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ABSTRACT	56 

Objectives: To compare the safety of Anti-epileptic drugs (AEDs) on neurodevelopment of 57 

infants/children exposed in-utero or during breastfeeding.  58 

Design	and	Setting: Systematic review and Bayesian random-effects network meta-59 

analysis (NMA). 60 

Participants:  27 cohort studies including 4,841 infants/children. 61 

Interventions: Mono- and poly-therapy AEDs were included, including first-generation 62 

(i.e., carbamazepine, clobazam, clonazepam, ethosuximide, phenobarbital, phenytoin, 63 

primidone, valproate) and newer-generation (i.e., gabapentin, lamotrigine, levetiracetam, 64 

oxcarbazepine, topiramate, vigabatrin) AEDs. 65 

Primary	and	secondary	Outcome	measures: Cognitive developmental delay and 66 

autism/dyspraxia were primary outcomes. Attention deficit hyperactivity disorder, 67 

language delay, neonatal seizures, psychomotor developmental delay, and social 68 

impairment were secondary outcomes. 69 

Results: The NMA on cognitive developmental delay 10 cohort studies, 748 children, 14 70 

AEDs and control (no AED) suggested valproate (arm sample size (N)=160, odds ratio 71 

(OR)=8.63, 95% credible interval (CrI):  3.01-25.74) and the combination carbamazepine, 72 

phenobarbital, and valproate (N=3, OR=17.31, CrI: 1.02-434.50) were statistically 73 

significantly associated with more children experiencing cognitive developmental delay. A 74 

NMA was conducted on autism including 5 cohort studies, 2,551 children, 11 AEDs and 75 

control; only oxcarbazepine (N=321, OR=13.51, CrI: 1.28-221.40), valproate (N=485, 76 

OR=17.29, 95% CrI: 2.40-217.60), lamotrigine (N=745, OR=8.88, CrI: 1.28-112.00), and 77 

lamotrigine+valproate (N=6, OR=132.70, CrI: 7.41-3851.00) were associated with a 78 
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significantly greater risk of autism compared with control. Psychomotor developmental 79 

delay was the largest NMA of secondary outcomes (11 cohort studies, 1,145 children, 17 80 

AEDs and control): valproate (N=137, OR=4.16, CrI: 2.04-8.75) and 81 

carbamazepine+phenobarbital+valproate (N=3, OR=19.12, CrI: 1.49-337.50) were 82 

associated with a significantly greater risk of psychomotor delay compared with control. 83 

Conclusions: Across all outcomes, valproate alone or combined with another AED is 84 

associated with the greatest risk, whereas oxcarbazepine and lamotrigine were associated 85 

with increased occurrence of autism. Counselling is advised for women considering 86 

pregnancy to tailor the safest regimen. 87 

	88 

Registration:	PROSPERO database (CRD42014008925).	89 

Keywords:	multiple treatment meta-analysis, knowledge synthesis, epilepsy, pregnancy, 90 

infants, developmental delay.  91 

ARTICLE	SUMMARY	92 

Strengths	and	limitations	of	this	study	93 

• 27 cohort studies involving 4,841 children of women who took AEDs were included 94 

in this systematic review. More evidence from long-term follow-up studies is 95 

required. 96 

• This study was the first that compared and ranked the safety of AEDs, including 97 

comparative safety of treatments that have not been directly compared.  98 
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• Across all neurological outcomes, valproate alone or combined with another AED is 99 

associated with the greatest risk.  100 

• Oxcarbazepine and lamotrigine were associated with increased occurrence of 101 

autism.102 
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INTRODUCTION	103 

Anti-epileptic drugs (AEDs) are used by pregnant women for various conditions, such as 104 

epilepsy, pain syndromes, psychiatric disorders, and chronic migraine.1 AED use during 105 

pregnancy is associated with risks to the fetus, as these drugs can cross the placenta or may 106 

be transferred to the infant through breastfeeding and may be associated with adverse 107 

neurodevelopment outcomes.2-4 Two systematic reviews examined the association 108 

between AED exposure and neurodevelopment in utero, and reported that exposure to 109 

valproate was linked to significantly lower IQ scores and poorer overall 110 

neurodevelopmental outcomes in the children of women who used these medications.5 6 No 111 

statistically significant associations were found between neurodevelopment and exposure 112 

to other AEDs such as carbamazepine, lamotrigine, or phenytoin.5-8 However, there is a lack 113 

of sufficiently powered studies to assess the impact of AEDs on neurodevelopment in 114 

children of women exposed to these agents, especially for newer generation drugs, thus 115 

highlighting the need for a systematic review.9 10 116 

The aim of this study was to compare the safety of AEDs and assess their impact on 117 

neurodevelopment in infants and children exposed in-utero or during breastfeeding, 118 

employing a systematic review and network meta-analysis (NMA). 119 
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METHODS	120 

The methods are briefly described here; details can be found in the published protocol 121 

(Additional File 1).11 This study was registered with PROSPERO (CRD42014008925). We 122 

followed the ISPOR12 guidelines for our NMA, and reported our findings using the PRISMA 123 

extension for NMA (Additional File 2).13 124 

Eligibility	criteria		125 

All randomized clinical trials (RCTs), quasi-RCTs, and observational studies were eligible. 126 

Included studies assessed infants or children ≤12 years of age whose mothers consumed 127 

AEDs during pregnancy and/or while breastfeeding. Both mono- and poly-therapy AEDs 128 

were eligible, including first-generation (i.e., carbamazepine, clobazam, clonazepam, 129 

ethosuximide, phenobarbital, phenytoin, primidone, valproate) and newer-generation (i.e., 130 

marketed after 1990 including: gabapentin, lamotrigine, levetiracetam, oxcarbazepine, 131 

topiramate, vigabatrin), with no restrictions on AED dosage. Placebo, no AED, other AEDs 132 

alone or in combination, were considered as comparators. Duplicate studies that used the 133 

same registry or population sample (i.e., companion studies) were used for supplementary 134 

information only. No language or other restrictions were imposed. 135 

The primary neurological outcomes were cognitive developmental delay and 136 

autism/dyspraxia, and the secondary outcomes included attention deficit hyperactivity 137 

disorder (ADHD), language delay, neonatal seizures, psychomotor developmental delay, 138 

and social impairment (outcome measures and diagnostic scales used are provided in 139 

Additional File 3: Appendix A). Our initial intention was to evaluate all safety outcomes in 140 

infants and children who were exposed to AEDs in-utero or during breastfeeding in one 141 

publication. However, given the breadth of evidence we identified, we report results 142 

Page 9 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

 

9 

 

related to risk of major congenital malformations, birth, and prenatal outcomes in a second 143 

paper (paper in preparation). 144 

Searching,	screening,	abstraction,	appraisal	of	methodological	quality	145 

We searched MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials up 146 

to December 15, 2015, and identified additional studies from scanning references and 147 

contacting authors. Unpublished studies were sought by searching clinical trial registries 148 

and conference abstracts. After a calibration exercise, titles/abstracts and full-text papers 149 

were screened by two reviewers independently (further details reported in Additional File 150 

3: Appendix B). Conflicts were resolved through discussion. The same approach was used 151 

for data abstraction and appraisal of methodological quality. 152 

Observational studies were only identified, and their methodological quality was appraised 153 

with the Newcastle-Ottawa Scale (Additional File 3: Appendix C).14 For each outcome with 154 

≥10 studies and treatment comparisons with different total numbers of patients, the 155 

comparison-adjusted funnel plot was used to assess reporting bias,15 where the overall 156 

treatment effect for each comparison was estimated under the fixed-effect meta-analysis 157 

model.  158 

Synthesis	of	included	studies		159 

We used the odds ratio (OR) for each dichotomous outcome, and outcome data were 160 

pooled using hierarchical models and the Markov Chain Monte Carlo sampling method in a 161 

Bayesian framework. To account for anticipated methodological and clinical heterogeneity 162 

across studies, and to achieve the highest generalizability in the meta-analytical treatment 163 

effects, we applied a random-effects model.16  164 
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For connected evidence networks, we applied a random-effects NMA hierarchical model.17 165 

The review team pre-specified the network nodes. Due to the complexity of the data and 166 

the studies’ underreporting, differences in drug dosages could not be accounted for, and it 167 

was assumed that different dosages of the same AED were equally effective. When a study 168 

reported multiple dosages for the same treatment, we combined the data for this 169 

treatment. We assessed the transitivity assumption for each outcome a priori using the 170 

treatment effect modifiers: age, baseline risk, treatment indication, timing, and 171 

methodological quality. The mean of each continuous effect modifier and the mode of each 172 

categorical effect modifier for each pairwise comparison were presented in tables for each 173 

outcome.18 The consistency assumption was evaluated for the entire network of each 174 

outcome using the design-by-treatment interaction model.19 If inconsistency was identified, 175 

further examination for local inconsistency in parts of the network was completed using 176 

the loop-specific method.20 21 Common within-network between-study variance (��) across 177 

treatment comparisons was assumed in the conventional meta-analysis, NMA, and design-178 

by-treatment interaction model, so that treatment comparisons including a single study can 179 

borrow strength from the remaining network. This assumption was clinically reasonable, 180 

as the treatments included were of the same nature. In the loop-specific approach, common 181 

within-loop �� was assumed. 182 

For cognitive developmental delay and autism/dyspraxia outcomes, network meta-183 

regression analyses for maternal age and baseline risk (i.e., using the control group) were 184 

conducted, when at least 10 studies provided relevant information, assuming a common 185 

fixed coefficient across treatment comparisons. Sensitivity analyses for cognitive 186 

developmental delay and autism/dyspraxia outcomes were performed for studies with the 187 
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treatment indication of epilepsy, large study size (i.e., >300), maternal alcohol intake, 188 

maternal tobacco use, only first-generation AEDs, and higher methodological quality for the 189 

two items of the Newcastle-Ottawa Scale that had the highest percentage of low 190 

methodological quality (adequacy of follow-up of cohorts and comparability of cohorts 191 

items for cohort studies). Severity of epilepsy, which may be a risk factor variable as the 192 

more severe the epilepsy the more necessary AED medications for the mother,22 was not 193 

evaluated in our analyses since this was not commonly reported. For autism/dyspraxia, a 194 

sensitivity analysis on maternal IQ/psychiatric history was additionally conducted. We 195 

measured the goodness of fit using the posterior mean of the residual deviance, the degree 196 

of between-study heterogeneity, and the deviance information criterion. In a well-fitting 197 

model the posterior mean residual deviance should be close to the number of data points.23 198 

24 A difference of 3 units in the deviance information criterion was considered important 199 

and the lowest value of the deviance information criterion corresponded to the model with 200 

the best fit.23 24  201 

All analyses were conducted in OpenBUGS25 assuming non-informative priors for all model 202 

parameters and a half normal prior distribution for the between-study standard deviation 203 

(τ~Ν(0,1),τ>0). The first 10,000 iterations were discarded and then 100,000 simulations 204 

were run with thinning of 10 values. Convergence was checked by visual inspection of the 205 

evaluation of the mixing of two chains. The median and 95% CrI were calculated for each 206 

parameter value, since medians are not overly influenced by outliers. The network 207 

command26 was used to apply the design-by-treatment interaction model. 208 

For NMA estimates, a 95% predictive interval (PrI) is also reported to capture the 209 

magnitude of the between-study variance (��) and present the interval within which the 210 
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treatment effect of a future study is expected to lie.27 28 The estimated safety of the included 211 

AED medications was ranked using the surface under the cumulative ranking (SUCRA) 212 

curve.29 The larger the SUCRA for a treatment, the higher its safety rank among all the 213 

available treatment options. A steep gradient in the cumulative ranking curve suggests that 214 

the corresponding treatment is most likely the safest. SUCRA curve values are presented 215 

along with 95% CrIs to capture the uncertainty in the parameter values.216 
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RESULTS	217 

Literature	search	and	included	studies	218 

Our literature search identified 5,305 titles and abstracts, which after the screening process 219 

yielded 642 articles potentially relevant for inclusion (Figure 1). After full-text review, 93 220 

studies fulfilled eligibility criteria along with 17 studies identified through supplemental 221 

methods. Of the 110 total eligible studies in the complete review, 27 articles with nine 222 

companion reports or potentially overlapping studies included one or more relevant 223 

neurological outcomes (Additional File 3: Appendices D, E). Two of the included studies 224 

were conference abstracts with usable data, nine were non-English publications, and four 225 

studies, not captured in the original literature search, were identified through reference 226 

scanning. A table with the key excluded studies and a rationale for their exclusion is 227 

presented in Additional File 3: Appendix F. 228 

Study	and	patient	characteristics	229 

We included 27 cohort studies (4,841 total patients) published between 1989 and 2015 230 

(Table 1; Additional File 3: Appendices G, H). The number of patients included in each 231 

study ranged from 23 to 2,011 (median 69), and the number of arms compared in each 232 

study ranged from two to 12. Most studies (78%) were published after 2000, more than 233 

half of the studies (67%) included fewer than 100 patients, and 13 studies (48%) included 234 

a control group of pregnant/breastfeeding women with epilepsy who did not receive AEDs. 235 

The mean age of women ranged from 24 to 32 years. About half of the studies were funded 236 

through government/public research funding (52%).  237 

Methodological	quality	results		238 
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Twenty-seven observational studies were appraised using the Newcastle Ottawa Scale 239 

(Additional File 3: Appendix I). All studies selected the non-exposed cohort from the same 240 

community as the exposed cohort, 25 (93%) included a representative (or somewhat 241 

representative) sample, 25 (93%) assessed outcomes independently, blindly or via a 242 

record linkage (e.g., identified through database records), and 21 (78%) ascertained 243 

exposure via secured records (e.g., database records) or structured interviews. No evidence 244 

for reporting bias was identified by the visual inspection of the comparison-adjusted funnel 245 

plots (Additional File 3: Appendix J). 246 

Statistical	analysis	results	247 

No important concerns were raised regarding the violation of the transitivity assumption 248 

when mean maternal age, mean baseline risk, treatment indication, and timing were 249 

assessed (Additional File 3: Appendix K). However, the average methodological quality 250 

appraisal across treatment comparisons varied across treatment comparisons. The 251 

evaluation of the consistency assumption using the design-by-treatment interaction model 252 

suggested that there was no evidence of significant inconsistency across all outcomes 253 

(Additional File 3: Appendix K).  254 

In the following sections, we present the overall results of the NMA analyses for each 255 

outcome, while the SUCRA curve values from all outcomes are presented in Additional File 256 

3: Appendix L and depicted in a rank-heat plot (http://rh.ktss.ca/)30 in Additional File 3: 257 

Appendix M. 258 

Cognitive	developmental	delay	259 

The NMA for cognitive developmental delay (definitions in Additional File 3: Appendix A) 260 

included ten cohort studies, 748 children, and examined 13 AEDs plus control (i.e., no 261 
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exposure to AEDs). One study included children exposed to AEDs both in-utero and through 262 

breastfeeding, and nine included children exposed to AEDs in-utero. Overall, 6% of the 263 

treatment comparisons in the network reached statistical significance (Figure 2a; 264 

Additional File 3: Appendices K, N). Valproate (OR=8.63, 95% CrI: 3.01-25.74) and 265 

carbamazepine+phenobarbital+valproate (OR=17.31, 95% CrI:  1.02-434.50) were 266 

statistically significantly associated with greater risk in children experiencing 267 

developmental delay compared with control (Figure 3).  268 

Restricting the NMA to 9 cohort studies including 725 offspring of women only with 269 

epilepsy as their treatment indication, comparing 13 AEDs plus control produced results 270 

that were generally in agreement with the overall results. The same was observed in a 271 

network meta-regression model of baseline risk for offspring of women with epilepsy who 272 

were not exposed to AEDs (estimated regression coefficient on OR scale: 0.94, 95% CrI: 273 

0.67-2.19; τ2=0.17, 95% CrI: 0.00-1.38; residual deviance= 40.26, data points= 42, deviance 274 

information criterion= 71). Restricting the analysis to 6 cohort studies including 480 275 

children comparing 11 first-generation AEDs, we found that valproate was statistically 276 

significantly more harmful than control, phenytoin, and carbamazepine, yet 277 

carbamazepine+phenobarbital+valproate was no longer statistically significant versus 278 

control. The results were no longer statistically significant when restricted to two studies 279 

of 319 offspring of women with a history of alcohol and tobacco use comparing 3 AEDs and 280 

control. This result was consistent in sensitivity analyses including only higher 281 

methodological quality studies in the ‘comparability of cohorts’ item on the Newcastle-282 

Ottawa Scale (2 studies, 181 children, 3 AEDs plus control) and the ‘adequacy of follow-up 283 

of cohorts’ (4 studies, 283 children, 11 AEDs plus control).  284 
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Autism/dyspraxia	285 

The NMA on autism/dyspraxia (definitions in Additional File 3: Appendix A) included five 286 

cohort studies, 2,551 children exposed in utero, and examined 11 AEDs plus control (i.e., no 287 

AED exposure). Overall, 9% of the treatment comparisons in the network reached 288 

statistical significance (Figure 2b; Additional File 3: Appendices K, N). Compared with 289 

control, only valproate (OR=17.29, 95% CrI: 2.40-217.60), oxcarbazepine (OR= 13.51, 290 

95% CrI: 1.28-221.40), lamotrigine (OR= 8.88, 95% CrI: 1.28-112.00), and 291 

lamotrigine+valproate (OR=132.70, 95% CrI: 7.41-3851.00) were significantly associated 292 

with increased occurrence of autism/dyspraxia (Figure 3).  293 

Restricting the NMA to studies including only women with epilepsy as their treatment 294 

indication produced results that were generally in agreement with the overall results, 295 

except that oxcarbazepine was no longer in the network (4 cohort studies, 540 children, 9 296 

AEDs plus control). Two cohort studies of 404 offspring of women with a history of tobacco 297 

use compared 3 AEDs and control and found similar results except that oxcarbazepine and 298 

lamotrigine+valproate were no longer in the network. The results were in agreement in 299 

sensitivity analyses including only higher methodological quality studies in the 300 

‘comparability of cohorts’ item on the Newcastle-Ottawa Scale (4 studies, 2395 children, 11 301 

AEDs plus control) and the ‘adequacy of follow-up of cohorts’ (3 studies, 2244 children, 9 302 

AEDs plus control), except that lamotrigine was no longer statistically significant than 303 

control for the latter.  304 

Neonatal	Seizure		305 

One cohort study included 72 children who were exposed to AEDs in-utero as well as 306 

through breastfeeding reported on the incidence of neonatal seizures. The study compared 307 
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valproate against lamotrigine and found no statistically significant difference in neonatal 308 

seizures between the two drugs (OR=0.18, 95% CrI: 0.01-3.70).  309 

Psychomotor	developmental	delay	310 

The NMA on psychomotor developmental delay (definitions in Additional File 3: Appendix 311 

A) included 11 cohort studies, 1,145 children exposed in utero, and examined 17 AEDs plus 312 

control (i.e., no AED exposure). Overall, 4% of treatment comparisons in the network 313 

reached statistical significance (Figure 2c; Additional File 3: Appendices K, N). Valproate 314 

(OR=4.16, 95% CrI: 2.04-8.75) and carbamazepine+phenobarbital+valproate (OR=19.12, 315 

95% CrI: 1.49-337.50) were statistically significantly more harmful than control (Figure 3).  316 

Language	delay	317 

The NMA on language delay (definitions in Additional File 3: Appendix A) included five 318 

cohort studies, 509 children, and examined four AEDs plus control (i.e., no AED exposure; 319 

Figure 2d; Additional File 3: Appendices K, N). One study included children exposed to 320 

AEDs in-utero and through breastfeeding, and four included children exposed to AEDs in-321 

utero. Compared with control, valproate was the only treatment significantly associated 322 

with increased risk of language delay (OR=7.95, 95% CrI: 1.50-49.13; Figure 3). 323 

Attention	deficit	hyperactivity	disorder	324 

The NMA on ADHD (definitions in Additional File 3: Appendix A) included four cohort 325 

studies, 750 children, and examined five AEDs plus control (i.e., no AED exposure). One 326 

study included children exposed to AEDs in-utero and through breastfeeding, while three 327 

studies included children exposed to AEDs in-utero. None of the treatment comparisons 328 

reached statistical significance (Figure 2e; Additional File 3: Appendices K, N).  329 

Social	Impairment	330 
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One cohort study included 422 children exposed to AEDs in-utero as well as through 331 

breastfeeding. The children were exposed to carbamazepine (n=48), lamotrigine (n=71), 332 

valproate (n=27) and control (n=278). No significant differences in social impairment were 333 

identified.31  334 

335 
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DISCUSSION	336 

Our results suggest that AEDs generally pose a risk for infants and children exposed in-337 

utero or during breastfeeding. Valproate was statistically significantly associated with more 338 

children experiencing autism/dyspraxia, language, cognitive and psychomotor 339 

developmental delays versus children who were not exposed to AEDs. Oxcarbazepine, 340 

lamotrigine and lamotrigine+valproate were associated with increased occurrence of 341 

autism/dyspraxia, whereas for the cognitive developmental delay and psychomotor 342 

developmental delay outcomes, children exposed to the combination of carbamazepine, 343 

phenobarbital, and valproate were at a greater risk of harm than those who were not 344 

exposed to AEDs. However, due to the lack of data identified in these studies, we were 345 

unable to consider a number of factors, such as anticonvulsant dosing, severity of epilepsy, 346 

duration of exposure, serum concentrations of exposure, mother's IQ/education, which 347 

may all influence outcomes, and hence these results should be interpreted with caution. In 348 

addition, our subsequent analyses may be underpowered due to missing data (e.g., 349 

maternal age is not reported in 17 of the 27 studies, alcohol use is not reported in 23 of 27 350 

studies, tobacco use is not reported in 22 of 27 studies, and epileptic control group was not 351 

included in 14 of 27 studies). 352 

NMA is a particularly useful tool for decision-makers because it allows the ranking of 353 

treatments for each outcome. However, the results of our SUCRA curves should be 354 

interpreted with caution, especially due to the small number of studies and children 355 

included in each NMA, which is also reflected in the high uncertainty around the SUCRA 356 

values (Additional File 3: Appendix L).32 The probability that a top AED is actually among 357 
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the worst one is likely high,32 as the SUCRA findings were unstable with overlapping 358 

uncertainty intervals overlap. 359 

Our results are consistent with a longitudinal study of 311 children that found exposure to 360 

lamotrigine was associated with significantly higher IQ scores and verbal function at six 361 

years of age compared to children exposed to valproate (Additional File 3: Appendix F).8 As 362 

indicated in Additional File 3: Appendix F, we were unable to include this study because the 363 

outcome was reported as a continuous measure, where we focused on dichotomous 364 

outcomes to ease interpretation. Our results are supported by findings from a cohort study 365 

in the UK, which found that children exposed to levetiracetam were not at increased risk 366 

for delayed development compared to unexposed children (Additional File 3: Appendix 367 

F).33 As indicated in Additional File 3: Appendix F, we were unable to include this study due 368 

to the same reason as above. A NMA of 195 RCTs and 28,013 patients (including both males 369 

and females) showed that gabapentin and levetiracetam showed the best tolerability 370 

profile compared with other AEDs, whereas oxcarbazepine and topiramate had a higher 371 

withdrawal rate, and lamotrigine an intermediate withdrawal rate.34 372 

Across all outcomes, valproate alone or combined with another AED (even with a newer-373 

generation agent, e.g., lamotrigine) was associated with the greatest risk. Similarly, two 374 

previous systematic reviews that did not conduct a NMA found valproate was associated 375 

with significantly lower IQ scores and poorer overall neurodevelopmental outcomes when 376 

compared to an unexposed control group.5 6 Also consistent with our results, a 2014 377 

Cochrane review (with a meta-analysis of 10 studies) concluded that AED polytherapy led 378 

to poorer developmental outcomes and IQ compared to healthy controls, epileptic controls, 379 

and unspecified monotherapy.5 This Cochrane review also concluded that insufficient data 380 
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exist for newer anti-epileptic drugs. These risks must be balanced with the need to control 381 

seizure activity in pregnancy and thus informed decision making by patients and clinicians 382 

is critical. 383 

Strengths of our study include a comprehensive systematic review methodology that 384 

followed the Cochrane Handbook35 and ISPOR12 guidelines, and reported using the PRISMA 385 

extension for NMA.13 To the best of our knowledge, our study was the first that compared 386 

and ranked the safety of AEDs. We evaluated the comparative safety of treatments that 387 

have not been directly compared head-to-head before. In addition, we calculated predictive 388 

intervals, which account for between-study variation and provide a predicted range for the 389 

treatment effect estimate, should a future study be conducted. On average, the predictive 390 

intervals suggested that our results are robust. 391 

Our systematic review has a few limitations worth noting. First, when multiple doses were 392 

reported for the same treatment, we lumped the dosages because this information was not 393 

consistently reported across the included studies. However, this is common for cohort 394 

studies, which report on a number of different types of exposures amongst patients. 395 

Second, several polytherapies had high SUCRA estimates but with very wide CrIs, which is 396 

due to the small number of studies included for each drug combination with underpowered 397 

sample sizes. Evidence suggests that ranking probabilities for a treatment of being the best 398 

may be biased toward the treatments with the smallest number of studies, which may have 399 

influenced our SUCRA results.32 36 As such, the effect sizes need to be taken into account 400 

when considering the SUCRA values. Third, due to the absence of evidence from RCTs, our 401 

conclusions were based on evidence from observational studies only, and inherent biases 402 

because of confounding and shortcomings of these studies may have impacted our findings. 403 
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For example, the included studies often failed to report important confounding variables, 404 

such as family history of autism, ADHD, and maternal IQ, making it impossible for us to 405 

control these variables through subgroup analysis and meta-regression. Recent research 406 

papers have explored methods to incorporate non-randomized with randomized evidence 407 

in a NMA and have highlighted the need to carefully explore the level of confidence in the 408 

non-randomized evidence.37 38 However, the use of observational studies allows the 409 

assessment of the safety profile of AED treatments and offers the opportunity to evaluate 410 

effects in pregnancy.39 Future large-scale observational studies are needed to allow the 411 

evaluation of rare adverse events that otherwise cannot be adequately evaluated in RCTs, 412 

especially during pregnancy. Fourth, although no intransitivity for most treatment effect 413 

modifiers assessed was evident, there was an imbalance in the methodological study 414 

quality appraisal across treatment comparisons and most outcomes, which may impact our 415 

results. However, the assessment of consistency suggested no disagreement between the 416 

different sources of evidence in the network. Fifth, although the tendency towards 417 

publication bias is greater with observational studies than with randomized trials,40 the 418 

assessment of publication bias and small-study effects using adjusted funnel plots 419 

suggested no evidence for their prevalence. Also, the majority of the included studies in this 420 

review compared multiple treatments inducing correlations in each funnel plot, which may 421 

mask asymmetry. Although we plotted data points corresponding to the study-specific 422 

basic parameters to reduce correlations, this issue may still exist. Sixth, we were unable to 423 

conduct sub-group analysis by type of exposure (breastfeeding versus in utero) due to the 424 

small number of studies included in the NMA and due to the poor reporting; 22 studies did 425 
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not report whether exposure was also in breastfeeding (additional to in utero). Hence, we 426 

included all studies in the analysis irrespective of the type of exposure. 427 

More evidence from long-term follow-up studies is required to further delineate 428 

neurodevelopmental risks in children. Registries should aim to include a suitable control 429 

group and collect information on potential confounders, such as alcohol and tobacco use, 430 

allowing researchers to identify the safest agents for different patient-level covariates, and 431 

enhance decision-making for healthcare providers and patients. An individual patient data 432 

NMA would likely provide further clarity to the field, which allows the tailoring of 433 

management to specific patient characteristics.41  434 

CONCLUSION	435 

Across all outcomes, valproate alone or combined with another AED was associated with 436 

the greatest risk, whereas oxcarbazepine and lamotrigine were associated with increased 437 

occurrence of autism. Counselling is advised for women considering pregnancy to tailor the 438 

safest regimen. 439 
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Appendix M. Rank-heat plot of cognitive developmental delay, autism/dyspraxia, 461 

psychomotor developmental delay, language delay, and attention deficit hyperactivity 462 

disorder outcomes 463 

Appendix N. Number of studies and treatments per outcome464 
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FIGURE	LEGENDS	 465 

Figure	1.	Study	flow	diagram	466 

Figure	2.	Network	diagrams	for	cognitive	developmental	delay,	autism/dyspraxia,	467 

psychomotor	developmental	delay,	language	delay,	and	attention	deficit	468 

hyperactivity	disorder	outcomes	469 

Each treatment node is weighted according to the number of patients that have received the 470 

particular treatment, and each edge is weighted according to the number of studies 471 

comparing the treatments it connects. 472 

Abbreviations: carbam - carbamazepine, clobaz - clobazam, clonaz - clonazepam, ethos - 473 

ethosuximide, gabap - gabapentin, lamot - lamotrigine, levet - levetiracetam, oxcar - 474 

oxcarbazepine, pheno - phenobarbital, pheny - phenytoin, primid - primidone, topir - 475 

topiramate, valpro - valproate, vigab – vigabatrin 476 

Figure	3.	Forest	plots	for	cognitive	developmental	delay,	autism/dyspraxia,	477 

psychomotor	developmental	delay,	language	delay,	and	attention	deficit	478 

hyperactivity	disorder	outcomes479 
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Table	1.	Summary	characteristics	of	included	studies	625 

Table	1.	Summary	Characteristics	of	included	studies	

Study/Patient	Characteristic	
#	of	Studies	

(n=27)	
%	of	Studies	

Year of publication 

1980-1989 1 3.70 

1990-1999 6 22.22 

2000-2009 5 18.52 

2010-2015 14 51.85 

NR 1 3.70 

Continent (of country of study conduct) 

Europe 18 66.67 

North America 5 18.52 

Asia 1 3.70 

Australia 2 7.41 

Trans-Continental 1 3.70 

Study design 

Observational cohort 27 100.00 

Case-control 0 0.00 

Randomized clinical trial 0 0.00 

Registry study 

Yes 10 37.04 

No 17 62.96 

Sample size 

0-99 17 62.96 

100-299 8 29.63 

300-499 1 3.70 

500-699 0 0.00 

700-999 0 0.00 

1000+ 1 3.70 

Number of interventions 

2 4 14.81 

3 5 18.52 

4 8 29.63 

5-7 7 25.93 

8-10 2 7.41 

11+ 1 3.70 

Outcomes*, † 

Cognitive Developmental Delay 11 40.74 

Autism/Dyspraxia 5 18.52 

Language Delay 5 18.52 
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Table	1.	Summary	Characteristics	of	included	studies	

Study/Patient	Characteristic	
#	of	Studies	

(n=27)	
%	of	Studies	

ADHD 4 14.81 

Psychomotor Developmental Delay 11 40.74 

Neonatal Seizures 2 7.41 

Social Impairment 1 3.70 

Funding 

Public 14 51.85 

Private 0 0.00 

Mixed public and private 4 14.81 

NR/Unclear 9 33.33 

Treatment indication 

Epilepsy 21 77.78 

Mixed indications‡ 0 0.00 

Not reported 6 22.22 

Epileptic control group
§
 

Yes 13 48.15 

No/NR/NA 14 51.85 

Mean maternal age 

24-26 y 2 7.41 

27-29 y 5 18.52 

30-32 y 3 11.11 

Not reported 17 62.96 

AED exposure during pregnancy 

Reported as during 1st trimester 6 22.22 

Reported as any time during pregnancy 6 22.22 

Not reported 15 55.56 

Alcohol use during pregnancy 

Yes 4 14.81 

NR 23 85.19 

Tobacco use during pregnancy 

Yes 5 18.52 

NR 22 81.48 
Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; AED - anti-epileptic drug(s); 

NA - Not applicable; NR - Not reported 
* Values in this category do not match totals as some studies report more than one outcome 
† Percentage of total number of included studies (n=27) 
‡ Includes individuals taking AEDs for psychiatric disorders, migraine, and 

neuropathic/neurological pain 
§ Consisted of women with Epilepsy who did not take AEDs during pregnancy 

 626 
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Figure 1. Study flow diagram  
 

171x128mm (300 x 300 DPI)  

 

 

Page 35 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

  

 

 

Figure 2. Network diagrams for cognitive developmental delay, autism/dyspraxia, psychomotor 
developmental delay, language delay, and attention deficit hyperactivity disorder outcomes. 

 

� � � � Each treatment node is weighted according to the number of patients that have received the 
particular treatment, and each edge is weighted according to the number of studies comparing the 

� � � �treatments it connects.  
 

Abbreviations: carbam - carbamazepine, clobaz - clobazam, clonaz - clonazepam, ethos - ethosuximide, 
gabap - gabapentin, lamot - lamotrigine, levet - levetiracetam, oxcar - oxcarbazepine, pheno - 

phenobarbital, pheny - phenytoin, primid - primidone, topir - topiramate, valpro - valproate, vigab – 

� �vigabatrin   
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Figure 3. Forest plots for cognitive developmental delay, autism/dyspraxia, psychomotor developmental 
delay, language delay, and attention deficit hyperactivity disorder outcomes  
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Comparative safety of anti-epileptic drugs among
infants and children exposed in utero or during
breastfeeding: protocol for a systematic review
and network meta-analysis
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David Moher3, Yaron Finkelstein5,6,7 and Sharon E Straus1,8*

Abstract

Background: Epilepsy affects about 1% of the general population. Anti-epileptic drugs (AEDs) prevent or terminate
seizures in individuals with epilepsy. Pregnant women with epilepsy may continue taking AEDs. Many of these
agents cross the placenta and increase the risk of major congenital malformations, early cognitive and developmental
delays, and infant mortality. We aim to evaluate the comparative safety of AEDs approved for chronic use in
Canada when administered to pregnant and breastfeeding women and the effects on their infants and children
through a systematic review and network meta-analysis.

Methods: Studies examining the effects of AEDs administered to pregnant and breastfeeding women
regardless of indication (e.g., epilepsy, migraine, pain, psychiatric disorders) on their infants and children will
be included. We will include randomized clinical trials (RCTs), quasi-RCTs, non-RCTs, controlled before-after,
interrupted time series, cohort, registry, and case-control studies. The main literature search will be executed
in MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials. We will seek unpublished
literature through searches of trial protocol registries and conference abstracts. The literature search results
screening, data abstraction, and risk of bias appraisal will be performed by two individuals, independently.
Conflicts will be resolved through discussion. The risk of bias of experimental and quasi-experimental studies
will be appraised using the Cochrane Effective Practice and Organization of Care Risk-of-Bias tool, methodological
quality of observational studies will be appraised using the Newcastle-Ottawa Scale, and quality of reporting of safety
outcomes will be conducted using the McMaster Quality Assessment Scale of Harms (McHarm) tool. If feasible and
appropriate, we will conduct random effects meta-analysis. Network meta-analysis will be considered for outcomes that
fulfill network meta-analysis assumptions.
The primary outcome is major congenital malformations (overall and by specific types), while secondary outcomes
include fetal loss/miscarriage, minor congenital malformations (overall and by specific types), cognitive development,
psychomotor development, small for gestational age, preterm delivery, and neonatal seizures.
(Continued on next page)
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(Continued from previous page)

Discussion: Our systematic review will address safety concerns regarding the use of AEDs during pregnancy and
breastfeeding. Our results will be useful to healthcare providers, policy-makers, and women of childbearing age who
are taking anti-epileptic medications.

Systematic review registration: PROSPERO CRD42014008925.

Keywords: Anti-epileptic drug, Breastfeeding, Comparative safety, Congenital malformation, Epilepsy, Fetus, Infant,
Network meta-analysis, Pregnancy, Systematic review

Background
Epilepsy is the most common chronic neurological con-
dition, affecting 0.6 to 1% of the population [1,2]. Indi-
viduals with uncontrolled epilepsy experience recurrent
seizures, which can have psychosocial and physical con-
sequences, including a compromised life expectancy [3,4].
The goal of anti-epileptic treatment is to improve quality
of life and health outcomes by reducing the frequency
of seizures [4].
Anti-epileptic medications decrease seizures by reducing

excitation and enhancing inhibition of neurons [5-7]. Many
of these medications target different channels, including
calcium, sodium, and glutamate, and are broadly classified
as first generation agents (e.g., phenobarbitone, phenytoin,
carbamazepine, sodium valproate, ethosuximide) and
second generation agents (e.g., lamotrigine, levetiracetam,
topiramate, gabapentin, vigabatrin, oxcarbazepine, cloba-
zam, clonazepam, zonisamide, lacosamide, rufinamide, pri-
midone) [8]. Due to the broad and varied mechanisms of
action, the indications for some of these medications also
include pain syndromes, psychiatric disorders, and migraine
headaches [8].
Many clinical practice guidelines recommend that women

of childbearing age continue to take their anti-epileptic med-
ications; however, medications with lower risk of teratogenic
events are advised [9,10] since anti-epileptic drugs (AEDs)
cross the placenta or transfer through breast milk, posing
risks to the fetus and infant [9,11,12].
Some AEDs have been associated with increased risk

of harm to the fetus and infants. For example, exposure
to valproate has led to increased risk of major congenital
malformations [10], cognitive delay, and minor congenital
abnormalities [13-16]. Phenobarbital has been associated
with minor congenital abnormalities and developmental
delay [17,18]. Carbamazepine and lamotrigine have been
associated with minor congenital abnormalities [19-22].
However, other than studies of the use of valproate, many
studies have produced inconsistent findings regarding
harm to the fetus and infant with use of other agents [23].
As such, our objective is to evaluate the comparative
safety of AEDs for infants and children who were exposed
in utero or during breastfeeding through a systematic
review and network meta-analysis.

Methods/Design
Protocol
A systematic review protocol was developed and registered
with the PROSPERO database (CRD42014008925, available
at: http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42014008925). It was revised with feedback
from the decision-makers who posed the query within
Health Canada, healthcare practitioners, content experts,
and research methodologists. The reporting of our sys-
tematic review protocol was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
Protocols [24].

Eligibility criteria
We will include studies examining the effects of AEDs
on infants and children who were exposed in utero or
during breastfeeding. We will include experimental stu-
dies (randomized clinical trials [RCTs], quasi-RCTs,
non-RCTs), quasi-experimental studies (controlled be-
fore and after studies, interrupted time series), and ob-
servational studies (cohort, case-control, registry studies)
of pregnant women at any stage of pregnancy and
breastfeeding women and their infants/children. The ra-
tionale for including other study designs in addition to
RCTs is that there are ethical issues in conducting RCTs
of AEDs in pregnancy, so RCT evidence might not exist
for some or all of these drugs. Given that our review in-
cludes rare outcomes, including observational evidence
is crucial. In contrast to efficacy evaluation, safety assess-
ment usually requires very large sample sizes to be able to
detect adverse events. Therefore, while RCTs have lower
risk of bias, they usually do not have the statistical power
needed to adequately evaluate uncommon/rare safety out-
comes due to Type II (i.e., false negative) error [25]. Given
that our review includes rare outcomes, including obser-
vational evidence is crucial [26]. Additionally, observa-
tional studies can often provide more generalizable
evidence due to the strict participant inclusion criteria in
most RCTs [27]. Real-world safety evidence that has exter-
nal validity is important for the assessment of the possible
risks of AEDs in pregnant and breastfeeding women.
The diagnosis of neurodevelopmental delay related to

in utero exposure is made before adolescence, and
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hence, we will limit inclusion to children up to 12 years
of age. AEDs that are approved for chronic use in Canada
will be included. Drugs that are only used acutely or those
that are not currently approved for use in Canada will be
excluded, as the focus of this review is on the Canadian
setting [28-32]. However, most of the medications we
will examine are available in other countries as well.
The relevant 16 medications and their synonyms are
listed in Additional file 1, and the excluded drugs are
listed in Additional file 2. Studies of all combinations
and doses of these medications are eligible for inclusion.
Since we are only interested in exposures that occur in
utero or during breastfeeding, studies examining AEDs
administered directly to infants or children will be
excluded. All indications for AEDs will be included such
as epilepsy, migraine, pain, and psychiatric disorders.
In order to be included, studies must compare an anti-

epileptic medication against another included anti-epileptic
medication, placebo, a ‘no intervention’ control group, or
combinations of two or more anti-epileptic medications.
Only studies providing results for our outcomes of interest
will be included. Our primary outcome is major congeni-
tal malformations (overall and by specific type, such as
craniofacial defects and neural tube defects). Secondary
outcomes include minor congenital malformations (over-
all and by specific type, such as epicanthal folds and
microstomia), cognition (e.g., global cognitive functioning
and specific cognitive domains such as attention), psycho-
motor development (e.g., autism, dyspraxia), small for ges-
tational age, preterm delivery, neonatal seizures, and fetal
loss/miscarriage. No other limitations will be imposed on
the eligibility criteria, including published/unpublished
material, language of dissemination, duration of follow-up,
or year of publication. The draft eligibility criteria can be
found in Additional file 3.

Information sources and literature search
Our main literature search will be executed in the MED-
LINE database. The search terms were drafted by an expe-
rienced librarian and can be found in Additional file 4. The
search was peer reviewed by another librarian using the
Peer Review of Electronic Search Strategies checklist [33].
In addition to MEDLINE, we will also search the

EMBASE and the Cochrane Central Register of Con-
trolled Trials databases. We will follow the MEDLINE
search strategy for these databases, and the search
terms will be adjusted accordingly. The electronic
database search will be supplemented by searching for
unpublished literature [34]. This will be accomplished
through exploring conference abstracts, clinical trial
registries, and contacting manufacturers of AEDs. We
will also scan the reference lists of included studies
and previous reviews in the area [23,35,36].

Study selection process
The eligibility criteria screening form will be pilot-tested
by the team and is presented in Additional file 3. We
will calculate inter-rater reliability from the pilot-test
and screening will only commence after high agreement
(e.g., kappa statistic ≥60%) is observed [37]. Subsequently,
two reviewers will screen each title/abstract and poten-
tially relevant full-text articles from the literature search
results, independently. Conflicts will be resolved through
discussion. All screening will occur using our online
screening software (synthesi.SR) [38].

Data items and data collection process
We will abstract data on the PICOS elements [39], in-
cluding patient characteristics (e.g., age of the mother
and infant/child, indication for anti-epileptic treatment,
co-morbidities, concomitant medications), intervention
details (e.g., type of anti-epileptic treatment, dose, route
of administration, duration of treatment, timing [trimes-
ter] of treatment during pregnancy), comparator details
(e.g., comparator agent, dose, route of administration),
outcome results (e.g., major congenital abnormality, minor
congenital abnormality, cognitive function, psychomotor
development) at the longest duration of follow-up, and
study characteristics (e.g., study design, country of con-
duct, year of conduct, sample size, setting). These charac-
teristics will be abstracted using a data abstraction form
created in Excel with an accompanying “cheat sheet” that
will guide the reviewers with this process. The data ab-
straction form and cheat sheet will be pilot-tested and
data abstraction will only commence when high agree-
ment (e.g., kappa statistic ≥60%) [37] is observed. Each
included study will be abstracted by two team members,
independently, who will resolve disagreements through
discussion.

Methodological quality/risk of bias appraisal
We will use various tools to assess the methodological
quality/risk of bias of each of the studies that fulfill our
eligibility criteria. This will be conducted by two reviewers,
independently, and conflicts will be resolved through dis-
cussion. First, we will appraise the risk of bias of experi-
mental and quasi-experimental studies using the Cochrane
Effective Practice and Organization of Care Risk-of-Bias
tool [40]. Second, we will assess the methodological quality
of observational studies using the Newcastle-Ottawa Scale
[41]. Third, the quality of reporting of harms will be
appraised using the McMaster Quality Assessment Scale
of Harms (McHarm) tool [42].

