol or control protocol for Group IB and
Group Il
Selective reporting (re- High risk Did not report on adverse events or mortality. Baseline characteristics were
porting bias) not reported; therefore, cannot assess balance of baseline characteristics
Other bias High risk Co-intervention in control group. Group IB had some participants who re-
ceived anticonvulsant medication and other participants who did not receive
anticonvulsant medication. Not sure what proportion received medication or
what drugs were
Blinding of participants Unclear risk No mention of blinding participants or personnel
and personnel (perfor-
mance bias)
All outcomes
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk No mention of blinding outcome assessors

McQueen 1983

Methods

RCT; double-blind, multicenter (2 sites), parallel-group study

Enrolled: Newcastle, UK: November 1977 to October 1979; Edinburgh, UK: 1 January 1977 to October
1979

Duration of treatment: mid-term; 12 months
Follow-up: 2 years
Setting: Neurological Surgery Departments

Type of agent: traditional AED

Participants

164 participants ages 5-65 years admitted due to TBI

Phenytoin: 84 participants; 35% were 5-15 year olds; 79% male

Placebo: 80 participants; 18% were 5-15 year olds; 80% male

85% of participants had injuries associated with high risk of post-traumatic epilepsy

Pre-existing epilepsy was excluded

Interventions

Phenytoin: child (5-15 years 5 mg/kg; adults 300 mg)

Placebo:

Therapeutic dose: during follow-up, adjusted to achieve plasma concentration 40-80 pmol/L
Dose administration: capsule of phenytoin 50 or 100 mg and matching placebo capsules

Timing of dose: single or divided daily dose; not precisely reported but participants received a full dose
every 24 hours

First dose given before post-traumatic seizure; early seizure was an exclusion criteria

Outcomes « Late seizures
« Time to first seizure
« Mortality
« Adverse events
Seizures diagnosed based on clinical findings
Notes Potentially significant difference in participant characteristics at baseline
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Treatment was administered by the hospital pharmacist using a prepared list
of random treatment allocation - but report did not indicate how the list was
made.
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McQueen 1983 (Continued)

Allocation concealment Low risk Treatment was administered by the hospital pharmacist using a prepared

(selection bias) list of random treatment allocation - but report did indicate how the list was
made.

Incomplete outcome data  Low risk Loss to follow-up over 2 years was 1%. Authors explained causes of partic-

(attrition bias) ipants lost to follow-up. These participants were counted in the treatment

All outcomes group to which they were originally assigned

Selective reporting (re- Low risk There was no evidence of selective reporting. Prespecified outcomes reported

porting bias)

Other bias High risk Potentially significant difference at baseline. In phenytoin group, more 5-15
year olds than in placebo group. In phenytoin group, more participants admit-
ted in 8-10 days post injury. In placebo group, more participants admitted > 30
days post-injury

Low compliance in treatment group. 80% were dispensed capsules for up to 6
months, 68% for up to 9 months, 49% for up to 12 months

When tested, the level of phenytoin in the plasma of the phenytoin group of-
ten below the therapeutic level with only 48% of participants achieving plas-
ma concentrations of > 40 umol/L on at least 1 occasion, 36% had plasma con-
centrations of 20-39 pmol/L, 12% in range 10-19 umol/L

Blinding of participants Low risk The trial was conducted 'double-blind' with prescribed treatment known only
and personnel (perfor- to the hospital pharmacy and the trial co-ordinators, who had no responsibili-
mance bias) ty for participant care or follow-up

All outcomes

Blinding of outcome as- Low risk Assessors involved in the prescribed treatment were not involved in follow-up

sessment (detection bias)
All outcomes

Pechadre 1991

Methods RCT
Enrolment: January 1982 to March 1985
Duration of treatment: short-term and mid-term; 3 months and 1 year
Follow-up: 2 years
Setting: France

Type of agent: traditional AED

Participants 86 participants aged 5-60 years, 80% males admitted due to severe TBI
Phenytoin: 34 participants); mean age 26 years; 74% male
Placebo: 52 participants; mean age 30.3 years; 85% male
Pre-existing epilepsy was excluded

Severity determined by EEG and repeat CT scans

Interventions Phenytoin: 10 mg/kg by slow intravenous pump 40 mg/minute
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Pechadre 1991 (continued)

Placebo:

Therapeutic dose: determined by serum results at 48 hours and 7 days - adjusted therapeutic does us-
ing formula by Young 1979.

Dose administration: capsule of phenytoin 50 or 100 mg and matching placebo capsules

Timing of doses: 4 divided doses on first day; on second day, oral phenytoin (gastric tube in some par-
ticipants), mean dose 8 mg/kg in 2 divided doses. Treated within 24 hours of accident and upon arrival
inICU

Not reported if first dose was given before post-traumatic seizure

Outcomes « Early seizures

« Lateseizures

« Types of seizures that occurred

Seizures diagnosed based on clinical findings and EEG
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Randomized by day of arrival even or odd day (predictable sequence)
tion (selection bias)
Allocation concealment Unclear risk Did not describe allocation concealment. Predictable sequence of randomiza-
(selection bias) tion
Incomplete outcome data  Unclear risk 5 participants excluded from analysis due to death in first 5 days - group allo-
(attrition bias) cation not indicated. Loss to follow-up other than mortality was not discussed
All outcomes
Selective reporting (re- High risk Indicated that some participants received phenytoin for >3 months but did
porting bias) not describe outcomes by length of treatment. Adverse events and mortality

not reported for included participants

Other bias Unclear risk No clear description of the control group
Blinding of participants High risk Did not mention blinding strategies - but given nature of randomization, it
and personnel (perfor- would be easy to determine which participants were in control/treatment
mance bias) groups
All outcomes
Blinding of outcome as- High risk Given the allocation by date of enrolment - it is unlikely that treatment was

sessment (detection bias)
All outcomes

blinded as the assessors could easily determine which participants were in
which group by date of admission

Szaflarski 2010

Methods RCT; double-blind, single-center, parallel group study
Enrolled: not reported
Duration of treatment: short-term; 7 days
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Szaflarski 2010 (continued)

Duration of follow-up: outcomes assessed at 3 and 6 months
Setting: USA; neuroscience ICU

Type of agent: traditional AED and newly licensed AEDs

Participants

52 participants with severe TBI or subarachnoid hemorrhage ages 17-80 years. Randomization up to 24
hours post admission, ata 2 : 1 ratio levetiracetam : phenytoin

Levetiracetam: 34 participants; 30 with TBI; ages 17-75 years, median 44 years; 77% male
Phenytoin: 18 participants; 16 with TBI; ages 18-80 years, median 25 years; 72% male

Inclusion: TBI or subarachnoid hemorrhage, GCS (3-8 inclusive) or GCS of < 5 and abnormal CT scan
showing intracranial pathology, hemodynamically stable, at least 1 reactive pupil, ages = 17 years and
informed consent

Exclusion: spinal cord injury, previous brain injury, known hypersensitivity to anticonvulsant, hemody-
namically unstable, anoxic events

Report did not indicate exclusion of pre-existing seizures prior to study inclusion but author confirmed
exclusion by email

Interventions

Levetiracetam: loading dose 20 mg rounded to nearest 250 mg over 60 minutes. Maintenance dose of
1000 mg, IV every 12 hours over 15 minutes. Therapeutic dose: up to 1500 mg (3000 mg/day). Duration
of treatment: 1-7 days

Phenytoin: loading dose of 20 mg/kg IV, maximum 2000 mg over 60 minutes and then phenytoin main-
tenance of 5 mg/kg/day rounded to nearest 100 mg, dose every 12 hours. Therapeutic dose: 10-20 ug/
dL. Duration of treatment range: 1-7 days

Not reported if drug was given before first seizure

Outcomes  Early seizures
+ Lateseizures
« Mortality
» Neurologic outcomes
Seizures identified based on clinical findings. Continuous EEG monitoring for first 72 hours
Notes Baseline characteristics appeared balanced between study groups
People with TBI or subarachnoid hemorrhage recruited and it was not possible to obtain data exclu-
sively for the people with TBI, which represented 89% of the participants
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk No details on method of randomization. Randomized at a 2 : 1 ratio of leve-
tion (selection bias) tiracetam : phenytoin
Allocation concealment Low risk Participants randomized and treatment group assigned by the pharmacy
(selection bias)
Incomplete outcome data  Unclear risk Participants were analyzed as survivors and as per their treatment group as-
(attrition bias) signment. No indication of any loss to follow-up other than death
All outcomes
Selective reporting (re- Low risk All expected and pre-specified outcomes were reported
porting bias)
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Szaflarski 2010 (continued)

Other bias Unclear risk No report of drug levels to assess efficacy

Blinding of participants Unclear risk Physicians "partially" blinded. Were not "told" group assignment, but PHT lev-
and personnel (perfor- els could be reviewed. Physicians were also unblinded if a seizure occurred to
mance bias) optimize treatment

All outcomes

Blinding of outcome as- Low risk EEG monitoring occurred for 72 hours. Electrophysiologist was blinded to the
sessment (detection bias) group assignment and diagnosis

All outcomes
The clinical research co-ordinator remained blinded to participant medication

and conducted all assessments

Temkin 1990

Methods RCT; double-blind, single center, parallel group study
Enrolled: November 1983 to December 1987
Duration of treatment: mid-term; 12 months
Follow-up: 2 years
Setting: USA, Level 1 trauma center
Type of Agent: traditional AED

Participants 404 participants with severe TBI, mean age 34 + 18 years
Phenytoin: 208 participants; mean age 34 + 18 years; 78% male
Placebo: 196 participants; mean age 34 + 17 years; 75% male
Eligibility - meet at least 1 of following criteria: cortical contusion visible on CT scan; a subdural, epidur-
al orintracerebral hematoma; a depressed skull fracture; penetrating head wound; seizure within 24
hours of injury or a GCS < 10 on admission. If any criteria met - estimated 20% chance of seizure
Excluded participants with previous documented unprovoked seizures

Interventions Phenytoin (Dilantin): initial dose 20 mg/kg IV within 24 hours of injury
Therapeutic dose: total 40-80 pmol/L, 10-20 mg/L
Dose administration: daily dose varied based on individual serum level; range 200-1200 mg to maintain
serum levels
Placebo: given daily
First dose not given before an FPS

Outcomes « Early seizures
+ Lateseizures
« Mortality
+ Adverse events
Seizure identification based on clinical findings. Clinicians who were blinded to treatment diagnosed
seizures primarily on basis of clinical manifestations especially involuntary movements; alterations in
consciousness; or abnormal motor, sensory or psychosensory phenomena. Participants and caregivers
were trained to recognize subtle manifestations of seizures
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Temkin 1990 (Continued)