Synthesis of included studies
A narrative summary of study results will be presented
along with evidence summary tables. When sufficient
data are available, we will conduct random effects meta-
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analysis to calculate pooled odds ratios for dichotomous
data and pooled mean differences for continuous data
[43,44]. Direct (pairwise) meta-analysis will be per-
formed with RCTs alone in order to examine whether
the data are consistent between direct and indirect evi-
dence. If the large majority of included studies are obser-
vational, we will also conduct additional meta-analyses
including observational studies alone. Analyses will be
stratified by treatment indication (e.g., epilepsy, pain,
etc.) to reduce clinical heterogeneity between different
study populations whenever possible; for example, epi-
lepsy itself in pregnant women is related to an increased
baseline risk of certain neonatal adverse outcomes. Stat-
istical, clinical, and methodological heterogeneity will be
examined prior to conducting the meta-analysis. Funnel
plots will be drawn for outcomes including at least 10
studies to explore asymmetry that might be explained by
clinical, statistical, and methodological heterogeneity.
The proportion of statistical heterogeneity will be exam-
ined using the I2 measure [45] and the magnitude of
statistical heterogeneity will be calculated using the re-
stricted maximum likelihood [46]. Meta-regression will
be conducted for clinically relevant subgroups or when
extensive statistical heterogeneity is observed (e.g., I2 ≥
75%) [47]. This will allow the examination of the impact
of important factors on our results, such as maternal
age, dose, duration and timing (e.g., trimester) of anti-
epileptic treatment, co-morbidities, concomitant medi-
cations, risk of bias results, and sample size (due to Type
II statistical power errors with rare adverse events). To
ensure the meta-regression analysis is intuitive, the num-
ber of covariates examined will be less than 10% of the
number of studies included in the meta-analysis for the
particular outcome.
We anticipate that many of these outcomes will be

rare. To deal with studies reporting zero events in one
treatment arm, 0.5 will be added to the numerator and 1
will be added to the denominator. We will exclude stud-
ies reporting zero events in all treatment arms for a par-
ticular outcome [48,49]. We also anticipate that we will
encounter missing data in the included studies. We will
contact the study authors for this data and if we are
unable to receive the data, we will impute missing data
(e.g., measures of variance) using established methods
[50]. To ensure that our imputations do not bias our
results, we will conduct a sensitivity analysis [51]. The
meta-analysis and meta-regression will be analyzed in R
using the metafor command [52].
A random-effects network meta-analysis will be con-

ducted to make inferences regarding the comparative
safety of the various AEDs [15], as well as rank their safety
using rankograms and the surface under the cumulative
ranking curve [53]. We will ensure the following factors
are present prior to conducting network meta-analysis:

i) transitivity (i.e., comparable distribution of effect
modifiers across comparisons), which will be examined
using boxplots or percentages to visually inspect potential
effect modifiers of treatment effect [54]; ii) consistency
between direct and indirect data, which will be exam-
ined locally (i.e., in certain paths of the network) using
the loop-specific method [55,56] and the node-splitting
method [57], and globally (i.e., evaluating the network
as a whole), using the design-by-treatment interaction
model [58]; and iii) we will quantify the amount of vari-
ability attributed to heterogeneity and inconsistency ra-
ther than sampling error, by calculating the I2 [59]. We
will estimate the amount of heterogeneity using the re-
stricted maximum likelihood method and assuming
common within-network heterogeneity. We will compare
the magnitude of heterogeneity between consistency and
inconsistency models, as well as between meta-regression
and network meta-analysis models to determine how
much heterogeneity will be explained by inconsistency or
the explanatory variable, respectively. We will first use the
design-by-treatment model for the evaluation of incon-
sistency in a network as a whole and then, if inconsist-
ency is detected, we will employ the loop-specific and
node-splitting methods to identify which piece of evi-
dence is responsible for inconsistency. As mentioned
above, analyses will be stratified by treatment indication
when clinically appropriate. Important heterogeneity
and inconsistency will be explored using network meta-
regression using the same methods as described above,
as necessary.
Prior to conducting the network meta-analysis, we will

hold a team meeting to finalize which treatment nodes
will be included in the analysis since we are unclear
about the indications, dosages, patient populations, and
outcomes reported in all of the studies. We will discuss
issues, including conducting a class versus independent
drug analysis, inclusion of drug routes of administration
and dosages, as well as timing of drug administration.
These decisions will be examined through a sensitivity
analysis in which we will classify treatment nodes using
a different classification to see how stable our results
are. The network meta-analysis results will be presented
as summary treatment effects for each pair of treat-
ments. Network meta-analysis will be conducted in Stata
with the mvmeta routine [60].
A sequential approach will be used for the network

meta-analysis. We will first restrict our analysis to RCTs,
which will be the primary analysis of interest. We will
then include data from quasi-experimental studies, and
finally, data from observational studies. This will provide
an understanding of the contribution of each type of
study design to our summary estimates, providing us
with information on how these agents work above and
beyond clinical trials.
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Discussion
Epilepsy is the most common chronic neurological con-
dition, affecting 0.6 to 1% of the population [1,2]. Given
that approximately a third of patients receiving AEDs
are of reproductive age and almost half of pregnancies
are unplanned [61], the fetus may be exposed to these in
the first trimester of pregnancy, including during the
critical stage of embryogenesis [62].
The comparative safety of these agents is currently un-

known and our results will be important for policy-
makers, healthcare providers, and women of childbearing
age. To ensure our results have wide dissemination and
uptake, we will publish our results in open access journals,
present our findings at scientific conferences, conduct
dissemination meetings with key stakeholders (including
policy-makers and healthcare providers), and produce
policy briefs for Health Canada, the organization that
posed this query.
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Checklist Item
*
 Reported on 

Page # 

TITLE    

Title 1 Identify the report as a systematic review 

incorporating a network meta-analysis (or related 

form of meta-analysis).  

1 

    

ABSTRACT    

Structured 

summary  

2 Provide a structured summary including, as 

applicable:  

Background: main objectives 

Methods: data sources; study eligibility criteria, 

participants, and interventions; study appraisal; 

and synthesis methods, such as network meta-

analysis.  

Results: number of studies and participants 

identified; summary estimates with 

corresponding confidence/credible intervals; 

treatment rankings may also be discussed. 

Authors may choose to summarize pairwise 

comparisons against a chosen treatment 

included in their analyses for brevity. 

Discussion/Conclusions: limitations; 

conclusions and implications of findings. 

Other: primary source of funding; systematic 

review registration number with registry name. 

4-5 

    

INTRODUCTION    

Rationale  3 Describe the rationale for the review in the 

context of what is already known, including 

mention of why a network meta-analysis has been 

conducted.  

7 

Objectives  4 Provide an explicit statement of questions being 

addressed, with reference to participants, 

interventions, comparisons, outcomes, and study 

design (PICOS).  

7 

    

METHODS    

Protocol and 

registration  

5 Indicate whether a review protocol exists and if 

and where it can be accessed (e.g., Web address); 

and, if available, provide registration information, 

8 
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including registration number.  

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length 

of follow-up) and report characteristics (e.g., 

years considered, language, publication status) 

used as criteria for eligibility, giving rationale. 

Clearly describe eligible treatments included in 

the treatment network, and note whether any have 

been clustered or merged into the same node 

(with justification).  

8-9 

Information 

sources  

7 Describe all information sources (e.g., databases 

with dates of coverage, contact with study authors 

to identify additional studies) in the search and 

date last searched.  

9 (see also 

Appendix C) 

Search  8 Present full electronic search strategy for at least 

one database, including any limits used, such that 

it could be repeated.  

Additional 

File 1 

Study selection  9 State the process for selecting studies (i.e., 

screening, eligibility, included in systematic 

review, and, if applicable, included in the meta-

analysis).  

9 (see also 

Appendix C) 

Data collection 

process  

10 Describe method of data extraction from reports 

(e.g., piloted forms, independently, in duplicate) 

and any processes for obtaining and confirming 

data from investigators.  

9 (see also 

Appendix C) 

Data items  11 List and define all variables for which data were 

sought (e.g., PICOS, funding sources) and any 

assumptions and simplifications made.  

Additional 

File 1 

Geometry of the 

network 
S1 Describe methods used to explore the geometry of 

the treatment network under study and potential 

biases related to it. This should include how the 

evidence base has been graphically summarized 

for presentation, and what characteristics were 

compiled and used to describe the evidence base 

to readers. 

9-12 (see also 

Appendix C) 

Risk of bias 

within individual 

studies  

12 Describe methods used for assessing risk of bias 

of individual studies (including specification of 

whether this was done at the study or outcome 

level), and how this information is to be used in 

any data synthesis.  

9 

Summary 

measures  

13 State the principal summary measures (e.g., risk 

ratio, difference in means). Also describe the use 

of additional summary measures assessed, such 

as treatment rankings and surface under the 

cumulative ranking curve (SUCRA) values, as 

well as modified approaches used to present 

9-12 
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summary findings from meta-analyses. 

Planned methods 

of analysis 

14 Describe the methods of handling data and 

combining results of studies for each network 

meta-analysis. This should include, but not be 

limited to:   

• Handling of multi-arm trials; 

• Selection of variance structure; 

• Selection of prior distributions in 

Bayesian analyses; and 

• Assessment of model fit.  

9-12 (see also 

Appendix C) 

Assessment of 

Inconsistency 
S2 Describe the statistical methods used to evaluate 

the agreement of direct and indirect evidence in 

the treatment network(s) studied. Describe efforts 

taken to address its presence when found. 

10 (see also 

Appendix C) 

Risk of bias 

across studies  

15 Specify any assessment of risk of bias that may 

affect the cumulative evidence (e.g., publication 

bias, selective reporting within studies).  

9 (see also 

Appendix C) 

Additional 

analyses  

16 Describe methods of additional analyses if done, 

indicating which were pre-specified. This may 

include, but not be limited to, the following:  

• Sensitivity or subgroup analyses; 

• Meta-regression analyses;  

• Alternative formulations of the treatment 

network; and 

• Use of alternative prior distributions for 

Bayesian analyses (if applicable).  

10-12 (see 

also 

Appendix C) 

 

 

   

RESULTS
†
    

Study selection  17 Give numbers of studies screened, assessed for 

eligibility, and included in the review, with 

reasons for exclusions at each stage, ideally with 

a flow diagram.  

13 and Figure 

1 

Presentation of 

network 

structure 

S3 Provide a network graph of the included studies to 

enable visualization of the geometry of the 

treatment network.  

Figure 2 

Summary of 

network 

geometry 

S4 Provide a brief overview of characteristics of the 

treatment network. This may include commentary 

on the abundance of trials and randomized 

patients for the different interventions and 

pairwise comparisons in the network, gaps of 

evidence in the treatment network, and potential 

biases reflected by the network structure. 

14-18 (see 

also 

Appendix L) 

Study 

characteristics  

18 For each study, present characteristics for which 

data were extracted (e.g., study size, PICOS, 

Table 1, 

Appendices H 
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follow-up period) and provide the citations.  and I 

 

Risk of bias 

within studies  

19 Present data on risk of bias of each study and, if 

available, any outcome level assessment.  

Appendix J 

Results of 

individual studies  

20 For all outcomes considered (benefits or harms), 

present, for each study: 1) simple summary data 

for each intervention group, and 2) effect 

estimates and confidence intervals. Modified 

approaches may be needed to deal with 

information from larger networks. 

N/A (data can 

be provided 

by the 

corresponding 

author) 

Synthesis of 

results  

21 Present results of each meta-analysis done, 

including confidence/credible intervals. In larger 

networks, authors may focus on comparisons 

versus a particular comparator (e.g. placebo or 

standard care), with full findings presented in an 

appendix. League tables and forest plots may be 

considered to summarize pairwise comparisons. 

If additional summary measures were explored 

(such as treatment rankings), these should also be 

presented. 

Figure 3, 

Appendices 

L, M, O 

Exploration for 

inconsistency 

S5 Describe results from investigations of 

inconsistency. This may include such information 

as measures of model fit to compare consistency 

and inconsistency models, P values from 

statistical tests, or summary of inconsistency 

estimates from different parts of the treatment 

network. 

14 (see also 

Appendix L) 

Risk of bias 

across studies  

22 Present results of any assessment of risk of bias 

across studies for the evidence base being studied.  

14 (see also 

Appendix K) 

Results of 

additional 

analyses 

23 Give results of additional analyses, if done (e.g., 

sensitivity or subgroup analyses, meta-regression 

analyses, alternative network geometries studied, 

alternative choice of prior distributions for 

Bayesian analyses, and so forth).  

Appendix M 

    

DISCUSSION    

Summary of 

evidence  

24 Summarize the main findings, including the 

strength of evidence for each main outcome; 

consider their relevance to key groups (e.g., 

healthcare providers, users, and policy-makers).  

19-21 

Limitations  25 Discuss limitations at study and outcome level 

(e.g., risk of bias), and at review level (e.g., 

incomplete retrieval of identified research, 

reporting bias). Comment on the validity of the 

assumptions, such as transitivity and consistency. 

Comment on any concerns regarding network 

21-23 
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geometry (e.g., avoidance of certain 

comparisons). 

Conclusions  26 Provide a general interpretation of the results in 

the context of other evidence, and implications for 

future research.  

23 

    

FUNDING    

Funding  27 Describe sources of funding for the systematic 

review and other support (e.g., supply of data); 

role of funders for the systematic review. This 

should also include information regarding 

whether funding has been received from 

manufacturers of treatments in the network and/or 

whether some of the authors are content experts 

with professional conflicts of interest that could 

affect use of treatments in the network. 

27-28 

 

Abbreviations: PICOS - population, intervention, comparators, outcomes, study design 

* Text in italics indicates wording specific to reporting of network meta-analyses that has been 

added to guidance from the PRISMA statement. 

† Authors may wish to plan for use of appendices to present all relevant information in full detail 

for items in this section. 
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Appendix A. Outcome measures and diagnostic scales used in analysis 

Cognitive developmental delay 

Bayley Scales of Infant Development (children <42 

mo.) 
Score >2 standard deviations below the mean 

Griffiths Scale of Infant Development (children >42 

mo.) 
Score >2 standard deviations below the mean 

McCarthy Scales of Children’s Abilities (children >30 

mo.) 
Score >1 standard deviations below the mean 

Stanford-Binet IV Intelligence scale for children Intelligence quotient <80 

Touwen’s Test Above average number of items rated abnormal in one or more domains 

Wechsler Scale of Preschool and Primary Intelligence Intelligence quotient <90 

Wechsler Intelligence Scale for Children - III Intelligence quotient <80; verbal intelligence quotient <69 

Developmental Assessment Confirmed diagnosis by developmental pediatrician or pediatric neurologist 

Autism/dyspraxia 

Developmental Assessment Diagnosis confirmed by developmental specialists at 2 years of age 

Medical Records 
Confirmed diagnosis recorded in medical history; registry records  (ICD-10 

codes F84.0, F84.1, F84.5, F84.8, and F84.9) 

Modified checklist for autism in toddlers 
Scored positive for >2 out of 6 critical items OR >3 any items of the total 

scale 

Psychomotor developmental delay 

Ages and Stages Questionnaire >3 standard deviations from the test mean 

Bayley Scales of Infant Development – Psychomotor 

Index 
>2 standard deviations below the standardized mean for the test 

Touwen’s Test 
Demonstrated dysfunctions in fine motor balance, fine motor functions, and 

coordination of extremities 

Schedule of Growing Skills II Scored as ‘delayed’ in >1 domain of the test 

Developmental Assessment 

Infant scored >2 negative items (administered by general practitioner or 

pediatrician); diagnosis of neuromotor deficit confirmed by a trained nurse 

practitioner; infant failing to sit by 10 months or walk by 18 months 

 

Health/Medical Records Diagnosis of psychomotor delay recorded in medical records 
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Language Delay 

Ages and Stages Questionnaire >3 standard deviations from the test mean 

Clinical Evaluation of Language Fundamentals – 4
th

 

Edition 
Score <70 in core language domain; score <84 overall 

Learning Accomplishment Profile Below average performance in expressive speech (adjusted for age) 

Comprehensive Language Assessment (Peabody 

Picture Vocabulary Test; Receptive Expressive 

Emergent Language Scale; Expressive One Word 

Picture Vocabulary Test, or Sequenced Inventory of 

Communication Development) 

Scores/assessment indicate a >6 moth delay in age appropriate language 

development 

ADHD 

Attention Problems and Hyperactivity Scales Score >1 standard deviations from the test mean 

Child Behaviour Checklist >6 positive items on checklist 

Diagnostic and Statistical Manual – IV >5 positive items on checklist 

Medical Records 
Confirmed diagnosis in hospital/medical records made by a pediatrician or 

child psychiatrist 

Neonatal Seizure 

Medical records 
Record of seizures during 1

st
 year; confirmation of neonatal seizure by 

electroencephalography or diagnosis 

Social Impairment 

Developmental Assessment (Ages and Stages 

Questionnaire [6 and 18 months]; Child Behaviour 

Checklist [36 months]) 

Scores dichotomized into ‘normal’ or ‘adverse’ range based on pre-defined 

values used by scale, for scales without pre-defined values cut-off was set at 

a score >2 standard deviations outside the test mean 
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Appendix B. Additional Information on the Methods 

Information sources 

An experienced librarian executed search strategies for MEDLINE, EMBASE, and the Cochrane 

Central Register of Controlled Trials. The search strategy for MEDLINE was peer reviewed by 

another librarian using the PRESS checklist,
1
 and is available in the protocol.

2
 The literature 

search was initially conducted from inception to March 18, 2014, and a rapid search update of 

these databases was subsequently conducted on December 15, 2015. Authors of AED studies 

were contacted for unpublished study data, and the reference lists of all included studies were 

scanned to identify additional studies.  

Study selection and data collection 

Prior to screening, two pilot-tests were conducted to assess the eligibility criteria and screening 

form. Once reviewers reached >80% agreement, pairs of reviewers independently screened titles 

and abstracts (level 1) and later screened potentially relevant full-text articles (level 2). Upon 

completion of title and abstract screening, 6% of citations were discrepant between reviewer 

pairs and had to be resolved by discussion or a third reviewer. At the conclusion of full-text 

screening, 16% of articles were discrepant and had to be resolved by discussion. The same 

process was used for data abstraction and quality appraisal. Three rounds of pilot testing were 

conducted prior to data abstraction to train reviewers and refine the data abstraction form. For 

studies published in the last 10 years, authors were contacted to request clarification or additional 

data. 

Appraisal of selection bias using the comparison-adjusted funnel plot  

All eligible medications were ordered from oldest to newest using their international market 

approval dates. To overcome some of the correlations induced by multi-arm studies, which may 

possibly cause overestimation and mask funnel plot asymmetry, we plotted data points 

corresponding to the study-specific basic parameters (treatment comparisons with common 

comparator). In each study, we used the control group as the common comparator or if this was 

missing, we used the oldest treatment comparator against the remaining AEDs. We used the 

fixed-effect model, as the random-effects model gives more weight to smaller studies and this 

may impact the assessment of small-study effects. We planned to explore observed asymmetry 

through subgroup analysis or meta-regression. 

Additional details on the synthesis of included studies  

Due to the complexity of the data and the studies’ underreporting, differences in drug dosages 

could not be accounted for, and it was assumed that different dosages of the same AED were 

equally effective. When a study reported multiple dosages for the same treatment, we combined 

the data for this treatment. We assessed the transitivity assumption for each outcome a priori 

using the treatment effect modifiers: age, baseline risk, treatment indication, timing, and 

methodological quality. The mean of each continuous effect modifier and the mode of each 

categorical effect modifier for each pairwise comparison were presented in tables for each 

outcome.
3
 The consistency assumption was evaluated for the entire network of each outcome 
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using the design-by-treatment interaction model.
4
 If inconsistency was identified, further 

examination for local inconsistency in parts of the network was completed using the loop-

specific method.
5 6

 Common within-network between-study variance (��) across treatment 

comparisons was assumed in the conventional meta-analysis, NMA, and design-by-treatment 

interaction model, so that treatment comparisons including a single study can borrow strength 

from the remaining network. This assumption was clinically reasonable, as the treatments 

included were of the same nature. In the loop-specific approach, common within-loop �� was 

assumed. 

 

For cognitive developmental delay and autism/dyspraxia outcomes, network meta-regression 

analyses for maternal age and baseline risk (i.e., using the control group) were conducted, when 

at least 10 studies provided relevant information, assuming a common fixed coefficient across 

treatment comparisons. Sensitivity analyses for cognitive developmental delay and 

autism/dyspraxia outcomes were performed for studies with the treatment indication of epilepsy, 

large study size (i.e., >300), maternal alcohol intake, maternal tobacco use, only first-generation 

AEDs, and higher methodological quality for the two items of the Newcastle-Ottawa Scale that 

had the highest percentage of low methodological quality (adequacy of follow-up of cohorts and 

comparability of cohorts items for cohort studies). Severity of epilepsy, which may be a risk 

factor variable, was not evaluated in our analyses since this was not commonly reported. For 

autism/dyspraxia, a sensitivity analysis on maternal IQ/psychiatric history was additionally 

conducted. We measured the goodness of fit using the posterior mean of the residual deviance, 

the degree of between-study heterogeneity, and the deviance information criterion. In a well-

fitting model the posterior mean residual deviance should be close to the number of data points.
7 

8
 A difference of 3 units in the deviance information criterion was considered important and the 

lowest value of the deviance information criterion corresponded to the model with the best fit.
7 8

 

 

All analyses were conducted in  OpenBUGS,
9
 assuming non-informative priors for all model 

parameters and a half normal prior distribution for the between-study standard deviation 

(�������	� � 
 �). The first 10,000 iterations were discarded and then 100,000 simulations were 

run with thinning of 10 values. Convergence was checked by visual inspection of the evaluation 

of the mixing of two chains. The median and 95% CrI were calculated for each parameter value, 

since medians are not overly influenced by outliers. The network command
10

 was used to apply 

the design-by-treatment interaction model. 
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Appendix C. Newcastle-Ottawa Scale scoring guide  

 

 

COHORT Studies 

 

 

Excel Column NOS* Answer Options** NOS Coding Manual* 

RefID Enter the report’s RefID.  

DA Enter your initials.  

First author Enter the first author’s last name.  

Year of publication Enter the year of the publication.  

 

SELECTION: 

1) Representative-

ness of the exposed 

cohort 

a) truly representative of the 

average pregnant woman 

taking AEDs in the 

community  

b) somewhat representative of 

the average  pregnant woman 

taking AEDs in the 

community  

c) selected group of users e.g., 

nurses, volunteers 

d) no description of the 

derivation of the cohort 

Item is assessing the representativeness of exposed individuals in the 

community, not the representativeness of the sample of women from 

some general population.  

 

For example, subjects derived from groups likely to contain middle class, 

better educated, health oriented women are likely to be representative of 

postmenopausal estrogen users while they are not representative of all 

women (e.g. members of a health maintenance organisation (HMO) will 

be a representative sample of estrogen users. While the HMO may have 

an under-representation of ethnic groups, the poor, and poorly educated, 

these excluded groups are not the predominant users of estrogen). 

 

Note: 

Truly representative (A) is a population-based cohort at the provincial or 

national levels (e.g., a sample from 2 cities is not enough).  We need very 

‘broad’ sample of the population. 

 

Somewhat representative (B) includes private clinics, hospital-based, or 
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community-based. 

2) Selection of the 

non-exposed cohort 

 

a) drawn from the same 

community as the exposed 

cohort  

b) drawn from a different source 

c) no description of the 

derivation of the non-exposed 

cohort 

Note: 

In our review of mostly multi-arm studies, this question pertains to the 

study’s comparator group(s) – including “active” controls (for example, a 

less teratogenic AED). Therefore, this will often be ‘A’ for our studies. 

 

3) Ascertainment 

of exposure 

a) secure record (e.g., surgical 

records)  

b) structured interview  

c) written self-report 

d) no description 

Note: 

Option ‘A’ includes patient hospital records, prescription drug database, 

or hospital/clinic visits (e.g., patient is asked about “current” AED use 

during a visit with their doctor).  

 

Option ‘B’ includes a hospital/clinic visit, but the patients are asked to 

remember their AED use during pregnancy (e.g., retrospectively 

ascertained exposure).  

 

If a study used both medical records and interviews for everyone, select 

‘A’. 

4) Demonstration 

that outcome of 

interest was not 

present at start of 

study 

 

a) yes  

b) no 

In the case of mortality studies, outcome of interest is still the presence of 

a disease/incident, rather than death. That is to say that a statement of ‘no 

history of disease or incident’ earns a star (i.e. option ‘A’). 

 

Note: 

Since our review is on pregnant women, this question is ‘A’ for all.  

Please email us if a study involves breastfeeding women.  

 

COMPARABILITY: 

1) Comparability 

of cohorts on the 

basis of the design 

or analysis 

 

a) answer is BOTH B & C (i.e. 

study controls for age and one 

other important factor)  

b) study controls for age of the 

women  

Either exposed and non-exposed individuals must be matched in the 

design and/or confounders must be adjusted for in the analysis. 

Statements of no differences between groups or that differences were not 

statistically significant are not sufficient for establishing comparability.  

 

Page 56 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

9 

 

c) study controls for any other 

important factor  

d) study does not control for any 

important factor or it is not 

described 

Note: If the relative risk for the exposure of interest is adjusted for the 

confounders listed, then the groups will be considered to be comparable 

on each variable used in the adjustment. 

 

There may be multiple ratings for this item for different categories of 

exposure (e.g., ever vs. never, current vs. previous or never). [A 

maximum of 2 stars can be allotted in this category]. 

 

Note: 

The study should have initially matched the groups or presented adjusted 

odds ratios, AND in addition, since in our review we are analyzing each 

AED arm separately (instead of the whole exposed cohort), the study 

must also report the factor of interest for ‘each AED arm’ (or state that 

‘each AED arm’ is matched). 

 

Thus, there are 2 parts to this question: 

 

1)      The study should have matched/adjusted for age at whatever level 

of groups they were focused on (even if they aren’t our abstracted AED 

arms); AND 

 

2)      Then the study should also have reported the age for each AED arm. 

 

If they haven’t done both of these 2 things, it’s a ‘D’ here (unless they 

happen to combine these by reporting adjusted ORs for each of our AED 

arms). 

 

For our review, this generally pertains to the comparability of the 

MOTHERS.  

The exception here is in studies of cognitive/psychomotor development 

disorders in children - when age of the children should be comparable. 

 

The “other important factors” here are any one of these: 
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• history of congenital malformations (CMs), fetal losses, preterm 

deliveries or small babies. 

• family history of genetic problems or CMs. 

• alcohol use. 

• nutritional deficiencies (e.g., lack of folic acid). 

 

Example: 

- Option ‘B’ indicates that the study initially matched groups based on the 

women’s age (or reported adjusted ORs) AND they report the mean 

women’s age for EACH of our arms (e.g., for Tx1, Tx2, etc.).  

 

OUTCOME: 

1) Assessment of 

outcome 

 

a) independent OR blind assess- 

ment 

b) record linkage  

c) self-report 

d) no description 

 

For some outcomes (e.g. fractured hip), reference to the medical record is 

sufficient to satisfy the requirement for confirmation of the fracture. This 

would not be adequate for vertebral fracture outcomes where reference to 

x-rays would be required. 

 

a) Independent or blind assessment stated in the paper, or confirmation 

of the outcome by reference to secure records (x-rays, medical 

records, etc.) 

b) Record linkage (e.g. identified through ICD codes on database 

records) 

c) Self-report (i.e. no reference to original medical records or x-rays to 

confirm the outcome) 

d) No description. 

 

Note: 

Blind (A) is if they tell us that the outcome assessors were blinded to 

exposures; or if the outcome is objective. 

 

For our purposes, we will focus on the primary outcome of interest of our 

systematic review, which is major malformations (an objective outcome). 
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So most of ours will be A, unless the study is only on a secondary 

outcome (e.g., cognitive development) and is based on the mother’s self-

report of their child (e.g., not a clinical examination). 

2) Was follow-up 

long enough for 

outcomes to occur 

 

a) yes  

b) no 

 

An acceptable length of time should be decided before quality assessment 

begins (e.g. 5 yrs. for exposure to breast implants) 

 

Note: 

For this component, focus only on the outcomes that are reported in the 

results. 

For our purposes, we will focus on the primary outcome of interest of our 

systematic review, which is major malformations. 

 

• For studies focusing on ‘birth’ outcomes (i.e. malformations, preterm, 

fetal losses, born small), the answer is ‘A’ if they follow the groups 

until birth. 

• For studies focusing on cognitive developmental disorders, an 

adequate follow-up period (i.e. child’s age) is 4 years.  

• For studies focusing on psychomotor delays, an adequate follow-up 

period is the earliest point of detection of the disorder. 

• For studies focusing on neonatal seizures, an adequate follow-up 

period (i.e. infant’s age) is 6 months. 

3) Adequacy of 

follow up of 

cohorts 

 

a) complete follow up - all 

subjects accounted for  

b) subjects lost to follow up 

unlikely to introduce bias - 

small number lost (see 

‘Note’), or description 

provided of those lost  

c) follow up rate is inadequate 

(see ‘Note’) and no 

description of those lost 

d) no statement 

This item assesses the follow-up of the exposed and non-exposed cohorts 

to ensure that losses are not related to either the exposure or the outcome. 

 

Note: 

Especially check ones that start their total sample size (or figure 

diagram) with only the ones who had “complete” data (or only those 

who they had “successfully” recruited), as these are often a ‘D’ (since 

they don’t report on the ones NOT followed up). 

 

• For a prospective study, ≥90% follow-up rate per year is adequate 

(e.g., 10% dropout or less for 1 year, 20% for 2 years of follow-up, 

etc.). This includes missing or incomplete data, etc. 
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• For a retrospective cohort study, ≥80% follow-up rate is adequate; 

including the ones that they could NOT recruit or who would NOT 

participate. 

• For a survey/mail questionnaire, ≥75% response rate  is adequate. (For 

a survey, a dropout rate is congruent to a survey response rate). 
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CASE-CONTROL Studies 

 

 

Excel Column NOS* Answer Options** NOS Coding Manual* 

RefID Enter the report’s RefID.  

DA Enter your initials.  

First author Enter the first author’s last name.  

Year of publication Enter the year of the publication.  

 

SELECTION: 

1) Is the case 

definition 

adequate? 

 

a) yes, with independent 

validation  

b) yes, e.g., record linkage or 

based on self-reports 

c) no description 

a) Requires some independent validation (e.g. >1 person/record/time/ 

process to extract information, or reference to primary record source 

such as x-rays or medical/hospital records) 

b) Record linkage (e.g. ICD codes in database) or self-report with no 

reference to primary record 

c) No description 

 

Note: 

This question is assessing the group of infants that have the outcome of 

interest (e.g., CMs) – i.e. the “cases” in a case-control study design. 

2) Representative-

ness of the cases 

a) consecutive or obviously 

representative series of cases  

b) potential for selection biases, 

or not stated 

a) All eligible cases with outcome of interest over a defined period of 

time, all cases in a defined catchment area, all cases in a defined 

hospital or clinic, group of hospitals, health maintenance organisation, 

or an appropriate sample of those cases (e.g. random sample) 

b) Not satisfying requirements in part (a), or not stated. 

 

Note: 

Option ‘A’ is a population-based sample.  

3) Selection of 

controls 

 

a) community controls  

b) hospital controls 

c) no description 

This item assesses whether the control series used in the study is derived 

from the same population as the cases and essentially would have been 

cases had the outcome been present. 
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a) Community controls (i.e. same community as cases and would be 

cases if had outcome) 

b) Hospital controls, within same community as cases (i.e. not another 

city) but derived from a hospitalised population 

c) No description 

 

Note: 

This question is assessing the group of infants that don’t have the 

outcome (e.g., CMs) – i.e. the “controls” in a case-control study design. 

 

Community controls (A) includes a population-based sample. 

4) Definition of 

controls 

 

a) no history of disease 

(endpoint)  

b) no description of source 

a) If cases are first occurrence of outcome, then it must explicitly state 

that controls have no history of this outcome. If cases have new (not 

necessarily first) occurrence of outcome, then controls with previous 

occurrences of outcome of interest should not be excluded. 

b) No mention of history of outcome 

 

Note: 

Since our review is on fetal effects, this question is ‘A’ for all studies. 

Please email us if a study involves exposure during breastfeeding. 

 

COMPARABILITY: 

1) Comparability 

of cases and 

controls on the 

basis of the design 

or analysis 

 

a) answer is BOTH B & C (i.e. 

study controls for age and one 

other important factor)  

b) study controls for age of the 

women  

c) study controls for any other 

important factor  

d) study does not control for any 

important factor or it is not 

described 

Either cases and controls must be matched in the design and/or 

confounders must be adjusted for in the analysis. Statements of no 

differences between groups or that differences were not statistically 

significant are not sufficient for establishing comparability.  

 

Note: If the odds ratio for the exposure of interest is adjusted for the 

confounders listed, then the groups will be considered to be comparable 

on each variable used in the adjustment. 

 

There may be multiple ratings for this item for different categories of 

exposure (e.g. ever vs. never, current vs. previous or never). [A maximum 
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of 2 stars can be allotted in this category]. 

 

Note: 

The study should have initially matched the groups, AND in addition, 

since in our review we are analyzing each AED arm separately (instead of 

the whole cases group), the study must also report the factor of interest 

for ‘each AED arm’ (or state that ‘each AED arm’ is matched). 

 

For our review, this generally pertains to the comparability of the 

MOTHERS of the cases and controls.  

The exception here is in studies of cognitive/psychomotor development 

disorders in children - when age of the children should be comparable. 

 

The “other important factors” here are any one of these: 

• history of congenital malformations (CMs), fetal losses, preterm 

deliveries or small babies. 

• family history of genetic problems or CMs. 

• alcohol use. 

• nutritional deficiencies (e.g., lack of folic acid). 

 

For example, Option ‘B’ indicates that the study initially matched groups 

based on the women’s age AND they report the mean women’s age for 

EACH arm (e.g., for Tx1, Tx2, etc.).  

 

EXPOSURE: 

1) Assessment of 

exposure 

 

a) secure record (e.g., surgical 

records)  

b) structured interview where 

blind to case/control status  

c) interview not blinded to 

case/control status 

d) written self-report or medical 

Note: 

Option ‘A’ includes patient hospital records, prescription drug database, 

or hospital/clinic visits (e.g., patient is asked about “current” AED use 

during a visit with their doctor).  

 

“Interview” here includes a hospital/clinic visit, but the patients are asked 

to remember their AED use during pregnancy (e.g., retrospectively 
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*Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the 

quality of nonrandomised studies in meta-analyses. Available at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp 

**In the “NOS Coding Manual” column, the first section for each item is copied straight from the NOS documentation while the 

lower portions in each item are our “Notes” tailored for the AED review. 

record only 

e) no description 

ascertained exposure). 

2) Same method of 

ascertainment for 

cases and controls 

a) yes  

b) no 

Note: 

This question is asking whether the method of ascertainment of exposure 

was the same for ‘cases’ (with the outcome) and ‘controls’ (without the 

outcome; in this case-control study design). 

3) Non-response 

rate 

 

a) same rate for both groups  

b) non-respondents described 

c) rate different and no 

designation 

Note: 

For our review, this pertains to either the infants or the mothers of the 

case and control groups. 

 

We’re allowing 10% dropout per year for a prospective study – e.g., 10% 

for 1 year, 20% for 2 years of follow-up, etc. 

 

For a survey, we allow for a 75% response rate in order for it be adequate. 

 

For a survey, a dropout rate is congruent to a survey response rate. 
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Appendix E. Additional information on search results 

Of the included 110 studies, nine were written in languages other than English and three were 

conference abstracts or letter to the editor with usable data. Scanning of reference lists of 

included articles and related reviews identified 13 additional studies. Forty-eight percent of 

contacted authors (22/46) provided clarification or additional data. Additionally, 29% (13/45) of 

authors of conference abstracts provided additional unpublished data. We were unable to contact 

11 authors due to non-working email addresses. One author provided a manuscript and three 

authors provided unpublished data that were included in the analysis. 
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Appendix F. Key excluded studies 

Author, 

Year 
Research Group Title Reason for Exclusion 

Meador, 

2009
1
 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Cognitive Function at 3 Years of Age after Fetal Exposure to 

Antiepileptic Drugs 

Outcomes only reported 

as continuous variables 

Meador, 

2010
2
 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Effects of breastfeeding in children of women taking antiepileptic 

drugs 

Outcomes only reported 

as continuous variables 

Meador, 

2011
3
 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Foetal antiepileptic drug exposure and verbal versus non-verbal 

abilities at three years of age 

Outcomes only reported 

as continuous variables 

Meador, 

2012
4
 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Effects of fetal antiepileptic drug exposure: Outcomes at age 4.5 

years 

Outcomes only reported 

as continuous variables 

Meador, 

2013
5
 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Fetal antiepileptic drug exposure and cognitive outcomes at age 6 

years (NEAD study): a prospective observational study 

Outcomes only reported 

as continuous variables 

Shallcross, 

2011
6
 

Liverpool and 

Manchester 

Neurodevelopment 

Group and The UK 

Epilepsy and Pregnancy 

Register 

Child development following in utero exposure:  

Levetiracetam vs. sodium valproate 

Outcomes only reported 

as continuous variables 

Shallcross, 

2014
7
 

Liverpool and 

Manchester 

In utero exposure to levetiracetam vs. valproate:  

Development and language at 3 years of age 

Outcomes only reported 

as continuous variables 
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Neurodevelopment 

Group and The UK 

Epilepsy and Pregnancy 

Register 
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Appendix G. Table of Individual Study characteristics 

Author, Year 
Country of 

conduct 
Registry or Setting 

Study 

period 
Interventions Outcomes Funding 

Adab, 2004
1
 

[CR: Vinten, 

2009
2
; Mawer, 

2002
3*

 

UK 

Mersey Regional 

Epilepsy Clinic;  Epilepsy 

Clinic at the Manchester 

Royal Infirmary; 

Antenatal clinic at St 

Mary’s Hospital, 

Manchester 

2000-

2001 
Carbam, Control, Valpro 

Cognitive 

Developmental 

Delay, 

Psychomotor 

Developmental 

Delay 

NR 

Arkilo, 2015
4
 USA 

Minnesota Epilepsy 

Group 

2006-

2011 

Carbam, Lamot, Levet, 

Pheny, Valpro 

Autism/Dyspraxia, 

Psychomotor 

Developmental 

Delay 

NR 

Bromley, 

2010
5
 

UK 
Liverpool and Manchester 

Neurodevelopment Group 
NR Carbam, Valpro Language Delay NR 

Bromley, 

2013
6
 [CR: 

Bromley, 

2008
7
] 

UK 
Liverpool and Manchester 

Neurodevelopment group 

2000-

2004 

Carbam, Control, Lamot, 

Valpro 

Autism/Dyspraxia, 

ADHD 

mixed 

public & 

private 

Christensen, 

2013
8
† 

Denmark 

Danish Civil Registration 

System; Danish 

Prescription Register; 

Danish Psychiatric 

Central Register; Danish 

Birth Register; Danish 

National Hospital 

Register 

1996-

2006 

Carbam, Clonaz, Lamot, 

Oxcar, Valpro 
Autism/Dyspraxia public 
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Cohen, 2013
9
 USA;UK 

Neurodevelopmental 

Effects of Antiepileptic 

Drugs Study Group 

1999-

2004 

Carbam, Lamot, Pheny, 

Valpro, 
ADHD public 

Cummings, 

2011
10

† [CR: 

Tomson, 

2015
11

] 

Northern 

Ireland  

UK Epilepsy and 

Pregnancy Register 

(Northern Ireland); 

Northern Ireland Child 

Health System 

1996-

2005 
Carbam, Lamot, Valpro, 

Cognitive 

Developmental 

Delay 

public 

Dean, 2002
12

 

[CR: Rasalam, 

2005
13

] 

Scotland 
Aberdeen Maternity 

Hospital 

1976-

2000 

Carbam, Carbam+Pheno, 

Carbam+Pheny, 

Carbam+Valpro, Control, 

Ethos, Pheno, Pheno+Pheny, 

Pheno+Valpro, Pheny, 

Primid, Valpro 

Psychomotor 

Developmental 

Delay, 

 ADHD 

NR 

D'Souza, 

1991
14

 

United 

Kingdom 
St Mary's Hospital 

1980-

1982 

Carbam, Control, Pheno, 

Pheny, Valpro 

Cognitive 

Developmental 

Delay 

public 

Eriksson, 

2005
15

† [CR: 

Viinikainen, 

2006
16

] 

Finland 
Kuopio University 

Hospital 

1989-

2000 
Carbam, Control, Valpro 

Cognitive 

Developmental 

Delay, Psychomotor 

Developmental 

Delay 

public 

Gaily, 1990
17

 

[CR: Gaily, 

1990
18

; 

Hiilesmaa, 

1982
19

; 

Hiilesmaa, 

1985
20

] 

Finland 
Helsinki University 

Central Hospital 

1975-

1979 

Carbam, 

Carbam+Pheno+Pheny, 

Carbam+Pheny, 

Carbam+Valpro, Control, 

Ethos+Pheny, Pheno+Pheny, 

Pheny, Pheny+Primid, 

Pheny+Valpro 

Cognitive 

Developmental 

Delay ,  

Psychomotor 

Developmental 

Delay 

mixed 

public & 

private 

Gogatishvili, 

2014
21

 
Georgia 

Georgian National AED-

Pregnancy Registry 
NR Carbam, Lamot, Valpro 

Cognitive 

Developmental 
public 
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Delay 

Gogatishvili, 

2015
22

 
Georgia 

Georgian National AED-

Pregnancy Registry 
NR 

Carbam, Carbam+Levet, 

Lamot, Pheno, Valpro 
Language Delay public 

Jones, 1989
23

† US 
California Teratogen 

Registry 

1979-

1988 

Carbam, Carbam+Pheno, 

Carbam+Pheno+Valpro, 

Carbam+Primid 

Cognitive 

Developmental 

Delay ,  

Psychomotor 

Developmental 

Delay  

public 

Katz, 2001
24

 USA 

Mount Sinai 

Comprehensive Epilepsy 

Center 

1990-

2000 

Carbam, Control, Lamot, 

Pheno, Pheny, Primid, 

Valpro 

Cognitive 

Developmental 

Delay 

NR 

Koch, 1996
25

 Germany NR 
1976-

1983 

Pheno, Pheny, Primid, 

Valpro 

 Cognitive 

Developmental 

Delay 

public 

Lacroix, 

2012
26

 
France 

EFEMERIS database - 

Caisse Primaire 

d’Assurance Maladie of 

Haute-Garonne and 

Maternal and Infant 

Protection Service; 

Antenatal Diagnostic 

Centre 

2004-

2008 

Carbam, Clobaz, Clonaz, 

Gabap, Lamot, Pheno, Topir, 

Valpro 

Psychomotor 

Developmental 

Delay 

NR 

Mawer, 2002
3
 England 

Manchester Royal 

Infirmary 

1990-

1999 

Carbam, Lamot, Pheny, 

Valpro 

Cognitive 

Developmental 

Delay 

NR 
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Miskov, 

2010
27

 
Croatia NR 

2003-

2010 

Carbam, Control, Gabap, 

Lamot, Valpro 

Psychomotor 

Developmental 

Delay, Neonatal 

Seizures 

NR 

Nadebaum, 

2011
28

† 
Australia 

Australian Registry of 

Antiepileptic Drug Use in 

Pregnancy  

2007-

2009 
Carbam, Lamot, Valpro Language Delay 

mixed 

public & 

private 

Rihtman, 

2013
29

 
Israel 

Israeli Teratogen 

Information Service 
NR Lamot, Valpro Neonatal Seizure 

mixed 

public & 

private 

Scolnik, 

1994
30

 
Canada 

Hospital for Sick Children 

- Motherisk Program; 

North York General 

Hospital; Toronto 

Hospital;  

Oshawa General Hospital 

1987-

1992 
Carbam, Pheny 

Cognitive 

Developmental 

Delay 

public 

Shankaran, 

1996
31

 
USA 

Children's Hospital of 

Michigan 
NR Control, PHENO, 

Psychomotor 

Developmental 

Delay, Language 

Delay 

public 

Van der Pol, 

1991
32

 
Netherlands 

Groningen University 

Hospital 

1973-

1981 

Carbam, Carbam+Pheno, 

Control, Pheno 

Psychomotor 

Developmental 

Delay 

public 

Veiby, 

2013a
33

† 
Norway 

Norwegian Institute of 

Public Health- Mother 

and Child Cohort Study 

1999-

2009 

Carbam, Control, Lamot, 

Valpro 
Social Impairment public 

Veiby, 

2013b
34

† 
Norway 

Medical Birth Registry of 

Norway 

1999-

2008 

Carbam, Control, Lamot, 

Valpro 

Psychomotor 

Developmental 

Delay, 

Autism/Dyspraxia,  

public 
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Language Delay, 

ADHD 

Wood, 2015
35

† Australia 

Australian Registry of 

Antiepileptic Drug Use in 

Pregnancy  

2007-

2010 

Carbam, Carbam+Clonaz, 

Carbam+Lamot, 

Carbam+Pheny, 

Lamot+Valpro, Valpro 

Autism/Dyspraxia public 

Abbreviations: ADHD – Attention Deficit Hyperactivity Disorder; NR – Not Reported 

 

Carbam = Carbamazepine; Clobaz = Clobazam; Clonaz = Clonazepam; Ethos = Ethosuximide; Gabap = Gabapentin; Lamot = 

Lamotrigine; Levet = Levetiracetam; Oxcar = Oxcarbazepine; Pheno = Phenobarbital; Pheny = Phenytoin; Pridmid = Primidone; 

Topir = Topiramate; Valpro = Valproate; Vigab = Viagabatrin 

 

*Single publication reporting on two separate cohorts 

†Registry Studies 
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Appendix H. Table of Patient characteristics 

 

Author, Year Indication 
Sample 

Size* 

Mean Age 

(Women) 

Mean Age 

(Children)/ 

Follow-up 

period† 

AED 

Exposure 

Timing 

Maternal 

Alcohol Use 

n/N‡ 

Maternal 

Tobacco Use 

n/N‡ 

Adab, 2004a
1
§ 

[CR: Vinten, 2009
2
; 

Mawer, 2002
3
] 

Epilepsy 
177 

 
26.1 9-10.5 NR 24/279‡ 68/249‡ 

Adab, 2004b
1
§ 

[CR: Vinten, 2009
2
; 

Mawer, 2002
3
] 

Epilepsy 81 26.1 3-3.33 NR 24/279‡ 68/249‡ 

Arkilo, 2015
4
 Epilepsy 59 NR NA First trimester NR NR 

Bromley, 2010
5
 NR 60 NR 6-7 

Whole 

pregnancy 
NR NR 

Bromley, 2013
6
  

[CR: Bromley, 2008
7
] 

Epilepsy 156 28 6 NR 28/156 42/156 

Christensen, 2013
8
 NR 2011 NR NR 

Whole 

pregnancy 
NR NR 

Cohen, 2013
9
 Epilepsy 108 30 6 NR 12/192‡ NR 

Cummings, 2011
10

  

[CR: Tomson, 2015
11

] 
Epilepsy 142 NR 2-3 

Whole 

pregnancy 
32/108‡ 19/108‡ 

Dean, 2002
12

 

[CR: Rasalam, 2005
13

] 
Epilepsy 287 27 3.75-15.5 First trimester NR NR 

D'Souza, 1991
14

 Epilepsy 42 26.5 2.5-3.5 
Whole 

pregnancy  
NR NR 

Eriksson, 2005
15

 

[CR: Viinikainen, 2006
16

] 
Epilepsy 39 28.2 NR NR NR NR 
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Gaily, 1990
17

 

[CR: Gaily, 1990
18

; 

Hiilesmaa, 1982
19

; 

Hiilesmaa, 1985
20

 

Epilepsy 134 27.8 5.5 First trimester NR NR 

Gogatishvili, 2014
21

 NR 39 NR 2 to 4 NR NR NR 

Gogatishvili, 2015
22

 NR 23 NR 3 to 6 NR NR NR 

Jones, 1989
23

 Epilepsy 63 NR NR 
Whole 

pregnancy 
NR NR 

Katz, 2001
24

 Epilepsy 51 31 NR NR NR NR 

Koch, 1996
25

 Epilepsy 40 NR 6 First trimester NR NR 

Lacroix, 2012
26

 NR 109 NR 0.75 NR NR NR 

Mawer, 2002
3
 Epilepsy 52 NR NR NR NR NR 

Miskov, 2010
27

 Epilepsy 55 NR NR NR NR NR 

Nadebaum, 2011
28

 Epilepsy 66 31.6 7.4 First trimester NR 5/66 

Rihtman, 2013
29

 Epilepsy 72 NR NR 
Whole 

pregnancy  
NR NR 

Scolnik, 1994
30

 Epilepsy 75 NR 1.5-3 1st trimester NR NR 

Shankaran, 1996
31

 NR 96 NR NR NR NR NR 

Van der Pol, 1991
32

 Epilepsy 57 NR 6-13 NR NR NR 

Veiby, 2013a
33

 Epilepsy 422 NR 0.5 NR NR NR 

Veiby, 2013b
34

 Epilepsy 248 28.9 3 NR NR 68/726‡ 

Wood, 2015
35

 Epilepsy 77 NR 6-8 NR NR NR 

Abbreviations: NA – Not applicable; NR – Not reported 

 

* Sample size used for analysis; ineligible treatment arms (i.e. treatment arms with excluded drugs or unspecified polytherapy) are not 

included in the count 

† The mean age for children/follow-up period data were only collected for outcomes related to cognitive and/or psychomotor 

development 

‡ Total sample size is based on the number of women enrolled in the study; may differ from the sample size used for analysis 

§ Single publication reporting on two separate cohorts 

Page 76 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

29 
 

Appendix I. Methodological quality of observational studies – Newcastle Ottawa Scale results 

First 

Author, 

Year 

Representativen

ess of the 

exposed cohort 

Selection 

of the 

non-

exposed 

cohort 

Ascertainme

nt of 

exposure 

Demonstratio

n that 

outcome of 

interest was 

not present 

at start of 

study 

Comparabili

ty of cohorts 

on the basis 

of the design 

or analysis 

Assessmen

t of 

outcome 

Was 

follow-up 

long 

enough 

for 

outcomes 

to occur 

Adequac

y of 

follow up 

of 

cohorts 

Adab, 

2004
1
 

B A A A C A A C 

Arkilo, 

2015
4
 

B A B A D A A C 

Bromley, 

2010
5
 

D A D A D D B D 

Bromley, 

2013
6
 

A A A A A A A C 

Christensen

, 2013
8
 

A A A A A B A B 

Cohen, 

2013
9
 

A A D A A A A C 

Cummings, 

2011
10

 
A A A A A A A C 

Dean, 

2002
12

 
B A A A D A A C 

D'Souza, 

1991
14

 
B A A A D A A A 

Eriksson, 

2005
15

 
B A A A B A A D 

Gaily, 

1990
17

 
B A A A D A A A 

Gogatishvil

i, 2014
21

 
A A D A D A A D 
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Gogatishvil

i, 2015
22

 
A A D A D A A D 

Jones, 

1989
23

 
A A B A D A A B 

Katz, 

2001
24

 
B A A A D A A D 

Koch, 

1996
25

 
B A B A D A A C 

Lacroix, 

2012
26

 
A A A A A A A A 

Mawer, 

2002
3
 

B A A A D A A B 

Miskov, 

2010
27

 
D A D A D D A D 

Nadebaum, 

2011
28

 
A A A A A A A B 

Rihtman, 

2013
29

 
A B A A A A A C 

Scolnik, 

1994
30

 
B A A A D A A A 

Shankaran, 

1996
31

 
B A A A D A A B 

Van der 

Pol, 1991
32

 
B A D A A A A B 

Veiby, 

2013a
33

 
A A A A A A A D 

Veiby, 

2013b
34

 
A A A A A A A C 

Wood, 

2015
35

 
A A A A D A A C 

Abbreviations: A – low risk; B – moderate risk; C – high risk; D – unclear risk 
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Appendix J. Comparison-adjusted funnel plots
*
 

 
*
 Funnel plots have been produced only for outcomes with ≥10 studies. For multi-arm studies we plot data points from each study-

specific basic parameter (treatment comparisons with a study-specific common comparator) 
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Appendix K. Statistically significant network meta-analysis results along with meta-analysis results, transitivity, and 

inconsistency assessments 

Treatment 

Comparison 

Number 

of 

Studies 

(Mean 

Baseline 

Risk) 

Number 

of 

patients 

(Mean 

Age) 

Treatme

nt 

Indicatio

n 

Timin

g 

Comparabili

ty of cohorts 

Adequac

y of 

follow 

up of 

cohorts 

MA Odds 

Ratio 

(95% CrI)
 

NMA Odds Ratio 

(95% CrI) (95% 

PrI)
 

Cognitive Developmental Delay (10 studies, 748 patients, 14 treatments) 

Carbam+Pheno+V

alpro vs Control 
NA NR NR NR NR NR NA 

17.31 

(1.03-434.50) (0.86-

488.60) 

Lamot vs Valpro 4 (NA) 
140 

(31.00) 
Epilepsy NR H H 

0.17 (0.02-

0.80) 

0.13 

(0.02-0.57) (0.01-

0.79) 

Valpro vs Carbam 1 (NA) 
23 

(31.00) 
Epilepsy NR H H 

0.44 (0.00-

11.07) 

3.69 

(1.72-7.63) (0.94-

13.88) 

Valpro vs Control 3 (0.06) 
165 

(28.80) 
Epilepsy NR H H 

10.45 (3.42-

33.73) 

8.63 

(3.01-25.74) (1.82-

38.93) 

Valpro vs Pheno 3 (NA) 
36 

(31.00) 
Epilepsy 

1st 

trimest

er 

H H 
4.41 (0.79-

38.91) 

5.87 

(1.26-42.27) (0.93-

56.07) 

Valpro vs Pheny 3 (NA) 
58 

(31.00) 
Epilepsy 

1st 

trimest

er 

H H 
3.28 (0.81-

14.38) 

3.01 

(1.06-9.18) (0.71-

14.27) 

Common between-study variance across treatment comparisons 
0.13 (0.00-

1.01) 
0.15 (0.00-1.25) (NA) 

Residual deviance: 40 

Data points: 42 
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Treatment 

Comparison 

Number 

of 

Studies 

(Mean 

Baseline 

Risk) 

Number 

of 

patients 

(Mean 

Age) 

Treatme

nt 

Indicatio

n 

Timin

g 

Comparabili

ty of cohorts 

Adequac

y of 

follow 

up of 

cohorts 

MA Odds 

Ratio 

(95% CrI)
 

NMA Odds Ratio 

(95% CrI) (95% 

PrI)
 

DIC: 69 

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 

13.33 

Degrees of 

Freedom: 16 

P- value: 0.64 

Heterogeneity: 0 

Autism Dyspraxia (5 studies, 2551 patients, 12 treatments) 

Lamot vs Control 2 (0.00) 
254 

(27.75) 
Epilepsy 

1st 

trimest

er 

H H 
13.77 (2.06-

188.00) 

8.88 

(1.29-112.00) (0.94-

146.80) 

Lamot+Valpro vs 

Carbam 
1 (NA) 40 (NR) Epilepsy NR L L 

15.02 (2.04-

171.90) 

22.89 

(2.58-219.00) (1.90-

282.20) 

Lamot+Valpro vs 

Clonaz 
NA NR NR NR NR NR NA 

20.21 

(1.48-351.30) (1.15-

455.00) 

Lamot+Valpro vs 

Control 
NA NR NR NR NR NR NA 

132.70 

(7.41-3,9 x 10
3
) 

(5.82-4.6 x 10
3
) 

Lamot+Valpro vs 

Lamot 
NA NR NR NR NR NR NA 

14.61 

(1.51-149.10) (1.14-

196.80) 

Oxcar vs Control NA NR NR NR NR NR NA 

13.51 

(1.28-221.40) (0.86-

267.40) 

Valpro vs Carbam 5 (NA) 
1003 

(27.83) 
Epilepsy 

1st 

trimest
L L 

3.20 (1.20-

8.68) 

3.02 

(1.09-8.40) (0.57-
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Treatment 

Comparison 

Number 

of 

Studies 

(Mean 

Baseline 

Risk) 

Number 

of 

patients 

(Mean 

Age) 

Treatme

nt 

Indicatio

n 

Timin

g 

Comparabili

ty of cohorts 

Adequac

y of 

follow 

up of 

cohorts 

MA Odds 

Ratio 

(95% CrI)
 

NMA Odds Ratio 

(95% CrI) (95% 

PrI)
 

er 14.31) 

Valpro vs Control 2 (0.00) 
249 

(27.75) 
Epilepsy 

1st 

trimest

er 

H H 
9.19 (1.14-

132.10) 

17.29 

(2.40-217.60) (1.61-

274.90) 

Common between-study variance across treatment comparisons 
0.12 (0.00-

1.37) 
0.16 (0.00-1.95) (NA) 

Residual deviance: 24 

Data points: 24 

DIC: 44 

  

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 

3.79 

Degrees of 

Freedom: 5 

P- value: 0.57 

Heterogeneity: 0 

Psychomotor Developmental Delay (11 studies, 1145 patients, 18 treatments) 

Carbam+Pheno+V

alpro vs Control 
NA NR NR NR NR NR NA 

19.12 

(1.49-337.50) (1.34-

370.40) 

Carbam+Pheno+V

alpro vs Pheno 
NA NR NR NR NR NR NA 

19.86 

(1.38-393.60) (1.26-

423.30) 

Levet vs 

Carbam+Pheno+V

alpro 

NA NR NR NR NR NR NA 

0.01 

(0.00-0.58) (0.00-

0.62) 

Valpro vs Carbam 7 (NA) 
331 

(27.80) 
Epilepsy 

1st 

trimest

er 

H H 
2.72 (1.39-

5.67) 

2.45 

(1.27-4.88) (0.95-

6.77) 

Valpro vs Control 5 (0.07) 331 Epilepsy 1st H H 3.53 (1.60- 4.16 
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Treatment 

Comparison 

Number 

of 

Studies 

(Mean 

Baseline 

Risk) 

Number 

of 

patients 

(Mean 

Age) 

Treatme

nt 

Indicatio

n 

Timin

g 

Comparabili

ty of cohorts 

Adequac

y of 

follow 

up of 

cohorts 

MA Odds 

Ratio 

(95% CrI)
 

NMA Odds Ratio 

(95% CrI) (95% 

PrI)
 

(28.38) trimest

er 

8.64) (2.04-8.75) (1.52-

12.05) 

Valpro vs Pheno 2 (NA) 141 (NR) Epilepsy 

1st 

trimest

er 

H H 
3.68 (1.17-

12.30) 

4.32 

(1.72-11.20) (1.34-

14.51) 

Common between-study variance across treatment comparisons 
0.05 (0.00-

0.49) 
0.06 (0.00-0.63) (NA) 

Residual deviance: 45 

Data points: 51 

DIC: 78 

  

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 

13.46 

Degrees of 

Freedom: 21 

P- value: 0.89 

Heterogeneity: 0 

Language Delay (5 studies, 509 patients, 5 treatments) 

Valpro vs Control 1 (0.03) 
173 

(28.90) 
Epilepsy NR L H 

6.96 (1.14-

37.03) 

7.95 

(1.50-49.13) (0.96-

74.52) 

Common between-study variance across treatment comparisons 
0.15 (0.00-

1.85) 
0.16 (0.00-2.15) (NA) 

Residual deviance: 12 

Data points: 14 

DIC: 23 

  

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 

2.33 

Degrees of 

Freedom: 3 

P- value: 0.50 

Heterogeneity: 0 
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Treatment 

Comparison 

Number 

of 

Studies 

(Mean 

Baseline 

Risk) 

Number 

of 

patients 

(Mean 

Age) 

Treatme

nt 

Indicatio

n 

Timin

g 

Comparabili

ty of cohorts 

Adequac

y of 

follow 

up of 

cohorts 

MA Odds 

Ratio 

(95% CrI)
 

NMA Odds Ratio 

(95% CrI) (95% 

PrI)
 

ADHD (4 studies, 750 patients, 6 treatments) 

Residual deviance:12 

Data points: 17 

DIC: 22 

  

Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; CrI - Credible Interval; DIC - Deviance Information Criterion; H- 

high risk of bias; L - low risk of bias; MA - Meta-analysis; NA - Not applicable; NMA - Network Meta-analysis; NR- Not Reported; 

PrI - Predictive Interval; ROB - Risk of Bias 

 

Carbam = Carbamazepine; Clobaz = Clobazam; Clonaz = Clonazepam; Ethos = Ethosuximide; Gabap = Gabapentin; Lamot = 

Lamotrigine; Levet = Levetiracetam; Oxcar = Oxcarbazepine; Pheno = Phenobarbital; Pheny = Phenytoin; Pridmid = Primidone; 

Topir = Topiramate; Valpro = Valproate; Vigab = Viagabatrin 
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Appendix L. Frequencies, events and samples sizes, SUCRA values, and total group risks 

per treatment and outcome 

Treatment 

Frequency 

of treatment 

in network 

Total # 

events/Total 

Sample size 

Median 

SUCRA 

 (95% CrI) 

Total 

Group 

Risk 

Median 

(IQR) 

Cognitive Developmental Delay 

Carbamazepine+Levetiraceta

m 
1 0/2 

0.86 (0.07-

1.00) 

0.00 (0.00-

0.00) 

Carbamazepine+Phenobarbita

l 
1 0/3 

0.86 (0.14-

1.00) 

0.00 (0.00-

0.00) 

Control 4 8/125 
0.79 (0.43-

0.93) 

0.04 (0.00-

0.09) 

Lamotrigine 4 0/43 
0.71 (0.29-

1.00) 

0.00 (0.00-

0.00) 

Phenobarbital+Phenytoin 1 0/15 
0.71 (0.07-

1.00) 

0.00 (0.00-

0.00) 

Phenobarbital 3 1/12 
0.64 (0.21-

1.00) 

0.00 (0.00-

0.33) 

Carbamazepine 9 29/238 
0.50 (0.29-

0.79) 

0.15 (0.05-

0.20) 

Primidone 2 2/13 
0.50 (0.14-

0.93) 

0.09 (0.00-

0.18) 

Phenytoin 5 11/111 
0.43 (0.21-

0.79) 

0.10 (0.00-

0.21) 

Phenytoin+Valproate 1 0/5 
0.36 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Carbamazepine+Phenobarbita

l+Phenytoin 
1 0/4 

0.29 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Ethosuximide+Phenytoin 1 0/3 
0.21 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Valproate 7 50/160 
0.21 (0.00-

0.43) 

0.35 (0.25-

0.50) 

Carbamazepine+Phenytoin 1 1/11 
0.14 (0.00-

0.79) 

0.09 (0.09-

0.09) 

Carbamazepine+Phenobarbita

l+Valproate 
1 2/3 

0.07 (0.00-

0.71) 

0.67 (0.67-

0.67) 

Autism/Dyspraxia 

Control 2 1/180 
0.91 (0.55-

1.00) 

0.00 (0.00-

0.01) 

Levetiracetam 1 0/11 
0.73 (0.09-

1.00) 

0.00 (0.00-

0.00) 

Carbamazepine 5 8/518 0.64 (0.36- 0.03 (0.01-
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Treatment 

Frequency 

of treatment 

in network 

Total # 

events/Total 

Sample size 

Median 

SUCRA 

 (95% CrI) 

Total 

Group 

Risk 

Median 

(IQR) 

0.91) 0.06) 

Carbamazepine+Lamotrigine 1 0/5 
0.64 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Clonazepam 1 3/269 
0.64 (0.18-

0.91) 

0.01 (0.01-

0.01) 

Carbamazepine+Phenytoin 1 0/3 
0.55 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Phenytoin 1 0/5 
0.55 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Carbamazepine+Clonazepam 1 0/3 
0.45 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Lamotrigine 4 14/745 
0.45 (0.18-

0.82) 

0.04 (0.01-

0.08) 

Oxcarbazepine 1 7/321 
0.36 (0.09-

0.82) 

0.02 (0.02-

0.02) 

Valproate 5 21/485 
0.27 (0.09-

0.55) 

0.05 (0.03-

0.08) 

Lamotrigine+Valproate 1 3/6 
0.00 (0.00-

0.27) 

0.50 (0.50-

0.50) 

Neonatal Seizure 

Lamotrigine 1 3/42 NA 0.07 (NA) 

Valproate 1 0/30 NA 0.00 (NA) 

Psychomotor Developmental Delay 

Levetiracetam 1 0/11 
0.94 (0.29-

1.00) 

0.00 (0.00-

0.00) 

Phenobarbital+Phenytoin 1 0/15 
0.82 (0.12-

1.00) 

0.00 (0.00-

0.00) 

Carbamazepine+Phenytoin 1 0/11 
0.76 (0.06-

1.00) 

0.00 (0.00-

0.00) 

Control 8 21/323 
0.76 (0.53-

0.94) 

0.06 (0.03-

0.10) 

Phenobarbital 4 11/117 
0.76 (0.47-

0.94) 

0.07 (0.02-

0.17) 

Carbamazepine 10 32/249 
0.59 (0.35-

0.82) 

0.10 (0.06-

0.16) 

Carbamazepine+Phenobarbita

l 
2 3/15 

0.59 (0.18-

0.94) 

0.13 (0.00-

0.25) 

Lamotrigine 4 11/126 
0.53 (0.24-

0.82) 

0.09 (0.06-

0.12) 

Clonazepam 1 4/27 
0.47 (0.12-

0.88) 

0.15 (0.15-

0.15) 
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Treatment 

Frequency 

of treatment 

in network 

Total # 

events/Total 

Sample size 

Median 

SUCRA 

 (95% CrI) 

Total 

Group 

Risk 

Median 

(IQR) 

Phenytoin+Valproate 1 0/5 
0.47 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Carbamazepine+Phenobarbita

l+Phenytoin 
1 0/4 

0.41 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Clobazam 1 1/6 
0.41 (0.00-

0.94) 

0.17 (0.17-

0.17) 

Phenytoin 3 10/83 
0.41 (0.12-

0.71) 

0.04 (0.00-

0.33) 

Ethosuximide+Phenytoin 1 0/3 
0.35 (0.00-

1.00) 

0.00 (0.00-

0.00) 

Topiramate 2 1/6 
0.29 (0.00-

0.88) 

0.13 (0.00-

0.25) 

Valproate 7 36/137 
0.24 (0.06-

0.53) 

0.28 (0.11-

0.38) 

Gabapentin 2 1/4 
0.12 (0.00-

0.76) 

0.25 (0.00-

0.50) 

Carbamazepine+Phenobarbita

l+Valproate 
1 2/3 

0.06 (0.00-

0.59) 

0.67 (0.67-

0.67) 

Language Delay 

Control 2 17/209 
0.75 (0.50-

1.00) 

0.13 (0.03-

0.24) 

Phenobarbital 1 10/41 
0.75 (0.00-

1.00) 

0.24 (0.24-

0.24) 

Carbamazepine 4 17/117 
0.50 (0.00-

0.75) 

0.15 (0.06-

0.25) 

Lamotrigine 3 6/59 
0.50 (0.00-

1.00) 

0.00 (0.00-

0.14) 

Valproate 4 21/83 
0.00 (0.00-

0.50) 

0.22 (0.12-

0.35) 

ADHD 

Phenytoin 2 2/41 
1.00 (0.20-

1.00) 

0.05 (0.04-

0.06) 

Control 3 6/218 
0.80 (0.20-

1.00) 

0.03 (0.00-

0.05) 

Phenobarbital 1 4/61 
0.60 (0.00-

1.00) 

0.07 (0.07-

0.07) 

Lamotrigine 3 7/105 
0.40 (0.00-

0.80) 

0.07 (0.00-

0.13) 

Carbamazepine 4 17/182 
0.20 (0.00-

0.60) 

0.09 (0.04-

0.13) 

Valproate 4 12/143 0.20 (0.00- 0.08 (0.03-
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Treatment 

Frequency 

of treatment 

in network 

Total # 

events/Total 

Sample size 

Median 

SUCRA 

 (95% CrI) 

Total 

Group 

Risk 

Median 

(IQR) 

0.80) 0.16) 

Social Impairment 

Carbamazepine 1 6/48 NA 0.13 (NA) 

Control 1 37/276 NA 0.13 (NA) 

Lamotrigine 1 9/71 NA 0.13 (NA) 

Valproate 1 1/27 NA 0.04 (NA) 

Abbreviations: ADHD - attention deficit hyperactivity disorder; CrI - Credible Interval; IQR - 

interquartile range; NA - Not applicable; SUCRA - surface under the cumulative ranking curve 

 

Carbam = Carbamazepine; Clobaz = Clobazam; Clonaz = Clonazepam; Ethos = Ethosuximide; 

Gabap = Gabapentin; Lamot = Lamotrigine; Levet = Levetiracetam; Oxcar = Oxcarbazepine; 

Pheno = Phenobarbital; Pheny = Phenytoin; Pridmid = Primidone; Topir = Topiramate; Valpro = 

Valproate; Vigab = Viagabatrin 
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Appendix M. Rank-heat plot of cognitive developmental delay, autism/dyspraxia, psychomotor developmental delay, language 

delay, and attention deficit hyperactivity disorder outcomes* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: carbam - carbamazepine, clobaz - clobazam, clonaz - clonazepam, ethos - ethosuximide, gabap - gabapentin, lamot - 

lamotrigine, levet - levetiracetam, oxcar - oxcarbazepine, pheno - phenobarbital, pheny - phenytoin, primid - primidone, topir - 

topiramate, valpro - valproate, vigab - vigabatrin 
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*Rank-heat plot of cognitive developmental delay, autism/dyspraxia, psychomotor developmental delay, language delay, and attention 

deficit hyperactivity disorder outcomes (5 circles) and 25 treatments (25 radii). Each sector is coloured according to the surface under 

the cumulative ranking curve value of the corresponding treatment and outcome using the transformation of three colours red (0%), 

yellow (50%), and green (100%). 
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Appendix N. Number of studies and treatments per outcome 

Total studies 

Range 

of study 

arms 

# of 

treatments 

# of 

patients 

# of direct 

treatment 

comparisons 

# of NMA 

treatment 

comparisons 

Statistically 

significant 

NMA 

treatment 

effects 

# of 

studies 

with zero 

events in 

all arms 

# of studies 

with 

ineligible 

outcome 

definition* 

Cognitive Developmental Delay 

10 (2,8) 14 748 53 105 6 0 5 

Autism/Dyspraxia 

5 (4,6) 12 2551 34 66 8 0 4 

Neonatal Seizure 

1 (2,2) 2 69 1 0 0 1 1 

Psychomotor Developmental Delay 

11 (2,8) 18 1145 74 153 6 0 5 

Language Delay 

5 (2,4) 5 509 7 10 1 0 3 

ADHD 

4 (4,5) 6 750 14 15 0 0 0 

Social Impairment 

1 (4,4) 4 422 1 0 0 0 0 

Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; NMA - Network Meta-analysis 

*See Appendix A for outcome definitions 
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ABSTRACT	56 

Objectives: Compare the safety of anti-epileptic drugs (AEDs) on neurodevelopment of 57 

infants/children exposed in-utero or during breastfeeding.  58 

Design	and	Setting: Systematic review and Bayesian random-effects network meta-59 

analysis (NMA). Medline, EMBASE, and the Cochrane Central Register of Controlled Trials 60 

were searched until April 27th, 2017. Screening, data abstraction, and quality appraisal 61 

were completed in duplicate by independent reviewers. 62 

Participants:  29 cohort studies including 5,100 infants/children. 63 

Interventions: Mono- and poly-therapy AEDs including first-generation (carbamazepine, 64 

clobazam, clonazepam, ethosuximide, phenobarbital, phenytoin, primidone, valproate) and 65 

newer-generation (gabapentin, lamotrigine, levetiracetam, oxcarbazepine, topiramate, 66 

vigabatrin) AEDs. Epileptic women who did not receive AEDs during pregnancy or 67 

breastfeeding served as the control group. 68 

Primary	and	secondary	Outcome	measures: Cognitive developmental delay and 69 

autism/dyspraxia were primary outcomes. Attention deficit hyperactivity disorder, 70 

language delay, neonatal seizures, psychomotor developmental delay, and social 71 

impairment were secondary outcomes. 72 

Results: The NMA on cognitive developmental delay (11 cohort studies, 933 children, 18 73 

treatments) suggested among all AEDs only valproate was statistically significantly 74 

associated with more children experiencing cognitive developmental delay when compared 75 

with control (odds ratio (OR)=7.40, 95% credible interval (CrI):  3.00-18.46). The NMA on 76 

autism (5 cohort studies, 2,551 children, 12 treatments), suggested that oxcarbazepine 77 

(OR=13.51, CrI: 1.28-221.40), valproate (N=485, OR=17.29, 95% CrI: 2.40-217.60), 78 
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lamotrigine (OR=8.88, CrI: 1.28-112.00), and lamotrigine+valproate (OR=132.70, CrI: 79 

7.41-3,851.00) were associated with significantly greater odds of developing autism 80 

compared with control. The NMA on Psychomotor developmental delay (11 cohort studies, 81 

1,145 children, 18 treatments) found that valproate (OR=4.16, CrI: 2.04-8.75) and 82 

carbamazepine+phenobarbital+valproate (OR=19.12, CrI: 1.49-337.50) were associated 83 

with significantly greater odds of psychomotor delay compared with control. 84 

Conclusions: Valproate alone or combined with another AED is associated with the 85 

greatest odds of adverse neurodevelopmental outcomes compared with control. 86 

Oxcarbazepine and lamotrigine were associated with increased occurrence of autism. 87 

Counselling is advised for women considering pregnancy to tailor the safest regimen. 88 

	89 

Registration:	PROSPERO database (CRD42014008925).	90 

Keywords:	multiple treatment meta-analysis, knowledge synthesis, epilepsy, pregnancy, 91 

infants, developmental delay.  92 

ARTICLE	SUMMARY	93 

Strengths	and	limitations	of	this	study	94 

• 29 cohort studies involving 5,100 children of women who took AEDs were included 95 

in this systematic review. More evidence from long-term follow-up studies is 96 

required. 97 

• This study was the first that compared and ranked the safety of AEDs, including 98 

comparative safety of treatments that have not been directly compared.  99 
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• Across all neurological outcomes and treatments compared with control, valproate 100 

alone or combined with another AED is associated with the greatest odds of adverse 101 

development.  102 

• Oxcarbazepine and lamotrigine were associated with increased occurrence of 103 

autism.104 
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INTRODUCTION	105 

Anti-epileptic drugs (AEDs) are used by pregnant women for various conditions, such as 106 

epilepsy, pain syndromes, psychiatric disorders, and chronic migraine.1 AED use during 107 

pregnancy is associated with risks to the fetus, as these drugs can cross the placenta or may 108 

be transferred to the infant through breastfeeding and may be associated with adverse 109 

neurodevelopment outcomes.2-4 Two systematic reviews examined the association 110 

between AED exposure and neurodevelopment in utero, and reported that exposure to 111 

valproate was linked to significantly lower IQ scores and poorer overall 112 

neurodevelopmental outcomes in the children of women who used these medications.5 6 No 113 

significant associations were found between neurodevelopment and exposure to other 114 

AEDs such as carbamazepine, lamotrigine, or phenytoin.5-8 However, there is a lack of 115 

sufficiently powered studies to assess the impact of AEDs on neurodevelopment in children 116 

of women exposed to these agents, especially for newer generation drugs, thus highlighting 117 

the need for a systematic review.9 10 118 

The aim of this study was to compare the safety of AEDs and assess their impact on 119 

neurodevelopment in infants and children exposed in-utero or during breastfeeding, 120 

employing a systematic review and network meta-analysis (NMA). 121 
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METHODS	122 

The methods are briefly described here; details can be found in the published protocol 123 

(Additional File 1).11 This study was registered with PROSPERO (CRD42014008925). We 124 

followed the ISPOR12 guidelines for our NMA, and reported our findings using the PRISMA 125 

extension for NMA (Additional File 2).13 126 

Eligibility	criteria		127 

All randomized clinical trials (RCTs), quasi-RCTs, and observational studies were eligible. 128 

Included studies assessed infants or children ≤12 years of age whose mothers consumed 129 

AEDs during pregnancy and/or while breastfeeding. Both mono- and poly-therapy AEDs 130 

were eligible, including first-generation (i.e., carbamazepine, clobazam, clonazepam, 131 

ethosuximide, phenobarbital, phenytoin, primidone, valproate) and newer-generation (i.e., 132 

marketed >1990: gabapentin, lamotrigine, levetiracetam, oxcarbazepine, topiramate, 133 

vigabatrin), with no restrictions on AED dosage. Placebo, no AED, other AEDs alone or in 134 

combination, were considered as comparators. Duplicate studies that used the same 135 

registry or population sample (i.e., companion studies) were used for supplementary 136 

information only. No language or other restrictions were imposed. 137 

The primary neurological outcomes were cognitive developmental delay and 138 

autism/dyspraxia, and the secondary outcomes included attention deficit hyperactivity 139 

disorder (ADHD), language delay, neonatal seizures, psychomotor developmental delay, 140 

and social impairment. Table 2 shows the outcome measures and diagnostic scales used. 141 

We initially intended to evaluate all safety outcomes in infants/ children exposed to AEDs 142 

in-utero or during breastfeeding in one publication, but given the breadth of evidence we 143 
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identified, we report results related to risk of major congenital malformations, birth, and 144 

prenatal outcomes in a companion paper.14 145 

Information	sources	146 

An experienced librarian executed search strategies for MEDLINE, EMBASE, and the 147 

Cochrane Central Register of Controlled Trials up to March 18, 2014, and then updated the 148 

search in April 27th 2017. The search strategy for MEDLINE was peer-reviewed by another 149 

librarian using the PRESS checklist,15 and is available in the protocol.11 Additional studies 150 

were identified by scanning references and contacting authors. Unpublished studies were 151 

sought by searching clinical trial registries and conference abstracts.  152 

Study	selection	and	data	collection	153 

After a calibration exercise, titles/abstracts (level 1) and full-text papers (level 2) were 154 

screened by two reviewers independently. Upon completion of level 1, 6% of citations were 155 

discrepant between reviewer pairs, whereas at the conclusion of level 2, 16% of articles 156 

were discrepant. Conflicts were resolved through discussion or by a third reviewer. The 157 

same approach was used for data abstraction and appraisal of methodological quality. 158 

Three rounds of pilot testing were conducted prior to data abstraction to train reviewers 159 

and refine the data abstraction form. For studies published in the last 10 years, authors 160 

were contacted to request clarification or additional data. 161 

Appraisal	of	methodological	quality	162 

Only observational studies were identified and included for analysis, and their 163 

methodological quality was appraised with the Newcastle-Ottawa Scale (NOS) (Additional 164 

File 3: Appendix A).16 For each outcome with ≥10 studies, the comparison-adjusted funnel 165 

plot was used to assess small-study effects,17 where the overall treatment effect for each 166 
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comparison was estimated under the fixed-effect meta-analysis model. All eligible 167 

medications were ordered from oldest to newest using their international market approval 168 

dates. Hence, the comparison-adjusted funnel plot additionally assesses the hypothesis that 169 

newer AEDs are favoured over older ones. To overcome some of the correlations induced 170 

by multi-arm studies, which may cause overestimation and mask funnel plot asymmetry, 171 

we plotted data points corresponding to the study-specific basic parameters (treatment 172 

comparisons with common comparator). In each study, we used the control group as the 173 

common comparator or if this was missing, we used the oldest treatment comparator 174 

against the remaining AEDs.  175 

Synthesis	of	included	studies		176 

We used the odds ratio (OR) for each dichotomous outcome, and outcome data were 177 

pooled using hierarchical meta-analysis and NMA models and the Markov Chain Monte 178 

Carlo sampling method in a Bayesian framework. To account for anticipated 179 

methodological and clinical heterogeneity across studies, and to achieve the highest 180 

generalizability in the meta-analytical treatment effects, we applied a random-effects 181 

model.18  182 

A NMA was applied for connected evidence networks and pre-specified treatment nodes.19 183 

We assessed the transitivity assumption for each outcome a priori using the effect 184 

modifiers: age, baseline risk, treatment indication, timing, and methodological quality. The 185 

mean of each continuous effect modifier and the mode of each categorical effect modifier 186 

for each pairwise comparison were presented in tables for each outcome.20 The consistency 187 

assumption was evaluated for the entire network of each outcome using the random-188 

effects design-by-treatment interaction model when multiple studies were available in 189 
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each network design or the fixed-effect design-by-treatment interaction model when a 190 

single study informed each network design.21 If inconsistency was identified, further 191 

examination for local inconsistency in parts of the network was completed using the loop-192 

specific method.22 23 Common within-network between-study variance (��) across 193 

treatment comparisons was assumed in the meta-analysis, NMA, and design-by-treatment 194 

interaction model, so that treatment comparisons including a single study can borrow 195 

strength from the remaining network. This assumption was clinically reasonable, as the 196 

treatments included were of the same nature. In the loop-specific approach, common 197 

within-loop �� was assumed. 198 

For cognitive developmental delay and autism/dyspraxia outcomes, network meta-199 

regression analyses for maternal age and baseline risk (i.e., using the control group) were 200 

conducted, when ≥10 studies provided relevant information, assuming a common fixed 201 

coefficient across treatment comparisons for AEDs vs. control. Sensitivity analyses for 202 

cognitive developmental delay and autism/dyspraxia outcomes were performed for 203 

treatment indication of epilepsy, large study size (i.e., >300), maternal alcohol intake, 204 

maternal tobacco use, only first-generation AEDs, and methodological quality. The 205 

sensitivity analysis for methodological quality was restricted to studies with low risk of 206 

bias for the two items on the NOS where the greatest proportion of studies received a low-207 

quality score: adequacy of follow-up of cohorts and comparability of cohorts. For 208 

autism/dyspraxia, a sensitivity analysis on maternal IQ/psychiatric history was 209 

additionally conducted. We measured the goodness of fit using the posterior mean of the 210 

residual deviance, the degree of ��, and the deviance information criterion (DIC). In a well-211 

fitting model the posterior mean residual deviance should be close to the number of data 212 
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points.24 25 A difference of 3 units in the DIC between a NMA and a network meta-213 

regression model was considered important and the lowest value of the DIC corresponded 214 

to the model with the best fit.24 25  215 

All analyses were conducted in OpenBUGS26 assuming non-informative priors for all model 216 

parameters, and τ~Ν(0,1), τ>0. The first 10,000 iterations were discarded and then 217 

100,000 simulations were run with thinning of 10 values. Convergence was checked by 218 

visual inspection of the evaluation of the mixing of two chains. The median and 95% CrI 219 

were calculated for each parameter value. The network command27 was used to apply the 220 

design-by-treatment interaction model. 221 

For NMA estimates, a 95% predictive interval (PrI) is also reported to capture the 222 

magnitude of �� and present the interval within which the treatment effect of a future 223 

study is expected to lie.28 29 The estimated safety of the included AEDs was ranked using the 224 

surface under the cumulative ranking (SUCRA) curve.30 The larger the SUCRA for a 225 

treatment, the higher its safety rank among all the available treatment options. SUCRA 226 

values are presented along with 95% CrIs to capture the uncertainty in the parameter 227 

values.31228 
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RESULTS	229 

Literature	search	and	included	studies	230 

Our literature search identified 5,707 titles and abstracts, which after the screening process 231 

yielded 681 articles potentially relevant for inclusion (Figure 1). After full-text review, 95 232 

studies fulfilled eligibility criteria along with 17 studies identified through supplemental 233 

methods. Of the 112 total eligible studies in the complete review,14 29 articles with seven 234 

companion reports and two potentially overlapping registry studies included one or more 235 

relevant neurological outcomes (Additional File 3: Appendix B). Four of the studies 236 

included in this analysis were conference abstracts with usable data,32-35 and four 237 

studies,36-39 not captured in the original literature search, were identified through 238 

reference scanning. A table with the key excluded studies and a rationale for their exclusion 239 

is presented in Additional File 3: Appendix C. 240 

Study	and	patient	characteristics	241 

We included 29 cohort studies (5,100 patients) published between 1989 and 2016 (Table 242 

1; Additional File 3: Appendix D, E). The number of patients included in each study ranged 243 

from 23 to 2,011 (median 74.5). Most studies (76%) were published after 2000, 62% of the 244 

studies included fewer than 100 patients, and the 52% of the studies included a control 245 

group of pregnant/breastfeeding women with epilepsy who did not receive AEDs. The 246 

mean maternal age ranged from 24 to 34 years. About half of the studies (52%) were 247 

funded through government/public research funding.  248 

Methodological	quality	results		249 

Twenty-nine observational studies were appraised using the NOS (Additional File 3: 250 

Appendix F). Overall, the studies were of good methodological quality and were rated as 251 
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high quality across most items: 28 studies (97%) selected the non-exposed cohort from the 252 

same community as the exposed cohort, 26 (90%) included a representative or somewhat 253 

representative sample, 27 (93%) assessed outcomes independently, with blinding, or via a 254 

record linkage (e.g., identified through database records), and 23 (79%) ascertained 255 

exposure via secured records (e.g., database records) or structured interviews. The 256 

comparability of cohorts and adequacy of follow-up were the lowest scoring items across 257 

the studies with only 12 (41%) and 10 (34%) studies rated as high quality on these items. 258 

No evidence for small-study effects was identified by the visual inspection of the 259 

comparison-adjusted funnel plots (Additional File 3: Appendix G). 260 

Statistical	analysis	results	261 

No important concerns were raised regarding the violation of the transitivity assumption 262 

when maternal age, baseline risk, treatment indication, and timing were assessed 263 

(Additional File 3: Appendix H). However, the average methodological quality appraisal 264 

across treatment comparisons varied across treatment comparisons. The evaluation of the 265 

consistency assumption using the design-by-treatment interaction model suggested that 266 

there was no evidence of significant inconsistency across all outcomes (Additional File 3: 267 

Appendix H).  268 

In the following sections, we present the significant NMA results by outcome for AEDs 269 

compared with control (i.e., no exposure to AEDs), while the SUCRA values from all 270 

outcomes are presented in Figure 2 and depicted in a rank-heat plot (http://rh.ktss.ca/)40 271 

in Additional File 3: Appendix I.  272 

Cognitive	developmental	delay	273 
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The NMA for cognitive developmental delay (definitions in Table 1) included 11 cohort 274 

studies, 933 children, and examined 18 treatments (Figure 3a; Additional File 3: Appendix 275 

J; τ2=0.12, 95% CrI: 0.00-1.15). One study included children exposed to AEDs both in-utero 276 

and through breastfeeding, and ten included children exposed to AEDs in-utero. Across all 277 