Notes Baseline characteristics were comparable between groups
Additional data regarding the group without prior seizure history was received from Dr. Temkin

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Randomization process not reported

tion (selection bias)

Allocation concealment Unclear risk Concealment of allocation process not reported

(selection bias)

Incomplete outcome data  Low risk Randomized participants were analyzed in the groups they were allocated

(attrition bias) to. Withdrawal from treatment well reported. 24% of participants lost to fol-

All outcomes low-up; 23% in phenytoin group and 26% in placebo group over 24 months

Selective reporting (re- Low risk Expected outcomes of interest appear to be reported

porting bias)

Other bias Low risk Study groups similar baseline characteristics with respect to demographic
characteristics, cause of injury, and severity of injury. 70% of participants had
therapeutic levels of phenytoin

Blinding of participants Low risk Dose modified by unblinded study staff. Similar "mock" adjustments made to

and personnel (perfor- placebo group. Treatment code was not broken unless phenytoin appeared to

mance bias) be responsible for reaction and the participant's condition warranted such ac-

All outcomes tion

Blinding of outcome as- Low risk Clinicians who were blinded to treatment diagnosed seizures primarily on ba-

sessment (detection bias)
All outcomes

sis of clinical manifestations

Temkin 1999

Methods

RCT; double-blind, single-center, parallel-group study
Enrolled: November February 1991 to December 1995

Duration of treatment: varied 2 groups short-term; 1 week and 1 month treatments; 1 group mid-term -
6 month treatment

Follow-up: 2 years
Setting: USA, level 1 trauma center

Type of agent: traditional AED

Participants

379 participants with TBI randomized to:

« Phenytoin for 1 week (132 participants), mean age 36 + 16 years; 84% male; mean GCS 11.7 + 3.8
« Valproate for 1 month (120 participants), mean age 40 +19 years; 84% male; mean GCS 11.6 + 3.6
« Valproate for 6 months (127 participants), mean age 36 +16 years; 77% male; mean GCS 11.1 + 3.8

Qualifying injury had 1 of the following characteristics: immediate posttraumatic seizures. Depressed
skull fracture, penetrating brain injury, or CT evidence of cortical contusion or subdural, epidural, in-
tracerebral hematoma
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Temkin 1999 (Continued)

Excluded people with previous documented unprovoked seizures

Interventions

Phenytoin (1 week): loading dose IV 20 mg/kg - administered within 24 hours. Maintenance dose 5
mg/kg/day in two divided doses. Therapeutic dose: 40-80 umol/L (10-20 pg/mL)

Valproate (1 and 6 months): loading dose IV 20 mg/kg. Maintenance dose 15 mg/kg/day in 4 divided
doses. Therapeutic dose - 277-693 pmol/L (40-100 ug/mL)

First dose not given before an FPS

Outcomes  Early seizures
« Lateseizures
» Mortality
« Adverse events
« Compliance
Seizure identification: based on clinical findings. Early seizures were witnessed by medical personnel.
Late seizures recognized by participants and caregivers who reported them to study neurologist. A
blinded study neurologist reviewed all suspected seizures; if in doubt, the event was not counted as a
seizure

Notes For early seizures the valproate group was considered as 1 group regardless of length of time to be
treated
All participants were included in the analysis of late seizures regardless of whether they had experi-
enced early seizures
Baseline characteristics were comparable between groups

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated blocked randomization list, generated by statistician and
kept in locked part of pharmacy

Allocation concealment Low risk Allocation by pharmacist
(selection bias)
Incomplete outcome data  Unclear risk 87% followed for full 2 years. But not all participants followed through with as-

(attrition bias)
All outcomes

signed treatment. Of randomized cases: 75% of 1 month and 70% of 6 month
valproate group followed up for 2 years. 79% of phenytoin group followed for 2
years

Because most participants were unconscious or had cognitive impairments
during the first week, early seizures without a prominent motor component
were likely to be overlooked

113 participants initially randomized were subsequently found to be ineligible
after randomization for issues such as prior history of epilepsy. These partici-
pants were only observed for 28 days for incidence of adverse effects and for
mortality

Selective reporting (re-
porting bias)

Unclear risk Although most expected and pre-specified outcomes appeared to be reported,
denominators of counts not reported clearly

Other bias Low risk Valproate concentrations were at or above the target valproate range in
97% of participants in first week; 90% in first month; 85% in fifth month
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Temkin 1999 (Continued)

Phenytoin concentrations were at or above the target phenytoin range in
91% of participants in the first week

Compliance: 16% stopped taking blinded medication before 1 month be-
cause of participant preference or mild adverse effects. 21% stopped before 6
months compliance reported for each group

Blinding of participants Low risk Identical-appearing IV solutions and call-backs to check placebo "drug levels"
and personnel (perfor- to maintain blind conditions
mance bias)

All outcomes

Blinding of outcome as- Low risk Neurologist blinded to the assignment made the final determination on
sessment (detection bias) seizure diagnosis for the study
All outcomes

Temkin 2007
Methods RCT; double-blind, single-center, parallel group study
Enrolled: August 1998 to October 2004
Duration of treatment: short-term; 5 days
Follow-up: 6 months
Setting: USA, level 1 trauma center
Type of agent: "other"
Participants 499 participants older than 14 years were admitted due to moderate or severe TBI
Treatment 1 (high dose magnesium sulfate; MgS0,):
» Placebo: 59 participants; mean age 36.2 + 18.3, 66% < 40. Trauma severity: 51% moderate, 49% severe;
mean GCS: 7.0 3.0, 78% male
« Treatment: 59 participants; 34.7 + 14.9, 63% < 40. Trauma severity: 59% moderate, 41% severe; mean
GCS: 7.3+2.9,76% male
Treatment 2 (low-dose magnesium sulfate; MgS0,):
» Placebo: 190 participants; 33.9 £ 17.6, 72% < 40. Trauma severity: 59% moderate, 41% severe; mean
GCS: 7.1+2.8,76% male
o Treatment: 191 participants; 34.1+17.1,69% < 40. Trauma severity: 64% moderate, 36% severe; mean
GCS:7.1+2.8,76% male
Moderate to severe was defined as: the need for intracranial surgery within 8 hours of injury; a post-re-
suscitation GCS score of 3-12; or intubated, a GCS motor score of 1-5 without pharmacologic paralysis
Pre-injury seizures were not excluded from the study, but participants with pre-injury seizures were ex-
cluded from seizure outcome analysis
Interventions Treatment 1 (high dose): magnesium sulfate (MgS0,) high dose 1.2-2.5 mmol/L. Initial IV load of 0.425
mmol/kg over 15 minutes followed by continuous infusion (0.10 mmol/kg/hour) to maintain target
range for 5 days. Therapeutic dose 1.25-2.5 mmol/L
Treatment 2 (low dose): magnesium sulfate (MgS0O,4) low dose 1.0-1.85 mmol/L. Initial IV load of 0.30
mmol/kg over 15 minutes followed by continuous infusion (0.05 mmol/kg/hour) to maintain target
range for 5 days. Therapeutic dose 1.0-1.85 mmol/L
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In both treatments, agent was administered within 8 hours of injury. Infusion rate adjusted daily by
pharmacist

Placebo: saline, magnesium sulfate given below normal levels
Not reported if drug was given before first seizure

96% of participants received phenytoin for the first week as part of clinical care

Outcomes » Early seizures
« Late seizures
« Mortality
« Adverse effects
Seizure identification not explicitly reported, but, at 1 and 3 months, health status measures were as-
sessed by telephone and as a part of a formal in-person comprehensive examination at 6 months that
included neuropsychologic testing (panel). A family member who knew the person prior to injury also
participated in assessment at 6-month test
Notes Participants who died before day 8 were excluded from the late seizure analysis
Author contacted: contacted for participant details within outcome categories to determine if histo-
ry of seizure was excluded. Response summary: participants with history of seizure were deleted from
early and late seizure outcome. Author provided counts for primary and secondary outcomes
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Randomization was stratified by sex and age. Randomization was blocked (2-4
tion (selection bias) people) to ensure balance. Computer-generated list kept in a restricted area of
the pharmacy
Allocation concealment Low risk Pharmacist randomly assigned participant sequentially when order received
(selection bias)
Incomplete outcome data  Unclear risk Primary analysis excluded people with fixed dilated pupils and people who
(attrition bias) were randomized but died before receiving the drug (7 in magnesium sulfate
All outcomes group, 8 in placebo group). In secondary analysis, all participants were ana-
lyzed in the groups they were assigned (ITT analysis)
93% were followed for 6 months. 72% had a full neurologic assessment at 6
months
Loss to follow-up similar in both the Mg (18) and placebo (19) groups and for
similar reasons
Selective reporting (re- Unclear risk Did not report mortality and seizures in a conventional way for these common
porting bias) study outcomes
Other bias Unclear risk Co-intervention: phenytoin administered to 96% of participants in the first

week

Most characteristics were "quite" well balanced at baseline, but the lower
magnesium dose had more participants with hematomas and with worse ab-
breviated-injury-scale-head scores. Noted significant differences in P values
between group in age, severity and gender

Drug treatment as specified was given in 95% of cases

25 participants stopped taking study drug before the 5 days
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Temkin 2007 (Continued)

Pre-injury seizures were not excluded, but participants with pre-injury seizures
were excluded from seizure outcome analysis

Total mean magnesium concentrations were 2.15 mmol/L (SD 0.35) in high-
dose group, 1.45 mmol/L (SD 0.2) in low-dose group and 0.9 mmol/L (SD 0.1) in
placebo group

Blinding of participants Low risk Participants, doctors and nurses treating participants were all blinded to as-
and personnel (perfor- signment. Clinicians were not allowed to order any tests of magnesium con-
mance bias) centration during the infusion or for 2 days post drug treatment. Masking was
All outcomes broken in 8% of cases - usually when clinician ordered routine laboratory tests.