AEDs, only valproate was associated with significantly increased odds of cognitive 278 

developmental delay when compared with control (odds ratio (OR)=7.40, 95% credible 279 

interval (CrI):  3.00-18.46; Figure 2a; Additional File 3: Appendix H).  280 

The same results were observed in a network meta-regression of baseline risk for offspring 281 

of women with epilepsy who were not exposed to AEDs (estimated regression coefficient 282 

on OR scale: 1.01, 95% CrI: 0.76-1.56; τ2=0.16, 95% CrI: 0.00-1.24; residual deviance= 283 

45.27, data points= 47, DIC= 80.17). Similarly, the sensitivity analyses restricted to: a) 284 

studies that only included women receiving AEDs to treat epilepsy (10 studies, 910 285 

children, 17 treatments; τ2=0.16, 95% CrI: 0.00-1.36), b) studies comparing only first-286 

generation AEDs (6 studies, 480 children, 13 treatments; τ2=0.28, 95% CrI: 0.00-2.97), c)  287 

studies that reported maternal alcohol or tobacco use (3 studies, 504 children, 7 288 

treatments; τ2=0.27, 95% CrI: 0.00-3.29), and d) studies with high methodological quality 289 

on NOS item ‘comparability of cohorts’ (3 studies, 366 children, 7 treatments; τ2=0.38, 95% 290 

CrI: 0.00-4.14), were consistent with the NMA results (Additional File 3: Appendix K). The 291 

sensitivity analysis with studies of high methodological quality on the NOS item ‘adequacy 292 

of follow-up’ found no statistically significant results (4 studies, 283 patients, 12 293 

treatments; τ2=1.01, 95% CrI: 0.01-5.85; Additional File 3: Appendix K).  294 

Autism/dyspraxia	295 
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The NMA on autism/dyspraxia (definitions in Table 1) included five cohort studies, 2,551 296 

children exposed in utero, and examined 12 treatments (τ2=0.16, 95% CrI: 0.00-1.95; 297 

Figure 3b; Additional File 3: Appendix H). Compared with control, only valproate 298 

(OR=17.29, 95% CrI: 2.40-217.60), oxcarbazepine (OR= 13.51, 95% CrI: 1.28-221.40), 299 

lamotrigine (OR= 8.88, 95% CrI: 1.28-112.00), and lamotrigine+valproate (OR=132.70, 300 

95% CrI: 7.41-3851.00) were significantly associated with increased occurrence of 301 

autism/dyspraxia (Figure 2b).  302 

Restricting the NMA to studies including only women with epilepsy as their treatment 303 

indication produced results that were generally in agreement with the NMA results, except 304 

that oxcarbazepine was no longer in the network (4 cohort studies, 540 children, 10 305 

treatments; τ2=0.31, 95% CrI: 0.00-304). Two cohort studies of 404 offspring of women 306 

with a history of tobacco use compared 4 treatments and found similar results except that 307 

oxcarbazepine and lamotrigine+valproate were no longer in the network (τ2=0.39, 95% 308 

CrI: 0.00-4.47). The results were in agreement in sensitivity analyses including only higher 309 

methodological quality studies in the ‘comparability of cohorts’ item on the NOS (4 studies, 310 

2,395 children, 12 treatments; τ2=0.19, 95% CrI: 0.00-2.43) and the ‘adequacy of follow-up 311 

of cohorts’ (3 studies, 2244 children, 10 treatments; τ2=0.23, 95% CrI: 0.00-2.88), except 312 

that lamotrigine was no longer statistically significant than control for the latter 313 

(Additional File 3: Appendix K).  314 

Neonatal	Seizure		315 

One cohort study included 72 children who were exposed to AEDs in-utero as well as 316 

through breastfeeding reported on the incidence of neonatal seizures. The study compared 317 
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valproate against lamotrigine and found no significant difference in neonatal seizures 318 

between the two drugs (OR=0.18, 95% CI: 0.01-3.70).  319 

Psychomotor	developmental	delay	320 

The NMA on psychomotor developmental delay (definitions in Table 1) included 11 cohort 321 

studies, 1,145 children exposed in utero, and examined 18 treatments (τ2=0.06, 95% CrI: 322 

0.00-0.63; Figure 3c; Additional File 3: Appendices H, J). Valproate (OR=4.16, 95% CrI: 323 

2.04-8.75) and carbamazepine+phenobarbital+valproate (OR=19.12, 95% CrI: 1.49-324 

337.50) were significantly more harmful than control (Figure 2c).  325 

Language	delay	326 

The NMA on language delay (definitions in Table 1) included five cohort studies, 509 327 

children, and examined five treatments (τ2=0.16, 95% CrI: 0.00-2.15; Figure 3d; Additional 328 

File 3: Appendices H, J). One study included children exposed to AEDs in-utero and through 329 

breastfeeding, and four included children exposed to AEDs in-utero. Compared with 330 

control, valproate was the only treatment significantly associated with increased odds of 331 

language delay (OR=7.95, 95% CrI: 1.50-49.13; Figure 2d). 332 

Attention	deficit	hyperactivity	disorder	333 

The NMA on ADHD (definitions in Table 1) included five cohort studies, 816 children, and 334 

examined seven treatments (τ2=0.11, 95% CrI: 0.00-1.29). One study included children 335 

exposed to AEDs in-utero and through breastfeeding, while four studies included children 336 

exposed to AEDs in-utero. None of the treatment comparisons reached statistical 337 

significance (Figure 3e; Figure 2e; Additional File 3: Appendices H, J).  338 

Social	Impairment	339 
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One cohort study included 422 children exposed to AEDs in-utero as well as through 340 

breastfeeding. The children were exposed to carbamazepine (n=48), lamotrigine (n=71), 341 

valproate (n=27) and control (n=278). No significant differences in social impairment were 342 

identified.41  343 

344 
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DISCUSSION	345 

Our results suggest that AEDs generally pose a risk for infants and children exposed in-346 

utero or during breastfeeding. Valproate was significantly associated with more children 347 

experiencing autism/dyspraxia, language, cognitive and psychomotor developmental 348 

delays versus children who were not exposed to AEDs. Oxcarbazepine, lamotrigine and 349 

lamotrigine+valproate were associated with increased occurrence of autism/dyspraxia, 350 

whereas for the cognitive developmental delay and psychomotor developmental delay 351 

outcomes, children exposed to the combination of carbamazepine, phenobarbital, and 352 

valproate were at greater odds of harm than those who were not exposed to AEDs. 353 

However, these results should be interpreted with caution, as a number of factors (e.g., 354 

anticonvulsant dosing, severity of epilepsy, duration of exposure, serum concentrations of 355 

exposure, mother's IQ/education) that may all influence outcomes were not identified in 356 

these studies. Also, our subsequent analyses may be underpowered due to missing data 357 

(e.g., 17 of the 27 studies did not report maternal age, 23 of 27 studies did not report 358 

alcohol use, 22 of 27 studies did not report tobacco use, and 14 of 27 studies did not 359 

include control group). 360 

NMA is a particularly useful tool for decision-makers because it allows the ranking of 361 

treatments for each outcome. However, the results of our SUCRA curves should be 362 

interpreted with caution, especially due to the small number of studies and children 363 

included in each NMA, which is also reflected in the high uncertainty around the SUCRA 364 

values (Figure 2).31  365 

Our results are consistent with a longitudinal study of 311 children that found exposure to 366 

lamotrigine was associated with significantly higher IQ scores and verbal function at six 367 
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years of age compared to children exposed to valproate (Additional File 3: Appendix C).7 As 368 

indicated in Additional File 3: Appendix C, we were unable to include this study because the 369 

outcome was reported as a continuous measure, where we focused on dichotomous 370 

outcomes to facilitate interpretation. Our results are supported by findings from a cohort 371 

study, which found that children exposed to levetiracetam were not at increased risk for 372 

delayed development compared to unexposed children (Additional File 3: Appendix C).42 373 

As indicated in Additional File 3: Appendix C, we were unable to include this study due to 374 

the same reason as above. A NMA of 195 RCTs (including 28,013 both male and female 375 

patients) showed that gabapentin and levetiracetam showed the best tolerability profile 376 

compared with other AEDs, whereas oxcarbazepine and topiramate had a higher 377 

withdrawal rate, and lamotrigine an intermediate withdrawal rate.43 378 

Across all outcomes, valproate alone or combined with another AED (even with a newer-379 

generation agent, e.g., lamotrigine) was associated with the greatest odds. Similarly, two 380 

previous systematic reviews that did not conduct a NMA found valproate was associated 381 

with significantly lower IQ scores and poorer overall neurodevelopmental outcomes when 382 

compared to an unexposed control group.5 6 Also consistent with our results, a 2014 383 

Cochrane review including 28 studies (10 of these studies were included in the meta-384 

analyses; with a maximum number of five studies per meta-analysis) concluded that AED 385 

polytherapy led to poorer developmental outcomes and IQ compared to healthy controls, 386 

epileptic controls, and unspecified monotherapy.5 This Cochrane review also concluded 387 

that insufficient data exist for newer AEDs. However, unlike our review, it included and 388 

analysed fewer studies, and did not differentiate between specific polytherapy regimens, 389 

and thus did not compare these regimens versus each other or specific monotherapy AEDs. 390 
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These risks must be balanced with the need to control seizure activity in pregnancy and 391 

thus informed decision-making by patients and clinicians is critical. 392 

Strengths of our study include a comprehensive systematic review methodology that 393 

followed the Cochrane Handbook44 and ISPOR12 guidelines, and reported using the PRISMA 394 

extension for NMA.13 To the best of our knowledge, our study was the first that compared 395 

and ranked the safety of AEDs. We evaluated the comparative safety of treatments that 396 

have not been directly compared head-to-head before. In addition, we calculated predictive 397 

intervals, which account for between-study variation and provide a predicted range for the 398 

treatment effect estimate, should a future study be conducted. On average, the predictive 399 

intervals suggested that our results are robust. 400 

Our systematic review has a few limitations worth noting. First, due to the complexity of 401 

the data and the studies’ underreporting, differences in drug dosages could not be 402 

accounted for, and it was assumed that different dosages of the same AED were equally 403 

effective. When a study reported multiple dosages for the same treatment, we combined 404 

the data for this treatment. This is common for cohort studies, which report on a number of 405 

different types of exposures amongst patients. Second, several polytherapies had high 406 

SUCRA estimates but very wide CrIs, which is due to the small number of studies included 407 

for each drug combination with underpowered sample sizes. Evidence suggests that 408 

ranking probabilities for a treatment of being the best may be biased toward the 409 

treatments with the smallest number of studies, which may have influenced our SUCRA 410 

results.31 45 As such, the effect sizes need to be taken into account when considering the 411 

SUCRA values. Third, due to the absence of evidence from RCTs, our conclusions were 412 

based on evidence from observational studies only, and inherent biases because of 413 

Page 22 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review
 only

 

22 

 

confounding and shortcomings of these studies may have impacted our findings. For 414 

example, the included studies often failed to report important confounding variables,46 415 

such as family history of autism, ADHD, and maternal IQ, severity of epilepsy making it 416 

impossible for us to control these variables through subgroup analysis and meta-417 

regression. Recent research has explored methods to incorporate non-randomized with 418 

randomized evidence in a NMA and have highlighted the need to carefully explore the level 419 

of confidence in the non-randomized evidence.47 48 The use of observational studies allows 420 

the assessment of the safety profile of AED treatments and offers the opportunity to 421 

evaluate effects in pregnancy.49 Future large-scale observational studies are needed to 422 

allow the evaluation of rare adverse events that otherwise cannot be adequately evaluated 423 

in RCTs, especially during pregnancy. Fourth, although no intransitivity for most effect 424 

modifiers assessed was evident, there was an imbalance in the methodological study 425 

quality appraisal across treatment comparisons and most outcomes, which may impact our 426 

results. Unknown factors or factors that could not be assessed due to dearth of data may 427 

pose the risk of residual confounding bias, and hence risk the validity of the transitivity 428 

assumption. However, the assessment of consistency suggested no disagreement between 429 

the different sources of evidence in the network. Fifth, although the tendency towards 430 

small-study effects is greater with observational studies than with randomized trials,50 the 431 

assessment of small-study effects using adjusted funnel plots suggested no evidence for 432 

their prevalence. Also, the majority of the included studies in this review compared 433 

multiple treatments inducing correlations in each funnel plot, which may mask asymmetry. 434 

Although we plotted data points corresponding to the study-specific basic parameters to 435 

reduce correlations, this issue may still exist. Sixth, we were unable to conduct subgroup 436 
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analysis by type of exposure (breastfeeding versus in utero) due to the small number of 437 

studies included in the NMA and due to the poor reporting; 22 studies did not report 438 

whether exposure was also in breastfeeding (additional to in utero). Hence, we included all 439 

studies in the analysis irrespective of the type of exposure. 440 

More evidence from long-term follow-up studies is required to further delineate 441 

neurodevelopmental risks in children. Future studies should assess the genetic 442 

contribution from the biological father, maternal seizures during pregnancy, exposure 443 

through breastfeeding only, types of epilepsy, and maternal family history. Registries 444 

should aim to include a suitable control group and collect information on potential 445 

confounders, such as alcohol and tobacco use, allowing researchers to identify the safest 446 

agents for different patient-level covariates, and enhance decision-making for healthcare 447 

providers and patients. A critical evaluation of the validity of the control group is also 448 

necessary, in order to examine potential differences between the treated and the not 449 

treated populations. An individual patient data NMA would likely provide further clarity to 450 

the field, which allows the tailoring of management to specific patient characteristics.51  451 

CONCLUSION	452 

Across all outcomes and treatments compared with control, valproate alone or combined 453 

with another AED was associated with the greatest odds, whereas oxcarbazepine and 454 

lamotrigine were associated with increased occurrence of autism. Counselling is advised 455 

for women considering pregnancy to tailor the safest regimen. 456 
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FIGURE	LEGENDS	 479 

Figure	1.	Study	flow	diagram	480 

Figure	2.	Forest	plots	for	cognitive	developmental	delay,	autism/dyspraxia,	481 

psychomotor	developmental	delay,	language	delay,	and	attention	deficit	482 

hyperactivity	disorder	outcome	483 

Figure	3.	Network	diagrams	for	cognitive	developmental	delay,	autism/dyspraxia,	484 

psychomotor	developmental	delay,	language	delay,	and	attention	deficit	485 

hyperactivity	disorder	outcomes	486 

Each treatment node is weighted according to the number of patients that have received the 487 

particular treatment, and each edge is weighted according to the number of studies 488 

comparing the treatments it connects. 489 

Abbreviations: carbam - carbamazepine, clobaz - clobazam, clonaz - clonazepam, ethos - 490 

ethosuximide, gabap - gabapentin, lamot - lamotrigine, levet - levetiracetam, oxcar - 491 

oxcarbazepine, pheno - phenobarbital, pheny - phenytoin, primid - primidone, topir - 492 

topiramate, valpro - valproate, vigab – vigabatrin493 
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Table	1	Summary	characteristics	of	included	studies	666 

Table	1.	Summary	Characteristics	of	included	studies	

Study/Patient	Characteristic	
#	of	Studies	

(n=29)	
%	of	Studies	

Year of publication 

1980-1989 1 3.45 

1990-1999 6 20.69 

2000-2009 5 17.24 

2010-2015 17 58.62 

Continent (of country of study conduct) 

Europe 20 68.97 

North America 5 17.24 

Asia 1 3.45 

Australia 2 6.90 

Trans-Continental 1 3.45 

Study design 

Observational cohort 29 100.00 

Case-control 0 0.00 

Randomized clinical trial 0 0.00 

Registry study 

Yes 11 37.93 

No 18 62.07 

Sample size 

0-99 18 62.07 

100-299 9 31.03 

300-499 1 3.45 

500-699 0 0.00 

700-999 0 0.00 

1000+ 1 3.45 

Number of interventions 

2 4 13.79 

3 5 17.24 

4 8 27.59 

5-7 8 27.59 

8-10 2 6.90 

11+ 2 6.90 

Outcomes*, † 

Cognitive Developmental Delay 12 58.62 

Autism/Dyspraxia 5 17.24 

Language Delay 5 17.24 

ADHD 5 17.24 
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Table	1.	Summary	Characteristics	of	included	studies	

Study/Patient	Characteristic	
#	of	Studies	

(n=29)	
%	of	Studies	

Psychomotor Developmental Delay 11 37.93 

Neonatal Seizures 2 6.90 

Social Impairment 1 3.45 

Funding 

Public 15 51.72 

Private 0 0.00 

Mixed public and private 4 13.79 

NR/Unclear 10 34.48 

Treatment indication 

Epilepsy 23 79.31 

Mixed indications‡ 0 0.00 

Not reported 6 20.69 

Epileptic control group
§
 

Yes 15 51.72 

No/NR/NA 14 48.28 

Mean maternal age 

24-26 y 2 6.90 

27-29 y 5 17.24 

30+ y 4 13.79 

Not reported 18 62.07 

AED exposure during pregnancy 

Reported as during 1st trimester 6 20.69 

Reported as any time during pregnancy 6 20.69 

Not reported 17 58.62 

Alcohol use during pregnancy 

Yes 5 17.24 

NR 24 82.76 

Tobacco use during pregnancy 

Yes 7 24.14 

NR 22 75.86 
Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; AED - anti-epileptic drug(s); 

NA - Not applicable; NR - Not reported 
* Values in this category do not match totals as some studies report more than one outcome 
† Percentage of total number of included studies (n=29) 
‡ Includes individuals taking AEDs for psychiatric disorders, migraine, and 

neuropathic/neurological pain 
§ Consisted of women with Epilepsy who did not take AEDs during pregnancy 
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Table	2	Outcome	measures	and	diagnostic	scales	used	in	analysis	667 

Cognitive	developmental	delay	

Bayley Scales of Infant Development  

(children <42 mo.) 
Score >2 standard deviations below the mean 

Griffiths Scale of Infant Development  

(children >42 mo.) 
Score >2 standard deviations below the mean 

McCarthy Scales of Children’s Abilities  

(children >30 mo.) 
Score >1 standard deviations below the mean 

Stanford-Binet IV Intelligence scale for children Intelligence quotient <80 

Touwen’s Test 
Above average number of items rated abnormal in one or more 

domains 

Wechsler Scale of Preschool and Primary 

Intelligence 
Intelligence quotient <90 

Wechsler Intelligence Scale for Children - III Intelligence quotient <80; verbal intelligence quotient <69 

Developmental Assessment 
Confirmed diagnosis by developmental pediatrician or pediatric 

neurologist 

Autism/dyspraxia	

Developmental Assessment Diagnosis confirmed by developmental specialists at 2 years of age 

Medical Records 
Confirmed diagnosis recorded in medical history; registry records  

(ICD-10 codes F84.0, F84.1, F84.5, F84.8, and F84.9) 

Modified checklist for autism in toddlers 
Scored positive for >2 out of 6 critical items OR >3 any items of the total 

scale 

Psychomotor	developmental	delay	

Ages and Stages Questionnaire >3 standard deviations from the test mean 

Bayley Scales of Infant Development – Psychomotor 

Index 
>2 standard deviations below the standardized mean for the test 

Touwen’s Test 
Demonstrated dysfunctions in fine motor balance, fine motor functions, 

and coordination of extremities 

Schedule of Growing Skills II Scored as ‘delayed’ in >1 domain of the test 
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Developmental Assessment 

Infant scored >2 negative items (administered by general practitioner 

or pediatrician); diagnosis of neuromotor deficit confirmed by a trained 

nurse practitioner; infant failing to sit by 10 months or walk by 18 

months 

 

Health/Medical Records Diagnosis of psychomotor delay recorded in medical records 

Language	Delay	

Ages and Stages Questionnaire >3 standard deviations from the test mean 

Clinical Evaluation of Language Fundamentals – 4th 

Edition 
Score <70 in core language domain; score <84 overall 

Learning Accomplishment Profile Below average performance in expressive speech (adjusted for age) 

Comprehensive Language Assessment  

(Peabody Picture Vocabulary Test; Receptive 

Expressive Emergent Language Scale; Expressive 

One Word Picture Vocabulary Test, or Sequenced 

Inventory of Communication Development) 

Scores/assessment indicate a >6 moth delay in age appropriate 

language development 

ADHD	

Attention Problems and Hyperactivity Scales Score >1 standard deviations from the test mean 

Child Behaviour Checklist >6 positive items on checklist 

Diagnostic and Statistical Manual – IV >5 positive items on checklist 

Medical Records 
Confirmed diagnosis in hospital/medical records made by a 

pediatrician or child psychiatrist 

Neonatal	Seizure	

Medical records 
Record of seizures during 1st year; confirmation of neonatal seizure by 

electroencephalography or diagnosis 

Social	Impairment	

Developmental Assessment  

(Ages and Stages Questionnaire [6 and 18 months]; 

Child Behaviour Checklist [36 months]) 

Scores dichotomized into ‘normal’ or ‘adverse’ range based on pre-

defined values used by scale, for scales without pre-defined values cut-

off was set at a score >2 standard deviations outside the test mean 

 668 
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Comparative safety of anti-epileptic drugs among
infants and children exposed in utero or during
breastfeeding: protocol for a systematic review
and network meta-analysis
Andrea C Tricco1, Elise Cogo1, Veroniki A Angeliki1, Charlene Soobiah1,2, Brian Hutton3, Brenda R Hemmelgarn4,
David Moher3, Yaron Finkelstein5,6,7 and Sharon E Straus1,8*

Abstract

Background: Epilepsy affects about 1% of the general population. Anti-epileptic drugs (AEDs) prevent or terminate
seizures in individuals with epilepsy. Pregnant women with epilepsy may continue taking AEDs. Many of these
agents cross the placenta and increase the risk of major congenital malformations, early cognitive and developmental
delays, and infant mortality. We aim to evaluate the comparative safety of AEDs approved for chronic use in
Canada when administered to pregnant and breastfeeding women and the effects on their infants and children
through a systematic review and network meta-analysis.

Methods: Studies examining the effects of AEDs administered to pregnant and breastfeeding women
regardless of indication (e.g., epilepsy, migraine, pain, psychiatric disorders) on their infants and children will
be included. We will include randomized clinical trials (RCTs), quasi-RCTs, non-RCTs, controlled before-after,
interrupted time series, cohort, registry, and case-control studies. The main literature search will be executed
in MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials. We will seek unpublished
literature through searches of trial protocol registries and conference abstracts. The literature search results
screening, data abstraction, and risk of bias appraisal will be performed by two individuals, independently.
Conflicts will be resolved through discussion. The risk of bias of experimental and quasi-experimental studies
will be appraised using the Cochrane Effective Practice and Organization of Care Risk-of-Bias tool, methodological
quality of observational studies will be appraised using the Newcastle-Ottawa Scale, and quality of reporting of safety
outcomes will be conducted using the McMaster Quality Assessment Scale of Harms (McHarm) tool. If feasible and
appropriate, we will conduct random effects meta-analysis. Network meta-analysis will be considered for outcomes that
fulfill network meta-analysis assumptions.
The primary outcome is major congenital malformations (overall and by specific types), while secondary outcomes
include fetal loss/miscarriage, minor congenital malformations (overall and by specific types), cognitive development,
psychomotor development, small for gestational age, preterm delivery, and neonatal seizures.
(Continued on next page)
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Discussion: Our systematic review will address safety concerns regarding the use of AEDs during pregnancy and
breastfeeding. Our results will be useful to healthcare providers, policy-makers, and women of childbearing age who
are taking anti-epileptic medications.

Systematic review registration: PROSPERO CRD42014008925.

Keywords: Anti-epileptic drug, Breastfeeding, Comparative safety, Congenital malformation, Epilepsy, Fetus, Infant,
Network meta-analysis, Pregnancy, Systematic review

Background
Epilepsy is the most common chronic neurological con-
dition, affecting 0.6 to 1% of the population [1,2]. Indi-
viduals with uncontrolled epilepsy experience recurrent
seizures, which can have psychosocial and physical con-
sequences, including a compromised life expectancy [3,4].
The goal of anti-epileptic treatment is to improve quality
of life and health outcomes by reducing the frequency
of seizures [4].
Anti-epileptic medications decrease seizures by reducing

excitation and enhancing inhibition of neurons [5-7]. Many
of these medications target different channels, including
calcium, sodium, and glutamate, and are broadly classified
as first generation agents (e.g., phenobarbitone, phenytoin,
carbamazepine, sodium valproate, ethosuximide) and
second generation agents (e.g., lamotrigine, levetiracetam,
topiramate, gabapentin, vigabatrin, oxcarbazepine, cloba-
zam, clonazepam, zonisamide, lacosamide, rufinamide, pri-
midone) [8]. Due to the broad and varied mechanisms of
action, the indications for some of these medications also
include pain syndromes, psychiatric disorders, and migraine
headaches [8].
Many clinical practice guidelines recommend that women

of childbearing age continue to take their anti-epileptic med-
ications; however, medications with lower risk of teratogenic
events are advised [9,10] since anti-epileptic drugs (AEDs)
cross the placenta or transfer through breast milk, posing
risks to the fetus and infant [9,11,12].
Some AEDs have been associated with increased risk

of harm to the fetus and infants. For example, exposure
to valproate has led to increased risk of major congenital
malformations [10], cognitive delay, and minor congenital
abnormalities [13-16]. Phenobarbital has been associated
with minor congenital abnormalities and developmental
delay [17,18]. Carbamazepine and lamotrigine have been
associated with minor congenital abnormalities [19-22].
However, other than studies of the use of valproate, many
studies have produced inconsistent findings regarding
harm to the fetus and infant with use of other agents [23].
As such, our objective is to evaluate the comparative
safety of AEDs for infants and children who were exposed
in utero or during breastfeeding through a systematic
review and network meta-analysis.

Methods/Design
Protocol
A systematic review protocol was developed and registered
with the PROSPERO database (CRD42014008925, available
at: http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42014008925). It was revised with feedback
from the decision-makers who posed the query within
Health Canada, healthcare practitioners, content experts,
and research methodologists. The reporting of our sys-
tematic review protocol was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
Protocols [24].

Eligibility criteria
We will include studies examining the effects of AEDs
on infants and children who were exposed in utero or
during breastfeeding. We will include experimental stu-
dies (randomized clinical trials [RCTs], quasi-RCTs,
non-RCTs), quasi-experimental studies (controlled be-
fore and after studies, interrupted time series), and ob-
servational studies (cohort, case-control, registry studies)
of pregnant women at any stage of pregnancy and
breastfeeding women and their infants/children. The ra-
tionale for including other study designs in addition to
RCTs is that there are ethical issues in conducting RCTs
of AEDs in pregnancy, so RCT evidence might not exist
for some or all of these drugs. Given that our review in-
cludes rare outcomes, including observational evidence
is crucial. In contrast to efficacy evaluation, safety assess-
ment usually requires very large sample sizes to be able to
detect adverse events. Therefore, while RCTs have lower
risk of bias, they usually do not have the statistical power
needed to adequately evaluate uncommon/rare safety out-
comes due to Type II (i.e., false negative) error [25]. Given
that our review includes rare outcomes, including obser-
vational evidence is crucial [26]. Additionally, observa-
tional studies can often provide more generalizable
evidence due to the strict participant inclusion criteria in
most RCTs [27]. Real-world safety evidence that has exter-
nal validity is important for the assessment of the possible
risks of AEDs in pregnant and breastfeeding women.
The diagnosis of neurodevelopmental delay related to

in utero exposure is made before adolescence, and
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hence, we will limit inclusion to children up to 12 years
of age. AEDs that are approved for chronic use in Canada
will be included. Drugs that are only used acutely or those
that are not currently approved for use in Canada will be
excluded, as the focus of this review is on the Canadian
setting [28-32]. However, most of the medications we
will examine are available in other countries as well.
The relevant 16 medications and their synonyms are
listed in Additional file 1, and the excluded drugs are
listed in Additional file 2. Studies of all combinations
and doses of these medications are eligible for inclusion.
Since we are only interested in exposures that occur in
utero or during breastfeeding, studies examining AEDs
administered directly to infants or children will be
excluded. All indications for AEDs will be included such
as epilepsy, migraine, pain, and psychiatric disorders.
In order to be included, studies must compare an anti-

epileptic medication against another included anti-epileptic
medication, placebo, a ‘no intervention’ control group, or
combinations of two or more anti-epileptic medications.
Only studies providing results for our outcomes of interest
will be included. Our primary outcome is major congeni-
tal malformations (overall and by specific type, such as
craniofacial defects and neural tube defects). Secondary
outcomes include minor congenital malformations (over-
all and by specific type, such as epicanthal folds and
microstomia), cognition (e.g., global cognitive functioning
and specific cognitive domains such as attention), psycho-
motor development (e.g., autism, dyspraxia), small for ges-
tational age, preterm delivery, neonatal seizures, and fetal
loss/miscarriage. No other limitations will be imposed on
the eligibility criteria, including published/unpublished
material, language of dissemination, duration of follow-up,
or year of publication. The draft eligibility criteria can be
found in Additional file 3.

Information sources and literature search
Our main literature search will be executed in the MED-
LINE database. The search terms were drafted by an expe-
rienced librarian and can be found in Additional file 4. The
search was peer reviewed by another librarian using the
Peer Review of Electronic Search Strategies checklist [33].
In addition to MEDLINE, we will also search the

EMBASE and the Cochrane Central Register of Con-
trolled Trials databases. We will follow the MEDLINE
search strategy for these databases, and the search
terms will be adjusted accordingly. The electronic
database search will be supplemented by searching for
unpublished literature [34]. This will be accomplished
through exploring conference abstracts, clinical trial
registries, and contacting manufacturers of AEDs. We
will also scan the reference lists of included studies
and previous reviews in the area [23,35,36].

Study selection process
The eligibility criteria screening form will be pilot-tested
by the team and is presented in Additional file 3. We
will calculate inter-rater reliability from the pilot-test
and screening will only commence after high agreement
(e.g., kappa statistic ≥60%) is observed [37]. Subsequently,
two reviewers will screen each title/abstract and poten-
tially relevant full-text articles from the literature search
results, independently. Conflicts will be resolved through
discussion. All screening will occur using our online
screening software (synthesi.SR) [38].

Data items and data collection process
We will abstract data on the PICOS elements [39], in-
cluding patient characteristics (e.g., age of the mother
and infant/child, indication for anti-epileptic treatment,
co-morbidities, concomitant medications), intervention
details (e.g., type of anti-epileptic treatment, dose, route
of administration, duration of treatment, timing [trimes-
ter] of treatment during pregnancy), comparator details
(e.g., comparator agent, dose, route of administration),
outcome results (e.g., major congenital abnormality, minor
congenital abnormality, cognitive function, psychomotor
development) at the longest duration of follow-up, and
study characteristics (e.g., study design, country of con-
duct, year of conduct, sample size, setting). These charac-
teristics will be abstracted using a data abstraction form
created in Excel with an accompanying “cheat sheet” that
will guide the reviewers with this process. The data ab-
straction form and cheat sheet will be pilot-tested and
data abstraction will only commence when high agree-
ment (e.g., kappa statistic ≥60%) [37] is observed. Each
included study will be abstracted by two team members,
independently, who will resolve disagreements through
discussion.

Methodological quality/risk of bias appraisal
We will use various tools to assess the methodological
quality/risk of bias of each of the studies that fulfill our
eligibility criteria. This will be conducted by two reviewers,
independently, and conflicts will be resolved through dis-
cussion. First, we will appraise the risk of bias of experi-
mental and quasi-experimental studies using the Cochrane
Effective Practice and Organization of Care Risk-of-Bias
tool [40]. Second, we will assess the methodological quality
of observational studies using the Newcastle-Ottawa Scale
[41]. Third, the quality of reporting of harms will be
appraised using the McMaster Quality Assessment Scale
of Harms (McHarm) tool [42].

Synthesis of included studies
A narrative summary of study results will be presented
along with evidence summary tables. When sufficient
data are available, we will conduct random effects meta-
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analysis to calculate pooled odds ratios for dichotomous
data and pooled mean differences for continuous data
[43,44]. Direct (pairwise) meta-analysis will be per-
formed with RCTs alone in order to examine whether
the data are consistent between direct and indirect evi-
dence. If the large majority of included studies are obser-
vational, we will also conduct additional meta-analyses
including observational studies alone. Analyses will be
stratified by treatment indication (e.g., epilepsy, pain,
etc.) to reduce clinical heterogeneity between different
study populations whenever possible; for example, epi-
lepsy itself in pregnant women is related to an increased
baseline risk of certain neonatal adverse outcomes. Stat-
istical, clinical, and methodological heterogeneity will be
examined prior to conducting the meta-analysis. Funnel
plots will be drawn for outcomes including at least 10
studies to explore asymmetry that might be explained by
clinical, statistical, and methodological heterogeneity.
The proportion of statistical heterogeneity will be exam-
ined using the I2 measure [45] and the magnitude of
statistical heterogeneity will be calculated using the re-
stricted maximum likelihood [46]. Meta-regression will
be conducted for clinically relevant subgroups or when
extensive statistical heterogeneity is observed (e.g., I2 ≥
75%) [47]. This will allow the examination of the impact
of important factors on our results, such as maternal
age, dose, duration and timing (e.g., trimester) of anti-
epileptic treatment, co-morbidities, concomitant medi-
cations, risk of bias results, and sample size (due to Type
II statistical power errors with rare adverse events). To
ensure the meta-regression analysis is intuitive, the num-
ber of covariates examined will be less than 10% of the
number of studies included in the meta-analysis for the
particular outcome.
We anticipate that many of these outcomes will be

rare. To deal with studies reporting zero events in one
treatment arm, 0.5 will be added to the numerator and 1
will be added to the denominator. We will exclude stud-
ies reporting zero events in all treatment arms for a par-
ticular outcome [48,49]. We also anticipate that we will
encounter missing data in the included studies. We will
contact the study authors for this data and if we are
unable to receive the data, we will impute missing data
(e.g., measures of variance) using established methods
[50]. To ensure that our imputations do not bias our
results, we will conduct a sensitivity analysis [51]. The
meta-analysis and meta-regression will be analyzed in R
using the metafor command [52].
A random-effects network meta-analysis will be con-

ducted to make inferences regarding the comparative
safety of the various AEDs [15], as well as rank their safety
using rankograms and the surface under the cumulative
ranking curve [53]. We will ensure the following factors
are present prior to conducting network meta-analysis:

i) transitivity (i.e., comparable distribution of effect
modifiers across comparisons), which will be examined
using boxplots or percentages to visually inspect potential
effect modifiers of treatment effect [54]; ii) consistency
between direct and indirect data, which will be exam-
ined locally (i.e., in certain paths of the network) using
the loop-specific method [55,56] and the node-splitting
method [57], and globally (i.e., evaluating the network
as a whole), using the design-by-treatment interaction
model [58]; and iii) we will quantify the amount of vari-
ability attributed to heterogeneity and inconsistency ra-
ther than sampling error, by calculating the I2 [59]. We
will estimate the amount of heterogeneity using the re-
stricted maximum likelihood method and assuming
common within-network heterogeneity. We will compare
the magnitude of heterogeneity between consistency and
inconsistency models, as well as between meta-regression
and network meta-analysis models to determine how
much heterogeneity will be explained by inconsistency or
the explanatory variable, respectively. We will first use the
design-by-treatment model for the evaluation of incon-
sistency in a network as a whole and then, if inconsist-
ency is detected, we will employ the loop-specific and
node-splitting methods to identify which piece of evi-
dence is responsible for inconsistency. As mentioned
above, analyses will be stratified by treatment indication
when clinically appropriate. Important heterogeneity
and inconsistency will be explored using network meta-
regression using the same methods as described above,
as necessary.
Prior to conducting the network meta-analysis, we will

hold a team meeting to finalize which treatment nodes
will be included in the analysis since we are unclear
about the indications, dosages, patient populations, and
outcomes reported in all of the studies. We will discuss
issues, including conducting a class versus independent
drug analysis, inclusion of drug routes of administration
and dosages, as well as timing of drug administration.
These decisions will be examined through a sensitivity
analysis in which we will classify treatment nodes using
a different classification to see how stable our results
are. The network meta-analysis results will be presented
as summary treatment effects for each pair of treat-
ments. Network meta-analysis will be conducted in Stata
with the mvmeta routine [60].
A sequential approach will be used for the network

meta-analysis. We will first restrict our analysis to RCTs,
which will be the primary analysis of interest. We will
then include data from quasi-experimental studies, and
finally, data from observational studies. This will provide
an understanding of the contribution of each type of
study design to our summary estimates, providing us
with information on how these agents work above and
beyond clinical trials.
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Discussion
Epilepsy is the most common chronic neurological con-
dition, affecting 0.6 to 1% of the population [1,2]. Given
that approximately a third of patients receiving AEDs
are of reproductive age and almost half of pregnancies
are unplanned [61], the fetus may be exposed to these in
the first trimester of pregnancy, including during the
critical stage of embryogenesis [62].
The comparative safety of these agents is currently un-

known and our results will be important for policy-
makers, healthcare providers, and women of childbearing
age. To ensure our results have wide dissemination and
uptake, we will publish our results in open access journals,
present our findings at scientific conferences, conduct
dissemination meetings with key stakeholders (including
policy-makers and healthcare providers), and produce
policy briefs for Health Canada, the organization that
posed this query.

Additional files
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Additional file 3: Draft eligibility criteria.

Additional file 4: MEDLINE literature search.
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Structured 
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Methods: data sources; study eligibility criteria, 
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and synthesis methods, such as network meta-
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included in their analyses for brevity. 

Discussion/Conclusions: limitations; 

conclusions and implications of findings. 
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INTRODUCTION    

Rationale  3 Describe the rationale for the review in the context 
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why a network meta-analysis has been conducted.  
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Objectives  4 Provide an explicit statement of questions being 

addressed, with reference to participants, 

interventions, comparisons, outcomes, and study 

design (PICOS).  
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METHODS    

Protocol and 

registration  
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and where it can be accessed (e.g., Web address); 

and, if available, provide registration information, 
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Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length 

of follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as 

criteria for eligibility, giving rationale. Clearly 

describe eligible treatments included in the 

treatment network, and note whether any have 

been clustered or merged into the same node (with 

justification).  
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Information 

sources  

7 Describe all information sources (e.g., databases 

with dates of coverage, contact with study authors 

to identify additional studies) in the search and 

date last searched.  
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Search  8 Present full electronic search strategy for at least 

one database, including any limits used, such that 

it could be repeated.  

Additional 

File 1 

Study selection  9 State the process for selecting studies (i.e., 

screening, eligibility, included in systematic 

review, and, if applicable, included in the meta-

analysis).  
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Data collection 

process  

10 Describe method of data extraction from reports 
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and any processes for obtaining and confirming 

data from investigators.  
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Data items  11 List and define all variables for which data were 
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Additional 

File 1 

Geometry of the 

network 
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for presentation, and what characteristics were 

compiled and used to describe the evidence base to 

readers. 
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Risk of bias 

within individual 

studies  

12 Describe methods used for assessing risk of bias of 

individual studies (including specification of 

whether this was done at the study or outcome 

level), and how this information is to be used in 

any data synthesis.  
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Appendix A) 

Summary 

measures  

13 State the principal summary measures (e.g., risk 
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as modified approaches used to present summary 
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Planned methods 

of analysis 

14 Describe the methods of handling data and 

combining results of studies for each network 

meta-analysis. This should include, but not be 

limited to:   

 Handling of multi-arm trials; 

 Selection of variance structure; 

 Selection of prior distributions in Bayesian 

analyses; and 

 Assessment of model fit.  

10-12 

Assessment of 

Inconsistency 
S2 Describe the statistical methods used to evaluate 

the agreement of direct and indirect evidence in the 

treatment network(s) studied. Describe efforts 

taken to address its presence when found. 

10-11 

Risk of bias 

across studies  

15 Specify any assessment of risk of bias that may 

affect the cumulative evidence (e.g., publication 

bias, selective reporting within studies).  

9-10 

Additional 

analyses  

16 Describe methods of additional analyses if done, 

indicating which were pre-specified. This may 

include, but not be limited to, the following:  

 Sensitivity or subgroup analyses; 

 Meta-regression analyses;  

 Alternative formulations of the treatment 

network; and 

 Use of alternative prior distributions for 

Bayesian analyses (if applicable).  
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RESULTS
†
    

Study selection  17 Give numbers of studies screened, assessed for 

eligibility, and included in the review, with reasons 

for exclusions at each stage, ideally with a flow 

diagram.  

13 and Figure 

1 

Presentation of 

network 

structure 

S3 Provide a network graph of the included studies to 

enable visualization of the geometry of the 

treatment network.  

Figure 2 

Summary of 

network 

geometry 

S4 Provide a brief overview of characteristics of the 

treatment network. This may include commentary 

on the abundance of trials and randomized patients 

for the different interventions and pairwise 

comparisons in the network, gaps of evidence in 

the treatment network, and potential biases 

reflected by the network structure. 

14-18 

Study 

characteristics  

18 For each study, present characteristics for which 

data were extracted (e.g., study size, PICOS, 

follow-up period) and provide the citations.  
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Risk of bias 

within studies  

19 Present data on risk of bias of each study and, if 

available, any outcome level assessment.  

Appendix F 

Results of 

individual studies  

20 For all outcomes considered (benefits or harms), 

present, for each study: 1) simple summary data 

for each intervention group, and 2) effect estimates 

and confidence intervals. Modified approaches 

may be needed to deal with information from 

larger networks. 

N/A  

(data can be 

provided by 

the 

corresponding 

author) 

Synthesis of 

results  

21 Present results of each meta-analysis done, 

including confidence/credible intervals. In larger 

networks, authors may focus on comparisons 

versus a particular comparator (e.g. placebo or 

standard care), with full findings presented in an 

appendix. League tables and forest plots may be 

considered to summarize pairwise comparisons. If 

additional summary measures were explored (such 

as treatment rankings), these should also be 

presented. 

15-18,  

Figure 3, 

Appendices 

H, I, J 

Exploration for 

inconsistency 

S5 Describe results from investigations of 

inconsistency. This may include such information 

as measures of model fit to compare consistency 

and inconsistency models, P values from statistical 

tests, or summary of inconsistency estimates from 

different parts of the treatment network. 

14 (see also 

Appendix H) 

Risk of bias 

across studies  

22 Present results of any assessment of risk of bias 

across studies for the evidence base being studied.  

14 (see also 

Appendix G) 

Results of 

additional 

analyses 

23 Give results of additional analyses, if done (e.g., 

sensitivity or subgroup analyses, meta-regression 

analyses, alternative network geometries studied, 

alternative choice of prior distributions for 

Bayesian analyses, and so forth).  

Appendix K 

    

DISCUSSION    

Summary of 

evidence  

24 Summarize the main findings, including the 

strength of evidence for each main outcome; 

consider their relevance to key groups (e.g., 

healthcare providers, users, and policy-makers).  

19-21 

Limitations  25 Discuss limitations at study and outcome level 

(e.g., risk of bias), and at review level (e.g., 

incomplete retrieval of identified research, 

reporting bias). Comment on the validity of the 

assumptions, such as transitivity and consistency. 

Comment on any concerns regarding network 

geometry (e.g., avoidance of certain comparisons). 

21-23 
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Conclusions  26 Provide a general interpretation of the results in the 

context of other evidence, and implications for 

future research.  

23 

    

FUNDING    

Funding  27 Describe sources of funding for the systematic 

review and other support (e.g., supply of data); 

role of funders for the systematic review. This 

should also include information regarding whether 

funding has been received from manufacturers of 

treatments in the network and/or whether some of 

the authors are content experts with professional 

conflicts of interest that could affect use of 

treatments in the network. 

26-27 

 

Abbreviations: PICOS - population, intervention, comparators, outcomes, study design 

* Text in italics indicates wording specific to reporting of network meta-analyses that has been 

added to guidance from the PRISMA statement. 

† Authors may wish to plan for use of appendices to present all relevant information in full detail 

for items in this section. 
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Appendix A. Newcastle-Ottawa Scale scoring guide  

COHORT Studies 

 

Excel Column NOS* Answer Options** NOS Coding Manual* 

RefID Enter the report’s RefID.  

DA Enter your initials.  

First author Enter the first author’s last name.  

Year of publication Enter the year of the publication.  

 

SELECTION: 

1) Representative-

ness of the exposed 

cohort 

a) truly representative of the 

average pregnant woman 

taking AEDs in the 

community  

b) somewhat representative of 

the average  pregnant woman 

taking AEDs in the 

community  

c) selected group of users e.g., 

nurses, volunteers 

d) no description of the 

derivation of the cohort 

Item is assessing the representativeness of exposed individuals in the 

community, not the representativeness of the sample of women from 

some general population.  

 

For example, subjects derived from groups likely to contain middle class, 

better educated, health oriented women are likely to be representative of 

postmenopausal estrogen users while they are not representative of all 

women (e.g. members of a health maintenance organisation (HMO) will 

be a representative sample of estrogen users. While the HMO may have 

an under-representation of ethnic groups, the poor, and poorly educated, 

these excluded groups are not the predominant users of estrogen). 

 

Note: 

Truly representative (A) is a population-based cohort at the provincial or 

national levels (e.g., a sample from 2 cities is not enough).  We need very 

‘broad’ sample of the population. 

 

Somewhat representative (B) includes private clinics, hospital-based, or 

community-based. 

2) Selection of the 

non-exposed cohort 

a) drawn from the same 

community as the exposed 

Note: 

In our review of mostly multi-arm studies, this question pertains to the 
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 cohort  

b) drawn from a different source 

c) no description of the 

derivation of the non-exposed 

cohort 

study’s comparator group(s) – including “active” controls (for example, a 

less teratogenic AED). Therefore, this will often be ‘A’ for our studies. 

 

3) Ascertainment 

of exposure 

a) secure record (e.g., surgical 

records)  

b) structured interview  

c) written self-report 

d) no description 

Note: 

Option ‘A’ includes patient hospital records, prescription drug database, 

or hospital/clinic visits (e.g., patient is asked about “current” AED use 

during a visit with their doctor).  

 

Option ‘B’ includes a hospital/clinic visit, but the patients are asked to 

remember their AED use during pregnancy (e.g., retrospectively 

ascertained exposure).  

 

If a study used both medical records and interviews for everyone, select 

‘A’. 

4) Demonstration 

that outcome of 

interest was not 

present at start of 

study 

 

a) yes  

b) no 

In the case of mortality studies, outcome of interest is still the presence of 

a disease/incident, rather than death. That is to say that a statement of ‘no 

history of disease or incident’ earns a star (i.e. option ‘A’). 

 

Note: 

Since our review is on pregnant women, this question is ‘A’ for all.  

Please email us if a study involves breastfeeding women.  

 

COMPARABILITY: 

1) Comparability 

of cohorts on the 

basis of the design 

or analysis 

 

a) answer is BOTH B & C (i.e. 

study controls for age and one 

other important factor)  

b) study controls for age of the 

women  

c) study controls for any other 

important factor  

d) study does not control for any 

Either exposed and non-exposed individuals must be matched in the 

design and/or confounders must be adjusted for in the analysis. 

Statements of no differences between groups or that differences were not 

statistically significant are not sufficient for establishing comparability.  

 

Note: If the relative risk for the exposure of interest is adjusted for the 

confounders listed, then the groups will be considered to be comparable 

on each variable used in the adjustment. 
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important factor or it is not 

described 

 

There may be multiple ratings for this item for different categories of 

exposure (e.g., ever vs. never, current vs. previous or never). [A 

maximum of 2 stars can be allotted in this category]. 

 

Note: 

The study should have initially matched the groups or presented adjusted 

odds ratios, AND in addition, since in our review we are analyzing each 

AED arm separately (instead of the whole exposed cohort), the study 

must also report the factor of interest for ‘each AED arm’ (or state that 

‘each AED arm’ is matched). 

 

Thus, there are 2 parts to this question: 

 

1)      The study should have matched/adjusted for age at whatever level 

of groups they were focused on (even if they aren’t our abstracted AED 

arms); AND 

 

2)      Then the study should also have reported the age for each AED arm. 

 

If they haven’t done both of these 2 things, it’s a ‘D’ here (unless they 

happen to combine these by reporting adjusted ORs for each of our AED 

arms). 

 

For our review, this generally pertains to the comparability of the 

MOTHERS.  

The exception here is in studies of cognitive/psychomotor development 

disorders in children - when age of the children should be comparable. 

 

The “other important factors” here are any one of these: 

 history of congenital malformations (CMs), fetal losses, preterm 

deliveries or small babies. 

 family history of genetic problems or CMs. 
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 alcohol use. 

 nutritional deficiencies (e.g., lack of folic acid). 

 

Example: 

- Option ‘B’ indicates that the study initially matched groups based on the 

women’s age (or reported adjusted ORs) AND they report the mean 

women’s age for EACH of our arms (e.g., for Tx1, Tx2, etc.).  

 

OUTCOME: 

1) Assessment of 

outcome 

 

a) independent OR blind 

assessment 

b) record linkage  

c) self-report 

d) no description 

 

For some outcomes (e.g. fractured hip), reference to the medical record is 

sufficient to satisfy the requirement for confirmation of the fracture. This 

would not be adequate for vertebral fracture outcomes where reference to 

x-rays would be required. 

 

a) Independent or blind assessment stated in the paper, or confirmation 

of the outcome by reference to secure records (x-rays, medical 

records, etc.) 

b) Record linkage (e.g. identified through ICD codes on database 

records) 

c) Self-report (i.e. no reference to original medical records or x-rays to 

confirm the outcome) 

d) No description. 

 

Note: 

Blind (A) is if they tell us that the outcome assessors were blinded to 

exposures; or if the outcome is objective. 

 

For our purposes, we will focus on the primary outcome of interest of our 

systematic review, which is major malformations (an objective outcome). 

So most of ours will be A, unless the study is only on a secondary 

outcome (e.g., cognitive development) and is based on the mother’s self-

report of their child (e.g., not a clinical examination). 

2) Was follow-up a) yes  An acceptable length of time should be decided before quality assessment 
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long enough for 

outcomes to occur 

 

b) no 

 

begins (e.g. 5 yrs. for exposure to breast implants) 

 

Note: 

For this component, focus only on the outcomes that are reported in the 

results. 

For our purposes, we will focus on the primary outcome of interest of our 

systematic review, which is major malformations. 

 

 For studies focusing on ‘birth’ outcomes (i.e. malformations, preterm, 

fetal losses, born small), the answer is ‘A’ if they follow the groups 

until birth. 

 For studies focusing on cognitive developmental disorders, an 

adequate follow-up period (i.e. child’s age) is 4 years.  

 For studies focusing on psychomotor delays, an adequate follow-up 

period is the earliest point of detection of the disorder. 

 For studies focusing on neonatal seizures, an adequate follow-up 

period (i.e. infant’s age) is 6 months. 

3) Adequacy of 

follow up of 

cohorts 

 

a) complete follow up - all 

subjects accounted for  

b) subjects lost to follow up 

unlikely to introduce bias - 

small number lost (see 

‘Note’), or description 

provided of those lost  

c) follow up rate is inadequate 

(see ‘Note’) and no 

description of those lost 

d) no statement 

This item assesses the follow-up of the exposed and non-exposed cohorts 

to ensure that losses are not related to either the exposure or the outcome. 

 

Note: 

Especially check ones that start their total sample size (or figure 

diagram) with only the ones who had “complete” data (or only those 

who they had “successfully” recruited), as these are often a ‘D’ (since 

they don’t report on the ones NOT followed up). 

 

 For a prospective study, ≥90% follow-up rate per year is adequate 

(e.g., 10% dropout or less for 1 year, 20% for 2 years of follow-up, 

etc.). This includes missing or incomplete data, etc. 

 For a retrospective cohort study, ≥80% follow-up rate is adequate; 

including the ones that they could NOT recruit or who would NOT 

participate. 

 For a survey/mail questionnaire, ≥75% response rate  is adequate. (For 
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CASE-CONTROL Studies 

 

a survey, a dropout rate is congruent to a survey response rate). 

Excel Column NOS* Answer Options** NOS Coding Manual* 

RefID Enter the report’s RefID.  

DA Enter your initials.  

First author Enter the first author’s last name.  

Year of publication Enter the year of the publication.  

 

SELECTION: 

1) Is the case 

definition 

adequate? 

 

a) yes, with independent 

validation  

b) yes, e.g., record linkage or 

based on self-reports 

c) no description 

a) Requires some independent validation (e.g. >1 person/record/time/ 

process to extract information, or reference to primary record source 

such as x-rays or medical/hospital records) 

b) Record linkage (e.g. ICD codes in database) or self-report with no 

reference to primary record 

c) No description 

 

Note: 

This question is assessing the group of infants that have the outcome of 

interest (e.g., CMs) – i.e. the “cases” in a case-control study design. 

2) Representative-

ness of the cases 

a) consecutive or obviously 

representative series of cases  

b) potential for selection biases, 

or not stated 

a) All eligible cases with outcome of interest over a defined period of 

time, all cases in a defined catchment area, all cases in a defined 

hospital or clinic, group of hospitals, health maintenance organisation, 

or an appropriate sample of those cases (e.g. random sample) 

b) Not satisfying requirements in part (a), or not stated. 

 

Note: 

Option ‘A’ is a population-based sample.  

3) Selection of 

controls 

 

a) community controls  

b) hospital controls 

c) no description 

This item assesses whether the control series used in the study is derived 

from the same population as the cases and essentially would have been 

cases had the outcome been present. 
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a) Community controls (i.e. same community as cases and would be 

cases if had outcome) 

b) Hospital controls, within same community as cases (i.e. not another 

city) but derived from a hospitalised population 

c) No description 

 

Note: 

This question is assessing the group of infants that don’t have the 

outcome (e.g., CMs) – i.e. the “controls” in a case-control study design. 

 

Community controls (A) includes a population-based sample. 

4) Definition of 

controls 

 

a) no history of disease 

(endpoint)  

b) no description of source 

a) If cases are first occurrence of outcome, then it must explicitly state 

that controls have no history of this outcome. If cases have new (not 

necessarily first) occurrence of outcome, then controls with previous 

occurrences of outcome of interest should not be excluded. 

b) No mention of history of outcome 

 

Note: 

Since our review is on fetal effects, this question is ‘A’ for all studies. 

Please email us if a study involves exposure during breastfeeding. 

 

COMPARABILITY: 

1) Comparability 

of cases and 

controls on the 

basis of the design 

or analysis 

 

a) answer is BOTH B & C (i.e. 

study controls for age and one 

other important factor)  

b) study controls for age of the 

women  

c) study controls for any other 

important factor  

d) study does not control for any 

important factor or it is not 

described 

Either cases and controls must be matched in the design and/or 

confounders must be adjusted for in the analysis. Statements of no 

differences between groups or that differences were not statistically 

significant are not sufficient for establishing comparability.  

 

Note: If the odds ratio for the exposure of interest is adjusted for the 

confounders listed, then the groups will be considered to be comparable 

on each variable used in the adjustment. 

 

There may be multiple ratings for this item for different categories of 

exposure (e.g. ever vs. never, current vs. previous or never). [A maximum 
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of 2 stars can be allotted in this category]. 

 

Note: 

The study should have initially matched the groups, AND in addition, 

since in our review we are analyzing each AED arm separately (instead of 

the whole cases group), the study must also report the factor of interest 

for ‘each AED arm’ (or state that ‘each AED arm’ is matched). 

 

For our review, this generally pertains to the comparability of the 

MOTHERS of the cases and controls.  

The exception here is in studies of cognitive/psychomotor development 

disorders in children - when age of the children should be comparable. 

 

The “other important factors” here are any one of these: 

 history of congenital malformations (CMs), fetal losses, preterm 

deliveries or small babies. 

 family history of genetic problems or CMs. 

 alcohol use. 

 nutritional deficiencies (e.g., lack of folic acid). 

 

For example, Option ‘B’ indicates that the study initially matched groups 

based on the women’s age AND they report the mean women’s age for 

EACH arm (e.g., for Tx1, Tx2, etc.).  

 

EXPOSURE: 

1) Assessment of 

exposure 

 

a) secure record (e.g., surgical 

records)  

b) structured interview where 

blind to case/control status  

c) interview not blinded to 

case/control status 

d) written self-report or medical 

Note: 

Option ‘A’ includes patient hospital records, prescription drug database, 

or hospital/clinic visits (e.g., patient is asked about “current” AED use 

during a visit with their doctor).  

 

“Interview” here includes a hospital/clinic visit, but the patients are asked 

to remember their AED use during pregnancy (e.g., retrospectively 
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*Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the 

quality of non-randomised studies in meta-analyses. Available at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp 

 

**In the “NOS Coding Manual” column, the first section for each item is copied straight from the NOS documentation while the 

lower portions in each item are our “Notes” tailored for the AED review. 

record only 

e) no description 

ascertained exposure). 

2) Same method of 

ascertainment for 

cases and controls 

a) yes  

b) no 

Note: 

This question is asking whether the method of ascertainment of exposure 

was the same for ‘cases’ (with the outcome) and ‘controls’ (without the 

outcome; in this case-control study design). 

3) Non-response 

rate 

 

a) same rate for both groups  

b) non-respondents described 

c) rate different and no 

designation 

Note: 

For our review, this pertains to either the infants or the mothers of the 

case and control groups. 

 

We’re allowing 10% dropout per year for a prospective study – e.g., 10% 

for 1 year, 20% for 2 years of follow-up, etc. 

 

For a survey, we allow for a 75% response rate in order for it be adequate. 

 

For a survey, a dropout rate is congruent to a survey response rate. 
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Appendix B. List of included studies 

A total of 29 cohort studies
1-29

 with 9 companion reports
30-38

 were included: 
 

1. Adab N, Kini U, Vinten J, et al. The longer term outcome of children born to mothers 

with epilepsy. J Neurol Neurosurg Psychiatry. 2004;75(11):1575-83. 

2. Arkilo D, Hanna J, Dickens D, et al. Pregnancy and neurodevelopmental outcomes with 

in-utero antiepileptic agent exposure. A pilot study. Eur J Paediatr Neurol. 2015;19(1):37-40. 

3. Bromley R, Baxter N, Calderbank R, Mawer G, Clayton-Smith J, Baker G. A 

comprehensive review of the language abilities of children exposed to valproate or 

carbamazepine in utero.  American Epilepsy Society; Texas2010. 

4. Bromley RL, Mawer GE, Briggs M, et al. The prevalence of neurodevelopmental 

disorders in children prenatally exposed to antiepileptic drugs. J Neurol Neurosurg Psychiatry. 

2013;84(6):637-43. 

5. Bromley RL, Calderbank R, Cheyne CP, et al. Cognition in school-age children exposed 

to levetiracetam, topiramate, or sodium valproate. Neurology. 2016;87(18):1943-53. 

6. Christensen J, Gronborg TK, Sorensen MJ, et al. Prenatal valproate exposure and risk of 

autism spectrum disorders and childhood autism. JAMA. 2013;309(16):1696-703. 

7. Cohen MJ, Meador KJ, Browning N, et al. Fetal antiepileptic drug exposure: Adaptive 

and emotional/behavioral functioning at age 6years. Epilepsy Behav. 2013;29(2):308-15. 

8. Cummings C, Stewart M, Stevenson M, Morrow J, Nelson J. Neurodevelopment of 

children exposed in utero to lamotrigine, sodium valproate and carbamazepine. Arch Dis Child. 

2011;96(7):643-7. 

9. Dean JCS, Hailey H, Moore SJ, Lloyd DJ, Turnpenny PD, Little J. Long term health and 

neurodevelopment in children exposed to antiepileptic drugs before birth. J Med Genet. 

2002;39(4):251-9. 

10. D'Souza SW, Robertson IG, Donnai D, Mawer G. Fetal phenytoin exposure, hypoplastic 

nails, and jitteriness. Arch Dis Child. 1991;66(3):320-4. 

11. Eriksson K, Viinikainen K, Mönkkönen A, et al. Children exposed to valproate in 

utero—Population based evaluation of risks and confounding factors for long-term 

neurocognitive development. Epilepsy Res. 2005;65(3):189-200. 

12. Gaily E. Development and growth in children of epileptic mothers: a prospective 

controlled study. Helsinki, Finland: University of Helsinki; 1990. 

13. Gogatishvili N, Ediberidze T, Lomidze G, Tatishvili N, Kasradze S. PO-0834 Long-term 

Developmental Outcome Of Children Prenatally Exposed To Antiepileptic Drugs. Arch Dis 

Child. 2014;99(Suppl 2):A526. 

14. Gogatishvili N, Ediberidze T, Lomidze G, Tatishvili N, Kasradze S. Cognitive outcomes 

of children with fetal antiepileptic drug exposure at the age of 3-6 years-preliminary data.  1st 

Congress of the European Academy of Neurology; Berlin: European Journal of Neurology; 

2015. p. 329. 

15. Hurault-Delarue C, Damase-Michel C, Finotto L, et al. Psychomotor developmental 

effects of prenatal exposure to psychotropic drugs: a study in EFEMERIS database. Fundam Clin 

Pharmacol. 2016;30(5):476-82. 

16. Jones KL, Lacro RV, Johnson KA, Adams J. Pattern of malformations in the children of 

women treated with carbamazepine during pregnancy. N Engl J Med. 1989;320(25):1661-6. 
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17. Katz JM, Pacia SV, Devinsky O. Current Management of Epilepsy and Pregnancy: Fetal 

Outcome, Congenital Malformations, and Developmental Delay. Epilepsy Behav. 2001;2(2):119-

23. 

18. Koch S, Jager-Roman E, Losche G, Nau H, Rating D, Helge H. Antiepileptic drug 

treatment in pregnancy: drug side effects in the neonate and neurological outcome. Acta 

Paediatr. 1996;85(6):739-46. 

19. Mawer G, Clayton-Smith J, Coyle H, Kini U. Outcome of pregnancy in women attending 

an outpatient epilepsy clinic: adverse features associated with higher doses of sodium valproate. 

Seizure. 2002;11(8):512-8. 

20. Miskov S, Juraski RG, Fucic A, et al. Croatian Pregnant Women with Epilepsy and 

Effects of Antiepileptic Drugs Exposure in their Offspring - seven years of prospective 

surveillance.  American Epilepsy Society; Texas2010. 

21. Miskov S, Juraski RG, Mikula I, et al. The Croatian model of integrative prospective 

management of epilepsy and pregnancy. Acta Clin Croat. 2016;55(4):535-48. 

22. Nadebaum C, Anderson VA, Vajda F, Reutens DC, Barton S, Wood AG. Language skills 

of school-aged children prenatally exposed to antiepileptic drugs. Neurology. 2011;76(8):719-26. 

23. Rihtman T, Parush S, Ornoy A. Developmental outcomes at preschool age after fetal 

exposure to valproic acid and lamotrigine: cognitive, motor, sensory and behavioral function. 

Reprod Toxicol. 2013;41:115-25. 

24. Scolnik D, Nulman I, Rovet J, et al. Neurodevelopment of children exposed in utero to 

phenytoin and carbamazepine monotherapy. JAMA. 1994;271(10):767-70. 

25. Shankaran S, Woldt E, Nelson J, Bedard M, Delaney-Black V. Antenatal phenobarbital 

therapy and neonatal outcome. II: Neurodevelopmental outcome at 36 months. Pediatrics. 

1996;97(5):649-52. 

26. van der Pol MC, Hadders-Algra M, Huisjes HJ, Touwen BC. Antiepileptic medication in 

pregnancy: late effects on the children's central nervous system development. Am J Obstet 

Gynecol. 1991;164(1 Pt 1):121-8. 

27. Veiby G, Engelsen BA, Gilhus NE. Early child development and exposure to 

antiepileptic drugs prenatally and through breastfeeding: a prospective cohort study on children 

of women with epilepsy. JAMA Neurol. 2013;70(11):1367-74. 

28. Veiby G, Daltveit AK, Schjolberg S, et al. Exposure to antiepileptic drugs in utero and 

child development: a prospective population-based study. Epilepsia. 2013;54(8):1462-72. 

29. Wood AG, Nadebaum C, Anderson V, et al. Prospective assessment of autism traits in 

children exposed to antiepileptic drugs during pregnancy. Epilepsia. 2015;56(7):1047-55. 

30. Bromley RL, Mawer G, Clayton-Smith J, Baker GA. Autism spectrum disorders 

following in utero exposure to antiepileptic drugs. Neurology. 2008;71(23):1923-4. 

31. Gaily EK, Granstrom ML, Hiilesmaa VK, Bardy AH. Head circumference in children of 

epileptic mothers: contributions of drug exposure and genetic background. Epilepsy Res. 

1990;5(3):217-22. 

32. Hiilesmaa V. A prospective study on maternal and fetal outcome in 139 women with 

epilepsy. Helsinki: University of Helsinki; 1982. 

33. Hiilesmaa VK, Bardy A, Teramo K. Obstetric outcome in women with epilepsy. Am J 

Obstet Gynecol. 1985;152(5):499-504. 

34. Rasalam AD, Hailey H, Williams JH, et al. Characteristics of fetal anticonvulsant 

syndrome associated autistic disorder. Dev Med Child Neurol. 2005;47(8):551-5. 
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35. Tomson T, Battino D, Bonizzoni E, et al. Antiepileptic drugs and intrauterine death: A 

prospective observational study from EURAP. Neurology. 2015;85(7):580-8. 

36. Viinikainen K, Eriksson K, Monkkonen A, et al. The effects of valproate exposure in 

utero on behavior and the need for educational support in school-aged children. Epilepsy Behav. 

2006;9(4):636-40. 

37. Vinten J, Adab N, Kini U, Gorry J, Gregg J, Baker GA. Neuropsychological effects of 

exposure to anticonvulsant medication in utero. Neurology. 2005;64(6):949-54. 

38. Vinten J, Bromley RL, Taylor J, Adab N, Kini U, Baker GA. The behavioral 

consequences of exposure to antiepileptic drugs in utero. Epilepsy Behav. 2009;14(1):197-201. 
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Appendix C. Key excluded studies 

Author, 

Year 
Research Group Title Reason for Exclusion 

Meador, 

2009
39

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Cognitive Function at 3 Years of Age after Fetal Exposure to 

Antiepileptic Drugs 

Outcomes only reported 

as continuous variables 

Meador, 

2010
40

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Effects of breastfeeding in children of women taking antiepileptic 

drugs 

Outcomes only reported 

as continuous variables 

Meador, 

2011
41

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Foetal antiepileptic drug exposure and verbal versus non-verbal 

abilities at three years of age 

Outcomes only reported 

as continuous variables 

Meador, 

2012
42

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Effects of fetal antiepileptic drug exposure: Outcomes at age 4.5 

years 

Outcomes only reported 

as continuous variables 

Meador, 

2013
43

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Fetal antiepileptic drug exposure and cognitive outcomes at age 6 

years (NEAD study): a prospective observational study 

Outcomes only reported 

as continuous variables 

Shallcross, 

2011
44

 

Liverpool and 

Manchester 

Neurodevelopment 

Group and The UK 

Epilepsy and Pregnancy 

Register 

Child development following in utero exposure:  

Levetiracetam vs. sodium valproate 

Outcomes only reported 

as continuous variables 

Shallcross, 

2014
45

 

Liverpool and 

Manchester 

In utero exposure to levetiracetam vs. valproate:  

Development and language at 3 years of age 

Outcomes only reported 

as continuous variables 
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Neurodevelopment 

Group and The UK 

Epilepsy and Pregnancy 

Register 
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Appendix D. Table of Individual Study characteristics 

Author, Year 
Country of 

conduct 
Registry or Setting 

Study 

period 
Interventions Outcomes Funding 

Adab, 2004
*1

 

[CR: Vinten 

2005
37

Vinten, 

2009
38

] 

UK 

Mersey Regional 

Epilepsy Clinic;  

Epilepsy Clinic at the 

Manchester Royal 

Infirmary; Antenatal 

clinic at St Mary’s 

Hospital, Manchester 

2000-

2001 
Carbam, Control, Valpro 

Cognitive 

Developmental 

Delay, 

Psychomotor 

Developmental 

Delay 

NR 

Arkilo, 2015
2
 USA 

Minnesota Epilepsy 

Group 

2006-

2011 

Carbam, Lamot, Levet, 

Pheny, Valpro 

Autism/Dyspraxia, 

Psychomotor 

Developmental 

Delay 

NR 

Bromley, 2010
3
 UK 

Liverpool and 

Manchester 

Neurodevelopment 

Group 

NR Carbam, Valpro Language Delay NR 

Bromley, 2013
4
 

[CR: Bromley, 

2008
30

] 

UK 

Liverpool and 

Manchester 

Neurodevelopment group 

2000-

2004 

Carbam, Control, Lamot, 

Valpro 

Autism/Dyspraxia, 

ADHD 

mixed 

public & 

private 

Bromley, 

2016
5
† 

UK 
UK Epilepsy and 

Pregnancy Register 

2004-

2007 

Control, Gabap, Levet, 

Topir, Valpro 

Cognitive 

Developmental 

Delay 

public 

Christensen, 

2013
6
† 

Denmark 

Danish Civil Registration 

System; Danish 

Prescription Register; 

Danish Psychiatric 

Central Register; Danish 

Birth Register; Danish 

1996-

2006 

Carbam, Clonaz, Lamot, 

Oxcar, Valpro 
Autism/Dyspraxia public 
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36
37
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39
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41
42
43
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45
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47
48
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60
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National Hospital 

Register 

Cohen, 2013
7
 USA;UK 

Neurodevelopmental 

Effects of Antiepileptic 

Drugs Study Group 

1999-

2004 

Carbam, Lamot, Pheny, 

Valpro, 
ADHD public 

Cummings, 

2011
8
† [CR: 

Tomson, 

2015
35

] 

Northern 

Ireland  

UK Epilepsy and 

Pregnancy Register 

(Northern Ireland); 

Northern Ireland Child 

Health System 

1996-

2005 
Carbam, Lamot, Valpro, 

Cognitive 

Developmental 

Delay 

public 

Dean, 2002
9
 

[CR: Rasalam, 

2005
34

] 

Scotland 
Aberdeen Maternity 

Hospital 

1976-

2000 

Carbam, Carbam+Pheno, 

Carbam+Pheny, 

Carbam+Valpro, Control, 

Ethos, Pheno, Pheno+Pheny, 

Pheno+Valpro, Pheny, 

Primid, Valpro 

Psychomotor 

Developmental 

Delay, 

 ADHD 

NR 

D'Souza, 

1991
10

 

United 

Kingdom 
St Mary's Hospital 

1980-

1982 

Carbam, Control, Pheno, 

Pheny, Valpro 

Cognitive 

Developmental 

Delay 

public 

Eriksson, 

2005
11

† [CR: 

Viinikainen, 

2006
36

] 

Finland 
Kuopio University 

Hospital 

1989-

2000 
Carbam, Control, Valpro 

Cognitive 

Developmental 

Delay, Psychomotor 

Developmental 

Delay 

public 
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Gaily, 1990
12

 

[CR: Gaily, 

1990
31

; 

Hiilesmaa, 

1982
32

; 

Hiilesmaa, 

1985
33

] 

Finland 
Helsinki University 

Central Hospital 

1975-

1979 

Carbam, 

Carbam+Pheno+Pheny, 

Carbam+Pheny, 

Carbam+Valpro, Control, 

Ethos+Pheny, Pheno+Pheny, 

Pheny, Pheny+Primid, 

Pheny+Valpro 

Cognitive 

Developmental 

Delay ,  

Psychomotor 

Developmental 

Delay 

mixed 

public & 

private 

Gogatishvili, 

2014
13

 
Georgia 

Georgian National AED-

Pregnancy Registry 
NR Carbam, Lamot, Valpro 

Cognitive 

Developmental 

Delay 

public 

Gogatishvili, 

2015
14

 
Georgia 

Georgian National AED-

Pregnancy Registry 
NR 

Carbam, Carbam+Levet, 

Lamot, Pheno, Valpro 
Language Delay public 

Hurault-

Delarue, 2012
15

 
France 

EFEMERIS database - 

Caisse Primaire 

d’Assurance Maladie of 

Haute-Garonne and 

Maternal and Infant 

Protection Service; 

Antenatal Diagnostic 

Centre 

2004-

2008 

Carbam, Clobaz, Clonaz, 

Gabap, Lamot, Pheno, Topir, 

Valpro 

Psychomotor 

Developmental 

Delay 

NR 

       

Jones, 1989
16

† US 
California Teratogen 

Registry 

1979-

1988 

Carbam, Carbam+Pheno, 

Carbam+Pheno+Valpro, 

Carbam+Primid 

Cognitive 

Developmental 

Delay ,  

Psychomotor 

Developmental 

Delay  

public 

Katz, 2001
17

 USA 

Mount Sinai 

Comprehensive Epilepsy 

Center 

1990-

2000 

Carbam, Control, Lamot, 

Pheno, Pheny, Primid, 

Valpro 

Cognitive 

Developmental 

Delay 

NR 
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Koch, 1996
18

 Germany NR 
1976-

1983 

Pheno, Pheny, Primid, 

Valpro 

 Cognitive 

Developmental 

Delay 

public 

Mawer, 2002
19

 England 
Manchester Royal 

Infirmary 

1990-

1999 

Carbam, Lamot, Pheny, 

Valpro 

Cognitive 

Developmental 

Delay 

NR 

Miskov, 2010
20

 Croatia NR 
2003-

2010 

Carbam, Control, Gabap, 

Lamot, Valpro 

Psychomotor 

Developmental 

Delay, Neonatal 

Seizures 

NR 

Miskov, 2016
21

 Croatia 

Sestre milosrdnice 

University Hospital 

Center 

2003-

2013 

Carbam, Carbam+Lamot, 

Carbam+Pheno, 

Carbam+Pheny+Topir, 

Control, Clonaz+Valpro, 

Gabap, Lamot, Oxcar, 

Pheno, Pheny, 

Topir+Valpro, Valpro 

Attention Deficit 

Hyperactivity 

Disorder 

NR 

Nadebaum, 

2011
22

† 
Australia 

Australian Registry of 

Antiepileptic Drug Use in 

Pregnancy  

2007-

2009 
Carbam, Lamot, Valpro Language Delay 

mixed 

public & 

private 

Rihtman, 

2013
23

 
Israel 

Israeli Teratogen 

Information Service 
NR Lamot, Valpro Neonatal Seizure 

mixed 

public & 

private 

Scolnik, 1994
24

 Canada 

Hospital for Sick 

Children - Motherisk 

Program; 

North York General 

Hospital; Toronto 

Hospital;  

Oshawa General Hospital 

1987-

1992 
Carbam, Pheny 

Cognitive 

Developmental 

Delay 

public 
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Shankaran, 

1996
25

 
USA 

Children's Hospital of 

Michigan 
NR Control, Pheno 

Psychomotor 

Developmental 

Delay, Language 

Delay 

public 

Van der Pol, 

1991
26

 
Netherlands 

Groningen University 

Hospital 

1973-

1981 

Carbam, Carbam+Pheno, 

Control, Pheno 

Psychomotor 

Developmental 

Delay 

public 

Veiby, 

2013a
27

† 
Norway 

Norwegian Institute of 

Public Health- Mother 

and Child Cohort Study 

1999-

2009 

Carbam, Control, Lamot, 

Valpro 
Social Impairment public 

Veiby, 

2013b
28

† 
Norway 

Medical Birth Registry of 

Norway 

1999-

2008 

Carbam, Control, Lamot, 

Valpro 

Psychomotor 

Developmental 

Delay, 

Autism/Dyspraxia,  

Language Delay, 

ADHD 

public 

Wood, 2015
29

† Australia 

Australian Registry of 

Antiepileptic Drug Use in 

Pregnancy  

2007-

2010 

Carbam, Carbam+Clonaz, 

Carbam+Lamot, 

Carbam+Pheny, 

Lamot+Valpro, Valpro 

Autism/Dyspraxia public 

Abbreviations: ADHD – Attention Deficit Hyperactivity Disorder; NR – Not Reported 

 

Carbam = Carbamazepine; Clobaz = Clobazam; Clonaz = Clonazepam; Ethos = Ethosuximide; Gabap = Gabapentin; Lamot = 

Lamotrigine; Levet = Levetiracetam; Oxcar = Oxcarbazepine; Pheno = Phenobarbital; Pheny = Phenytoin; Primid = Primidone; Topir 

= Topiramate; Valpro = Valproate; Vigab = Viagabatrin 

 

*Single publication reporting on two separate cohorts 

†Registry Studies 
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Appendix E. Table of Patient characteristics 

 

Author, Year Indication 
Sample 

Size* 

Mean Age 

(Women) 

Mean Age 

(Children)/ 

Follow-up 

period† 

AED 

Exposure 

Timing 

Maternal 

Alcohol Use 

n/N‡ 

Maternal 

Tobacco Use 

n/N‡ 

Adab, 2004a
1
§ 

[CR: Vinten 2005
37

; 

Vinten, 2009
38

] 

Epilepsy 
177 

 
26.1 9-10.5 NR 24/279‡ 68/249‡ 

Adab, 2004b
1
§ 

[CR: Vinten 2005
37

; 

Vinten, 2009
38

] 

Epilepsy 81 26.1 3-3.33 NR 24/279‡ 68/249‡ 

Arkilo, 2015
2
 Epilepsy 59 NR NA First trimester NR NR 

Bromley, 2010
3
 NR 60 NR 6-7 

Whole 

pregnancy 
NR NR 

Bromley, 2013
4
  

[CR: Bromley, 2008
30

] 
Epilepsy 156 28 6 NR 28/156 42/156 

Bromley, 2016
5
 Epilepsy 185 NR NR NR 31/185 35/185 

Christensen, 2013
6
 NR 2011 NR NR 

Whole 

pregnancy 
NR NR 

Cohen, 2013
7
 Epilepsy 108 30 6 NR 12/192‡ NR 

Cummings, 2011
8
  

[CR: Tomson, 2015
35

] 
Epilepsy 142 NR 2-3 

Whole 

pregnancy 
32/108‡ 19/108‡ 

Dean, 2002
9
 

[CR: Rasalam, 2005
34

] 
Epilepsy 287 27 3.75-15.5 First trimester NR NR 

D'Souza, 1991
10

 Epilepsy 42 26.5 2.5-3.5 
Whole 

pregnancy  
NR NR 

Eriksson, 2005
11

 

[CR: Viinikainen, 2006
36

] 
Epilepsy 39 28.2 NR NR NR NR 
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Gaily, 1990
12

 

[CR: Gaily, 1990
31

; 

Hiilesmaa, 1982
32

; 

Hiilesmaa, 1985
33

 

Epilepsy 134 27.8 5.5 First trimester NR NR 

Gogatishvili, 2014
13

 NR 39 NR 2 to 4 NR NR NR 

Gogatishvili, 2015
14

 NR 23 NR 3 to 6 NR NR NR 

Hurault-Delarue, 2012
15

 NR 109 NR 0.75 NR NR NR 

Jones, 1989
16

 Epilepsy 63 NR NR 
Whole 

pregnancy 
NR NR 

Katz, 2001
17

 Epilepsy 51 31 NR NR NR NR 

Koch, 1996
18

 Epilepsy 40 NR 6 First trimester NR NR 

Mawer, 2002
19

 Epilepsy 52 NR NR NR NR NR 

Miskov, 2010
20

 Epilepsy 55 NR NR NR NR NR 

Miskov, 2016
21

 Epilepsy 74 34 NR NR NR 6/74 

Nadebaum, 2011
22

 Epilepsy 66 31.6 7.4 First trimester NR 5/66 

Rihtman, 2013
23

 Epilepsy 72 NR NR 
Whole 

pregnancy  
NR NR 

Scolnik, 1994
24

 Epilepsy 75 NR 1.5-3 1st trimester NR NR 

Shankaran, 1996
25

 NR 96 NR NR NR NR NR 

Van der Pol, 1991
26

 Epilepsy 57 NR 6-13 NR NR NR 

Veiby, 2013a
27

 Epilepsy 422 NR 0.5 NR NR NR 

Veiby, 2013b
28

 Epilepsy 248 28.9 3 NR NR 68/726‡ 

Wood, 2015
29

 Epilepsy 77 NR 6-8 NR NR NR 
Abbreviations: NA – Not applicable; NR – Not reported 

 

* Sample size used for analysis; ineligible treatment arms (i.e. treatment arms with excluded drugs or unspecified polytherapy) are not included in the count 

† The mean age for children/follow-up period data were only collected for outcomes related to cognitive and/or psychomotor development 

‡ Total sample size is based on the number of women enrolled in the study; may differ from the sample size used for analysis 

§ Single publication reporting on two separate cohorts 
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Appendix F. Methodological quality of observational studies – Newcastle Ottawa Scale results 

First Author, 

Year 

Representativen

ess of the 

exposed cohort 

Selection 

of the 

non-

exposed 

cohort 

Ascertainme

nt of 

exposure 

Demonstratio

n that 

outcome of 

interest was 

not present 

at start of 

study 

Comparabili

ty of cohorts 

on the basis 

of the design 

or analysis 

Assessmen

t of 

outcome 

Was 

follow-up 

long 

enough 

for 

outcomes 

to occur 

Adequac

y of 

follow up 

of 

cohorts 

Adab, 2004
1
 B A A A C A A C 

Arkilo, 2015
2
 B A B A D A A C 

Bromley, 

2010
3
 

D A D A D D B D 

Bromley, 

2013
4
 

A A A A A A A C 

Bromley, 

2016
5
 

A A A A A A A C 

Christensen, 

2013
6
 

A A A A A B A B 

Cohen, 2013
7
 A A D A A A A C 

Cummings, 

2011
8
 

A A A A A A A C 

Dean, 2002
9
 B A A A D A A C 

D'Souza, 

1991
10

 
B A A A D A A A 

Eriksson, 

2005
11

 
B A A A B A A D 

Gaily, 1990
12

 B A A A D A A A 

Gogatishvili, 

2014
13

 
A A D A D A A D 

Gogatishvili, 

2015
14

 
A A D A D A A D 
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Hurault-

Delarue, 

2012
15

 

A A A A A A A A 

Jones, 1989
16

 A A B A D A A B 

Katz, 2001
17

 B A A A D A A D 

Koch, 1996
18

 B A B A D A A C 

Mawer, 

2002
19

 
B A A A D A A B 

Miskov, 

2010
20

 
D A D A D D A D 

Miskov, 

2016
21

 
C A A A D A A D 

Nadebaum, 

2011
22

 
A A A A A A A B 

Rihtman, 

2013
23

 
A B A A A A A C 

Scolnik, 

1994
24

 
B A A A D A A A 

Shankaran, 

1996
25

 
B A A A D A A B 

Van der Pol, 

1991
26

 
B A D A A A A B 

Veiby, 

2013a
27

 
A A A A A A A D 

Veiby, 

2013b
28

 
A A A A A A A C 

Wood, 2015
29

 A A A A D A A C 

Abbreviations: A – low risk; B – moderate risk; C – high risk; D – unclear risk 
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Appendix G. Comparison-adjusted funnel plots
*
 

 
*
 Funnel plots have been produced only for outcomes with ≥10 studies. For multi-arm studies we plot data points from each study-

specific basic parameter (treatment comparisons with a study-specific common comparator) 
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Appendix H. Statistically significant network meta-analysis results along with meta-analysis results, transitivity, and 

inconsistency assessments 

Treatment 

Comparison 

Number of 

Studies 
(Mean Baseline 

Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow up 

of cohorts 

MA  

Odds Ratio 
(95% CrI)

 

NMA  

Odds Ratio 
(95% CrI)  

(95% PrI)
 

Cognitive Developmental Delay (10 studies, 748 patients, 14 treatments) 

Lamot vs Valpro 4 (NA) 
140  

(31.00) 
Epilepsy NR H H 

0.17  

(0.02-0.87) 

0.13 

(0.01-0.57)  

(0.01-0.75) 

Valpro vs Control 4 (0.06) 
267  

(28.80) 
Epilepsy 

1st 

trimester 
H H 

8.15  

(3.19-22.33) 

7.40 

(3.00-18.46)  

(1.81-27.63) 

Valpro vs Carbam 6 (NA) 
310  

(27.80) 
Epilepsy NR H L 

3.32  

(1.56-7.04) 

3.54 

(1.69-7.26)  

(0.95-12.32) 

Valpro vs Pheno 3 (NA) 
36  

(27.80) 
Epilepsy 

1st 

trimester 
H L 

4.25  

(0.82-34.07) 

5.59 

(1.21-35.07)  

(0.93-45.99) 

Valpro vs Pheny 3 (NA) 
58  

(31.00) 
Epilepsy 

1st 

trimester 
H L 

3.12  

(0.75-14.12) 

2.88 

(1.04-8.49)  

(0.69-12.62) 

Common between-study variance across treatment comparisons 
0.13  

(0.00-0.97) 

0.12  

(0.00-1.15)  

(NA) Residual deviance: 44.72 Data points: 47 DIC: 78.7 

Evaluation of consistency using the design-by-treatment interaction model 
Chi-square test: 14.15 

Degrees of Freedom: 17 

P- value: 0.66 

Heterogeneity: 0 
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Treatment 

Comparison 

Number of 

Studies 
(Mean Baseline 

Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow up 

of cohorts 

MA  

Odds Ratio 
(95% CrI)

 

NMA  

Odds Ratio 
(95% CrI)  

(95% PrI)
 

Autism Dyspraxia (5 studies, 2551 patients, 12 treatments) 

Lamot vs Control 2 (0.00) 254 (27.75) Epilepsy 
1st 

trimester 
H H 

13.77  

(2.06-188.00) 

8.88 

(1.29-112.00)  

(0.94-146.80) 

Lamot+Valpro vs 

Carbam 
1 (NA) 40 (NR) Epilepsy NR L L 

15.02  

(2.04-171.90) 

22.89 

(2.58-219.00)  

(1.90-282.20) 

Lamot+Valpro vs 

Clonaz 
NA NR NR NR NR NR NA 

20.21 

(1.48-351.30)  

(1.15-455.00) 

Lamot+Valpro vs 

Control 
NA NR NR NR NR NR NA 

132.70 

(7.41-3.9 x 10
3
)  

(5.82-4.6 x 10
3
) 

Lamot+Valpro vs 

Lamot 
NA NR NR NR NR NR NA 

14.61 

(1.51-149.10)  

(1.14-196.80) 

Oxcar vs Control NA NR NR NR NR NR NA 

13.51 

(1.28-221.40)  

(0.86-267.40) 

Valpro vs Carbam 5 (NA) 1003 (27.83) Epilepsy 
1st 

trimester 
L L 

3.20  

(1.20-8.68) 

3.02 

(1.09-8.40)  

(0.57-14.31) 

Valpro vs Control 2 (0.00) 249 (27.75) Epilepsy 
1st 

trimester 
H H 

9.19  

(1.14-132.10) 

17.29 

(2.40-217.60)  

(1.61-274.90) 

Common between-study variance across treatment comparisons 0.12  

(0.00-1.37) 

0.16  

(0.00-1.95)  

(NA) Residual deviance: 24 Data points: 24 DIC: 44 

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 3.79 

Degrees of Freedom: 5 

P- value: 0.57 

Heterogeneity: 0 
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Treatment 

Comparison 

Number of 

Studies 
(Mean Baseline 

Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow up 

of cohorts 

MA  

Odds Ratio 
(95% CrI)

 

NMA  

Odds Ratio 
(95% CrI)  

(95% PrI)
 

Psychomotor Developmental Delay (11 studies, 1145 patients, 18 treatments) 

Carbam+Pheno+Valpro 

vs Control 
NA NR NR NR NR NR NA 

19.12 

(1.49-337.50)  

(1.34-370.40) 

Carbam+Pheno+Valpro 

vs Pheno 
NA NR NR NR NR NR NA 

19.86 

(1.38-393.60) 

 (1.26-423.30) 

Levet vs 

Carbam+Pheno+Valpro 
NA NR NR NR NR NR NA 

0.01 

(0.00-0.58)  

(0.00-0.62) 

Valpro vs Carbam 
7 

(NA) 
331 (27.80) Epilepsy 

1st 

trimester 
H H 

2.72  

(1.39-5.67) 

2.45 

(1.27-4.88)  

(0.95-6.77) 

Valpro vs Control 
5 

(0.07) 
331 (28.38) Epilepsy 

1st 

trimester 
H H 

3.53  

(1.60-8.64) 

4.16 

(2.04-8.75)  

(1.52-12.05) 

Valpro vs Pheno 
2 

(NA) 
141 (NR) Epilepsy 

1st 

trimester 
H H 

3.68  

(1.17-12.30) 

4.32 

(1.72-11.20)  

(1.34-14.51) 

Common between-study variance across treatment comparisons 
0.05  

(0.00-0.49) 

0.06  

(0.00-0.63) 

(NA) Residual deviance: 45 Data points: 51 DIC: 78 

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 13.46 

Degrees of Freedom: 21 

P- value: 0.89 

Heterogeneity: 0 
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Treatment 

Comparison 

Number of 

Studies 
(Mean Baseline 

Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow up 

of cohorts 

MA  

Odds Ratio 
(95% CrI)

 

NMA  

Odds Ratio 
(95% CrI)  

(95% PrI)
 

Language Delay (5 studies, 509 patients, 5 treatments) 

Valpro vs Control 
1 

(0.03) 

173 

(28.90) 
Epilepsy NR L H 

6.96  

(1.14-37.03) 

7.95 

(1.50-49.13)  

(0.96-74.52) 

Common between-study variance across treatment comparisons 
0.15  

(0.00-1.85) 

0.16  

(0.00-2.15)  

(NA) Residual deviance: 12 Data points: 14 DIC: 23 

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 2.33 

Degrees of Freedom: 3 

P- value: 0.50 

Heterogeneity: 0 

ADHD (4 studies, 750 patients, 6 treatments) 

No statistically significant results 

Residual deviance: 12 Data points: 17 DIC: 22  

Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; CrI - Credible Interval; DIC - Deviance Information Criterion; H- high risk of bias; L - low 

risk of bias; MA - Meta-analysis; NA - Not applicable; NMA - Network Meta-analysis; NR- Not Reported; PrI - Predictive Interval 

 

Carbam = Carbamazepine; Clobaz = Clobazam; Clonaz = Clonazepam; Ethos = Ethosuximide; Gabap = Gabapentin; Lamot = Lamotrigine; Levet = 

Levetiracetam; Oxcar = Oxcarbazepine; Pheno = Phenobarbital; Pheny = Phenytoin; Pridmid = Primidone; Topir = Topiramate; Valpro = Valproate; Vigab = 

Viagabatrin 
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Appendix I. Rank-heat plot of cognitive developmental delay, autism/dyspraxia, psychomotor developmental delay, language 

delay, and attention deficit hyperactivity disorder outcomes* 
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Abbreviations: carbam - carbamazepine, clobaz - clobazam, clonaz - clonazepam, ethos - ethosuximide, gabap - gabapentin, lamot - lamotrigine, levet - 

levetiracetam, oxcar - oxcarbazepine, pheno - phenobarbital, pheny - phenytoin, primid - primidone, topir - topiramate, valpro - valproate, vigab - vigabatrin 

 

*Rank-heat plot of cognitive developmental delay, autism/dyspraxia, psychomotor developmental delay, language delay, and attention deficit hyperactivity 

disorder outcomes (5 circles) and 25 treatments (25 radii). Each sector is coloured according to the surface under the cumulative ranking curve value of the 

corresponding treatment and outcome using the transformation of three colours red (0%), yellow (50%), and green (100%). 