Research nurse became aware of 4% of cases. Participants remained constant-
ly unaware of assignment

Blinding of outcome as- Low risk Research nurses and professionals involved in assessment of outcome were
sessment (detection bias) all masked to treatment assignment. There was no formal assessment of the
All outcomes success of the masking. Outcome examiners remained consistently unaware

of assignment

Young 1983
Methods RCT; double-blind, single-center; parallel-group study
Enrolled: December 1976 to November 1979
Duration of treatment: short-term 7 days and long-term 18 months
Follow-up: 1 week to 18 months
Setting: USA, neurologic services
Type of agent: traditional AED
Results of trial reported in 3 reports. Report A: Young 1983. Journal of Neurosurgery 1983;58(2):231-5;
all participants; early seizure only. 1-week follow-up. Report B: Journal of Neurosurgery
1983;58(2):236-41; all participants; late seizures only, 18-month follow-up. Report C: Child's Brain
1983;10(3):1985-92, subanalysis of Report B - all participants aged < 17 years
Participants Report A: 244 participants of all ages with severe TBI

Phenytoin: 136 participants; mean age 24.4 + 1.29 years; 6 (4.4%) ages 0-4 years ; 26 (19.1%) ages 5-15
years; 80.9% male
GCS: 14 (10.3%) had GCS 3-4; 56 (41.2%) had GCS of 5-7; 56 (48.5%) had GCS = 8. 7 had pre-randomized
seizures (mean age 12 years)
Placebo: 108 participants; mean age 25.8 + 1.47 years; 5 (4.6%)ages 0-4 years; 17 (15.7%)ages 5-15
years; 84.3% male
GCS: 17 (15.7%) had GCS 3-4; 46 (42.6%) had GCS 5-7; 45 (41.7%) had GCS = 8. 3 had pre-randomized
seizures (mean age 12 years)
Report B: 214 participants of all ages, mean age of 25.2 years, with severe TBI. 4.7% aged <5 years,
17.3% ages 5-16 years, 78.0% > 16 years
Phenytoin: 119 participants; mean age 24.4 + 1.29 years; 6 (4.4%) ages 0-4 years; 26 (19.1%) ages 5-15
years; 80.9% male
GCS: 9 (8.6%) had GCS 3-4; 40 (38.1%) had GCS 5-7; 56 (53.3%) had GCS = 8
Phenobarbital: 20 participants; received phenytoin initially; mean age 21.6 + 3.01, 75% male.
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Young 1983 (Continued)

GCS: 0 (0%) had GCS 3-4; 11 (55.5%) had GCS 5-7; 9 (45.0%) had GCS of = 8
Placebo: 95 participants; mean age 26.3 + 2.03 years; 82.4% male
GCS: 8 (10.8%) had GCS 3-4; 33 (44.6%) had GCS 5-7; 33 (44.6%) had GCS = 8

Report C: 46 participants all age of 17 years with severe TBI. Randomized: 27 to treatment, 19 to place-
bo. 4 died and 1 early seizure excluded from analysis

Follow-up:
Phenytoin: 20 participants; mean age 9.3 + 0.81 years; 72% male.
GCS: 1 (5.0%) had GCS 3-4; 5 (25.0%) had GCS 5-7; 14 (70.0%) had GCS = 8. (5 switched to phenobarbital)

Phenobarbital: 5 participants; received phenytoin initially. Mean age 9.0 + 1.92 years, % male un-
known

GCS: 0 (0%) had GCS 3-4; 4 (80.0%) had GCS 5-7; 1 (20.0%) had GCS = 8
Placebo: 16 participants; mean age 9.2 + 1.15 years; 93.8% male
GCS: 2 (12.5%) had GCS 3-4; 4 (25.0%) had GCS 5-7; 10 (62.5%) had GCS = 8

Included people with penetrating head wound or blunt head injury providing > 10% chance of develop-
ing seizures. Participants had: intracranial hematomas; frontal, temporal, or parietal depressed skull
fracture; and other blunt head injuries causing unconsciousness for at least 6 hours or major focal neu-
rologic deficits. Some seizures occurred prior to first dose

Interventions

Phenytoin: initial dose 11 mg/kg at 25 mg/minute plus 13 mg/kg intramuscularly

If levels were adequate 8.8 mg/kg administered daily or adjusted as needed. Therapeutic dose: plasma
concentrations 10-20 pg/ml. Timing of dose: administered with 24 hours of admission

Placebo: identical IV of phenytoin diluent (10% ethanol, propylene glycol 40% and water 50%) or place-
bo capsule

Outcomes « Early seizures (within first week, time to first and mean number of seizures)
« Late seizures (after first week and median time to late seizure)
« Mortality
« Type of seizure
Notes Method of identification of early seizure was not reported. Identification of late seizure by interview, ex-
am, written and telephone follow-ups
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not reported; "randomized" but did not say how

tion (selection bias)

Allocation concealment Unclear risk Not reported

(selection bias)

Incomplete outcome data  Unclear risk A number of participants were lost to follow-up or excluded from the analysis.

(attrition bias) Report A: 1 participant who had a drug reaction was excluded from the results.

All outcomes Report B: 179/214 followed for 18 months. 4 participants had early seizures in
placebo group and were eliminated as they were administered phenytoin (3
people) or phenobarbital (1 person). 11 participants lost to follow-up: 3 in drug
group, 8 in placebo. 20 participants died in first week: 11 in drug group and 9
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Young 1983 (Continued)

in placebo group. Report C: participants were analyzed in the group they were
assigned regardless of outcome

Selective reporting (re- High risk Results indicated that deaths occurred beyond those reported in first 7 days.

porting bias) Median time to death was reported with ranges from 8 to 450 days but number
of deaths between week 2 and 18 months not reported. Types of adverse reac-
tions not reported despite 20 participants switched to phenobarbital. Did not
include lost to follow-up in time to event analysis

Other bias Unclear risk « Did not report how seizures were evaluated

« Variable levels of blood concentrations and compliance among participants
reported. Authors admitted challenges with maintaining compliance with
drug protocol over long trial. In week 1, 78% of participants receiving pheny-
toin had plasma concentrations of at least 10 ug/mL at 1, 3 and 7 days. Week
2 to 18 months: compliance - 50% of participants with known blood concen-
trations of phenytoin were compliant but the blood levels were only known
in 25% of the participants

« Inconsistencies in obtaining full follow-up data. "In some cases telephone
reports were necessary to obtain full 18 month follow-up"

Blinding of participants Low risk State: "only the clinical pharmacist or the clinical nurse on the team was aware
and personnel (perfor- of which participant was receiving active drug or the placebo and made dosing
mance bias) adjustments”

All outcomes

Blinding of outcome as- Unclear risk State: "In all cases the physician evaluators were blinded as to the drug re-
sessment (detection bias) ceived"; however, unclear if blinding was broken when participants were
All outcomes switched from phenytoin to phenobarbital

Young 2004
Methods RCT; double-blind, multicenter, parallel-group study

Enrolled: December 1992 to November 1997

Duration of treatment: short-term; 5 days

Follow-up: 30 days; median time 34.5 days (interquartile range 30-50 days)
Setting: USA, urban pediatric trauma centers

Type of agent: traditional AED

Participants 103 participants aged < 10 years, range of 3.3-9.4 years, median 6.1 years with moderate and severe TBI.
68% male

Phenytoin: 47 participants*; age range 3.7-9.6 years, median 6.4 years; 67% male
Placebo: 56 participants; age range 2.6-8.8 years, median 5.9 years; 68% male

Severity of TBI determined by: acute blunt head injury, with marked alteration in level of conscious-
ness as defined by GCS (< 10 in children aged = 4 years; = 9 in children aged < 4 years, and pulse rate >
60 beats/minute

Interventions Phenytoin: initial IV dose 18 mg/kg over 20 minutes, maintenance 2 mg/kg every 8 hours for 48 hours
(5 doses). Drug administered within 60 minute of arrival in emergency room

Placebo: dilutent alone. First dose was administered prior to first traumatic seizure
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Outcomes « Early seizures
» Mortality
» Neurologic outcomes
Seizures were identified with EEG and clinical finding
Notes Excluded participants who had post-trauma seizures before randomization
* 1 participant in phenytoin group was removed from the study at the request of the family
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Enrolment was intended to be consecutive. Participants stratified into 6
tion (selection bias) groups according to age and initial GCS. Within each of the 6 stratified groups
and study site, participants were randomly allocated to phenytoin or placebo
by using randomized permuted blocks to ensure baseline similarity of treat-
ment groups
Allocation concealment Low risk A code kept locked in an office off site was available only to the principal in-
(selection bias) vestigator linking each vial to the contents of the vial (phenytoin or placebo).
Sealed envelopes with the identity of the study medication were kept with the
vials and in the participant's medical record. The envelopes were to be opened
at the end of the 48-hour observation period, if a participant experienced a
seizure or if the attending neurosurgeon wished to withdraw the participant
from the study
Incomplete outcome data  Low risk 68% completed entire observation period; 6 seizures, 9 deaths, 1 surgery, 12
(attrition bias) discharged home, 5 protocol violations or neurosurgeons request
All outcomes
Of 82/102 remaining participants, 62 (76%) returned for 30-day follow-up.
Telephone follow-up obtained from 4 others. Total follow-up including deaths
=86/102 (84%). Randomized participants were analyzed in the groups they
were allocated to. 10 lost to follow-up from phenytoin group and 6 lost to fol-
low-up from placebo group
Selective reporting (re- Low risk Expected outcomes analyzed and reported
porting bias)
Other bias Unclear risk Median serum phenytoin levels: 16.2 mg/L (range 3.3-61)
Serum levels in the participants who had post-traumatic seizures was 2.3, 34,
13mg/L
Ideal study therapeutic dose of phenytoin not stated
Emergency room administration of benzodiazepines and barbiturates: differ-
ences approached significance between the groups (see report, Table 3)
Administration of paralytic agents in the pediatric ICU and potential seizures
were not monitored by EEG. Unlikely to introduce bias due to blinding, but
number of seizures reported may underestimate the true early seizure rate
18% of participants had been receiving anticonvulsant medications at some
point since hospital discharge and prior to 30 day follow-up
Blinding of participants Low risk Study medication and identical-appearing placebo were prepared by the phar-
and personnel (perfor- macy. A code kept locked in an office off site was available only to the principal
mance bias)
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Young 2004 (Continued)

All outcomes

investigator linking each vial to the contents of the vial (phenytoin or placebo).
Group assignment concealed until end of 48-hour observation

Blinding of outcome as-
sessment (detection bias)

All outcomes

Unclear risk Group assignment concealed until end of 48-hour observation (low risk)

Unclear for secondary outcomes as the groups would have been unblinded for
30-day assessment (unclear risk)

AED: antiepileptic drug; CT: computed tomography; EEG: electroencephalography; FPS: first post-traumatic seizure; GCS: Glasgow Coma
Scale; ICU: intensive care unit; ITT: intention to treat; IV: intravenous; RCT: randomized controlled trial; SD: standard deviation; TBI:

traumatic brain injury.

Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Anderson 2000

Not RCT or quasi-randomized trial

Anderson 2003

Secondary publication of Temkin 1999, no further relevant information reported

Asikainen 1999

Not treatment of interest

Carter 2009

Not RCT or quasi-randomized

Chiaretti 2000

Not RCT or quasi-randomized

Coplin 2002

Not population of interest

De Santis 1992a

Not RCT or quasi-randomized

De Santis 1992b

Not RCT or quasi-randomized

De Santis 1998 Not RCT or quasi-randomized

Dikmen 1991 Secondary publication of Temkin 1990, no further relevant information reported
Dikmen 1995 Not treatment of interest

Dikmen 2000 Secondary publication of Temkin 1999, no further relevant information reported

Dizdarevic 2012

Not treatment of interest; not population of interest

Dolati 2012

Not RCT or quasi-randomized

Englander 2003

Not RCT or quasi-randomized

Formisano 2007

Not RCT or quasi-randomized

Glotzner 1998

Outcome Information unavailable (no response from author)

Haltiner 1997

Not RCT or quasi-randomized: single- arm trial

Holland 1995 Contacted author: not population of interest (all postoperati on)
Inaba 2013 Not RCT or quasi-randomized
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Study

Reason for exclusion

Jallon 1984

Not RCT or quasi-randomized

Japan Follow-up... 1991

Not RCT or quasi-randomized

Johnson 2009

Not RCT or quasi-randomized

Jones 2008 Not RCT or quasi-randomized
Kieslich 2001 Not RCT or quasi-randomized
Kirmani 2013 Not RCT or quasi-randomized
Klein 2008 Not RCT or quasi-randomized
Klein 2012a Not RCT or quasi-randomized
Klein 2012b Not RCT or quasi-randomized

Kobayashi 1997

Not RCT or quasi-randomized

Lopes 2009 Not treatment of interest

Maas 2006 Outcomes of interest not recorded, author unable to provide

Meo 2009 Not RCT or quasi-randomized

Murri 1980 Not RCT or quasi-randomized

Murri 1992 Not treatment of interest. Compare d different doses of same drug

Nakamura 1995

Not RCT or quasi-randomized

Nakamura 1999

Not population of interest

NCT00566046 Study terminated due to lack of enrolment; n o outcome data available
NCT00598923 Status of trial unknown, further information unavailable (no response from author)
NCT01110187 Study terminated due to lack of enrolment; n o outcome data available
North 1980 Not population of interest. Postoperative participants
North 1983 Not population of interest. Postoperative participants
Ohman 2001 Not population of interest. Included some participants with pre-existing seizures (excluded follow-
ing confirmation by author)
Ohno 1993 Not RCT or quasi-randomized
Pearl 2009 Not RCT or quasi-randomized
Pearl 2013 Not RCT or quasi-randomized
Penry 1979 Outcome data unavailable from author
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Study Reason for exclusion
Popek 1969 Not RCT or quasi-randomized
Popek 1972 Not RCT or quasi-randomized

Richard 1998

Not RCT or quasi-randomized

Schutze 1999

Not RCT or quasi-randomized

Servit 1981

Not RCT or quasi-randomized

Smith 1994

Not RCT or quasi-randomized. No control participants

Steinbaugh 2012

Secondary publication of Szaflarski 2010, no further relevant information reported

Szaflarski 2007

Not RCT or quasi-randomized. No control participants

Temkin 2003

Not RCT or quasi-randomized

Thapa 2010

Not RCT or quasi-randomized

Tomovic 1997

Author did not respond with outcome data

Van den Berghe 2005

Not population of interest. Participa nt population not traumatic brain injury

Virant-Young 2009

Not RCT or quasi-randomized

Watson 2004

Not RCT or quasi-randomized

Wohns 1979

Not RCT or quasi-randomized

Young 1979

Not RCT or quasi-randomized. No control group

RCT: randomized controlled trial .

Characteristics of ongoing studies [ordered by study ID]

NCT01048138

Trial name or title

Use of Biperiden for the Prevention of Post-Traumatic Epilepsy

Methods

Placebo-controlled, randomized, double-blind study

Participants

132

Interventions

Biperiden lactate and placebo

Outcomes

Onset of post-traumatic epilepsy, quality of life; cognitive level

Starting date

2013

Contact information

Luiz Eugenio Mello, Federal University of Sdo Paulo, lemello@unifesp.br

Notes

ClinicalTrials.gov/show/NCT01048138
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NCT01673828

Trial name or title

Allopregnanolone for the Treatment of Traumatic Brain Injury

Methods

Double-blind, placebo-controlled, randomized, dose-finding, 2-stage adaptive, clinical trial com-
paring allopregnanolone to placebo when administered intravenously for 5 days beginning within
8 hours after injury

Participants

136

Interventions

Allopregnanolone and placebo

Outcomes

Extended Glasgow Outcome Scale (GOS-E) Score; mortality; depression; late post-traumatic epilep-
sy; Neurobehavioral Rating Scale Revised (NRS-R); Test of Adult Reading; Tests of Executive Func-
tion; Tests of Learning, Delayed Recall, and Recognition; Test of Working Memory; Tests of Psy-
chomotor and Processing Speed; depression; quality of life; anxiety

Starting date

2013

Contact information

University of California, Davis Medical Center. Nancy Rudisill nancy.rudisill@ucdmc.ucdavis.edu /
Steffany Lim steffany.lim@ucdmc.ucdavis.edu

Notes

ClinicalTrials.gov/show/NCT01673828

NCT02027987

Trial name or title

Traumatic neuroprotection and epilepsy prevention of Valproate acid

Methods

160 participants who were in a vegetative or minimally conscious state 4 to 16 weeks after TBI and
who were receiving inpatient rehabilitation. Participants were randomly assigned to receive VPA or
placebo for 4 weeks and were followed for 2 weeks after the treatment was discontinued. The rate
of functional recovery on the Disability Rating Scale (DRS; range, 0 to 29, with higher scores indicat-
ing greater disability) was compared over the 4 weeks of treatment (primary outcome) and during
the 2-week washout period with the use of mixed-effects regression models.

Participants

160

Interventions

Valproate acid and placebo

Outcomes

DRS scores; time of break out and state of epilepsy; brain magnetic resonance imaging scan; the
blood concentration of valproate acid

Starting date

2013

Contact information

Hu S Jie, Xijing Hospital hushijie@fmmu.edu.cn hushijie1979@126.com

Notes

ClinicalTrials.gov/show/NCT02027987

DATA AND ANALYSES
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Comparison 1. Antiepileptic drug (AED) versus placebo or standard care

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Early seizure 5 987 Risk Ratio (IV, Random, 95% 0.42[0.23,0.73]
Cl)

2 Late seizure 6 1029 Risk Ratio (IV, Random, 95% 0.91[0.57, 1.46]
cl

3 All-cause mortality 5 1065 Risk Ratio (IV, Random, 95% 1.08 [0.79, 1.46]
cl

4 Any serious event 2 568 Risk Ratio (IV, Random, 95% 1.63[0.73, 3.66]
Cl)

5 Skin rash 2 568 Risk Ratio (IV, Random, 99% 1.65[0.54, 5.04]
Cl)

6 Sensitivity analysis - early seizure: 4 885 Risk Ratio (IV, Random, 95% 0.36[0.21, 0.60]

age of population Cl)

7 Sensitivity analysis - early seizure: 2 506 Risk Ratio (IV, Random, 95% 0.48[0.11,2.18]

study quality Cl)

8 Subgroup: late seizure: type of AED 6 1029 Risk Ratio (IV, Random, 95% 0.91[0.57, 1.46]
I

8.1 Late seizure - phenytoin 4 752 Risk Ratio (IV, Random, 95% 0.83[0.40, 1.70]
Cl)

8.2 Late seizure - other AED 2 277 Risk Ratio (IV, Random, 95% 0.96 [0.46, 1.99]
Cl)

9 Subgroup - late seizure: treatment 6 1029 Risk Ratio (IV, Random, 95% 0.91[0.57, 1.46]

duration Cl)

9.1 Long treatment duration 5 943 Risk Ratio (IV, Random, 95% 1.08 [0.81, 1.46]
cl

9.2 Short treatment duration 1 86 Risk Ratio (IV, Random, 95% 0.14[0.03, 0.55]
Cl)

10 Sensitivity analysis - late seizure: 5 706 Risk Ratio (IV, Random, 95% 0.81[0.44,1.48]

age of population Cl)

11 Sensitivity analysis - late seizure: 5 903 Risk Ratio (IV, Random, 95% 0.83[0.48, 1.41]

comparison group Cl)

12 Sensitivity analysis - late seizure: 1 323 Risk Ratio (IV, Fixed, 95% Cl) 1.25[0.79, 1.96]

study quality

13 Subgroup Analysis - all-cause mor- 5 Risk Ratio (IV, Random, 95% Subtotals only

tality: age of population Cl)

13.1 All-cause mortality - childrenon- 2 143 Risk Ratio (IV, Random, 95% 0.54[0.25, 1.19]

ly

Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

13.2 All-cause mortality - adults and 2 315 Risk Ratio (IV, Random, 95% 1.43[0.90, 2.27]

children Cl)

13.3 All-cause mortality - adults only 1 404 Risk Ratio (IV, Random, 95% 1.13[0.78,1.62]
Cl)

14 Subgroup analysis - all-cause mor- 5 Risk Ratio (IV, Random, 95% Subtotals only

tality: treatment duration Cl)

14.1 All-cause mortality - short-term 2 346 Risk Ratio (IV, Random, 95% 0.69[0.39, 1.24]

treatment duration Cl)

14.2 All-cause mortality - long-term 3 719 Risk Ratio (IV, Random, 95% 1.24[0.93, 1.65]

treatment duration Cl)

15 Sensitivity analysis - all-cause 4 914 Risk Ratio (IV, Random, 95% 0.97[0.65, 1.43]

mortality: type of AED Cl)