Page 84 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

32 
 

Appendix J. Number of studies and treatments per outcome 

Total studies 

Range 

of study 

arms 

# of 

treatments 

# of 

patients 

# of direct 

treatment 

comparisons 

# of NMA 

treatment 

comparisons 

Statistically 

significant 

NMA 

treatment 

effects 

# of 

studies 

with zero 

events in 

all arms 

# of studies 

with 

ineligible 

outcome 

definition* 

Cognitive Developmental Delay 

11 (2,8) 18 933 62 153 5 1 5 

Autism/Dyspraxia 

5 (4,6) 12 2551 34 66 8 0 4 

Neonatal Seizure 

1 (2,2) 2 69 1 0 0 1 1 

Psychomotor Developmental Delay 

11 (2,8) 18 1145 74 153 6 0 5 

Language Delay 

5 (2,4) 5 509 7 10 1 0 3 

ADHD 

5 (4,6) 7 816 20 21 0 0 0 

Social Impairment 

1 (4,4) 4 422 1 0 0 0 0 

Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; NMA - Network Meta-analysis 
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Appendix K. Sensitivity and network meta-regression analyses - Anti-epileptic drugs compared with Control 

Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Cognitive Developmental Delay – Sensitivity Analysis - Epilepsy only (10 studies, 910 patients, 17 treatments) 

Carbamazepine vs Control 2.08 (0.79 - 5.82) (0.47 - 9.34) 

Carbamazepine+Phenobarbital vs Control 0.62 (0.00 - 15.31) (0.00 - 19.29) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 4.75 (0.01 - 164.80) (0.01 - 192.50) 

Carbamazepine+Phenobarbital+Valproate vs Control 15.00 (1.00 - 367.10) (0.82 - 426.90) 

Carbamazepine+Phenytoin vs Control 9.84 (0.60 - 136.30) (0.49 - 164.50) 

Ethosuximide+Phenytoin vs Control 6.53 (0.02 - 216.00) (0.02 - 251.30) 

Gabapentin vs Control 1.43 (0.05 - 14.28) (0.04 - 18.20) 

Lamotrigine vs Control 0.79 (0.05 - 5.12) (0.05 - 6.66) 

Levetiracetam vs Control 3.46 (0.65 - 17.14) (0.47 - 23.57) 

Phenobarbital vs Control 0.55 (0.01 - 5.38) (0.01 - 6.85) 

Phenobarbital+Phenytoin vs Control 1.28 (0.00 - 36.18) (0.00 - 44.03) 

Phenytoin vs Control 2.47 (0.65 - 8.25) (0.41 - 12.47) 

Phenytoin+Valproate vs Control 3.68 (0.01 - 121.00) (0.01 - 135.00) 

Primidone vs Control 1.97 (0.25 - 12.16) (0.19 - 16.25) 

Topiramate vs Control 3.06 (0.42 - 17.51) (0.32 - 23.57) 

Valproate vs Control 7.48 (2.99 - 19.04) (1.67 - 31.21) 

Common within-network between-study variance 0.16 (0.00 - 1.36) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 12.98 

Degrees of Freedom: 14 

P-value: 0.53 

Heterogeneity: 0.00 

Cognitive Developmental Delay - Sensitivity Analysis - First generation AEDs only (6 studies, 480 patients, 13 treatments) 

Carbamazepine vs Control 1.68 (0.37 - 7.82) (0.19 - 14.98) 

Carbamazepine+Phenytoin vs Control 8.98 (0.36 - 169.90) (0.26 - 243.60) 

Carbamazepine+Phenobarbital vs Control 0.46 (0.00 - 21.02) (0.00 - 28.01) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 4.12 (0.01 - 180.10) (0.00 - 236.30) 

Carbamazepine+Phenobarbital+Valproate vs Control 12.84 (0.50 - 435.70) (0.35 - 604.30) 

Ethosuximide+Phenytoin vs Control 5.65 (0.01 - 219.00) (0.01 - 291.50) 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Phenobarbital vs Control 0.64 (0.00 - 26.02) (0.00 - 35.36) 

Phenobarbital+Phenytoin vs Control 1.06 (0.00 - 37.64) (0.00 - 50.85) 

Phenytoin vs Control 2.08 (0.26 - 12.50) (0.13 - 22.02) 

Phenytoin+Valproate vs Control 3.14 (0.00 - 135.80) (0.00 - 178.90) 

Primidone vs Control 3.30 (0.18 - 43.76) (0.12 - 68.72) 

Valproate vs Control 13.22 (3.20 - 64.06) (1.50 - 128.40) 

Common within-network between-study variance 0.27 (0.00 - 2.97) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 3.31 

Degrees of Freedom: 3 

P-value: 0.35 

Heterogeneity: 0.00 

Cognitive Developmental Delay - Sensitivity Analysis - Maternal Alcohol or Tobacco use (3 studies, 504 patients, 7 treatments) 

Carbamazepine vs Control 1.97 (0.40 - 10.01) (0.19 - 21.27) 

Gabapentin vs Control 1.47 (0.04 - 19.01) (0.02 - 27.11) 

Lamotrigine vs Control 0.41 (0.00 - 10.09) (0.00 - 13.61) 

Levetiracetam vs Control 3.55 (0.43 - 24.13) (0.23 - 42.39) 

Topiramate vs Control 3.17 (0.30 - 24.07) (0.18 - 44.87) 

Valproate vs Control 7.79 (1.84 - 29.60) (0.84 - 62.77) 

Common within-network between-study variance 0.27 (0.00 - 3.29) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 2.69 

Degrees of Freedom: 2 

P-value: 0.26 

Heterogeneity: NA 

Cognitive Developmental Delay - Sensitivity Analysis - Low Risk of Bias: "Adequacy of follow-up"  

(4 studies, 283 patients, 12 treatments) 

Carbamazepine vs Control 2.68 (0.05 - 2.9 x 10
3
) (0.03 - 4.3 x 10

3
) 

Carbamazepine+Phenobarbital vs Control 0.67 (0.00 - 2.2 x 10
3
) (0.00 - 2.9 x 10

3
) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 5.23 (0.01 - 7.2 x 10
3
) (0.00 - 1.1 x 10

4
) 

Carbamazepine+Phenobarbital+Valproate vs Control 22.18 (0.10 - 4.8 x 10
4
) (0.06 - 7.7 x 10

4
) 

Carbamazepine+Phenytoin vs Control 11.45 (0.13 - 1.2 x 10
4
) (0.07 - 1.8 x 10

4
) 

Ethosuximide+Phenytoin vs Control 6.45 (0.01 - 8.3 x 10
3
) (0.00 - 1.4 x 10

4
) 

Lamotrigine vs Control 0.52 (0.00 - 1.2 x 10
3
) (0.00 - 1.9 x 10

3
) 

Phenobarbital+Phenytoin vs Control 1.33 (0.00 - 1.8 x 10
3
) (0.00 - 2.7 x 10

3
) 

Phenytoin vs Control 1.67 (0.03 - 1.8 x 10
3
) (0.01 - 2.5 x 10

3
) 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Phenytoin+Valproate vs Control 3.94 (0.00 - 6.7 x 10
3
) (0.00 - 8.8 x10

3
) 

Valproate vs Control 5.9 (0.06 - 9.7 x 10
3
) (0.03 - 1.5 x 10

4
) 

Common within-network between-study variance 1.01 (0.01 - 5.85) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 5.07 

Degrees of Freedom: 2 

P-value: 0.08 

Heterogeneity: 0.00 

Cognitive Developmental Delay - Sensitivity Analysis - Low Risk of Bias: "Comparability of cohorts"  

(3 studies, 366 patients, 7 treatments) 

Carbamazepine vs Control 1.46 (0.11 - 19.59) (0.06 - 38.10) 

Gabapentin vs Control 1.19 (0.03 - 22.80) (0.02 - 39.35) 

Lamotrigine vs Control 0.27 (0.00 - 11.80) (0.00 - 19.37) 

Levetiracetam vs Control 2.90 (0.30 - 32.81) (0.15 - 62.97) 

Topiramate vs Control 2.55 (0.22 - 29.21) (0.11 - 64.23) 

Valproate vs Control 5.79 (1.05 - 47.35) (0.47 - 102.90) 

Common within-network between-study variance 0.38 (0.00 - 4.14) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 1.47 

Degrees of Freedom: 2 

P-value: 0.48 

Heterogeneity: NA 

Cognitive Developmental Delay – Network Meta-regression Analysis 

(11 studies, 933 patients, 18 treatments) 

Carbamazepine vs Control 1.99 (0.64 - 6.18) (0.40 - 9.77) 

Carbamazepine+Levetiracetam vs Control 0.54 (0.00 - 16.36) (0.00 - 19.87) 

Carbamazepine+Phenobarbital vs Control 0.50 (0.00 - 16.10) (0.00 - 19.36) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 4.36 (0.01 - 171.20) (0.01 - 194.60) 

Carbamazepine+Phenobarbital+Valproate vs Control 14.58 (0.90 - 413.20) (0.74 - 488.90) 

Carbamazepine+Phenytoin vs Control 9.44 (0.50 - 130.50) (0.39 - 162.40) 

Ethosuximide+Phenytoin vs Control 5.77 (0.01 - 234.70) (0.01 - 268.10) 

Gabapentin vs Control 1.37 (0.04 - 15.51) (0.03 - 19.10) 

Lamotrigine vs Control 0.87 (0.07 - 5.14) (0.06 - 6.76) 

Levetiracetam vs Control 3.43 (0.57 - 18.78) (0.42 - 24.85) 

Phenobarbital vs Control 1.16 (0.13 - 8.59) (0.10 - 11.43) 

Phenobarbital+Phenytoin vs Control 1.34 (0.00 - 39.21) (0.00 - 49.39) 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Phenytoin vs Control 2.43 (0.55 - 9.14) (0.36 - 13.45) 

Phenytoin+Valproate vs Control 3.58 (0.01 - 134.20) (0.01 - 161.70) 

Primidone vs Control 2.03 (0.21 - 16.49) (0.16 - 21.39) 

Topiramate vs Control 2.93 (0.41 - 16.34) (0.31 - 22.91) 

Valproate vs Control 7.03 (2.26 - 20.02) (1.41 - 30.92) 

Common within-network between-study variance 0.16 (0.00 - 1.27)  

Regression Coefficient 1.01 (0.76 - 1.56)  

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 14.15 

Degrees of Freedom: 17 

P-value: 0.66 

Heterogeneity: 0.00 

Autism/Dyspraxia - Sensitivity Analysis - Large cohort (>300 patients) - (1 study, 2,551 patients, 5 treatments)** 

Clonazepam vs Carbamazepine 1.08 (0.24 - 4.85) - 

Lamotrigine vs Carbamazepine 1.20 (0.36 - 4.00) - 

Oxcarbazepine vs Carbamazepine 2.13 (0.62 - 7.35) - 

Valproate vs Carbamazepine 3.05 (0.97 - 9.52) - 

Common within-network between-study variance NA NA 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA NA 

Autism/Dyspraxia - Sensitivity Analysis - Epilepsy only (4 studies, 540 patients, 10 treatments) 

Carbamazepine vs Control 5.20 (0.54 - 90.53) (0.33 - 133.00) 

Carbamazepine+Clonazepam vs Control 7.90 (0.01 - 653.30) (0.01 - 881.00) 

Carbamazepine+Lamotrigine vs Control 4.25 (0.01 - 333.60) (0.01 - 446.90) 

Carbamazepine+Phenytoin vs Control 9.03 (0.01 - 666.30) (0.01 - 893.00) 

Lamotrigine vs Control 10.24 (1.25 - 171.40) (0.67 - 248.50) 

Lamotrigine+Valproate vs Control 120.20 (5.25 - 4.5 x 10
3
) (3.51 - 6.0 x 10

3
) 

Levetiracetam vs Control 3.52 (0.00 - 272.20) (0.00 - 364.30) 

Phenytoin vs Control 8.10 (0.01 - 577.50) (0.01 - 754.60) 

Valproate vs Control 14.41 (1.66 - 252.10) (0.88 - 378.00) 

Common within-network between-study variance 0.31 (0.00 - 3.04) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 2.9 

Degrees of Freedom: 3 

P-value: 0.41 

Heterogeneity: 0.00 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Autism/Dyspraxia - Sensitivity Analysis - Maternal Tobacco Use (4 studies, 540 patients, 10 treatments) 

Carbamazepine vs Control 2.51 (0.05 - 154.30) (0.04 - 254.50) 

Lamotrigine vs Control 24.84 (2.14 - 1.2 x 10
3
) (1.23 - 2.2 x 10

3
) 

Valproate vs Control 33.40 (2.60 -1.7 x 10
3
) (1.45 - 2.9 x 10

3
) 

Common within-network between-study variance 0.39 (0.00 - 4.47) 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA - all closed loops are formed from a multi-arm study 

Autism/Dyspraxia - Sensitivity Analysis - Maternal Alcohol Use (1 study, 156 patients, 4 treatments) 

Carbamazepine vs Control 

Excluded due to 

zero events 
- - 

Lamotrigine vs Control 4.65 (0.21 - 100.00) - 

Valproate vs Control 7.75 (0.42 - 142.86) - 

Common within-network between-study variance 1.91 (0.36 - 10.13) 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA NA 

Autism/Dyspraxia - Sensitivity Analysis - Low Risk of Bias: "Adequacy of Follow-up"  

(3 studies, 2,244 patients, 10 treatments) 

Carbamazepine vs Control 3.97 (0.17 - 2.4 x 10
3
) (0.11 - 3.0 x 10

3
) 

Carbamazepine+Clonazepam vs Control 7.48 (0.01 - 7.8 x 10
3
) (0.01 - 9.0 x 10

3
) 

Carbamazepine+Lamotrigine vs Control 4.47 (0.00 - 5.0 x 10
3
) (0.00 - 5.7 x 10

3
) 

Carbamazepine+Phenytoin vs Control 7.23 (0.01 - 6.6 x 10
3
) (0.01 - 8.2 x 10

3
) 

Clonazepam vs Control 4.88 (0.12 - 3.2 x 10
3
) (0.09 - 3.8 x 10

3
) 

Lamotrigine vs Control 6.55 (0.30 - 4.4 x 10
3
) (0.21 - 4.7 x 10

3
) 

Lamotrigine+Valproate vs Control 113.50 (2.33 - 7.8 x 10
4
) (1.62 - 8.9 x 10

4
) 

Oxcarbazepine vs Control 10.23 (0.36 - 6.8 x 10
3
) (0.26 - 7.5 x 10

3
) 

Valproate vs Control 13.97 (0.68 - 8.4 x 10
3
) (0.47 - 1.0 x 10

4
) 

Common within-network between-study variance 0.23 (0.00 - 2.88) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 2.17 

Degrees of Freedom: 3 

P-value: 0.54 

Heterogeneity: 0.00 

Autism/Dyspraxia - Sensitivity Analysis - Low Risk of Bias: "Comparability of Cohorts"  

(4 studies, 2,395 patients, 12 treatments) 

Carbamazepine vs Control 9.55 (0.90 - 246.20) (0.61 - 329.40) 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Carbamazepine+Clonazepam vs Control 13.58 (0.01 - 1.3 x 10
3
) (0.01 - 1.6 x 10

3
) 

Carbamazepine+Lamotrigine vs Control 7.11 (0.01 - 614.20) (0.01 - 717.60) 

Carbamazepine+Phenytoin vs Control 10.97 (0.01 - 1.1 x 10
3
) (0.01 - 1.4 x 10

3
) 

Clonazepam vs Control 8.33 (0.45 - 263.10) (0.33 - 353.70) 

Lamotrigine vs Control 10.98 (1.07 - 283.50) (0.71 - 358.20) 

Lamotrigine+Valproate vs Control 194.10 (8.06 - 8.4 x 10
3
) (6.28 - 1.0 x 10

4
) 

Levetiracetam vs Control 4.25 (0.00 - 390.90) (0.00 - 485.30) 

Oxcarbazepine vs Control 17.60 (1.22 - 552.20) (0.86 - 727.40) 

Phenytoin vs Control 9.76 (0.01 - 861.60) (0.01 - 1.0 x 10
3
) 

Valproate vs Control 21.06 (1.86 - 525.40) (1.25 - 681.90) 

Common within-network between-study variance 0.19 (0.00 - 2.43) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 3.36 

Degrees of Freedom: 5 

P-value: 0.64 

Heterogeneity: 0.00 

Autism/Dyspraxia - Sensitivity Analysis - Maternal IQ (1 study, 77 patients, 6 treatments)** 

Carbamazepine+Clonazepam vs Carbamazepine 1.86 (0.07 - 47.62) - 

Carbamazepine+Lamotrigine vs Carbamazepine 1.18 (0.05 - 27.78) - 

Carbamazepine+Phenytoin vs Carbamazepine 1.86 (0.07 - 47.62) - 

Lamotrigine+Valproate vs Carbamazepine 15.87 (1.87 - 142.86) - 

Valproate vs Carbamazepine 1.33 (0.18 - 10.20) - 

Common within-network between-study variance NA NA 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA NA 

Abbreviations: NMA – Network Meta-analysis; OR – odds ratio; CrI – Credible Interval; PrI – Predictive Interval 

** Network did not include a control arm, comparison with Carbamazepine is reported instead 
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ABSTRACT	56 

Objectives: Compare the safety of anti-epileptic drugs (AEDs) on neurodevelopment of 57 

infants/children exposed in-utero or during breastfeeding.  58 

Design	and	Setting: Systematic review and Bayesian random-effects network meta-59 

analysis (NMA). Medline, EMBASE, and the Cochrane Central Register of Controlled Trials 60 

were searched until April 27th, 2017. Screening, data abstraction, and quality appraisal 61 

were completed in duplicate by independent reviewers. 62 

Participants:  29 cohort studies including 5,100 infants/children. 63 

Interventions: Mono- and poly-therapy AEDs including first-generation (carbamazepine, 64 

clobazam, clonazepam, ethosuximide, phenobarbital, phenytoin, primidone, valproate) and 65 

newer-generation (gabapentin, lamotrigine, levetiracetam, oxcarbazepine, topiramate, 66 

vigabatrin) AEDs. Epileptic women who did not receive AEDs during pregnancy or 67 

breastfeeding served as the control group. 68 

Primary	and	secondary	Outcome	measures: Cognitive developmental delay and 69 

autism/dyspraxia were primary outcomes. Attention deficit hyperactivity disorder, 70 

language delay, neonatal seizures, psychomotor developmental delay, and social 71 

impairment were secondary outcomes. 72 

Results: The NMA on cognitive developmental delay (11 cohort studies, 933 children, 18 73 

treatments) suggested among all AEDs only valproate was statistically significantly 74 

associated with more children experiencing cognitive developmental delay when compared 75 

with control (odds ratio (OR)=7.40, 95% credible interval (CrI):  3.00-18.46). The NMA on 76 

autism (5 cohort studies, 2,551 children, 12 treatments), suggested that oxcarbazepine 77 

(OR=13.51, CrI: 1.28-221.40), valproate (N=485, OR=17.29, 95% CrI: 2.40-217.60), 78 
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lamotrigine (OR=8.88, CrI: 1.28-112.00), and lamotrigine+valproate (OR=132.70, CrI: 79 

7.41-3,851.00) were associated with significantly greater odds of developing autism 80 

compared with control. The NMA on Psychomotor developmental delay (11 cohort studies, 81 

1,145 children, 18 treatments) found that valproate (OR=4.16, CrI: 2.04-8.75) and 82 

carbamazepine+phenobarbital+valproate (OR=19.12, CrI: 1.49-337.50) were associated 83 

with significantly greater odds of psychomotor delay compared with control. 84 

Conclusions: Valproate alone or combined with another AED is associated with the 85 

greatest odds of adverse neurodevelopmental outcomes compared with control. 86 

Oxcarbazepine and lamotrigine were associated with increased occurrence of autism. 87 

Counselling is advised for women considering pregnancy to tailor the safest regimen. 88 

	89 

Registration:	PROSPERO database (CRD42014008925).	90 

Keywords:	multiple treatment meta-analysis, knowledge synthesis, epilepsy, pregnancy, 91 

infants, developmental delay.  92 

ARTICLE	SUMMARY	93 

Strengths	and	limitations	of	this	study	94 

• 29 cohort studies involving 5,100 children of women who took AEDs were included 95 

in this systematic review. More evidence from long-term follow-up studies is 96 

required. 97 

• This study was the first that compared and ranked the safety of AEDs, including 98 

comparative safety of treatments that have not been directly compared.  99 
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• Across all neurological outcomes and treatments compared with control, valproate 100 

alone or combined with another AED is associated with the greatest odds of adverse 101 

development.  102 

• Oxcarbazepine and lamotrigine were associated with increased occurrence of 103 

autism.104 
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INTRODUCTION	105 

Anti-epileptic drugs (AEDs) are used by pregnant women for various conditions, such as 106 

epilepsy, pain syndromes, psychiatric disorders, and chronic migraine.1 AED use during 107 

pregnancy is associated with risks to the fetus, as these drugs can cross the placenta or may 108 

be transferred to the infant through breastfeeding and may be associated with adverse 109 

neurodevelopment outcomes.2-4 Two systematic reviews examined the association 110 

between AED exposure and neurodevelopment in utero, and reported that exposure to 111 

valproate was linked to significantly lower IQ scores and poorer overall 112 

neurodevelopmental outcomes in the children of women who used these medications.5 6 No 113 

significant associations were found between neurodevelopment and exposure to other 114 

AEDs such as carbamazepine, lamotrigine, or phenytoin.5-8 However, there is a lack of 115 

sufficiently powered studies to assess the impact of AEDs on neurodevelopment in children 116 

of women exposed to these agents, especially for newer generation drugs, thus highlighting 117 

the need for a systematic review.9 10 118 

The aim of this study was to compare the safety of AEDs and assess their impact on 119 

neurodevelopment in infants and children exposed in-utero or during breastfeeding, 120 

employing a systematic review and network meta-analysis (NMA). 121 
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METHODS	122 

The methods are briefly described here; details can be found in the published protocol 123 

(Additional File 1).11 This study was registered with PROSPERO (CRD42014008925). We 124 

followed the ISPOR12 guidelines for our NMA, and reported our findings using the PRISMA 125 

extension for NMA (Additional File 2).13 126 

Eligibility	criteria		127 

All randomized clinical trials (RCTs), quasi-RCTs, and observational studies were eligible. 128 

Included studies assessed infants or children ≤12 years of age whose mothers consumed 129 

AEDs during pregnancy and/or while breastfeeding. Both mono- and poly-therapy AEDs 130 

were eligible, including first-generation (i.e., carbamazepine, clobazam, clonazepam, 131 

ethosuximide, phenobarbital, phenytoin, primidone, valproate) and newer-generation (i.e., 132 

marketed >1990: gabapentin, lamotrigine, levetiracetam, oxcarbazepine, topiramate, 133 

vigabatrin), with no restrictions on AED dosage. Placebo, no AED, other AEDs alone or in 134 

combination, were considered as comparators. Duplicate studies that used the same 135 

registry or population sample (i.e., companion studies) were used for supplementary 136 

information only. No language or other restrictions were imposed. 137 

The primary neurological outcomes were cognitive developmental delay and 138 

autism/dyspraxia, and the secondary outcomes included attention deficit hyperactivity 139 

disorder (ADHD), language delay, neonatal seizures, psychomotor developmental delay, 140 

and social impairment. Table 1 shows the outcome measures and diagnostic scales used. 141 

We initially intended to evaluate all safety outcomes in infants/ children exposed to AEDs 142 

in-utero or during breastfeeding in one publication, but given the breadth of evidence we 143 
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identified, we report results related to risk of major congenital malformations, birth, and 144 

prenatal outcomes in a companion paper.14 145 

Information	sources	146 

An experienced librarian executed search strategies for MEDLINE, EMBASE, and the 147 

Cochrane Central Register of Controlled Trials up to March 18, 2014, and then updated the 148 

search in April 27th 2017. The search strategy for MEDLINE was peer-reviewed by another 149 

librarian using the PRESS checklist,15 and is available in the protocol.11 Additional studies 150 

were identified by scanning references and contacting authors. Unpublished studies were 151 

sought by searching clinical trial registries and conference abstracts.  152 

Study	selection	and	data	collection	153 

After a calibration exercise, titles/abstracts (level 1) and full-text papers (level 2) were 154 

screened by two reviewers independently. Upon completion of level 1, 6% of citations were 155 

discrepant between reviewer pairs, whereas at the conclusion of level 2, 16% of articles 156 

were discrepant. Conflicts were resolved through discussion or by a third reviewer. The 157 

same approach was used for data abstraction and appraisal of methodological quality. 158 

Three rounds of pilot testing were conducted prior to data abstraction to train reviewers 159 

and refine the data abstraction form. For studies published in the last 10 years, authors 160 

were contacted to request clarification or additional data. 161 

Appraisal	of	methodological	quality	162 

Only observational studies were identified and included for analysis, and their 163 

methodological quality was appraised with the Newcastle-Ottawa Scale (NOS) (Additional 164 

File 3: Appendix A).16 For each outcome with ≥10 studies, the comparison-adjusted funnel 165 

plot was used to assess small-study effects,17 where the overall treatment effect for each 166 
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comparison was estimated under the fixed-effect meta-analysis model. All eligible 167 

medications were ordered from oldest to newest using their international market approval 168 

dates. Hence, the comparison-adjusted funnel plot additionally assesses the hypothesis that 169 

newer AEDs are favoured over older ones. To overcome some of the correlations induced 170 

by multi-arm studies, which may cause overestimation and mask funnel plot asymmetry, 171 

we plotted data points corresponding to the study-specific basic parameters (treatment 172 

comparisons with common comparator). In each study, we used the control group as the 173 

common comparator or if this was missing, we used the oldest treatment comparator 174 

against the remaining AEDs.  175 

Synthesis	of	included	studies		176 

We used the odds ratio (OR) for each dichotomous outcome, and outcome data were 177 

pooled using hierarchical meta-analysis and NMA models and the Markov Chain Monte 178 

Carlo sampling method in a Bayesian framework. To account for anticipated 179 

methodological and clinical heterogeneity across studies, and to achieve the highest 180 

generalizability in the meta-analytical treatment effects, we applied a random-effects 181 

model.18  182 

A NMA was applied for connected evidence networks and pre-specified treatment nodes.19 183 

We assessed the transitivity assumption for each outcome a priori using the effect 184 

modifiers: age, baseline risk, treatment indication, timing, and methodological quality. The 185 

mean of each continuous effect modifier and the mode of each categorical effect modifier 186 

for each pairwise comparison were presented in tables for each outcome.20 The consistency 187 

assumption was evaluated for the entire network of each outcome using the random-188 

effects design-by-treatment interaction model when multiple studies were available in 189 
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each network design or the fixed-effect design-by-treatment interaction model when a 190 

single study informed each network design.21 If inconsistency was identified, further 191 

examination for local inconsistency in parts of the network was completed using the loop-192 

specific method.22 23 Common within-network between-study variance (��) across 193 

treatment comparisons was assumed in the meta-analysis, NMA, and design-by-treatment 194 

interaction model, so that treatment comparisons including a single study can borrow 195 

strength from the remaining network. This assumption was clinically reasonable, as the 196 

treatments included were of the same nature. In the loop-specific approach, common 197 

within-loop �� was assumed. 198 

For cognitive developmental delay and autism/dyspraxia outcomes, network meta-199 

regression analyses for maternal age and baseline risk (i.e., using the control group) were 200 

conducted, when ≥10 studies provided relevant information, assuming a common fixed 201 

coefficient across treatment comparisons for AEDs vs. control. Sensitivity analyses for 202 

cognitive developmental delay and autism/dyspraxia outcomes were performed for 203 

treatment indication of epilepsy, large study size (i.e., >300), maternal alcohol intake, 204 

maternal tobacco use, only first-generation AEDs, and methodological quality. The 205 

sensitivity analysis for methodological quality was restricted to studies with low risk of 206 

bias for the two items on the NOS where the greatest proportion of studies received a low-207 

quality score: adequacy of follow-up of cohorts and comparability of cohorts. For 208 

autism/dyspraxia, a sensitivity analysis on maternal IQ/psychiatric history was 209 

additionally conducted. We measured the goodness of fit using the posterior mean of the 210 

residual deviance, the degree of ��, and the deviance information criterion (DIC). In a well-211 

fitting model the posterior mean residual deviance should be close to the number of data 212 
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points.24 25 A difference of 3 units in the DIC between a NMA and a network meta-213 

regression model was considered important and the lowest value of the DIC corresponded 214 

to the model with the best fit.24 25  215 

All analyses were conducted in OpenBUGS26 assuming non-informative priors for all model 216 

parameters, and τ~Ν(0,1), τ>0. The first 10,000 iterations were discarded and then 217 

100,000 simulations were run with thinning of 10 values. Convergence was checked by 218 

visual inspection of the evaluation of the mixing of two chains. The median and 95% CrI 219 

were calculated for each parameter value. The network command27 was used to apply the 220 

design-by-treatment interaction model. 221 

For NMA estimates, a 95% predictive interval (PrI) is also reported to capture the 222 

magnitude of �� and present the interval within which the treatment effect of a future 223 

study is expected to lie.28 29 The estimated safety of the included AEDs was ranked using the 224 

surface under the cumulative ranking (SUCRA) curve.30 The larger the SUCRA for a 225 

treatment, the higher its safety rank among all the available treatment options. SUCRA 226 

values are presented along with 95% CrIs to capture the uncertainty in the parameter 227 

values.31228 
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RESULTS	229 

Literature	search	and	included	studies	230 

Our literature search identified 5,707 titles and abstracts, which after the screening process 231 

yielded 681 articles potentially relevant for inclusion (Figure 1). After full-text review, 95 232 

studies fulfilled eligibility criteria along with 17 studies identified through supplemental 233 

methods. Of the 112 total eligible studies in the complete review,14 29 articles with seven 234 

companion reports and two potentially overlapping registry studies included one or more 235 

relevant neurological outcomes (Additional File 3: Appendix B). Four of the studies 236 

included in this analysis were conference abstracts with usable data,32-35 and four 237 

studies,36-39 not captured in the original literature search, were identified through 238 

reference scanning. A table with the key excluded studies and a rationale for their exclusion 239 

is presented in Additional File 3: Appendix C. 240 

Study	and	patient	characteristics	241 

We included 29 cohort studies (5,100 patients) published between 1989 and 2016 (Table 242 

2; Additional File 3: Appendix D, E). The number of patients included in each study ranged 243 

from 23 to 2,011 (median 74.5). Most studies (76%) were published after 2000, 62% of the 244 

studies included fewer than 100 patients, and the 52% of the studies included a control 245 

group of pregnant/breastfeeding women with epilepsy who did not receive AEDs. The 246 

mean maternal age ranged from 24 to 34 years. About half of the studies (52%) were 247 

funded through government/public research funding.  248 

Methodological	quality	results		249 

Twenty-nine observational studies were appraised using the NOS (Additional File 3: 250 

Appendix F). Overall, the studies were of good methodological quality and were rated as 251 
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high quality across most items: 28 studies (97%) selected the non-exposed cohort from the 252 

same community as the exposed cohort, 26 (90%) included a representative or somewhat 253 

representative sample, 27 (93%) assessed outcomes independently, with blinding, or via a 254 

record linkage (e.g., identified through database records), and 23 (79%) ascertained 255 

exposure via secured records (e.g., database records) or structured interviews. The 256 

comparability of cohorts and adequacy of follow-up were the lowest scoring items across 257 

the studies with only 12 (41%) and 10 (34%) studies rated as high quality on these items. 258 

No evidence for small-study effects was identified by the visual inspection of the 259 

comparison-adjusted funnel plots (Additional File 3: Appendix G). 260 

Statistical	analysis	results	261 

No important concerns were raised regarding the violation of the transitivity assumption 262 

when maternal age, baseline risk, treatment indication, and timing were assessed 263 

(Additional File 3: Appendix H). However, the average methodological quality appraisal 264 

across treatment comparisons varied across treatment comparisons. The evaluation of the 265 

consistency assumption using the design-by-treatment interaction model suggested that 266 

there was no evidence of significant inconsistency across all outcomes (Additional File 3: 267 

Appendix H).  268 

In the following sections, we present the significant NMA results by outcome for AEDs 269 

compared with control (i.e., no exposure to AEDs), while the SUCRA values from all 270 

outcomes are presented in Figure 2 and depicted in a rank-heat plot (http://rh.ktss.ca/)40 271 

in Additional File 3: Appendix I.  272 

Cognitive	developmental	delay	273 
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The NMA for cognitive developmental delay (definitions in Table 1) included 11 cohort 274 

studies, 933 children, and examined 18 treatments (Figure 3a; Additional File 3: Appendix 275 

J; τ2=0.12, 95% CrI: 0.00-1.15). One study included children exposed to AEDs both in-utero 276 

and through breastfeeding, and ten included children exposed to AEDs in-utero. Across all 277 

AEDs, only valproate was associated with significantly increased odds of cognitive 278 

developmental delay when compared with control (odds ratio (OR)=7.40, 95% credible 279 

interval (CrI):  3.00-18.46; Figure 2a; Additional File 3: Appendix H).  280 

The same results were observed in a network meta-regression of baseline risk for offspring 281 

of women with epilepsy who were not exposed to AEDs (estimated regression coefficient 282 

on OR scale: 1.01, 95% CrI: 0.76-1.56; τ2=0.16, 95% CrI: 0.00-1.24; residual deviance= 283 

45.27, data points= 47, DIC= 80.17). Similarly, the sensitivity analyses restricted to: a) 284 

studies that only included women receiving AEDs to treat epilepsy (10 studies, 910 285 

children, 17 treatments; τ2=0.16, 95% CrI: 0.00-1.36), b) studies comparing only first-286 

generation AEDs (6 studies, 480 children, 13 treatments; τ2=0.28, 95% CrI: 0.00-2.97), c)  287 

studies that reported maternal alcohol or tobacco use (3 studies, 504 children, 7 288 

treatments; τ2=0.27, 95% CrI: 0.00-3.29), and d) studies with high methodological quality 289 

on NOS item ‘comparability of cohorts’ (3 studies, 366 children, 7 treatments; τ2=0.38, 95% 290 

CrI: 0.00-4.14), were consistent with the NMA results (Additional File 3: Appendix K). The 291 

sensitivity analysis with studies of high methodological quality on the NOS item ‘adequacy 292 

of follow-up’ found no statistically significant results (4 studies, 283 patients, 12 293 

treatments; τ2=1.01, 95% CrI: 0.01-5.85; Additional File 3: Appendix K).  294 

Autism/dyspraxia	295 
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The NMA on autism/dyspraxia (definitions in Table 1) included five cohort studies, 2,551 296 

children exposed in utero, and examined 12 treatments (τ2=0.16, 95% CrI: 0.00-1.95; 297 

Figure 3b; Additional File 3: Appendix H). Compared with control, only valproate 298 

(OR=17.29, 95% CrI: 2.40-217.60), oxcarbazepine (OR= 13.51, 95% CrI: 1.28-221.40), 299 

lamotrigine (OR= 8.88, 95% CrI: 1.28-112.00), and lamotrigine+valproate (OR=132.70, 300 

95% CrI: 7.41-3851.00) were significantly associated with increased occurrence of 301 

autism/dyspraxia (Figure 2b).  302 

Restricting the NMA to studies including only women with epilepsy as their treatment 303 

indication produced results that were generally in agreement with the NMA results, except 304 

that oxcarbazepine was no longer in the network (4 cohort studies, 540 children, 10 305 

treatments; τ2=0.31, 95% CrI: 0.00-304). Two cohort studies of 404 offspring of women 306 

with a history of tobacco use compared 4 treatments and found similar results except that 307 

oxcarbazepine and lamotrigine+valproate were no longer in the network (τ2=0.39, 95% 308 

CrI: 0.00-4.47). The results were in agreement in sensitivity analyses including only higher 309 

methodological quality studies in the ‘comparability of cohorts’ item on the NOS (4 studies, 310 

2,395 children, 12 treatments; τ2=0.19, 95% CrI: 0.00-2.43) and the ‘adequacy of follow-up 311 

of cohorts’ (3 studies, 2244 children, 10 treatments; τ2=0.23, 95% CrI: 0.00-2.88), except 312 

that lamotrigine was no longer statistically significant than control for the latter 313 

(Additional File 3: Appendix K).  314 

Neonatal	Seizure		315 

One cohort study included 72 children who were exposed to AEDs in-utero as well as 316 

through breastfeeding reported on the incidence of neonatal seizures. The study compared 317 
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valproate against lamotrigine and found no significant difference in neonatal seizures 318 

between the two drugs (OR=0.18, 95% CI: 0.01-3.70).  319 

Psychomotor	developmental	delay	320 

The NMA on psychomotor developmental delay (definitions in Table 1) included 11 cohort 321 

studies, 1,145 children exposed in utero, and examined 18 treatments (τ2=0.06, 95% CrI: 322 

0.00-0.63; Figure 3c; Additional File 3: Appendices H, J). Valproate (OR=4.16, 95% CrI: 323 

2.04-8.75) and carbamazepine+phenobarbital+valproate (OR=19.12, 95% CrI: 1.49-324 

337.50) were significantly more harmful than control (Figure 2c).  325 

Language	delay	326 

The NMA on language delay (definitions in Table 1) included five cohort studies, 509 327 

children, and examined five treatments (τ2=0.16, 95% CrI: 0.00-2.15; Figure 3d; Additional 328 

File 3: Appendices H, J). One study included children exposed to AEDs in-utero and through 329 

breastfeeding, and four included children exposed to AEDs in-utero. Compared with 330 

control, valproate was the only treatment significantly associated with increased odds of 331 

language delay (OR=7.95, 95% CrI: 1.50-49.13; Figure 2d). 332 

Attention	deficit	hyperactivity	disorder	333 

The NMA on ADHD (definitions in Table 1) included five cohort studies, 816 children, and 334 

examined seven treatments (τ2=0.11, 95% CrI: 0.00-1.29). One study included children 335 

exposed to AEDs in-utero and through breastfeeding, while four studies included children 336 

exposed to AEDs in-utero. None of the treatment comparisons reached statistical 337 

significance (Figure 3e; Figure 2e; Additional File 3: Appendices H, J).  338 

Social	Impairment	339 
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One cohort study included 422 children exposed to AEDs in-utero as well as through 340 

breastfeeding. The children were exposed to carbamazepine (n=48), lamotrigine (n=71), 341 

valproate (n=27) and control (n=278). No significant differences in social impairment were 342 

identified.41  343 

344 
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DISCUSSION	345 

Our results suggest that AEDs generally pose a risk for infants and children exposed in-346 

utero or during breastfeeding. Valproate was significantly associated with more children 347 

experiencing autism/dyspraxia, language, cognitive and psychomotor developmental 348 

delays versus children who were not exposed to AEDs. Oxcarbazepine, lamotrigine and 349 

lamotrigine+valproate were associated with increased occurrence of autism/dyspraxia, 350 

whereas for the cognitive developmental delay and psychomotor developmental delay 351 

outcomes, children exposed to the combination of carbamazepine, phenobarbital, and 352 

valproate were at greater odds of harm than those who were not exposed to AEDs. 353 