16 Sensitivity analysis - all-cause 2 506 Risk Ratio (IV, Fixed, 95% Cl) 1.00[0.72, 1.41]

mortality: study quality

Analysis 1.1. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 1 Early seizure.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Pechadre 1991 2/34 13/52 ‘—07 13% 0.24[0.06,0.98]
Temkin 1990 7/208 26/196 —_— 28.76% 0.25[0.11,0.57]
Glotzner 1983 8/75 22/76 — 31.72% 0.37[0.18,0.78]
Young 1983 5/136 4/108 15.22% 0.99[0.27,3.61]
Young 2004 3/46 3/56 11.29% 1.22[0.26,5.75]
Total (95% CI) 499 488 e 100% 0.42[0.23,0.73]
Total events: 25 (AED), 68 (Placebo)
Heterogeneity: Tau?=0.12; Chi*=5.66, df=4(P=0.23); 1>=29.38%
Test for overall effect: Z=3.02(P=0)

FavoursAED 0.1 02 0.5 1 2 5 10 Favours Placebo

Analysis 1.2. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 2 Late seizure.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% Cl
Glotzner 1983 14/75 20/76 — 21.37% 0.71[0.39,1.3]
Manaka 1992 8/50 8/76 e — 14.73% 1.52[0.61,3.79]
McQueen 1983 8/84 7/80 — 13.79% 1.09[0.41,2.86]
Pechadre 1991 2/34 22/52 ‘-‘7 8.59% 0.14[0.03,0.55]
Temkin 1990 36/170 26/153 —T 25.21% 1.25[0.79,1.96]
Young 1983 13/105 8/74 . — 16.31% 1.15[0.5,2.62]
FavoursAED 01 0.2 05 1 2 5 10 Favours Placebo
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Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% ClI
Total (95% Cl) 518 511 ¢ 100% 0.91[0.57,1.46]

Total events: 81 (AED), 91 (Placebo) ‘
Heterogeneity: Tau?=0.18; Chi*=10.91, df=5(P=0.05); 1*=54.19% ‘
Test for overall effect: Z=0.38(P=0.7) ‘

1

2 5 10 Favours Placebo

FavoursAED 0.1 02 0.5

Analysis 1.3. Comparison 1 Antiepileptic drug (AED) versus
placebo or standard care, Outcome 3 All-cause mortality.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Glotzner 1983 27/75 20/76 - 28.74% 1.37[0.84,2.22]
McQueen 1983 5/84 2/80 > 3.49% 2.38[0.48,11.92]
Temkin 1990 49/208 41/196 —i— 41.15% 1.13[0.78,1.62]
Young 1983 14/136 13/108 — T 15.65% 0.86[0.42,1.74]
Young 2004 6/46 14/56 S —— 10.96% 0.52[0.22,1.25]
Total (95% CI) 549 516 S 100% 1.08[0.79,1.46]
Total events: 101 (AED), 90 (Placebo)
Heterogeneity: Tau?=0.02; Chi?=4.97, df=4(P=0.29); 1>=19.46%
Test for overall effect: Z=0.47(P=0.64)

=
o

FavoursAED 0.1 02 0.5 1 2 5 Favours placebo

Analysis 1.4. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 4 Any serious event.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
McQueen 1983 5/84 1/80 + } 12.92% 4.,76[0.57,39.87]
Temkin 1990 37/208 25/196 R = 87.08% 1.390.87,2.23]
Total (95% CI) 292 276 el 100% 1.63[0.73,3.66]

Total events: 42 (AED), 26 (Placebo)
Heterogeneity: Tau?=0.14; Chi*=1.22, df=1(P=0.27); 1>=18.26%
Test for overall effect: Z=1.19(P=0.23)

=
o

FavoursAED 0.1 02 0.5 1 2 5 Favours placebo

Analysis 1.5. Comparison 1 Antiepileptic drug (AED) versus placebo or standard care, Outcome 5 Skin rash.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 99% Cl IV, Random, 99% CI
McQueen 1983 5/84 1/80 —Pp 14.34% 4.76[0.29,77.75]
Temkin 1990 25/208 17/196 —HB— 85.66% 1.39[0.64,2.99]
FavoursAED 01 02 0.5 1 2 5 10 Favoursplacebo
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Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 99% CI IV, Random, 99% ClI
Total (99% ClI) 292 276 -—b—- 100% 1.65[0.54,5.04]

Total events: 30 (AED), 18 (Placebo)
Heterogeneity: Tau?=0.13; Chi*=1.21, df=1(P=0.27); 1>=17.01%
Test for overall effect: Z=1.16(P=0.24)

L
1

FavoursAED 0.1 02 0.5 Favours placebo

Analysis 1.6. Comparison 1 Antiepileptic drug (AED) versus placebo or
standard care, Outcome 6 Sensitivity analysis - early seizure: age of population.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Glotzner 1983 8/75 22/76 —a— 38.87% 0.37[0.18,0.78]
Pechadre 1991 2/34 13/52 ‘—‘7 12.44% 0.24[0.06,0.98]
Temkin 1990 7/208 26/196 — 33.75% 0.25[0.11,0.57]
Young 1983 5/136 4/108 14.94% 0.99[0.27,3.61]
Total (95% CI) 453 432 - 100% 0.36[0.21,0.6]
Total events: 22 (AED), 65 (Placebo)
Heterogeneity: Tau?=0.04; Chi®=3.43, df=3(P=0.33); 1>=12.47%
Test for overall effect: Z=3.89(P<0.0001)

FavoursAED 0.1 02 0.5 1 2 5 10 Favours placebo

Analysis 1.7. Comparison 1 Antiepileptic drug (AED) versus placebo or
standard care, Outcome 7 Sensitivity analysis - early seizure: study quality.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Temkin 1990 7/208 26/196 —.— 59.26% 0.25[0.11,0.57]
Young 2004 3/46 3/56 = 40.74% 1.22[0.26,5.75]
Total (95% CI) 254 252 e — 100% 0.48[0.11,2.18]
Total events: 10 (AED), 29 (Placebo)
Heterogeneity: Tau?=0.83; Chi*>=3.08, df=1(P=0.08); 1>=67.54%
Test for overall effect: Z=0.95(P=0.34)

FavoursAED 0.1 02 0.5 1 2 5 10 Favours Placebo

Analysis 1.8. Comparison 1 Antiepileptic drug (AED) versus placebo
or standard care, Outcome 8 Subgroup: late seizure: type of AED.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
1.8.1 Late seizure - phenytoin
McQueen 1983 8/84 7/80 L — 13.79% 1.09[0.41,2.86]
Pechadre 1991 2/34 22/52 ‘-07 8.59% 0.14[0.03,0.55]
Favours Phenytoin 0.1 02 0.5 1 2 5 10 Favours Placebo
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Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% CI IV, Random, 95% ClI
Temkin 1990 36/170 26/153 —— 25.21% 1.25[0.79,1.96]
Young 1983 13/105 8/74 . e— 16.31% 1.15[0.5,2.62]
Subtotal (95% Cl) 393 359 —— 63.9% 0.83[0.4,1.7]

Total events: 59 (AED), 63 (Placebo)
Heterogeneity: Tau?=0.34; Chi*=8.82, df=3(P=0.03); 1>=65.98%
Test for overall effect: Z=0.51(P=0.61)

1.8.2 Late seizure - other AED

Glotzner 1983 14/75 20/76 — 21.37% 0.71[0.39,1.3]
Manaka 1992 8/50 8/76 —_— 14.73% 1.52[0.61,3.79]
Subtotal (95% Cl) 125 152 —— 36.1% 0.96[0.46,1.99]

Total events: 22 (AED), 28 (Placebo)
Heterogeneity: Tau?=0.13; Chi*=1.86, df=1(P=0.17); 1>=46.32%
Test for overall effect: Z=0.11(P=0.91)

Total (95% CI) 518 511 P 100% 0.91[0.57,1.46]
Total events: 81 (AED), 91 (Placebo)

Heterogeneity: Tau?=0.18; Chi*=10.91, df=5(P=0.05); 1*=54.19%
Test for overall effect: Z=0.38(P=0.7)

Test for subgroup differences: Chi*=0.08, df=1 (P=0.78), 1>=0%

Favours Phenytoin 01 02 0.5 1 2 5 10 Favours Placebo

Analysis 1.9. Comparison 1 Antiepileptic drug (AED) versus placebo or
standard care, Outcome 9 Subgroup - late seizure: treatment duration.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI

1.9.1 Long treatment duration

Glotzner 1983 14/75 20/76 — 21.37% 0.71[0.39,1.3]
Manaka 1992 8/50 8/76 e 14.73% 1.52[0.61,3.79]
McQueen 1983 8/84 7/80 R 13.79% 1.09[0.41,2.86]
Temkin 1990 36/170 26/153 —T 25.21% 1.25[0.79,1.96]
Young 1983 13/105 8/74 e . — 16.31% 1.15[0.5,2.62]
Subtotal (95% Cl) 484 459 < 91.41% 1.08[0.81,1.46]

Total events: 79 (AED), 69 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.8, df=4(P=0.59); 1>=0%
Test for overall effect: Z=0.53(P=0.59)

1.9.2 Short treatment duration
Pechadre 1991 2/34 22/52 ‘-‘7 8.59% 0.14[0.03,0.55]
Subtotal (95% CI) 34 52  — 8.59% 0.14[0.03,0.55]
Total events: 2 (AED), 22 (Placebo)
Heterogeneity: Not applicable

Test for overall effect: Z=2.8(P=0.01)

Total (95% CI) 518 511 P 100% 0.91[0.57,1.46]
Total events: 81 (AED), 91 (Placebo)
Heterogeneity: Tau?=0.18; Chi?>=10.91, df=5(P=0.05); 1*=54.19%
Test for overall effect: Z=0.38(P=0.7)

FavoursAED 0.1 02 0.5 1 2 5 10 Favours placebo
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Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
Test for subgroup differences: Chi*=8.11, df=1 (P=0), 1*=87.68%
FavoursAED 0.1 02 0.5 1 2 5 10 Favours placebo
Analysis 1.10. Comparison 1 Antiepileptic drug (AED) versus placebo or
standard care, Outcome 10 Sensitivity analysis - late seizure: age of population.
Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% Cl IV, Random, 95% ClI
Glotzner 1983 14/75 20/76 —— 26.79% 0.71[0.39,1.3]
Manaka 1992 8/50 8/76 —_—T 19.98% 1.52[0.61,3.79]
McQueen 1983 8/84 7/80 B b 18.93% 1.09[0.41,2.86]
Pechadre 1991 2/34 22/52 ‘—‘7 12.61% 0.14[0.03,0.55]
Young 1983 13/105 8/74 B — 21.69% 1.15[0.5,2.62]
Total (95% Cl) 348 358 —a— 100% 0.81[0.44,1.48]
Total events: 45 (AED), 65 (Placebo)
Heterogeneity: Tau?=0.26; Chi?=9.25, df=4(P=0.06); 1>=56.74%
Test for overall effect: Z=0.68(P=0.49)
FavoursAED 01 0.2 05 1 2 5 10 Favours placebo

Analysis 1.11. Comparison 1 Antiepileptic drug (AED) versus placebo or
standard care, Outcome 11 Sensitivity analysis - late seizure: comparison group.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Glotzner 1983 14/75 20/76 — 24.73% 0.71[0.39,1.3]
McQueen 1983 8/84 7/80 — 16.63% 1.09[0.41,2.86]
Pechadre 1991 2/34 22/52 —_— 10.68% 0.14[0.03,0.55]
Temkin 1990 36/170 26/153 —a— 28.57% 1.25[0.79,1.96]
Young 1983 13/105 8/74 — 19.39% 1.15[0.5,2.62]
Total (95% CI) 468 435 L 2 100% 0.83[0.48,1.41]
Total events: 73 (AED), 83 (Placebo)
Heterogeneity: Tau?=0.21; Chi*=9.97, df=4(P=0.04); 1>=59.88%
Test for overall effect: Z=0.7(P=0.48)

FavoursAED  0.01 0.1 1 10 100 Favours placebo

Analysis 1.12. Comparison 1 Antiepileptic drug (AED) versus placebo or
standard care, Outcome 12 Sensitivity analysis - late seizure: study quality.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N 1V, Fixed, 95% CI IV, Fixed, 95% CI
Temkin 1990 36/170 26/153 . 100% 1.25[0.79,1.96]
FavoursAED 001 0.1 1 10 100 Favours Placebo
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Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Fixed, 95% CI IV, Fixed, 95% CI
Total (95% Cl) 170 153 b 100% 1.25[0.79,1.96]

Total events: 36 (AED), 26 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.95(P=0.34)

Favours AED

Analysis 1.13. Comparison 1 Antiepileptic drug (AED) versus placebo or standard
care, Outcome 13 Subgroup Analysis - all-cause mortality: age of population.

0.01

100

Favours Placebo

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
1.13.1 All-cause mortality - children only
Young 1983 2/25 2/16 < * 18.11% 0.64[0.1,4.1]
Young 2004 6/46 14/56 —B— 81.89% 0.52[0.22,1.25]
Subtotal (95% Cl) 71 72 —~l— 100% 0.54[0.25,1.19]
Total events: 8 (AED), 16 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0%
Test for overall effect: Z=1.52(P=0.13)
1.13.2 All-cause mortality - adults and children
Glotzner 1983 27/75 20/76 —-.— 91.78% 1.37[0.84,2.22]
McQueen 1983 5/84 2/80 > 8.22% 2.38[0.48,11.92]
Subtotal (95% CI) 159 156 A 100% 1.43[0.9,2.27]
Total events: 32 (AED), 22 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.42, df=1(P=0.52); 1>=0%
Test for overall effect: Z=1.52(P=0.13)
1.13.3 All-cause mortality - adults only
Temkin 1990 49/208 41/196 —.— 100% 1.13[0.78,1.62]
Subtotal (95% CI) 208 196 - 100% 1.13[0.78,1.62]
Total events: 49 (AED), 41 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.64(P=0.52)
Test for subgroup differences: Chi?=4.34, df=1 (P=0.11), 1>=53.88%

6.1 012 015 1 ‘2 1(;

Favours AED

Analysis 1.14. Comparison 1 Antiepileptic drug (AED) versus placebo or standard
care, Outcome 14 Subgroup analysis - all-cause mortality: treatment duration.

Favours placebo

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
1.14.1 All-cause mortality - short-term treatment duration ‘
Young 1983 12/136 11/108 —m 55.74% 0.87[0.4,1.89]
Young 2004 6/46 14/56 —a— 44.26% 0.52[0.22,1.25]
Subtotal (95% Cl) 182 164 o 100% 0.69[0.39,1.24]
Total events: 18 (AED), 25 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.72, df=1(P=0.4); I>=0%

Favours AED 6.1 012 015 1 ‘2 1(;

Favours placebo
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Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% ClI
Test for overall effect: Z=1.24(P=0.21)
1.14.2 All-cause mortality - long-term treatment duration
Glotzner 1983 27/75 20/76 T 35.4% 1.37[0.84,2.22]
McQueen 1983 5/84 2/80 ; 3.17% 2.38[0.48,11.92]
Temkin 1990 49/208 41/196 —— 61.43% 1.13[0.78,1.62]
Subtotal (95% Cl) 367 352 @ 100% 1.24[0.93,1.65]
Total events: 81 (AED), 63 (Placebo)
Heterogeneity: Tau?=0; Chi*=1.05, df=2(P=0.59); 1>=0%
Test for overall effect: Z=1.44(P=0.15)
Test for subgroup differences: Chi*=3.07, df=1 (P=0.08), 1’=67.44% ‘ ‘ ‘ ‘ ‘
FavoursAED 0.1 02 0.5 1 2 10 Favours placebo

Analysis 1.15. Comparison 1 Antiepileptic drug (AED) versus placebo or
standard care, Outcome 15 Sensitivity analysis - all-cause mortality: type of AED.

Study or subgroup Phenytoin Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
McQueen 1983 5/84 2/80 } > 5.59% 2.38[0.48,11.92]
Temkin 1990 49/208 41/196 —-— 54.19% 1.13[0.78,1.62]
Young 1983 14/136 13/108 — 23.4% 0.86[0.42,1.74]
Young 2004 6/46 14/56 . e— 16.82% 0.52[0.22,1.25]
Total (95% CI) 474 440 - 100% 0.97[0.65,1.43]
Total events: 74 (Phenytoin), 70 (Placebo)
Heterogeneity: Tau?=0.04; Chi®=3.84, df=3(P=0.28); 1>=21.78%
Test for overall effect: Z=0.17(P=0.87)

6.1 0‘2 015 1 2 :

Favours phenytoin

Analysis 1.16. Comparison 1 Antiepileptic drug (AED) versus placebo or standard

10 Favours placebo

care, Outcome 16 Sensitivity analysis - all-cause mortality: study quality.

Study or subgroup AED Placebo Risk Ratio Weight Risk Ratio

n/N n/N IV, Fixed, 95% CI IV, Fixed, 95% CI
Temkin 1990 49/208 41/196 . 85.05% 1.13[0.78,1.62]
Young 2004 6/46 14/56 — 14.95% 0.52[0.22,1.25]
Total (95% CI) 254 252 <& 100% 1[0.72,1.41]
Total events: 55 (AED), 55 (Placebo)
Heterogeneity: Tau?=0; Chi*=2.54, df=1(P=0.11); 1>=60.58%
Test for overall effect: Z=0.02(P=0.98)

FavoursAED  0.01 0.1 1 10 100 Favours Placebo
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Comparison 2. Neuroprotective agent versus placebo

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

1 Early seizure 1 Risk Ratio (IV, Random, 95% Cl) Totals not selected
2 Late seizure 1 498 Risk Ratio (IV, Random, 95% Cl) 1.07[0.53,2.17]

3 All-cause mortality 1 466 Risk Ratio (IV, Random, 95% Cl) 1.2[0.80, 1.81]

Analysis 2.1. Comparison 2 Neuroprotective agent versus placebo, Outcome 1 Early seizure.

Study or subgroup Neuroprotective Placebo Risk Ratio Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% CI
Temkin 2007 1/250 0/249 } ) 2.99[0.12,73]
6.1 012 ois 1 2 5 1 :

Favors neuroprotective

0 Favors placebo

Analysis 2.2. Comparison 2 Neuroprotective agent versus placebo, Outcome 2 Late seizure.

Study or subgroup Neuropro- Placebo Risk Ratio Weight Risk Ratio
tective
n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Temkin 2007 15/249 14/249 B 100% 1.07(0.53,2.17]
Total (95% Cl) 249 249 ¢ 100% 1.07[0.53,2.17]

Total events: 15 (Neuroprotective), 14 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.19(P=0.85)

Favors neuroprotective

.
T2 5 10

N

Favors placebo

Analysis 2.3. Comparison 2 Neuroprotective agent versus placebo, Outcome 3 All-cause mortality.

Study or subgroup Neuropro- Placebo Risk Ratio Weight Risk Ratio
tective
n/N n/N IV, Random, 95% Cl IV, Random, 95% Cl
Temkin 2007 42/233 35/233 —.— 100% 1.2(0.8,1.81]
Total (95% Cl) 233 233 100% 1.2[0.8,1.81]

Total events: 42 (Neuroprotective), 35 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.87(P=0.38)

Favors neuroprotective

-
|
|

0.5 2 5 10

Favors placebo
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Comparison 3. Antiepileptic drug (AED) versus other AED

Outcome or subgroup ti-  No. of studies No. of partici- Statistical method Effect size

tle pants

1 Early seizure 2 431 Risk Ratio (IV, Random, 95% Cl) 0.66 [0.20, 2.12]
2 Late seizure 2 378 Risk Ratio (IV, Random, 95% Cl) 0.77[0.46, 1.30]
3 All-cause mortality 2 431 Risk Ratio (IV, Random, 95% CI) 0.53[0.30,0.94]

Analysis 3.1. Comparison 3 Antiepileptic drug (AED) versus other AED, Outcome 1 Early seizure.

Study or subgroup Phenytoin Other AED Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% CI 1V, Random, 95% CI
Szaflarski 2010 3/18 5/34 = 54.52% 1.13[0.31,4.21]
Temkin 1999 2/132 11247 4—B—— 45.48% 0.34[0.08,1.51]
Total (95% Cl) 150 281 ——e— 100% 0.66[0.2,2.12]

Total events: 5 (Phenytoin), 16 (Other AED)
Heterogeneity: Tau?=0.21; Chi*=1.41, df=1(P=0.24); 1>=29.03%
Test for overall effect: Z=0.7(P=0.48)

Phenytoin 01 0.2 0.5 1 2 5 10 Other AED

Analysis 3.2. Comparison 3 Antiepileptic drug (AED) versus other AED, Outcome 2 Late seizure.

Study or subgroup Phenytoin Other AED Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Szaflarski 2010 0/14 120 4 ) 2.74% 0.47[0.02,10.69]
Temkin 1999 17/123 39/221 —.'— 97.26% 0.78[0.46,1.32]
Total (95% CI) 137 241 - 100% 0.77[0.46,1.3]

Total events: 17 (Phenytoin), 40 (Other AED)
Heterogeneity: Tau?=0; Chi*=0.1, df=1(P=0.75); I>=0%
Test for overall effect: Z=0.98(P=0.33)

o
[
o
)
o
v
-
N
w
=
=)

Phenytoin Other AED

Analysis 3.3. Comparison 3 Antiepileptic drug (AED) versus other AED, Outcome 3 All-cause mortality.