However, these results should be interpreted with caution, as a number of factors (e.g., 354 

anticonvulsant dosing, severity of epilepsy, duration of exposure, serum concentrations of 355 

exposure, mother's IQ/education) that may all influence outcomes were not identified in 356 

these studies. Also, our subsequent analyses may be underpowered due to missing data 357 

(e.g., 17 of the 27 studies did not report maternal age, 23 of 27 studies did not report 358 

alcohol use, 22 of 27 studies did not report tobacco use, and 14 of 27 studies did not 359 

include control group). 360 

NMA is a particularly useful tool for decision-makers because it allows the ranking of 361 

treatments for each outcome. However, the results of our SUCRA curves should be 362 

interpreted with caution, especially due to the small number of studies and children 363 

included in each NMA, which is also reflected in the high uncertainty around the SUCRA 364 

values (Figure 2).31  365 

Our results are consistent with a longitudinal study of 311 children that found exposure to 366 

lamotrigine was associated with significantly higher IQ scores and verbal function at six 367 
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years of age compared to children exposed to valproate (Additional File 3: Appendix C).7 As 368 

indicated in Additional File 3: Appendix C, we were unable to include this study because the 369 

outcome was reported as a continuous measure, where we focused on dichotomous 370 

outcomes to facilitate interpretation. Our results are supported by findings from a cohort 371 

study, which found that children exposed to levetiracetam were not at increased risk for 372 

delayed development compared to unexposed children (Additional File 3: Appendix C).42 373 

As indicated in Additional File 3: Appendix C, we were unable to include this study due to 374 

the same reason as above. A NMA of 195 RCTs (including 28,013 both male and female 375 

patients) showed that gabapentin and levetiracetam showed the best tolerability profile 376 

compared with other AEDs, whereas oxcarbazepine and topiramate had a higher 377 

withdrawal rate, and lamotrigine an intermediate withdrawal rate.43 378 

Across all outcomes, valproate alone or combined with another AED (even with a newer-379 

generation agent, e.g., lamotrigine) was associated with the greatest odds. Similarly, two 380 

previous systematic reviews that did not conduct a NMA found valproate was associated 381 

with significantly lower IQ scores and poorer overall neurodevelopmental outcomes when 382 

compared to an unexposed control group.5 6 Also consistent with our results, a 2014 383 

Cochrane review including 28 studies (10 of these studies were included in the meta-384 

analyses; with a maximum number of five studies per meta-analysis) concluded that AED 385 

polytherapy led to poorer developmental outcomes and IQ compared to healthy controls, 386 

epileptic controls, and unspecified monotherapy.5 This Cochrane review also concluded 387 

that insufficient data exist for newer AEDs. However, unlike our review, it included and 388 

analysed fewer studies, and did not differentiate between specific polytherapy regimens, 389 

and thus did not compare these regimens versus each other or specific monotherapy AEDs. 390 
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These risks must be balanced with the need to control seizure activity in pregnancy and 391 

thus informed decision-making by patients and clinicians is critical. 392 

Strengths of our study include a comprehensive systematic review methodology that 393 

followed the Cochrane Handbook44 and ISPOR12 guidelines, and reported using the PRISMA 394 

extension for NMA.13 To the best of our knowledge, our study was the first that compared 395 

and ranked the safety of AEDs. We evaluated the comparative safety of treatments that 396 

have not been directly compared head-to-head before. In addition, we calculated predictive 397 

intervals, which account for between-study variation and provide a predicted range for the 398 

treatment effect estimate, should a future study be conducted. On average, the predictive 399 

intervals suggested that our results are robust. 400 

Our systematic review has a few limitations worth noting. First, due to the complexity of 401 

the data and the studies’ underreporting, differences in drug dosages could not be 402 

accounted for, and it was assumed that different dosages of the same AED were equally 403 

effective. When a study reported multiple dosages for the same treatment, we combined 404 

the data for this treatment. This is common for cohort studies, which report on a number of 405 

different types of exposures amongst patients. Second, several polytherapies had high 406 

SUCRA estimates but very wide CrIs, which is due to the small number of studies included 407 

for each drug combination with underpowered sample sizes. Evidence suggests that 408 

ranking probabilities for a treatment of being the best may be biased toward the 409 

treatments with the smallest number of studies, which may have influenced our SUCRA 410 

results.31 45 As such, the effect sizes need to be taken into account when considering the 411 

SUCRA values. Third, due to the absence of evidence from RCTs, our conclusions were 412 

based on evidence from observational studies only, and inherent biases because of 413 
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confounding and shortcomings of these studies may have impacted our findings. For 414 

example, the included studies often failed to report important treatment effect modifiers,46 415 

such as family history of autism, ADHD, and maternal IQ, severity of epilepsy making it 416 

impossible for us to explore their impact through subgroup analysis and meta-regression. 417 

Recent research has explored methods to incorporate non-randomized with randomized 418 

evidence in a NMA and have highlighted the need to carefully explore the level of 419 

confidence in the non-randomized evidence.47 48 The use of observational studies allows 420 

the assessment of the safety profile of AED treatments and offers the opportunity to 421 

evaluate effects in pregnancy.49 Future large-scale observational studies are needed to 422 

allow the evaluation of rare adverse events that otherwise cannot be adequately evaluated 423 

in RCTs, especially during pregnancy. Fourth, although no intransitivity for most effect 424 

modifiers assessed was evident, there was an imbalance in the methodological study 425 

quality appraisal across treatment comparisons and most outcomes, which may impact our 426 

results. Unknown factors or factors that could not be assessed due to dearth of data may 427 

pose the risk of residual confounding bias, and hence risk the validity of the transitivity 428 

assumption. However, the assessment of consistency suggested no disagreement between 429 

the different sources of evidence in the network. Fifth, although the tendency towards 430 

small-study effects is greater with observational studies than with randomized trials,50 the 431 

assessment of small-study effects using adjusted funnel plots suggested no evidence for 432 

their prevalence. Also, the majority of the included studies in this review compared 433 

multiple treatments inducing correlations in each funnel plot, which may mask asymmetry. 434 

Although we plotted data points corresponding to the study-specific basic parameters to 435 

reduce correlations, this issue may still exist. Sixth, we were unable to conduct subgroup 436 
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analysis by type of exposure (breastfeeding versus in utero) due to the small number of 437 

studies included in the NMA and due to the poor reporting; 22 studies did not report 438 

whether exposure was also in breastfeeding (additional to in utero). Hence, we included all 439 

studies in the analysis irrespective of the type of exposure. 440 

More evidence from long-term follow-up studies is required to further delineate 441 

neurodevelopmental risks in children. Future studies should assess the genetic 442 

contribution from the biological father, maternal seizures during pregnancy, exposure 443 

through breastfeeding only, types of epilepsy, and maternal family history. Registries 444 

should aim to include a suitable control group and collect information on potential 445 

confounders, such as alcohol and tobacco use, allowing researchers to identify the safest 446 

agents for different patient-level covariates, and enhance decision-making for healthcare 447 

providers and patients. A critical evaluation of the validity of the control group is also 448 

necessary, in order to examine potential differences between the treated and the not 449 

treated populations. An individual patient data NMA would likely provide further clarity to 450 

the field, which allows the tailoring of management to specific patient characteristics.51  451 

CONCLUSION	452 

Across all outcomes and treatments compared with control, valproate alone or combined 453 

with another AED was associated with the greatest odds, whereas oxcarbazepine and 454 

lamotrigine were associated with increased occurrence of autism. Counselling is advised 455 

for women considering pregnancy to tailor the safest regimen. 456 
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FIGURE	LEGENDS	 479 

Figure	1.	Study	flow	diagram	480 

Figure	2.	Forest	plots	for	cognitive	developmental	delay,	autism/dyspraxia,	481 

psychomotor	developmental	delay,	language	delay,	and	attention	deficit	482 

hyperactivity	disorder	outcome	483 

Figure	3.	Network	diagrams	for	cognitive	developmental	delay,	autism/dyspraxia,	484 

psychomotor	developmental	delay,	language	delay,	and	attention	deficit	485 

hyperactivity	disorder	outcomes	486 

Each treatment node is weighted according to the number of patients that have received the 487 

particular treatment, and each edge is weighted according to the number of studies 488 

comparing the treatments it connects. 489 

Abbreviations: carbam - carbamazepine, clobaz - clobazam, clonaz - clonazepam, ethos - 490 

ethosuximide, gabap - gabapentin, lamot - lamotrigine, levet - levetiracetam, oxcar - 491 

oxcarbazepine, pheno - phenobarbital, pheny - phenytoin, primid - primidone, topir - 492 

topiramate, valpro - valproate, vigab – vigabatrin493 
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Table	1.	Outcome	measures	and	diagnostic	scales	used	in	analysis	666 

Cognitive	developmental	delay	

Bayley Scales of Infant Development  

(children <42 mo.) 
Score >2 standard deviations below the mean 

Griffiths Scale of Infant Development  

(children >42 mo.) 
Score >2 standard deviations below the mean 

McCarthy Scales of Children’s Abilities  

(children >30 mo.) 
Score >1 standard deviations below the mean 

Stanford-Binet IV Intelligence scale for children Intelligence quotient <80 

Touwen’s Test 
Above average number of items rated abnormal in one or more 

domains 

Wechsler Scale of Preschool and Primary 

Intelligence 
Intelligence quotient <90 

Wechsler Intelligence Scale for Children - III Intelligence quotient <80; verbal intelligence quotient <69 

Developmental Assessment 
Confirmed diagnosis by developmental pediatrician or pediatric 

neurologist 

Autism/dyspraxia	

Developmental Assessment Diagnosis confirmed by developmental specialists at 2 years of age 

Medical Records 
Confirmed diagnosis recorded in medical history; registry records  

(ICD-10 codes F84.0, F84.1, F84.5, F84.8, and F84.9) 

Modified checklist for autism in toddlers 
Scored positive for >2 out of 6 critical items OR >3 any items of the total 

scale 

Psychomotor	developmental	delay	

Ages and Stages Questionnaire >3 standard deviations from the test mean 

Bayley Scales of Infant Development – Psychomotor 

Index 
>2 standard deviations below the standardized mean for the test 

Touwen’s Test 
Demonstrated dysfunctions in fine motor balance, fine motor functions, 

and coordination of extremities 

Schedule of Growing Skills II Scored as ‘delayed’ in >1 domain of the test 
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Developmental Assessment 

Infant scored >2 negative items (administered by general practitioner 

or pediatrician); diagnosis of neuromotor deficit confirmed by a trained 

nurse practitioner; infant failing to sit by 10 months or walk by 18 

months 

 

Health/Medical Records Diagnosis of psychomotor delay recorded in medical records 

Language	Delay	

Ages and Stages Questionnaire >3 standard deviations from the test mean 

Clinical Evaluation of Language Fundamentals – 4th 

Edition 
Score <70 in core language domain; score <84 overall 

Learning Accomplishment Profile Below average performance in expressive speech (adjusted for age) 

Comprehensive Language Assessment  

(Peabody Picture Vocabulary Test; Receptive 

Expressive Emergent Language Scale; Expressive 

One Word Picture Vocabulary Test, or Sequenced 

Inventory of Communication Development) 

Scores/assessment indicate a >6 moth delay in age appropriate 

language development 

ADHD	

Attention Problems and Hyperactivity Scales Score >1 standard deviations from the test mean 

Child Behaviour Checklist >6 positive items on checklist 

Diagnostic and Statistical Manual – IV >5 positive items on checklist 

Medical Records 
Confirmed diagnosis in hospital/medical records made by a 

pediatrician or child psychiatrist 

Neonatal	Seizure	

Medical records 
Record of seizures during 1st year; confirmation of neonatal seizure by 

electroencephalography or diagnosis 

Social	Impairment	

Developmental Assessment  

(Ages and Stages Questionnaire [6 and 18 months]; 

Child Behaviour Checklist [36 months]) 

Scores dichotomized into ‘normal’ or ‘adverse’ range based on pre-

defined values used by scale, for scales without pre-defined values cut-

off was set at a score >2 standard deviations outside the test mean 

 667 
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Table	2.	Summary	characteristics	of	included	studies	668 

Study/Patient	Characteristic	
#	of	Studies	

(n=29)	
%	of	Studies	

Year of publication 

1980-1989 1 3.45 

1990-1999 6 20.69 

2000-2009 5 17.24 

2010-2015 17 58.62 

Continent (of country of study conduct) 

Europe 20 68.97 

North America 5 17.24 

Asia 1 3.45 

Australia 2 6.90 

Trans-Continental 1 3.45 

Study design 

Observational cohort 29 100.00 

Case-control 0 0.00 

Randomized clinical trial 0 0.00 

Registry study 

Yes 11 37.93 

No 18 62.07 

Sample size 

0-99 18 62.07 

100-299 9 31.03 

300-499 1 3.45 

500-699 0 0.00 

700-999 0 0.00 

1000+ 1 3.45 

Number of interventions 

2 4 13.79 

3 5 17.24 

4 8 27.59 

5-7 8 27.59 

8-10 2 6.90 

11+ 2 6.90 

Outcomes*, † 

Cognitive Developmental Delay 12 58.62 

Autism/Dyspraxia 5 17.24 

Language Delay 5 17.24 

ADHD 5 17.24 

Psychomotor Developmental Delay 11 37.93 
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Study/Patient	Characteristic	
#	of	Studies	

(n=29)	
%	of	Studies	

Neonatal Seizures 2 6.90 

Social Impairment 1 3.45 

Funding 

Public 15 51.72 

Private 0 0.00 

Mixed public and private 4 13.79 

NR/Unclear 10 34.48 

Treatment indication 

Epilepsy 23 79.31 

Mixed indications‡ 0 0.00 

Not reported 6 20.69 

Epileptic control group
§
 

Yes 15 51.72 

No/NR/NA 14 48.28 

Mean maternal age 

24-26 y 2 6.90 

27-29 y 5 17.24 

30+ y 4 13.79 

Not reported 18 62.07 

AED exposure during pregnancy 

Reported as during 1st trimester 5 17.24 

Reported as any time during pregnancy 4 13.79 

During pregnancy and breastfeeding 5 17.24 

Not reported 15 51.72 

Alcohol use during pregnancy 

Yes 5 17.24 

NR 24 82.76 

Tobacco use during pregnancy 

Yes 7 24.14 

NR 22 75.86 
Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; AED - anti-epileptic drug(s); 

NA - Not applicable; NR - Not reported 
* Values in this category do not match totals as some studies report more than one outcome 
† Percentage of total number of included studies (n=29) 
‡ Includes individuals taking AEDs for psychiatric disorders, migraine, and 

neuropathic/neurological pain 
§ Consisted of women with Epilepsy who did not take AEDs during pregnancy 
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PROTOCOL Open Access

Comparative safety of anti-epileptic drugs among
infants and children exposed in utero or during
breastfeeding: protocol for a systematic review
and network meta-analysis
Andrea C Tricco1, Elise Cogo1, Veroniki A Angeliki1, Charlene Soobiah1,2, Brian Hutton3, Brenda R Hemmelgarn4,
David Moher3, Yaron Finkelstein5,6,7 and Sharon E Straus1,8*

Abstract

Background: Epilepsy affects about 1% of the general population. Anti-epileptic drugs (AEDs) prevent or terminate
seizures in individuals with epilepsy. Pregnant women with epilepsy may continue taking AEDs. Many of these
agents cross the placenta and increase the risk of major congenital malformations, early cognitive and developmental
delays, and infant mortality. We aim to evaluate the comparative safety of AEDs approved for chronic use in
Canada when administered to pregnant and breastfeeding women and the effects on their infants and children
through a systematic review and network meta-analysis.

Methods: Studies examining the effects of AEDs administered to pregnant and breastfeeding women
regardless of indication (e.g., epilepsy, migraine, pain, psychiatric disorders) on their infants and children will
be included. We will include randomized clinical trials (RCTs), quasi-RCTs, non-RCTs, controlled before-after,
interrupted time series, cohort, registry, and case-control studies. The main literature search will be executed
in MEDLINE, EMBASE, and the Cochrane Central Register of Controlled Trials. We will seek unpublished
literature through searches of trial protocol registries and conference abstracts. The literature search results
screening, data abstraction, and risk of bias appraisal will be performed by two individuals, independently.
Conflicts will be resolved through discussion. The risk of bias of experimental and quasi-experimental studies
will be appraised using the Cochrane Effective Practice and Organization of Care Risk-of-Bias tool, methodological
quality of observational studies will be appraised using the Newcastle-Ottawa Scale, and quality of reporting of safety
outcomes will be conducted using the McMaster Quality Assessment Scale of Harms (McHarm) tool. If feasible and
appropriate, we will conduct random effects meta-analysis. Network meta-analysis will be considered for outcomes that
fulfill network meta-analysis assumptions.
The primary outcome is major congenital malformations (overall and by specific types), while secondary outcomes
include fetal loss/miscarriage, minor congenital malformations (overall and by specific types), cognitive development,
psychomotor development, small for gestational age, preterm delivery, and neonatal seizures.
(Continued on next page)
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(Continued from previous page)

Discussion: Our systematic review will address safety concerns regarding the use of AEDs during pregnancy and
breastfeeding. Our results will be useful to healthcare providers, policy-makers, and women of childbearing age who
are taking anti-epileptic medications.

Systematic review registration: PROSPERO CRD42014008925.

Keywords: Anti-epileptic drug, Breastfeeding, Comparative safety, Congenital malformation, Epilepsy, Fetus, Infant,
Network meta-analysis, Pregnancy, Systematic review

Background
Epilepsy is the most common chronic neurological con-
dition, affecting 0.6 to 1% of the population [1,2]. Indi-
viduals with uncontrolled epilepsy experience recurrent
seizures, which can have psychosocial and physical con-
sequences, including a compromised life expectancy [3,4].
The goal of anti-epileptic treatment is to improve quality
of life and health outcomes by reducing the frequency
of seizures [4].
Anti-epileptic medications decrease seizures by reducing

excitation and enhancing inhibition of neurons [5-7]. Many
of these medications target different channels, including
calcium, sodium, and glutamate, and are broadly classified
as first generation agents (e.g., phenobarbitone, phenytoin,
carbamazepine, sodium valproate, ethosuximide) and
second generation agents (e.g., lamotrigine, levetiracetam,
topiramate, gabapentin, vigabatrin, oxcarbazepine, cloba-
zam, clonazepam, zonisamide, lacosamide, rufinamide, pri-
midone) [8]. Due to the broad and varied mechanisms of
action, the indications for some of these medications also
include pain syndromes, psychiatric disorders, and migraine
headaches [8].
Many clinical practice guidelines recommend that women

of childbearing age continue to take their anti-epileptic med-
ications; however, medications with lower risk of teratogenic
events are advised [9,10] since anti-epileptic drugs (AEDs)
cross the placenta or transfer through breast milk, posing
risks to the fetus and infant [9,11,12].
Some AEDs have been associated with increased risk

of harm to the fetus and infants. For example, exposure
to valproate has led to increased risk of major congenital
malformations [10], cognitive delay, and minor congenital
abnormalities [13-16]. Phenobarbital has been associated
with minor congenital abnormalities and developmental
delay [17,18]. Carbamazepine and lamotrigine have been
associated with minor congenital abnormalities [19-22].
However, other than studies of the use of valproate, many
studies have produced inconsistent findings regarding
harm to the fetus and infant with use of other agents [23].
As such, our objective is to evaluate the comparative
safety of AEDs for infants and children who were exposed
in utero or during breastfeeding through a systematic
review and network meta-analysis.

Methods/Design
Protocol
A systematic review protocol was developed and registered
with the PROSPERO database (CRD42014008925, available
at: http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42014008925). It was revised with feedback
from the decision-makers who posed the query within
Health Canada, healthcare practitioners, content experts,
and research methodologists. The reporting of our sys-
tematic review protocol was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
Protocols [24].

Eligibility criteria
We will include studies examining the effects of AEDs
on infants and children who were exposed in utero or
during breastfeeding. We will include experimental stu-
dies (randomized clinical trials [RCTs], quasi-RCTs,
non-RCTs), quasi-experimental studies (controlled be-
fore and after studies, interrupted time series), and ob-
servational studies (cohort, case-control, registry studies)
of pregnant women at any stage of pregnancy and
breastfeeding women and their infants/children. The ra-
tionale for including other study designs in addition to
RCTs is that there are ethical issues in conducting RCTs
of AEDs in pregnancy, so RCT evidence might not exist
for some or all of these drugs. Given that our review in-
cludes rare outcomes, including observational evidence
is crucial. In contrast to efficacy evaluation, safety assess-
ment usually requires very large sample sizes to be able to
detect adverse events. Therefore, while RCTs have lower
risk of bias, they usually do not have the statistical power
needed to adequately evaluate uncommon/rare safety out-
comes due to Type II (i.e., false negative) error [25]. Given
that our review includes rare outcomes, including obser-
vational evidence is crucial [26]. Additionally, observa-
tional studies can often provide more generalizable
evidence due to the strict participant inclusion criteria in
most RCTs [27]. Real-world safety evidence that has exter-
nal validity is important for the assessment of the possible
risks of AEDs in pregnant and breastfeeding women.
The diagnosis of neurodevelopmental delay related to

in utero exposure is made before adolescence, and
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hence, we will limit inclusion to children up to 12 years
of age. AEDs that are approved for chronic use in Canada
will be included. Drugs that are only used acutely or those
that are not currently approved for use in Canada will be
excluded, as the focus of this review is on the Canadian
setting [28-32]. However, most of the medications we
will examine are available in other countries as well.
The relevant 16 medications and their synonyms are
listed in Additional file 1, and the excluded drugs are
listed in Additional file 2. Studies of all combinations
and doses of these medications are eligible for inclusion.
Since we are only interested in exposures that occur in
utero or during breastfeeding, studies examining AEDs
administered directly to infants or children will be
excluded. All indications for AEDs will be included such
as epilepsy, migraine, pain, and psychiatric disorders.
In order to be included, studies must compare an anti-

epileptic medication against another included anti-epileptic
medication, placebo, a ‘no intervention’ control group, or
combinations of two or more anti-epileptic medications.
Only studies providing results for our outcomes of interest
will be included. Our primary outcome is major congeni-
tal malformations (overall and by specific type, such as
craniofacial defects and neural tube defects). Secondary
outcomes include minor congenital malformations (over-
all and by specific type, such as epicanthal folds and
microstomia), cognition (e.g., global cognitive functioning
and specific cognitive domains such as attention), psycho-
motor development (e.g., autism, dyspraxia), small for ges-
tational age, preterm delivery, neonatal seizures, and fetal
loss/miscarriage. No other limitations will be imposed on
the eligibility criteria, including published/unpublished
material, language of dissemination, duration of follow-up,
or year of publication. The draft eligibility criteria can be
found in Additional file 3.

Information sources and literature search
Our main literature search will be executed in the MED-
LINE database. The search terms were drafted by an expe-
rienced librarian and can be found in Additional file 4. The
search was peer reviewed by another librarian using the
Peer Review of Electronic Search Strategies checklist [33].
In addition to MEDLINE, we will also search the

EMBASE and the Cochrane Central Register of Con-
trolled Trials databases. We will follow the MEDLINE
search strategy for these databases, and the search
terms will be adjusted accordingly. The electronic
database search will be supplemented by searching for
unpublished literature [34]. This will be accomplished
through exploring conference abstracts, clinical trial
registries, and contacting manufacturers of AEDs. We
will also scan the reference lists of included studies
and previous reviews in the area [23,35,36].

Study selection process
The eligibility criteria screening form will be pilot-tested
by the team and is presented in Additional file 3. We
will calculate inter-rater reliability from the pilot-test
and screening will only commence after high agreement
(e.g., kappa statistic ≥60%) is observed [37]. Subsequently,
two reviewers will screen each title/abstract and poten-
tially relevant full-text articles from the literature search
results, independently. Conflicts will be resolved through
discussion. All screening will occur using our online
screening software (synthesi.SR) [38].

Data items and data collection process
We will abstract data on the PICOS elements [39], in-
cluding patient characteristics (e.g., age of the mother
and infant/child, indication for anti-epileptic treatment,
co-morbidities, concomitant medications), intervention
details (e.g., type of anti-epileptic treatment, dose, route
of administration, duration of treatment, timing [trimes-
ter] of treatment during pregnancy), comparator details
(e.g., comparator agent, dose, route of administration),
outcome results (e.g., major congenital abnormality, minor
congenital abnormality, cognitive function, psychomotor
development) at the longest duration of follow-up, and
study characteristics (e.g., study design, country of con-
duct, year of conduct, sample size, setting). These charac-
teristics will be abstracted using a data abstraction form
created in Excel with an accompanying “cheat sheet” that
will guide the reviewers with this process. The data ab-
straction form and cheat sheet will be pilot-tested and
data abstraction will only commence when high agree-
ment (e.g., kappa statistic ≥60%) [37] is observed. Each
included study will be abstracted by two team members,
independently, who will resolve disagreements through
discussion.

Methodological quality/risk of bias appraisal
We will use various tools to assess the methodological
quality/risk of bias of each of the studies that fulfill our
eligibility criteria. This will be conducted by two reviewers,
independently, and conflicts will be resolved through dis-
cussion. First, we will appraise the risk of bias of experi-
mental and quasi-experimental studies using the Cochrane
Effective Practice and Organization of Care Risk-of-Bias
tool [40]. Second, we will assess the methodological quality
of observational studies using the Newcastle-Ottawa Scale
[41]. Third, the quality of reporting of harms will be
appraised using the McMaster Quality Assessment Scale
of Harms (McHarm) tool [42].

Synthesis of included studies
A narrative summary of study results will be presented
along with evidence summary tables. When sufficient
data are available, we will conduct random effects meta-
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analysis to calculate pooled odds ratios for dichotomous
data and pooled mean differences for continuous data
[43,44]. Direct (pairwise) meta-analysis will be per-
formed with RCTs alone in order to examine whether
the data are consistent between direct and indirect evi-
dence. If the large majority of included studies are obser-
vational, we will also conduct additional meta-analyses
including observational studies alone. Analyses will be
stratified by treatment indication (e.g., epilepsy, pain,
etc.) to reduce clinical heterogeneity between different
study populations whenever possible; for example, epi-
lepsy itself in pregnant women is related to an increased
baseline risk of certain neonatal adverse outcomes. Stat-
istical, clinical, and methodological heterogeneity will be
examined prior to conducting the meta-analysis. Funnel
plots will be drawn for outcomes including at least 10
studies to explore asymmetry that might be explained by
clinical, statistical, and methodological heterogeneity.
The proportion of statistical heterogeneity will be exam-
ined using the I2 measure [45] and the magnitude of
statistical heterogeneity will be calculated using the re-
stricted maximum likelihood [46]. Meta-regression will
be conducted for clinically relevant subgroups or when
extensive statistical heterogeneity is observed (e.g., I2 ≥
75%) [47]. This will allow the examination of the impact
of important factors on our results, such as maternal
age, dose, duration and timing (e.g., trimester) of anti-
epileptic treatment, co-morbidities, concomitant medi-
cations, risk of bias results, and sample size (due to Type
II statistical power errors with rare adverse events). To
ensure the meta-regression analysis is intuitive, the num-
ber of covariates examined will be less than 10% of the
number of studies included in the meta-analysis for the
particular outcome.
We anticipate that many of these outcomes will be

rare. To deal with studies reporting zero events in one
treatment arm, 0.5 will be added to the numerator and 1
will be added to the denominator. We will exclude stud-
ies reporting zero events in all treatment arms for a par-
ticular outcome [48,49]. We also anticipate that we will
encounter missing data in the included studies. We will
contact the study authors for this data and if we are
unable to receive the data, we will impute missing data
(e.g., measures of variance) using established methods
[50]. To ensure that our imputations do not bias our
results, we will conduct a sensitivity analysis [51]. The
meta-analysis and meta-regression will be analyzed in R
using the metafor command [52].
A random-effects network meta-analysis will be con-

ducted to make inferences regarding the comparative
safety of the various AEDs [15], as well as rank their safety
using rankograms and the surface under the cumulative
ranking curve [53]. We will ensure the following factors
are present prior to conducting network meta-analysis:

i) transitivity (i.e., comparable distribution of effect
modifiers across comparisons), which will be examined
using boxplots or percentages to visually inspect potential
effect modifiers of treatment effect [54]; ii) consistency
between direct and indirect data, which will be exam-
ined locally (i.e., in certain paths of the network) using
the loop-specific method [55,56] and the node-splitting
method [57], and globally (i.e., evaluating the network
as a whole), using the design-by-treatment interaction
model [58]; and iii) we will quantify the amount of vari-
ability attributed to heterogeneity and inconsistency ra-
ther than sampling error, by calculating the I2 [59]. We
will estimate the amount of heterogeneity using the re-
stricted maximum likelihood method and assuming
common within-network heterogeneity. We will compare
the magnitude of heterogeneity between consistency and
inconsistency models, as well as between meta-regression
and network meta-analysis models to determine how
much heterogeneity will be explained by inconsistency or
the explanatory variable, respectively. We will first use the
design-by-treatment model for the evaluation of incon-
sistency in a network as a whole and then, if inconsist-
ency is detected, we will employ the loop-specific and
node-splitting methods to identify which piece of evi-
dence is responsible for inconsistency. As mentioned
above, analyses will be stratified by treatment indication
when clinically appropriate. Important heterogeneity
and inconsistency will be explored using network meta-
regression using the same methods as described above,
as necessary.
Prior to conducting the network meta-analysis, we will

hold a team meeting to finalize which treatment nodes
will be included in the analysis since we are unclear
about the indications, dosages, patient populations, and
outcomes reported in all of the studies. We will discuss
issues, including conducting a class versus independent
drug analysis, inclusion of drug routes of administration
and dosages, as well as timing of drug administration.
These decisions will be examined through a sensitivity
analysis in which we will classify treatment nodes using
a different classification to see how stable our results
are. The network meta-analysis results will be presented
as summary treatment effects for each pair of treat-
ments. Network meta-analysis will be conducted in Stata
with the mvmeta routine [60].
A sequential approach will be used for the network

meta-analysis. We will first restrict our analysis to RCTs,
which will be the primary analysis of interest. We will
then include data from quasi-experimental studies, and
finally, data from observational studies. This will provide
an understanding of the contribution of each type of
study design to our summary estimates, providing us
with information on how these agents work above and
beyond clinical trials.
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Discussion
Epilepsy is the most common chronic neurological con-
dition, affecting 0.6 to 1% of the population [1,2]. Given
that approximately a third of patients receiving AEDs
are of reproductive age and almost half of pregnancies
are unplanned [61], the fetus may be exposed to these in
the first trimester of pregnancy, including during the
critical stage of embryogenesis [62].
The comparative safety of these agents is currently un-

known and our results will be important for policy-
makers, healthcare providers, and women of childbearing
age. To ensure our results have wide dissemination and
uptake, we will publish our results in open access journals,
present our findings at scientific conferences, conduct
dissemination meetings with key stakeholders (including
policy-makers and healthcare providers), and produce
policy briefs for Health Canada, the organization that
posed this query.

Additional files

Additional file 1: List of relevant medications.
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applicable:  

Background: main objectives 

Methods: data sources; study eligibility criteria, 

participants, and interventions; study appraisal; 

and synthesis methods, such as network meta-

analysis.  

Results: number of studies and participants 

identified; summary estimates with 
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Discussion/Conclusions: limitations; 
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Other: primary source of funding; systematic 
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INTRODUCTION    
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why a network meta-analysis has been conducted.  
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interventions, comparisons, outcomes, and study 

design (PICOS).  
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METHODS    

Protocol and 

registration  
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and where it can be accessed (e.g., Web address); 
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Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length 

of follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as 

criteria for eligibility, giving rationale. Clearly 

describe eligible treatments included in the 

treatment network, and note whether any have 

been clustered or merged into the same node (with 

justification).  
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Information 

sources  

7 Describe all information sources (e.g., databases 

with dates of coverage, contact with study authors 

to identify additional studies) in the search and 

date last searched.  
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Search  8 Present full electronic search strategy for at least 

one database, including any limits used, such that 

it could be repeated.  

Additional 

File 1 

Study selection  9 State the process for selecting studies (i.e., 

screening, eligibility, included in systematic 

review, and, if applicable, included in the meta-

analysis).  
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Data collection 

process  

10 Describe method of data extraction from reports 

(e.g., piloted forms, independently, in duplicate) 

and any processes for obtaining and confirming 

data from investigators.  
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Data items  11 List and define all variables for which data were 

sought (e.g., PICOS, funding sources) and any 

assumptions and simplifications made.  

Additional 

File 1 

Geometry of the 

network 
S1 Describe methods used to explore the geometry of 

the treatment network under study and potential 

biases related to it. This should include how the 

evidence base has been graphically summarized 

for presentation, and what characteristics were 

compiled and used to describe the evidence base to 

readers. 
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Risk of bias 

within individual 

studies  

12 Describe methods used for assessing risk of bias of 

individual studies (including specification of 

whether this was done at the study or outcome 

level), and how this information is to be used in 

any data synthesis.  
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Summary 

measures  

13 State the principal summary measures (e.g., risk 

ratio, difference in means). Also describe the use of 
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treatment rankings and surface under the 
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Planned methods 

of analysis 

14 Describe the methods of handling data and 

combining results of studies for each network 

meta-analysis. This should include, but not be 

limited to:   

 Handling of multi-arm trials; 

 Selection of variance structure; 

 Selection of prior distributions in Bayesian 

analyses; and 

 Assessment of model fit.  

10-12 

Assessment of 

Inconsistency 
S2 Describe the statistical methods used to evaluate 

the agreement of direct and indirect evidence in the 

treatment network(s) studied. Describe efforts 

taken to address its presence when found. 

10-11 

Risk of bias 

across studies  

15 Specify any assessment of risk of bias that may 

affect the cumulative evidence (e.g., publication 

bias, selective reporting within studies).  

9-10 

Additional 

analyses  

16 Describe methods of additional analyses if done, 

indicating which were pre-specified. This may 

include, but not be limited to, the following:  

 Sensitivity or subgroup analyses; 

 Meta-regression analyses;  

 Alternative formulations of the treatment 

network; and 

 Use of alternative prior distributions for 

Bayesian analyses (if applicable).  
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RESULTS
†
    

Study selection  17 Give numbers of studies screened, assessed for 

eligibility, and included in the review, with reasons 

for exclusions at each stage, ideally with a flow 

diagram.  

13 and Figure 

1 

Presentation of 

network 

structure 

S3 Provide a network graph of the included studies to 

enable visualization of the geometry of the 

treatment network.  

Figure 2 

Summary of 

network 

geometry 

S4 Provide a brief overview of characteristics of the 

treatment network. This may include commentary 

on the abundance of trials and randomized patients 

for the different interventions and pairwise 

comparisons in the network, gaps of evidence in 

the treatment network, and potential biases 

reflected by the network structure. 
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Study 

characteristics  

18 For each study, present characteristics for which 

data were extracted (e.g., study size, PICOS, 

follow-up period) and provide the citations.  
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Risk of bias 

within studies  

19 Present data on risk of bias of each study and, if 

available, any outcome level assessment.  

Appendix F 

Results of 

individual studies  

20 For all outcomes considered (benefits or harms), 

present, for each study: 1) simple summary data 

for each intervention group, and 2) effect estimates 

and confidence intervals. Modified approaches 

may be needed to deal with information from 

larger networks. 

N/A  

(data can be 

provided by 

the 

corresponding 

author) 

Synthesis of 

results  

21 Present results of each meta-analysis done, 

including confidence/credible intervals. In larger 

networks, authors may focus on comparisons 

versus a particular comparator (e.g. placebo or 

standard care), with full findings presented in an 

appendix. League tables and forest plots may be 

considered to summarize pairwise comparisons. If 

additional summary measures were explored (such 

as treatment rankings), these should also be 

presented. 

15-18,  

Figure 3, 

Appendices 

H, I, J 

Exploration for 

inconsistency 

S5 Describe results from investigations of 

inconsistency. This may include such information 

as measures of model fit to compare consistency 

and inconsistency models, P values from statistical 

tests, or summary of inconsistency estimates from 

different parts of the treatment network. 

14 (see also 

Appendix H) 

Risk of bias 

across studies  

22 Present results of any assessment of risk of bias 

across studies for the evidence base being studied.  

14 (see also 

Appendix G) 

Results of 

additional 

analyses 

23 Give results of additional analyses, if done (e.g., 

sensitivity or subgroup analyses, meta-regression 

analyses, alternative network geometries studied, 

alternative choice of prior distributions for 

Bayesian analyses, and so forth).  

Appendix K 

    

DISCUSSION    

Summary of 

evidence  

24 Summarize the main findings, including the 

strength of evidence for each main outcome; 

consider their relevance to key groups (e.g., 

healthcare providers, users, and policy-makers).  

19-21 

Limitations  25 Discuss limitations at study and outcome level 

(e.g., risk of bias), and at review level (e.g., 

incomplete retrieval of identified research, 

reporting bias). Comment on the validity of the 

assumptions, such as transitivity and consistency. 

Comment on any concerns regarding network 

geometry (e.g., avoidance of certain comparisons). 

21-23 
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Conclusions  26 Provide a general interpretation of the results in the 

context of other evidence, and implications for 

future research.  

23 

    

FUNDING    

Funding  27 Describe sources of funding for the systematic 

review and other support (e.g., supply of data); 

role of funders for the systematic review. This 

should also include information regarding whether 

funding has been received from manufacturers of 

treatments in the network and/or whether some of 

the authors are content experts with professional 

conflicts of interest that could affect use of 

treatments in the network. 

26-27 

 

Abbreviations: PICOS - population, intervention, comparators, outcomes, study design 

* Text in italics indicates wording specific to reporting of network meta-analyses that has been 

added to guidance from the PRISMA statement. 

† Authors may wish to plan for use of appendices to present all relevant information in full detail 

for items in this section. 
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Appendix A. Newcastle-Ottawa Scale scoring guide  

 

 

COHORT Studies 

 

 

Excel Column NOS* Answer Options** NOS Coding Manual* 

RefID Enter the report’s RefID.  

DA Enter your initials.  

First author Enter the first author’s last name.  

Year of publication Enter the year of the publication.  

 

SELECTION: 

1) Representative-

ness of the exposed 

cohort 

a) truly representative of the 

average pregnant woman 

taking AEDs in the 

community  

b) somewhat representative of 

the average  pregnant woman 

taking AEDs in the 

community  

c) selected group of users e.g., 

nurses, volunteers 

d) no description of the 

derivation of the cohort 

Item is assessing the representativeness of exposed individuals in the 

community, not the representativeness of the sample of women from 

some general population.  

 

For example, subjects derived from groups likely to contain middle class, 

better educated, health oriented women are likely to be representative of 

postmenopausal estrogen users while they are not representative of all 

women (e.g. members of a health maintenance organisation (HMO) will 

be a representative sample of estrogen users. While the HMO may have 

an under-representation of ethnic groups, the poor, and poorly educated, 

these excluded groups are not the predominant users of estrogen). 

 

Note: 

Truly representative (A) is a population-based cohort at the provincial or 

national levels (e.g., a sample from 2 cities is not enough).  We need very 

‘broad’ sample of the population. 

 

Somewhat representative (B) includes private clinics, hospital-based, or 
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community-based. 

2) Selection of the 

non-exposed cohort 

 

a) drawn from the same 

community as the exposed 

cohort  

b) drawn from a different source 

c) no description of the 

derivation of the non-exposed 

cohort 

Note: 

In our review of mostly multi-arm studies, this question pertains to the 

study’s comparator group(s) – including “active” controls (for example, a 

less teratogenic AED). Therefore, this will often be ‘A’ for our studies. 

 

3) Ascertainment 

of exposure 

a) secure record (e.g., surgical 

records)  

b) structured interview  

c) written self-report 

d) no description 

Note: 

Option ‘A’ includes patient hospital records, prescription drug database, 

or hospital/clinic visits (e.g., patient is asked about “current” AED use 

during a visit with their doctor).  

 

Option ‘B’ includes a hospital/clinic visit, but the patients are asked to 

remember their AED use during pregnancy (e.g., retrospectively 

ascertained exposure).  

 

If a study used both medical records and interviews for everyone, select 

‘A’. 

4) Demonstration 

that outcome of 

interest was not 

present at start of 

study 

 

a) yes  

b) no 

In the case of mortality studies, outcome of interest is still the presence of 

a disease/incident, rather than death. That is to say that a statement of ‘no 

history of disease or incident’ earns a star (i.e. option ‘A’). 

 

Note: 

Since our review is on pregnant women, this question is ‘A’ for all.  

Please email us if a study involves breastfeeding women.  

 

COMPARABILITY: 

1) Comparability 

of cohorts on the 

basis of the design 

or analysis 

 

a) answer is BOTH B & C (i.e. 

study controls for age and one 

other important factor)  

b) study controls for age of the 

women  

Either exposed and non-exposed individuals must be matched in the 

design and/or confounders must be adjusted for in the analysis. 

Statements of no differences between groups or that differences were not 

statistically significant are not sufficient for establishing comparability.  
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c) study controls for any other 

important factor  

d) study does not control for any 

important factor or it is not 

described 

Note: If the relative risk for the exposure of interest is adjusted for the 

confounders listed, then the groups will be considered to be comparable 

on each variable used in the adjustment. 

 

There may be multiple ratings for this item for different categories of 

exposure (e.g., ever vs. never, current vs. previous or never). [A 

maximum of 2 stars can be allotted in this category]. 

 

Note: 

The study should have initially matched the groups or presented adjusted 

odds ratios, AND in addition, since in our review we are analyzing each 

AED arm separately (instead of the whole exposed cohort), the study 

must also report the factor of interest for ‘each AED arm’ (or state that 

‘each AED arm’ is matched). 

 

Thus, there are 2 parts to this question: 

 

1)      The study should have matched/adjusted for age at whatever level 

of groups they were focused on (even if they aren’t our abstracted AED 

arms); AND 

 

2)      Then the study should also have reported the age for each AED arm. 

 

If they haven’t done both of these 2 things, it’s a ‘D’ here (unless they 

happen to combine these by reporting adjusted ORs for each of our AED 

arms). 

 

For our review, this generally pertains to the comparability of the 

MOTHERS.  

The exception here is in studies of cognitive/psychomotor development 

disorders in children - when age of the children should be comparable. 

 

The “other important factors” here are any one of these: 

Page 57 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

5 

 

 history of congenital malformations (CMs), fetal losses, preterm 

deliveries or small babies. 

 family history of genetic problems or CMs. 

 alcohol use. 

 nutritional deficiencies (e.g., lack of folic acid). 

 

Example: 

- Option ‘B’ indicates that the study initially matched groups based on the 

women’s age (or reported adjusted ORs) AND they report the mean 

women’s age for EACH of our arms (e.g., for Tx1, Tx2, etc.).  

 

OUTCOME: 

1) Assessment of 

outcome 

 

a) independent OR blind assess 

ment 

b) record linkage  

c) self-report 

d) no description 

 

For some outcomes (e.g. fractured hip), reference to the medical record is 

sufficient to satisfy the requirement for confirmation of the fracture. This 

would not be adequate for vertebral fracture outcomes where reference to 

x-rays would be required. 

 

a) Independent or blind assessment stated in the paper, or confirmation 

of the outcome by reference to secure records (x-rays, medical 

records, etc.) 

b) Record linkage (e.g. identified through ICD codes on database 

records) 

c) Self-report (i.e. no reference to original medical records or x-rays to 

confirm the outcome) 

d) No description. 