Study or subgroup Phenytoin Other AED Risk Ratio Weight Risk Ratio

n/N n/N IV, Random, 95% Cl IV, Random, 95% CI
Szaflarski 2010 4/18 14/34 — 35.6% 0.54[0.21,1.4]
Temkin 1999 9/132 32/247 —l— 64.4% 0.53[0.26,1.07]
Total (95% CI) 150 281 e 100% 0.53[0.3,0.94]
Total events: 13 (Phenytoin), 46 (Other AED)
Heterogeneity: Tau?=0; Chi*=0, df=1(P=0.97); 1>=0% ‘ ‘ ‘ ‘ ‘ ‘

Phenytoin 01 0.2 0.5 1 2 5 10 Other AED
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Study or subgroup Phenytoin Other AED Risk Ratio Weight Risk Ratio
n/N n/N IV, Random, 95% CI IV, Random, 95% ClI

Test for overall effect: Z=2.18(P=0.03)

Phenytoin 01 0.2 0.5 1 2 5 10 Other AED

APPENDICES

Appendix 1. Cochrane Epilepsy Group Specialized Register search strategy
#1 MeSH DESCRIPTOR Craniocerebral Trauma Explode All

#2 craniocerebral next injur*

#3 craniocerebral next trauma*

#4 brain next injur*

#5 brain next trauma*

#6 head next injur®

#7 head next trauma*

#8 "post-trauma" or "post trauma" or posttrauma

#9#1 OR#2 OR#3 OR#4 OR #5 OR #6 OR #7 OR #8

#10 MeSH DESCRIPTOR Phenytoin Explode All

#11 MeSH DESCRIPTOR Phenobarbital Explode All

#12 MeSH DESCRIPTOR Carbamazepine Explode All

#13 phenytoin or phenobarb* or carbamazepine

#14 levetiracetam or etiracetam or lamotrigine or oxcarbazepine
#15 topiramate or gabapentin or lacosamide or harkeroside

#16 MeSH DESCRIPTOR Magnesium Sulfate Explode All

#17 "magnesium sulphate" or "magnesium sulfate"

#18 MeSH DESCRIPTOR Neuroprotective Agents Explode All

#19 MeSH DESCRIPTOR Nerve Growth Factors Explode All

#20 neurotrophic next factor*

#21 MeSH DESCRIPTOR Hormones Explode All

#22 MeSH DESCRIPTOR Antioxidants Explode All

#23 antioxida*

#24 MeSH DESCRIPTOR Anticonvulsants Explode All

#25 antiepilep* or "anti-epilep*"

#26 #10 OR#11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25

#27 #9 AND #26
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#28 #27 AND >16/12/2013:CRSCREATED AND INREGISTER

Appendix 2. CENTRAL (via CRSO) search strategy
#1 MESH DESCRIPTOR Craniocerebral Trauma EXPLODE ALL TREES

#2 (craniocerebral next injur*):TI,AB,KY

#3 (craniocerebral next trauma*):TI,AB,KY

#4 (brain next injur*):TI,AB,KY

#5 (brain next trauma*):TI,AB,KY

#6 (head next injur*):TI,AB,KY

#7 (head next trauma*):TI,AB,KY

#8 ((post-trauma) or (post trauma) or (posttrauma)):TI,AB,KY

#O#1 OR#2 OR#3 OR#4 OR #5 OR #6 OR #7 OR #8

#10 MESH DESCRIPTOR Phenytoin EXPLODE ALL TREES

#11 MESH DESCRIPTOR Phenobarbital EXPLODE ALL TREES

#12 MESH DESCRIPTOR Carbamazepine EXPLODE ALL TREES

#13 (phenytoin or phenobarb* or carbamazepine):TI,AB,KY

#14 (levetiracetam or etiracetam or lamotrigine or oxcarbazepine):TI,AB,KY
#15 (topiramate or gabapentin or lacosamide or harkeroside):TI,AB,KY
#16 MESH DESCRIPTOR Magnesium Sulfate EXPLODE ALL TREES

#17 ("magnesium sulphate" or "magnesium sulfate"):TI,AB,KY

#18 MESH DESCRIPTOR Neuroprotective Agents EXPLODE ALL TREES
#19 MESH DESCRIPTOR Nerve Growth Factors EXPLODE ALL TREES
#20 (neurotrophic next factor*):TI,AB,KY

#21 MESH DESCRIPTOR Hormones EXPLODE ALL TREES

#22 MESH DESCRIPTOR Antioxidants EXPLODE ALL TREES

#23 antioxida*:TI,AB,KY

#24 MESH DESCRIPTOR Anticonvulsants EXPLODE ALL TREES

#25 (antiepilep* or anti-epilep*):TI,AB,KY

#26 #10 OR#11 OR #12 OR#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25

#27 (epilep* or convuls* or seizure*):TI,AB,KY

#28 MESH DESCRIPTOR Epilepsy, Post-Traumatic EXPLODE ALL TREES
#29 #27 OR #28

#30 #9 AND #26 AND #29

#31* NOT INMEDLINE AND 30/11/2013 TO 28/02/2015:DL

#32 #30 AND #31
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Appendix 3. MEDLINE search strategy

This strategy is based on the Cochrane Highly Sensitive Search Strategy for identifying randomised trials published in Lefebvre 2011.

1. (randomized controlled trial or controlled clinical trial).pt. or (randomi?ed or placebo or randomly).ab.

2. clinical trials as topic.sh.

3. trial.ti.

4.1or2o0r3

5. exp animals/ not humans.sh.

6.4 not5

7. exp Craniocerebral Trauma/

8. ((craniocerebral or brain or head) adj (injur* or trauma*)).tw.

9. (post-trauma or post trauma or posttrauma).tw.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Tor8or9

exp Phenytoin/

exp Phenobarbital/

exp Carbamazepine/

(phenytoin or phenobarb* or carbamazepine).tw.
(levetiracetam or etiracetam or lamotrigine or oxcarbazepine).tw.
(topiramate or gabapentin or lacosamide or harkeroside).tw.
exp Magnesium Sulfate/

(magnesium sulphate or magnesium sulfate).tw.

exp Neuroprotective Agents/

exp Nerve Growth Factors/

neurotrophic factor*.tw.

exp Hormones/

exp Antioxidants/

antioxida*.tw.

exp Anticonvulsants/

(antiepilep* or anti-epilep*).tw.
llorl2orl3orl4orl5o0rl6orl7orl8orl19or20o0r21or22or23or24or250r26
(epilep* or convuls* or seizure*).tw.

exp Epilepsy, Post-Traumatic/

28 or 29

6 and 10 and 27 and 30

limit 31 to ed=20131216-20150113
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Appendix 4. EMBASE search strategy

#1 random*

#2 placebo*

#3doubl* NEAR/3 blind*

#4 assign*

#5 singl* NEAR/3 blind*

#6 allocat™

#7 volunteer*®

#8 'double blind procedure'/exp

#9 'randomized controlled trial'/exp

#10 single AND 'blind'/exp

#11#1 OR#2 OR#3 OR#4 OR #5 OR #6 OR #7 OR #8 OR #9
#12 #10 OR #11

#13 'animal'/exp NOT 'human'/exp

#14 #12 NOT #13

#15 'head injury'/exp

#16 (craniocerebral OR brain OR head) NEAR/3 (injur* OR trauma®*)
#17 posttrauma*

#18 post NEAR/3 trauma™

#19 #15 OR #16 OR #17 OR #18

#20 'phenytoin'/exp

#21 'phenobarbital' /exp

#22 'phenobarbital'/exp

#23 'carbamazepine'/exp

#24 'etiracetam' /exp

#25 'gabapentin'/exp

#26 'harkoseride'/exp

#27 'lamotrigine'/exp

#28 'topiramate'exp

#29 'oxcarbazepine'exp

#30 lamotrigine OR topiramate OR oxcarbazepine

#31 levetiracetam OR etiracetam OR lacosamide OR harkoseride
#32 phenytoin OR phenobarb* OR carbamazepine OR gabapentin
#33 'magnesium sulfate'/exp

#34 'magnesium sulphate' OR 'magnesium sulfate'
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#35 'neuroprotective agent'/exp

#36 "nerve growth factor'/exp

#37 'hormone'/exp

#38 'anticonvulsive agent'/exp OR 'anticonvulsant activity'/exp
#39 'antioxidant'/exp OR 'antioxidant activity'/exp

#40 neuro* NEAR/3 factor*

#41 antioxida*

#42 anti*epilep*

#43 hormon*

#44 'nerve growth' NEAR/3 factor®

#45 #20 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38
OR #39 OR #40 OR #41 OR #42 OR #43 OR #44

#46 epilep” OR convuls* OR seizure*

#47 'seizure'/exp OR 'epilepsy'/exp OR 'convulsion'/exp

#48 #46 OR #47

#49 #14 AND #19 AND #45 AND #48

#50 #14 AND #19 AND #45 AND #48 AND [15-8-2011]/sd NOT [5-9-2014]/sd

Appendix 5. SCOPUS search strategy

(TITLE-ABS-KEY(randomly OR "clinical trial" OR "controlled trial" OR randomised OR randomized OR placebo*)) AND (TITLE-ABS-
KEY("craniocerebral trauma*" OR "craniocerebral injur*" OR "brain trauma*" OR "brain injur*" OR "head trauma*" OR "head injur*" OR
posttrauma* OR post-trauma* OR "post trauma*")) AND (TITLE-ABS-KEY(phenytoin OR phenobarb* OR carbamazepine OR levetiracetam
OR etiracetam OR lamotrigine OR oxcarbazepine OR topiramate OR gabapentin OR lacosamide OR harkeroside OR "magnesium sulphate"
OR "magnesium sulfate" OR "neurotrophic factor*" OR antioxida* OR antiepilep* OR anti-epilep*)) AND (TITLE-ABS-KEY(epilep* OR
convuls* OR seizure)) AND ( LIMIT-TO(PUBYEAR,2013) OR LIMIT-TO(PUBYEAR,2012) ) AND ( LIMIT-TO(EXACTKEYWORD,"Human" ) OR LIMIT-
TO(EXACTKEYWORD,"Humans" ))

Appendix 6. Biological Abstracts search strategy
#1 TS=(((craniocerebral or brain or head) NEAR/1 (injur* or trauma*))) Indexes=Biological Abstracts Timespan=All years
#2 TS=("post-trauma" OR "posttrauma") Indexes=Biological Abstracts Timespan=All years

#3 TS=(phenytoin OR phenobarb* OR carbamazepine OR levetiracetam OR etiracetam OR lamotrigine OR oxcarbazepine OR topiramate OR
gabapentin OR lacosamide OR harkeroside OR "magnesium sulphate" OR "magnesium sulfate" OR "neurotrophic factor*" OR antioxida*
OR antiepilep* OR anti-epilep*) Indexes=Biological Abstracts Timespan=All years

#4 TS=(epilep* OR convuls* OR seizure*) Indexes=Biological Abstracts Timespan=All years
#5 #1 OR #2 Indexes=Biological Abstracts Timespan=All years
#6 #3 AND #4 AND #5 Indexes=Biological Abstracts Timespan=All years

#7 TS=(randomly OR "clinical trial" OR "controlled trial" OR randomised OR randomized OR placebo*) Indexes=Biological Abstracts
Timespan=All years

#8 #6 and #7 Indexes=Biological Abstracts Timespan=All years

#9 #7 AND #6 Indexes=Biological Abstracts Timespan=2011-2015
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Appendix 7. Data extraction form

Reviewer: Date of review:

1. Study Description

Study ID number: RefWorksID number:

Corresponding author’s name and Corresponding author’s email:

institution:
Full citation, including all author Author contacted:
names:

Yes

No

If Yes:

Indicate reason:

Date message sent:

Response summary:

Only abstract was published.

Date of response:

Setting of study: Language:
English

Other

Check off inclusion criteria:

Study is an RCT or a quasi-randomized trial.

Patients were diagnosed with TBI.

Study involves administration of pharmacologic agents for the prevention of post-traumatic epilepsy.
Study excluded patients that had a previous documented unprovoked seizure.

Study reports outcomes of interest.

Additional notes:

Part I: Data extraction form
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2. General study design questions

Was this a multicenter study? Not reported
Yes
No

Duration of enrolment:

Duration of follow-up:

Study excluded patients six years and under? Not reported
Yes

No (indicate details in part 3: Participants)

3. Participants

Overall

Control

Treatment 1

Treatment 2

N number randomized

N number followed up

Age classification: All patients are <

17 yrs

All patients are >=
17

Neither of the
above.

All patients are <17
yrs

All patients are >=
17

Neither of the
above.

All patients are <17
yrs

All patients are >=
17

Neither of the
above.

All patients are <
17 yrs

All patients are >=
17

Neither of the
above.

Indicate age:
range:

or

Mean/SD:

or

Median:

Additional details:

Gender (Proportion male)

Trauma severity Undefined

Undefined

Undefined

Undefined
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Minor Minor Minor Minor
Moderate Moderate Moderate Moderate
Severe Severe Severe Severe
Indicate methods of measurement
for severity:
e.g.: EEG,MRI, or CT scan findings,
GCS range, etc.
How were seizures identified? Not reported EEG Not reported EEG Not reported EEG Not reported
EEG
Clinical find- Clinical find- Clinical find-
ings ings ings Clinical
findings
4. Treatment/Control/Comparison
Control Treatment 1 Treatment 2
Type of agent Placebo Traditional AED Traditional AED
Usual care Newly licensed AED Newly licensed AED
Other agent Other agent
Examples for types of Traditional antiepileptic: antiepileptic Drug that has been on the market for many years (E.g. Carba-
agent: mazepine, phenytoin, valproate)
Newly licensed AED: antiepileptic Drug that has been licensed more recently (E.g. Levetiracetam, topi-
ramate, lamotrigine, oxcarbazepine)
Other agent: Any agent or drug that is not marketed as an AED (E.g.Magnesium sulphate
Name of agent

Dose amount& adminis-
tration method

Therapeutic dose

Timing of doses

Pharmacological treatments for preventing epilepsy following traumatic head injury (Review)
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Duration of treatment

Short-term Short-term
Mid-term Mid-term
Long-term Long-term

Additional comment: Additional comment:

Short-term
Mid-term
Long-term

Additional comment:

Definitions for duration
of treatment:

Short-term: Treatment less than or equal to 3 months post injury
Mid-term: Treatment less than or equal to 12 months post injury

Long-term: Treatment more than 12 months post injury

First dose given before
a first posttraumatic
seizure?

Not reported Not reported Not reported
Yes Yes Yes
No No No

5. Primary outcomes

For the purpose of this review, seizure outcomes are classified according to the following definitions:

Early seizures are those that occur within one week of trauma.

Late seizures are those that occur later than one week post-trauma.

Note that some studies only report seizure incidence in general and do not indicate when they occurred. Report this in the row labelled
“Patients experiencing seizures (general)”.

Control (n/N) Treatment 1 (n/N) Treatment 2 (n/N)
Patients experiencing early seizures *
Patients experiencing late seizures
Patients experiencing seizures (general)
* If the study reports actuarial percentages, please note that here.
6. Secondary outcomes
Control Treatment 1 Treatment 2
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Mortality from any cause during follow-up period

Mean number of early seizures (per patient)

Mean number of late seizures (per patient)

Mean number of seizures (general) (per patient)

Time to first seizure

(may report hazard ratio, Cl)

Time to second seizure

(hazard ratio, Cl)

Other adverse effects (Eg. Skin rashes)

(Define adverse effect and indicate incidence) (n/N)

Number of patients for which treatment was discontinued
(include reasons) (n/N)

Other outcomes reported by study (e.g. Neurological find-
ings, Status Epilepticus)

Part Il:Questions for assessing Risk of Bias (ROB)

A summary of the ROB domains, as described by the Cochrane Collaboration in chapter 8of the handbook, are included here for
reference.

Domain Support for judgement
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Selection bias.

Random sequence genera-
tion.

Describe the method used to generate the allocation sequence in sufficient detail to allow an as-
sessment of whether it should produce comparable groups.

Allocation concealment.

Describe the method used to conceal the allocation sequence in sufficient detail to determine
whether intervention allocations could have been foreseen in advance of, or during, enrolment.

Performance bias.

Blinding of participants and
personnel Assessments should
be made for each main out-
come (or class of outcomes).

Describe all measures used, if any, to blind study participants and personnel from knowledge of
which intervention a participant received. Provide any information relating to whether the intend-
ed blinding was effective.

Detection bias.

Blinding of outcome assess-
ment Assessments should be
made for each main outcome
(or class of outcomes).

Describe all measures used, if any, to blind outcome assessors from knowledge of which interven-
tion a participant received. Provide any information relating to whether the intended blinding was
effective.

Attrition bias.

Incomplete outcome data As-
sessments should be made for
each main outcome (or class of
outcomes).

Describe the completeness of outcome data for each main outcome, including attrition and exclu-

sions from the analysis. State whether attrition and exclusions were reported, the numbers in each
intervention group (compared with total randomized participants), reasons for attrition/exclusions
where reported, and any re-inclusions in analyses performed by the review authors.

Reporting bias.

Selective reporting.

State how the possibility of selective outcome reporting was examined by the review authors, and
what was found.

Other bias.

Other sources of bias.

State any important concerns about bias not addressed in the other domains in the tool.

If particular questions/entries were pre-specified in the review’s protocol, responses should be pro-
vided for each question/entry.

Domain Assessment Support for judgement
Selection bias.
Random sequence generation. Low
Unclear
High
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Allocation concealment. Low
Unclear
High

For performance bias, detection bias and attrition bias, assessments should be made for each main outcome (or class of
outcomes). Print off more copies of the following page, if more space is required.

Define outcome:

Domain Assessment Support for judgement

Performance bias.

Blinding of participants and personnel Low
Unclear

High

Detection bias.

Blinding of outcome assessment Low
Unclear

High

Attrition bias.

Incomplete outcome data Low
Unclear
High
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Domain Assessment Support for judgement

Reporting bias.

Selective reporting. Low
Unclear
High

Other bias.

Other sources of bias. Low
Unclear
High

Part Ill. Additional details
Fill in any study shortcomings and other relevant details.

Appendix 8. Severity of trauma

Mild Moderate Severe Very severe
PTA <1 hour PTA 1-24 hours PTA 1-7 days PTA>7 days
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GCS 13-15 GCS9-12 GCS 3-8 LOC > 48 hours
LOC < 15 minutes LOC <6 hours LOC 6-48 hours

GCS: Glasgow Coma Score; LOC: loss of consciousness; PTA: post-traumatic amnesia.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We found too few studies; therefore, we produced no funnel plots or orbit tables. Other sources of bias were also considered in addition
to the bias domains listed in protocol. We performed no subgroup analysis by trauma severity as only one study reported including
participants of moderate to severe trauma, all the other studies included severe only. The subgroup analyses for age were broken down by
proportion of participants aged over 17 years and under 17 years, such that studies that exclusively included adults or exclusively children
were separated out. Data were not provided in a manner that we were able to separate by mean age under six years, age between six and
17 years and age over 17 years as planned in protocol. We performed no subgroup analysis for the early seizure outcome due to insufficient
data. However, we added a sensitivity analysis for age of population for early seizure. Subgroup analysis was only performed by type of
AED and treatment duration for the late seizure outcome due to insufficient data for other analyses. We added a sensitivity analysis for
age of population, and type of control group (placebo versus usual care) comparison for late seizure. Insufficient data were available to
perform a subgroup analysis by type of AED for all-cause mortality; however, we performed a sensitivity analysis. Time-to-event data were
not provided in the papers; therefore, we did not use hazard ratios to summarize time-to-event outcomes. Time from first seizure to second
seizure was not recorded or analyzed as these data were not provided in the papers. No trial reported comparing a pharmacologic agent
other than an AED with a placebo on adverse events; therefore, we completed no analysis. We performed no imputation for missing data,
as this was not relevant based on data collected. We performed no sensitivity analysis for analysis based on imputation.
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INDEX TERMS

Medical Subject Headings (MeSH)

Anticonvulsants [*therapeutic use]; Carbamazepine [therapeutic use]; Cause of Death; Craniocerebral Trauma [*complications]
[mortality]; Epilepsy [etiology] [mortality] [*prevention & control]; Levetiracetam; Magnesium Sulfate [therapeutic use];
Neuroprotective Agents [*therapeutic use]; Phenytoin [therapeutic use]; Piracetam [analogs & derivatives] [therapeutic use];
Randomized Controlled Trials as Topic; Valproic Acid [therapeutic use]

MeSH check words
Adult; Child; Humans
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