 

Note: 

Blind (A) is if they tell us that the outcome assessors were blinded to 

exposures; or if the outcome is objective. 

 

For our purposes, we will focus on the primary outcome of interest of our 

systematic review, which is major malformations (an objective outcome). 
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So most of ours will be A, unless the study is only on a secondary 

outcome (e.g., cognitive development) and is based on the mother’s self-

report of their child (e.g., not a clinical examination). 

2) Was follow-up 

long enough for 

outcomes to occur 

 

a) yes  

b) no 

 

An acceptable length of time should be decided before quality assessment 

begins (e.g. 5 yrs. for exposure to breast implants) 

 

Note: 

For this component, focus only on the outcomes that are reported in the 

results. 

For our purposes, we will focus on the primary outcome of interest of our 

systematic review, which is major malformations. 

 

 For studies focusing on ‘birth’ outcomes (i.e. malformations, preterm, 

fetal losses, born small), the answer is ‘A’ if they follow the groups 

until birth. 

 For studies focusing on cognitive developmental disorders, an 

adequate follow-up period (i.e. child’s age) is 4 years.  

 For studies focusing on psychomotor delays, an adequate follow-up 

period is the earliest point of detection of the disorder. 

 For studies focusing on neonatal seizures, an adequate follow-up 

period (i.e. infant’s age) is 6 months. 

3) Adequacy of 

follow up of 

cohorts 

 

a) complete follow up - all 

subjects accounted for  

b) subjects lost to follow up 

unlikely to introduce bias - 

small number lost (see 

‘Note’), or description 

provided of those lost  

c) follow up rate is inadequate 

(see ‘Note’) and no 

description of those lost 

d) no statement 

This item assesses the follow-up of the exposed and non-exposed cohorts 

to ensure that losses are not related to either the exposure or the outcome. 

 

Note: 

Especially check ones that start their total sample size (or figure 

diagram) with only the ones who had “complete” data (or only those 

who they had “successfully” recruited), as these are often a ‘D’ (since 

they don’t report on the ones NOT followed up). 

 

 For a prospective study, ≥90% follow-up rate per year is adequate 

(e.g., 10% dropout or less for 1 year, 20% for 2 years of follow-up, 

etc.). This includes missing or incomplete data, etc. 
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CASE-CONTROL Studies 

 

 

 For a retrospective cohort study, ≥80% follow-up rate is adequate; 

including the ones that they could NOT recruit or who would NOT 

participate. 

 For a survey/mail questionnaire, ≥75% response rate  is adequate. (For 

a survey, a dropout rate is congruent to a survey response rate). 

Excel Column NOS* Answer Options** NOS Coding Manual* 

RefID Enter the report’s RefID.  

DA Enter your initials.  

First author Enter the first author’s last name.  

Year of publication Enter the year of the publication.  

 

SELECTION: 

1) Is the case 

definition 

adequate? 

 

a) yes, with independent 

validation  

b) yes, e.g., record linkage or 

based on self-reports 

c) no description 

a) Requires some independent validation (e.g. >1 person/record/time/ 

process to extract information, or reference to primary record source 

such as x-rays or medical/hospital records) 

b) Record linkage (e.g. ICD codes in database) or self-report with no 

reference to primary record 

c) No description 

 

Note: 

This question is assessing the group of infants that have the outcome of 

interest (e.g., CMs) – i.e. the “cases” in a case-control study design. 

2) Representative-

ness of the cases 

a) consecutive or obviously 

representative series of cases  

b) potential for selection biases, 

or not stated 

a) All eligible cases with outcome of interest over a defined period of 

time, all cases in a defined catchment area, all cases in a defined 

hospital or clinic, group of hospitals, health maintenance organisation, 

or an appropriate sample of those cases (e.g. random sample) 

b) Not satisfying requirements in part (a), or not stated. 
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Note: 

Option ‘A’ is a population-based sample.  

3) Selection of 

controls 

 

a) community controls  

b) hospital controls 

c) no description 

This item assesses whether the control series used in the study is derived 

from the same population as the cases and essentially would have been 

cases had the outcome been present. 

 

a) Community controls (i.e. same community as cases and would be 

cases if had outcome) 

b) Hospital controls, within same community as cases (i.e. not another 

city) but derived from a hospitalised population 

c) No description 

 

Note: 

This question is assessing the group of infants that don’t have the 

outcome (e.g., CMs) – i.e. the “controls” in a case-control study design. 

 

Community controls (A) includes a population-based sample. 

4) Definition of 

controls 

 

a) no history of disease 

(endpoint)  

b) no description of source 

a) If cases are first occurrence of outcome, then it must explicitly state 

that controls have no history of this outcome. If cases have new (not 

necessarily first) occurrence of outcome, then controls with previous 

occurrences of outcome of interest should not be excluded. 

b) No mention of history of outcome 

 

Note: 

Since our review is on fetal effects, this question is ‘A’ for all studies. 

Please email us if a study involves exposure during breastfeeding. 

 

COMPARABILITY: 

1) Comparability 

of cases and 

controls on the 

basis of the design 

a) answer is BOTH B & C (i.e. 

study controls for age and one 

other important factor)  

b) study controls for age of the 

Either cases and controls must be matched in the design and/or 

confounders must be adjusted for in the analysis. Statements of no 

differences between groups or that differences were not statistically 

significant are not sufficient for establishing comparability.  
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or analysis 

 

women  

c) study controls for any other 

important factor  

d) study does not control for any 

important factor or it is not 

described 

 

Note: If the odds ratio for the exposure of interest is adjusted for the 

confounders listed, then the groups will be considered to be comparable 

on each variable used in the adjustment. 

 

There may be multiple ratings for this item for different categories of 

exposure (e.g. ever vs. never, current vs. previous or never). [A maximum 

of 2 stars can be allotted in this category]. 

 

Note: 

The study should have initially matched the groups, AND in addition, 

since in our review we are analyzing each AED arm separately (instead of 

the whole cases group), the study must also report the factor of interest 

for ‘each AED arm’ (or state that ‘each AED arm’ is matched). 

 

For our review, this generally pertains to the comparability of the 

MOTHERS of the cases and controls.  

The exception here is in studies of cognitive/psychomotor development 

disorders in children - when age of the children should be comparable. 

 

The “other important factors” here are any one of these: 

 history of congenital malformations (CMs), fetal losses, preterm 

deliveries or small babies. 

 family history of genetic problems or CMs. 

 alcohol use. 

 nutritional deficiencies (e.g., lack of folic acid). 

 

For example, Option ‘B’ indicates that the study initially matched groups 

based on the women’s age AND they report the mean women’s age for 

EACH arm (e.g., for Tx1, Tx2, etc.).  

 

EXPOSURE: 
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*Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa Scale (NOS) for assessing the 

quality of non-randomised studies in meta-analyses. Available at: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp 

 

**In the “NOS Coding Manual” column, the first section for each item is copied straight from the NOS documentation while the 

lower portions in each item are our “Notes” tailored for the AED review. 

1) Assessment of 

exposure 

 

a) secure record (e.g., surgical 

records)  

b) structured interview where 

blind to case/control status  

c) interview not blinded to 

case/control status 

d) written self-report or medical 

record only 

e) no description 

Note: 

Option ‘A’ includes patient hospital records, prescription drug database, 

or hospital/clinic visits (e.g., patient is asked about “current” AED use 

during a visit with their doctor).  

 

“Interview” here includes a hospital/clinic visit, but the patients are asked 

to remember their AED use during pregnancy (e.g., retrospectively 

ascertained exposure). 

2) Same method of 

ascertainment for 

cases and controls 

a) yes  

b) no 

Note: 

This question is asking whether the method of ascertainment of exposure 

was the same for ‘cases’ (with the outcome) and ‘controls’ (without the 

outcome; in this case-control study design). 

3) Non-response 

rate 

 

a) same rate for both groups  

b) non-respondents described 

c) rate different and no 

designation 

Note: 

For our review, this pertains to either the infants or the mothers of the 

case and control groups. 

 

We’re allowing 10% dropout per year for a prospective study – e.g., 10% 

for 1 year, 20% for 2 years of follow-up, etc. 

 

For a survey, we allow for a 75% response rate in order for it be adequate. 

 

For a survey, a dropout rate is congruent to a survey response rate. 
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Appendix B. List of included studies 

A total of 29 cohort studies
1-29

 with 9 companion reports
30-38

 were included 
 

1. Adab N, Kini U, Vinten J, et al. The longer term outcome of children born to mothers 

with epilepsy. J Neurol Neurosurg Psychiatry. 2004;75(11):1575-83. 

2. Arkilo D, Hanna J, Dickens D, et al. Pregnancy and neurodevelopmental outcomes with 

in-utero antiepileptic agent exposure. A pilot study. Eur J Paediatr Neurol. 2015;19(1):37-40. 

3. Bromley R, Baxter N, Calderbank R, Mawer G, Clayton-Smith J, Baker G. A 

comprehensive review of the language abilities of children exposed to valproate or 

carbamazepine in utero.  American Epilepsy Society; Texas2010. 

4. Bromley RL, Calderbank R, Cheyne CP, et al. Cognition in school-age children exposed 

to levetiracetam, topiramate, or sodium valproate. Neurology. 2016;87(18):1943-53. 

5. Bromley RL, Mawer GE, Briggs M, et al. The prevalence of neurodevelopmental 

disorders in children prenatally exposed to antiepileptic drugs. J Neurol Neurosurg Psychiatry. 

2013;84(6):637-43. 

6. Christensen J, Gronborg TK, Sorensen MJ, et al. Prenatal valproate exposure and risk of 

autism spectrum disorders and childhood autism. JAMA. 2013;309(16):1696-703. 

7. Cohen MJ, Meador KJ, Browning N, et al. Fetal antiepileptic drug exposure: Adaptive 

and emotional/behavioral functioning at age 6years. Epilepsy Behav. 2013;29(2):308-15. 

8. Cummings C, Stewart M, Stevenson M, Morrow J, Nelson J. Neurodevelopment of 

children exposed in utero to lamotrigine, sodium valproate and carbamazepine. Arch Dis Child. 

2011;96(7):643-7. 

9. Dean JCS, Hailey H, Moore SJ, Lloyd DJ, Turnpenny PD, Little J. Long term health and 

neurodevelopment in children exposed to antiepileptic drugs before birth. J Med Genet. 

2002;39(4):251-9. 

10. D'Souza SW, Robertson IG, Donnai D, Mawer G. Fetal phenytoin exposure, hypoplastic 

nails, and jitteriness. Arch Dis Child. 1991;66(3):320-4. 

11. Eriksson K, Viinikainen K, Mönkkönen A, et al. Children exposed to valproate in 

utero—Population based evaluation of risks and confounding factors for long-term 

neurocognitive development. Epilepsy Res. 2005;65(3):189-200. 

12. Gaily E. Development and growth in children of epileptic mothers: a prospective 

controlled study. Helsinki, Finland: University of Helsinki; 1990. 

13. Gogatishvili N, Ediberidze T, Lomidze G, Tatishvili N, Kasradze S. PO-0834 Long-term 

Developmental Outcome Of Children Prenatally Exposed To Antiepileptic Drugs. Arch Dis 

Child. 2014;99(Suppl 2):A526. 

14. Gogatishvili N, Ediberidze T, Lomidze G, Tatishvili N, Kasradze S. Cognitive outcomes 

of children with fetal antiepileptic drug exposure at the age of 3-6 years-preliminary data.  1st 

Congress of the European Academy of Neurology; Berlin: European Journal of Neurology; 

2015. p. 329. 

15. Hurault-Delarue C, Damase-Michel C, Finotto L, et al. Psychomotor developmental 

effects of prenatal exposure to psychotropic drugs: a study in EFEMERIS database. Fundam Clin 
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Appendix C. Key excluded studies 

Author, 

Year 
Research Group Title Reason for Exclusion 

Meador, 

2009
39

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Cognitive Function at 3 Years of Age after Fetal Exposure to 

Antiepileptic Drugs 

Outcomes only reported 

as continuous variables 

Meador, 

2010
40

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Effects of breastfeeding in children of women taking antiepileptic 

drugs 

Outcomes only reported 

as continuous variables 

Meador, 

2011
41

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Foetal antiepileptic drug exposure and verbal versus non-verbal 

abilities at three years of age 

Outcomes only reported 

as continuous variables 

Meador, 

2012
42

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Effects of fetal antiepileptic drug exposure: Outcomes at age 4.5 

years 

Outcomes only reported 

as continuous variables 

Meador, 

2013
43

 

Neurodevelopmental 

Effects of Antiepileptic 

Drug (NEAD) Study 

Group 

Fetal antiepileptic drug exposure and cognitive outcomes at age 6 

years (NEAD study): a prospective observational study 

Outcomes only reported 

as continuous variables 

Shallcross, 

2011
44

 

Liverpool and 

Manchester 

Neurodevelopment 

Group and The UK 

Epilepsy and Pregnancy 

Register 

Child development following in utero exposure:  

Levetiracetam vs. sodium valproate 

Outcomes only reported 

as continuous variables 

Shallcross, 

2014
45

 

Liverpool and 

Manchester 

In utero exposure to levetiracetam vs. valproate:  

Development and language at 3 years of age 

Outcomes only reported 

as continuous variables 
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Neurodevelopment 

Group and The UK 

Epilepsy and Pregnancy 

Register 
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Appendix D. Table of Individual Study characteristics 

Author, Year 
Country of 

conduct 
Registry or Setting 

Study 

period 
Interventions Outcomes Funding 

Adab, 2004
*1

 

[CR: Vinten 

2005
37

Vinten, 

2009
38

] 

UK 

Mersey Regional 

Epilepsy Clinic;  

Epilepsy Clinic at the 

Manchester Royal 

Infirmary; Antenatal 

clinic at St Mary’s 

Hospital, Manchester 

2000-

2001 
Carbam, Control, Valpro 

Cognitive 

Developmental 

Delay, 

Psychomotor 

Developmental 

Delay 

NR 

Arkilo, 2015
2
 USA 

Minnesota Epilepsy 

Group 

2006-

2011 

Carbam, Lamot, Levet, 

Pheny, Valpro 

Autism/Dyspraxia, 

Psychomotor 

Developmental 

Delay 

NR 

Bromley, 2010
3
 UK 

Liverpool and 

Manchester 

Neurodevelopment 

Group 

NR Carbam, Valpro Language Delay NR 

Bromley, 2013
5
 

[CR: Bromley, 

2008
30

] 

UK 

Liverpool and 

Manchester 

Neurodevelopment group 

2000-

2004 

Carbam, Control, Lamot, 

Valpro 

Autism/Dyspraxia, 

ADHD 

mixed 

public & 

private 

Bromley, 

2016
4
† 

UK 
UK Epilepsy and 

Pregnancy Register 

2004-

2007 

Control, Gabap, Levet, 

Topir, Valpro 

Cognitive 

Developmental 

Delay 

public 

Christensen, 

2013
6
† 

Denmark 

Danish Civil Registration 

System; Danish 

Prescription Register; 

Danish Psychiatric 

Central Register; Danish 

1996-

2006 

Carbam, Clonaz, Lamot, 

Oxcar, Valpro 
Autism/Dyspraxia public 
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Birth Register; Danish 

National Hospital 

Register 

Cohen, 2013
46

 USA;UK 

Neurodevelopmental 

Effects of Antiepileptic 

Drugs Study Group 

1999-

2004 

Carbam, Lamot, Pheny, 

Valpro, 
ADHD public 

Cummings, 

2011
8
† [CR: 

Tomson, 

2015
35

] 

Northern 

Ireland  

UK Epilepsy and 

Pregnancy Register 

(Northern Ireland); 

Northern Ireland Child 

Health System 

1996-

2005 
Carbam, Lamot, Valpro, 

Cognitive 

Developmental 

Delay 

public 

Dean, 2002
9
 

[CR: Rasalam, 

2005
34

] 

Scotland 
Aberdeen Maternity 

Hospital 

1976-

2000 

Carbam, Carbam+Pheno, 

Carbam+Pheny, 

Carbam+Valpro, Control, 

Ethos, Pheno, Pheno+Pheny, 

Pheno+Valpro, Pheny, 

Primid, Valpro 

Psychomotor 

Developmental 

Delay, 

 ADHD 

NR 

D'Souza, 

1991
10

 

United 

Kingdom 
St Mary's Hospital 

1980-

1982 

Carbam, Control, Pheno, 

Pheny, Valpro 

Cognitive 

Developmental 

Delay 

public 

Eriksson, 

2005
11

† [CR: 

Viinikainen, 

2006
36

] 

Finland 
Kuopio University 

Hospital 

1989-

2000 
Carbam, Control, Valpro 

Cognitive 

Developmental 

Delay, Psychomotor 

Developmental 

Delay 

public 
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Gaily, 1990
12

 

[CR: Gaily, 

1990
31

; 

Hiilesmaa, 

1982
32

; 

Hiilesmaa, 

1985
33

] 

Finland 
Helsinki University 

Central Hospital 

1975-

1979 

Carbam, 

Carbam+Pheno+Pheny, 

Carbam+Pheny, 

Carbam+Valpro, Control, 

Ethos+Pheny, Pheno+Pheny, 

Pheny, Pheny+Primid, 

Pheny+Valpro 

Cognitive 

Developmental 

Delay ,  

Psychomotor 

Developmental 

Delay 

mixed 

public & 

private 

Gogatishvili, 

2014
13

 
Georgia 

Georgian National AED-

Pregnancy Registry 
NR Carbam, Lamot, Valpro 

Cognitive 

Developmental 

Delay 

public 

Gogatishvili, 

2015
14

 
Georgia 

Georgian National AED-

Pregnancy Registry 
NR 

Carbam, Carbam+Levet, 

Lamot, Pheno, Valpro 
Language Delay public 

Hurault-

Delarue, 2012
15

 
France 

EFEMERIS database - 

Caisse Primaire 

d’Assurance Maladie of 

Haute-Garonne and 

Maternal and Infant 

Protection Service; 

Antenatal Diagnostic 

Centre 

2004-

2008 

Carbam, Clobaz, Clonaz, 

Gabap, Lamot, Pheno, Topir, 

Valpro 

Psychomotor 

Developmental 

Delay 

NR 

       

Jones, 1989
16

† US 
California Teratogen 

Registry 

1979-

1988 

Carbam, Carbam+Pheno, 

Carbam+Pheno+Valpro, 

Carbam+Primid 

Cognitive 

Developmental 

Delay ,  

Psychomotor 

Developmental 

Delay  

public 

Katz, 2001
17

 USA 

Mount Sinai 

Comprehensive Epilepsy 

Center 

1990-

2000 

Carbam, Control, Lamot, 

Pheno, Pheny, Primid, 

Valpro 

Cognitive 

Developmental 

Delay 

NR 

Page 71 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

19 
 

Koch, 1996
18

 Germany NR 
1976-

1983 

Pheno, Pheny, Primid, 

Valpro 

 Cognitive 

Developmental 

Delay 

public 

Mawer, 2002
19

 England 
Manchester Royal 

Infirmary 

1990-

1999 

Carbam, Lamot, Pheny, 

Valpro 

Cognitive 

Developmental 

Delay 

NR 

Miskov, 2010
20

 Croatia NR 
2003-

2010 

Carbam, Control, Gabap, 

Lamot, Valpro 

Psychomotor 

Developmental 

Delay, Neonatal 

Seizures 

NR 

Miskov, 2016
21

 Croatia 

Sestre milosrdnice 

University Hospital 

Center 

2003-

2013 

Carbam, Carbam+Lamot, 

Carbam+Pheno, 

Carbam+Pheny+Topir, 

Control, Clonaz+Valpro, 

Gabap, Lamot, Oxcar, 

Pheno, Pheny, 

Topir+Valpro, Valpro 

Attention Deficit 

Hyperactivity 

Disorder 

NR 

Nadebaum, 

2011
22

† 
Australia 

Australian Registry of 

Antiepileptic Drug Use in 

Pregnancy  

2007-

2009 
Carbam, Lamot, Valpro Language Delay 

mixed 

public & 

private 

Rihtman, 

2013
23

 
Israel 

Israeli Teratogen 

Information Service 
NR Lamot, Valpro Neonatal Seizure 

mixed 

public & 

private 

Scolnik, 1994
24

 Canada 

Hospital for Sick 

Children - Motherisk 

Program; 

North York General 

Hospital; Toronto 

Hospital;  

Oshawa General Hospital 

1987-

1992 
Carbam, Pheny 

Cognitive 

Developmental 

Delay 

public 
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39
40
41
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Shankaran, 

1996
25

 
USA 

Children's Hospital of 

Michigan 
NR Control, Pheno 

Psychomotor 

Developmental 

Delay, Language 

Delay 

public 

Van der Pol, 

1991
26

 
Netherlands 

Groningen University 

Hospital 

1973-

1981 

Carbam, Carbam+Pheno, 

Control, Pheno 

Psychomotor 

Developmental 

Delay 

public 

Veiby, 

2013a
27

† 
Norway 

Norwegian Institute of 

Public Health- Mother 

and Child Cohort Study 

1999-

2009 

Carbam, Control, Lamot, 

Valpro 
Social Impairment public 

Veiby, 

2013b
28

† 
Norway 

Medical Birth Registry of 

Norway 

1999-

2008 

Carbam, Control, Lamot, 

Valpro 

Psychomotor 

Developmental 

Delay, 

Autism/Dyspraxia,  

Language Delay, 

ADHD 

public 

Wood, 2015
29

† Australia 

Australian Registry of 

Antiepileptic Drug Use in 

Pregnancy  

2007-

2010 

Carbam, Carbam+Clonaz, 

Carbam+Lamot, 

Carbam+Pheny, 

Lamot+Valpro, Valpro 

Autism/Dyspraxia public 

Abbreviations: ADHD – Attention Deficit Hyperactivity Disorder; NR – Not Reported 

 

Carbam = Carbamazepine; Clobaz = Clobazam; Clonaz = Clonazepam; Ethos = Ethosuximide; Gabap = Gabapentin; Lamot = 

Lamotrigine; Levet = Levetiracetam; Oxcar = Oxcarbazepine; Pheno = Phenobarbital; Pheny = Phenytoin; Primid = Primidone; Topir 

= Topiramate; Valpro = Valproate; Vigab = Viagabatrin 

 

*Single publication reporting on two separate cohorts 

†Registry Studies 
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Appendix E. Table of Patient characteristics 

 

Author, Year Indication 
Sample 

Size* 

Mean Age 

(Women) 

Mean Age 

(Children)/ 

Follow-up 

period† 

AED Exposure 

Timing 

Maternal 

Alcohol Use 

n/N‡ 

Maternal 

Tobacco 

Use 

n/N‡ 

Adab, 2004a
1
§ 

[CR: Vinten 2005
37

; 

Vinten, 2009
38

] 

Epilepsy 
177 

 
26.1 9-10.5 NR 24/279‡ 68/249‡ 

Adab, 2004b
1
§ 

[CR: Vinten 2005
37

; 

Vinten, 2009
38

] 

Epilepsy 81 26.1 3-3.33 NR 24/279‡ 68/249‡ 

Arkilo, 2015
2
 Epilepsy 59 NR NA First trimester NR NR 

Bromley, 2010
3
 NR 60 NR 6-7 Whole pregnancy NR NR 

Bromley, 2013
5
  

[CR: Bromley, 2008
30

] 
Epilepsy 156 28 6 NR 28/156 42/156 

Bromley, 2016
4
 Epilepsy 185 NR NR NR 31/185 35/185 

Christensen, 2013
6
 NR 2011 NR NR Whole pregnancy NR NR 

Cohen, 2013
46

 Epilepsy 108 30 6 
During pregnancy 

and breastfeeding 
12/192‡ NR 

Cummings, 2011
8
  

[CR: Tomson, 2015
35

] 
Epilepsy 142 NR 2-3 

During pregnancy 

and breastfeeding 
32/108‡ 19/108‡ 

Dean, 2002
9
 

[CR: Rasalam, 2005
34

] 
Epilepsy 287 27 3.75-15.5 First trimester NR NR 

D'Souza, 1991
10

 Epilepsy 42 26.5 2.5-3.5 Whole pregnancy  NR NR 

Eriksson, 2005
11

 

[CR: Viinikainen, 2006
36

] 
Epilepsy 39 28.2 NR NR NR NR 
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Gaily, 1990
12

 

[CR: Gaily, 1990
31

; 

Hiilesmaa, 1982
32

; 

Hiilesmaa, 1985
33

 

Epilepsy 134 27.8 5.5 First trimester NR NR 

Gogatishvili, 2014
13

 NR 39 NR 2 to 4 NR NR NR 

Gogatishvili, 2015
14

 NR 23 NR 3 to 6 NR NR NR 

Hurault-Delarue, 2012
15

 NR 109 NR 0.75 NR NR NR 

Jones, 1989
16

 Epilepsy 63 NR NR Whole pregnancy NR NR 

Katz, 2001
17

 Epilepsy 51 31 NR NR NR NR 

Koch, 1996
18

 Epilepsy 40 NR 6 First trimester NR NR 

Mawer, 2002
19

 Epilepsy 52 NR NR NR NR NR 

Miskov, 2010
20

 Epilepsy 55 NR NR NR NR NR 

Miskov, 2016
21

 Epilepsy 74 34 NR NR NR 6/74 

Nadebaum, 2011
22

 Epilepsy 66 31.6 7.4 
During pregnancy 

and breastfeeding 
NR 5/66 

Rihtman, 2013
23

 Epilepsy 72 NR NR 
During pregnancy 

and breastfeeding  
NR NR 

Scolnik, 1994
24

 Epilepsy 75 NR 1.5-3 1st trimester NR NR 

Shankaran, 1996
25

 NR 96 NR NR NR NR NR 

Van der Pol, 1991
26

 Epilepsy 57 NR 6-13 NR NR NR 

Veiby, 2013a
27

 Epilepsy 422 NR 0.5 
During pregnancy 

and breastfeeding 
NR NR 

Veiby, 2013b
28

 Epilepsy 248 28.9 3 NR NR 68/726‡ 

Wood, 2015
29

 Epilepsy 77 NR 6-8 NR NR NR 
Abbreviations: NA – Not applicable; NR – Not reported 

 

* Sample size used for analysis; ineligible treatment arms (i.e. treatment arms with excluded drugs or unspecified polytherapy) are not included in the count 

† The mean age for children/follow-up period data were only collected for outcomes related to cognitive and/or psychomotor development 

‡ Total sample size is based on the number of women enrolled in the study; may differ from the sample size used for analysis 

§ Single publication reporting on two separate cohorts 
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Appendix F. Methodological quality of observational studies – Newcastle Ottawa Scale results 

First Author, 

Year 

Representativen

ess of the 

exposed cohort 

Selection 

of the 

non-

exposed 

cohort 

Ascertainme

nt of 

exposure 

Demonstratio

n that 

outcome of 

interest was 

not present 

at start of 

study 

Comparabili

ty of cohorts 

on the basis 

of the design 

or analysis 

Assessmen

t of 

outcome 

Was 

follow-up 

long 

enough 

for 

outcomes 

to occur 

Adequac

y of 

follow up 

of 

cohorts 

Adab, 2004
1
 B A A A C A A C 

Arkilo, 2015
2
 B A B A D A A C 

Bromley, 

2010
3
 

D A D A D D B D 

Bromley, 

2013
5
 

A A A A A A A C 

Bromley, 

2016
4
 

A A A A A A A C 

Christensen, 

2013
6
 

A A A A A B A B 

Cohen, 2013
46

 A A D A A A A C 

Cummings, 

2011
8
 

A A A A A A A C 

Dean, 2002
9
 B A A A D A A C 

D'Souza, 

1991
10

 
B A A A D A A A 

Eriksson, 

2005
11

 
B A A A B A A D 

Gaily, 1990
12

 B A A A D A A A 

Gogatishvili, 

2014
13

 
A A D A D A A D 

Gogatishvili, 

2015
14

 
A A D A D A A D 

Page 76 of 90

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

24 
 

Hurault-

Delarue, 

2012
15

 

A A A A A A A A 

Jones, 1989
16

 A A B A D A A B 

Katz, 2001
17

 B A A A D A A D 

Koch, 1996
18

 B A B A D A A C 

Mawer, 

2002
19

 
B A A A D A A B 

Miskov, 

2010
20

 
D A D A D D A D 

Miskov, 

2016
21

 
C A A A D A A D 

Nadebaum, 

2011
22

 
A A A A A A A B 

Rihtman, 

2013
23

 
A B A A A A A C 

Scolnik, 

1994
24

 
B A A A D A A A 

Shankaran, 

1996
25

 
B A A A D A A B 

Van der Pol, 

1991
26

 
B A D A A A A B 

Veiby, 

2013a
27

 
A A A A A A A D 

Veiby, 

2013b
28

 
A A A A A A A C 

Wood, 2015
29

 A A A A D A A C 

Abbreviations: A – low risk; B – moderate risk; C – high risk; D – unclear risk 
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Appendix G. Comparison-adjusted funnel plots
*
 

 
*
 Funnel plots have been produced only for outcomes with ≥10 studies. For multi-arm studies we plot data points from each study-

specific basic parameter (treatment comparisons with a study-specific common comparator) 
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Appendix H. Statistically significant network meta-analysis results along with meta-analysis results, transitivity, and 

inconsistency assessments 

Treatment 

Comparison 

Number of 

Studies 
(Mean 

Baseline Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow 

up of 

cohorts 

MA  

Odds Ratio 

(95% CrI)
 

NMA  

Odds Ratio 

(95% CrI)  

(95% PrI)
 

Cognitive Developmental Delay (10 studies, 748 patients, 14 treatments) 

Lamot vs Valpro 4 (NA) 
140  

(31.00) 
Epilepsy NR H H 

0.17  

(0.02-0.87) 

0.13 

(0.01-0.57)  

(0.01-0.75) 

Valpro vs Control 4 (0.06) 
267  

(28.80) 
Epilepsy 

1st 

trimester 
H H 

8.15  

(3.19-22.33) 

7.40 

(3.00-18.46)  

(1.81-27.63) 

Valpro vs Carbam 6 (NA) 
310  

(27.80) 
Epilepsy NR H L 

3.32  

(1.56-7.04) 

3.54 

(1.69-7.26)  

(0.95-12.32) 

Valpro vs Pheno 3 (NA) 
36  

(27.80) 
Epilepsy 

1st 

trimester 
H L 

4.25  

(0.82-34.07) 

5.59 

(1.21-35.07)  

(0.93-45.99) 

Valpro vs Pheny 3 (NA) 
58  

(31.00) 
Epilepsy 

1st 

trimester 
H L 

3.12  

(0.75-14.12) 

2.88 

(1.04-8.49)  

(0.69-12.62) 

Common between-study variance across treatment comparisons 
0.13  

(0.00-0.97) 

0.12  

(0.00-1.15)  

(NA) Residual deviance: 44.72 Data points: 47 DIC: 78.7 

Evaluation of consistency using the design-by-treatment interaction 

model 

Chi-square test: 14.15 

Degrees of Freedom: 17 

P- value: 0.66 

Heterogeneity: 0 
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Treatment 

Comparison 

Number of 

Studies 
(Mean 

Baseline Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow 

up of 

cohorts 

MA  

Odds Ratio 

(95% CrI)
 

NMA  

Odds Ratio 

(95% CrI)  

(95% PrI)
 

Autism Dyspraxia (5 studies, 2551 patients, 12 treatments) 

Lamot vs Control 2 (0.00) 254 (27.75) Epilepsy 
1st 

trimester 
H H 

13.77  

(2.06-188.00) 

8.88 

(1.29-112.00)  

(0.94-146.80) 

Lamot+Valpro vs 

Carbam 
1 (NA) 40 (NR) Epilepsy NR L L 

15.02  

(2.04-171.90) 

22.89 

(2.58-219.00)  

(1.90-282.20) 

Lamot+Valpro vs 

Clonaz 
NA NR NR NR NR NR NA 

20.21 

(1.48-351.30)  

(1.15-455.00) 

Lamot+Valpro vs 

Control 
NA NR NR NR NR NR NA 

132.70 

(7.41-3.9 x 10
3
)  

(5.82-4.6 x 10
3
) 

Lamot+Valpro vs 

Lamot 
NA NR NR NR NR NR NA 

14.61 

(1.51-149.10)  

(1.14-196.80) 

Oxcar vs Control NA NR NR NR NR NR NA 

13.51 

(1.28-221.40)  

(0.86-267.40) 

Valpro vs Carbam 5 (NA) 
1003 

(27.83) 
Epilepsy 

1st 

trimester 
L L 

3.20  

(1.20-8.68) 

3.02 

(1.09-8.40)  

(0.57-14.31) 

Valpro vs Control 2 (0.00) 249 (27.75) Epilepsy 
1st 

trimester 
H H 

9.19  

(1.14-132.10) 

17.29 

(2.40-217.60)  

(1.61-274.90) 

Common between-study variance across treatment comparisons 0.12  

(0.00-1.37) 

0.16  

(0.00-1.95)  

(NA) 
Residual deviance: 24 Data points: 24 DIC: 44 

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 3.79 

Degrees of Freedom: 5 

P- value: 0.57 

Heterogeneity: 0 
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Treatment 

Comparison 

Number of 

Studies 
(Mean 

Baseline Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow 

up of 

cohorts 

MA  

Odds Ratio 

(95% CrI)
 

NMA  

Odds Ratio 

(95% CrI)  

(95% PrI)
 

Psychomotor Developmental Delay (11 studies, 1145 patients, 18 treatments) 

Carbam+Pheno+Valpro 

vs Control 
NA NR NR NR NR NR NA 

19.12 

(1.49-337.50)  

(1.34-370.40) 

Carbam+Pheno+Valpro 

vs Pheno 
NA NR NR NR NR NR NA 

19.86 

(1.38-393.60) 

 (1.26-423.30) 

Levet vs 

Carbam+Pheno+Valpro 
NA NR NR NR NR NR NA 

0.01 

(0.00-0.58)  

(0.00-0.62) 

Valpro vs Carbam 
7 

(NA) 
331 (27.80) Epilepsy 

1st 

trimester 
H H 

2.72  

(1.39-5.67) 

2.45 

(1.27-4.88)  

(0.95-6.77) 

Valpro vs Control 
5 

(0.07) 
331 (28.38) Epilepsy 

1st 

trimester 
H H 

3.53  

(1.60-8.64) 

4.16 

(2.04-8.75)  

(1.52-12.05) 

Valpro vs Pheno 
2 

(NA) 
141 (NR) Epilepsy 

1st 

trimester 
H H 

3.68  

(1.17-12.30) 

4.32 

(1.72-11.20)  

(1.34-14.51) 

Common between-study variance across treatment comparisons 
0.05  

(0.00-0.49) 

0.06  

(0.00-0.63) 

(NA) Residual deviance: 45 Data points: 51 DIC: 78 

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 13.46 

Degrees of Freedom: 21 

P- value: 0.89 

Heterogeneity: 0 
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Treatment 

Comparison 

Number of 

Studies 
(Mean 

Baseline Risk) 

Number of 

patients 
(Mean Age) 

Treatment 

Indication 
Timing 

Comparability 

of cohorts 

Adequacy 

of follow 

up of 

cohorts 

MA  

Odds Ratio 

(95% CrI)
 

NMA  

Odds Ratio 

(95% CrI)  

(95% PrI)
 

Language Delay (5 studies, 509 patients, 5 treatments) 

Valpro vs Control 
1 

(0.03) 

173 

(28.90) 
Epilepsy NR L H 

6.96  

(1.14-37.03) 

7.95 

(1.50-49.13)  

(0.96-74.52) 

Common between-study variance across treatment comparisons 
0.15  

(0.00-1.85) 

0.16  

(0.00-2.15)  

(NA) Residual deviance: 12 Data points: 14 DIC: 23 

Evaluation of consistency using the design-by-treatment 

interaction model 

Chi-square test: 2.33 

Degrees of Freedom: 3 

P- value: 0.50 

Heterogeneity: 0 

ADHD (4 studies, 750 patients, 6 treatments) 

No statistically significant results 

Residual deviance: 12 Data points: 17 DIC: 22  

Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; CrI - Credible Interval; DIC - Deviance Information Criterion; H- high risk of bias; L - low 

risk of bias; MA - Meta-analysis; NA - Not applicable; NMA - Network Meta-analysis; NR- Not Reported; PrI - Predictive Interval 

 

Carbam = Carbamazepine; Clobaz = Clobazam; Clonaz = Clonazepam; Ethos = Ethosuximide; Gabap = Gabapentin; Lamot = Lamotrigine; Levet = 

Levetiracetam; Oxcar = Oxcarbazepine; Pheno = Phenobarbital; Pheny = Phenytoin; Pridmid = Primidone; Topir = Topiramate; Valpro = Valproate; Vigab = 

Viagabatrin 
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Appendix I. Rank-heat plot of cognitive developmental delay, autism/dyspraxia, psychomotor developmental delay, language 

delay, and attention deficit hyperactivity disorder outcomes* 
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Abbreviations: carbam - carbamazepine, clobaz - clobazam, clonaz - clonazepam, ethos - ethosuximide, gabap - gabapentin, lamot - lamotrigine, levet - 

levetiracetam, oxcar - oxcarbazepine, pheno - phenobarbital, pheny - phenytoin, primid - primidone, topir - topiramate, valpro - valproate, vigab - vigabatrin 

 

*Rank-heat plot of cognitive developmental delay, autism/dyspraxia, psychomotor developmental delay, language delay, and attention deficit hyperactivity 

disorder outcomes (5 circles) and 25 treatments (25 radii). Each sector is coloured according to the surface under the cumulative ranking curve value of the 

corresponding treatment and outcome using the transformation of three colours red (0%), yellow (50%), and green (100%). 
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Appendix J. Number of studies and treatments per outcome 

Total studies 

Range 

of study 

arms 

# of 

treatments 

# of 

patients 

# of direct 

treatment 

comparisons 

# of NMA 

treatment 

comparisons 

Statistically 

significant 

NMA 

treatment 

effects 

# of 

studies 

with zero 

events in 

all arms 

# of studies 

with 

ineligible 

outcome 

definition* 

Cognitive Developmental Delay 

11 (2,8) 18 933 62 153 5 1 5 

Autism/Dyspraxia 

5 (4,6) 12 2551 34 66 8 0 4 

Neonatal Seizure 

1 (2,2) 2 69 1 0 0 1 1 

Psychomotor Developmental Delay 

11 (2,8) 18 1145 74 153 6 0 5 

Language Delay 

5 (2,4) 5 509 7 10 1 0 3 

ADHD 

5 (4,6) 7 816 20 21 0 0 0 

Social Impairment 

1 (4,4) 4 422 1 0 0 0 0 

Abbreviations: ADHD - Attention Deficit Hyperactivity Disorder; NMA - Network Meta-analysis 
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Appendix K. Sensitivity and network meta-regression analyses - Anti-epileptic drugs compared with Control 

Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Cognitive Developmental Delay – Sensitivity Analysis - Epilepsy only (10 studies, 910 patients, 17 treatments) 

Carbamazepine vs Control 2.08 (0.79 - 5.82) (0.47 - 9.34) 

Carbamazepine+Phenobarbital vs Control 0.62 (0.00 - 15.31) (0.00 - 19.29) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 4.75 (0.01 - 164.80) (0.01 - 192.50) 

Carbamazepine+Phenobarbital+Valproate vs Control 15.00 (1.00 - 367.10) (0.82 - 426.90) 

Carbamazepine+Phenytoin vs Control 9.84 (0.60 - 136.30) (0.49 - 164.50) 

Ethosuximide+Phenytoin vs Control 6.53 (0.02 - 216.00) (0.02 - 251.30) 

Gabapentin vs Control 1.43 (0.05 - 14.28) (0.04 - 18.20) 

Lamotrigine vs Control 0.79 (0.05 - 5.12) (0.05 - 6.66) 

Levetiracetam vs Control 3.46 (0.65 - 17.14) (0.47 - 23.57) 

Phenobarbital vs Control 0.55 (0.01 - 5.38) (0.01 - 6.85) 

Phenobarbital+Phenytoin vs Control 1.28 (0.00 - 36.18) (0.00 - 44.03) 

Phenytoin vs Control 2.47 (0.65 - 8.25) (0.41 - 12.47) 

Phenytoin+Valproate vs Control 3.68 (0.01 - 121.00) (0.01 - 135.00) 

Primidone vs Control 1.97 (0.25 - 12.16) (0.19 - 16.25) 

Topiramate vs Control 3.06 (0.42 - 17.51) (0.32 - 23.57) 

Valproate vs Control 7.48 (2.99 - 19.04) (1.67 - 31.21) 

Common within-network between-study variance 0.16 (0.00 - 1.36) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 12.98 

Degrees of Freedom: 14 

P-value: 0.53 

Heterogeneity: 0.00 

Cognitive Developmental Delay - Sensitivity Analysis - First generation AEDs only (6 studies, 480 patients, 13 treatments) 

Carbamazepine vs Control 1.68 (0.37 - 7.82) (0.19 - 14.98) 

Carbamazepine+Phenytoin vs Control 8.98 (0.36 - 169.90) (0.26 - 243.60) 

Carbamazepine+Phenobarbital vs Control 0.46 (0.00 - 21.02) (0.00 - 28.01) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 4.12 (0.01 - 180.10) (0.00 - 236.30) 

Carbamazepine+Phenobarbital+Valproate vs Control 12.84 (0.50 - 435.70) (0.35 - 604.30) 

Ethosuximide+Phenytoin vs Control 5.65 (0.01 - 219.00) (0.01 - 291.50) 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Phenobarbital vs Control 0.64 (0.00 - 26.02) (0.00 - 35.36) 

Phenobarbital+Phenytoin vs Control 1.06 (0.00 - 37.64) (0.00 - 50.85) 

Phenytoin vs Control 2.08 (0.26 - 12.50) (0.13 - 22.02) 

Phenytoin+Valproate vs Control 3.14 (0.00 - 135.80) (0.00 - 178.90) 

Primidone vs Control 3.30 (0.18 - 43.76) (0.12 - 68.72) 

Valproate vs Control 13.22 (3.20 - 64.06) (1.50 - 128.40) 

Common within-network between-study variance 0.27 (0.00 - 2.97) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 3.31 

Degrees of Freedom: 3 

P-value: 0.35 

Heterogeneity: 0.00 

Cognitive Developmental Delay - Sensitivity Analysis - Maternal Alcohol or Tobacco use (3 studies, 504 patients, 7 treatments) 

Carbamazepine vs Control 1.97 (0.40 - 10.01) (0.19 - 21.27) 

Gabapentin vs Control 1.47 (0.04 - 19.01) (0.02 - 27.11) 

Lamotrigine vs Control 0.41 (0.00 - 10.09) (0.00 - 13.61) 

Levetiracetam vs Control 3.55 (0.43 - 24.13) (0.23 - 42.39) 

Topiramate vs Control 3.17 (0.30 - 24.07) (0.18 - 44.87) 

Valproate vs Control 7.79 (1.84 - 29.60) (0.84 - 62.77) 

Common within-network between-study variance 0.27 (0.00 - 3.29) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 2.69 

Degrees of Freedom: 2 

P-value: 0.26 

Heterogeneity: NA 

Cognitive Developmental Delay - Sensitivity Analysis - Low Risk of Bias: "Adequacy of follow-up"  

(4 studies, 283 patients, 12 treatments) 

Carbamazepine vs Control 2.68 (0.05 - 2.9 x 10
3
) (0.03 - 4.3 x 10

3
) 

Carbamazepine+Phenobarbital vs Control 0.67 (0.00 - 2.2 x 10
3
) (0.00 - 2.9 x 10

3
) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 5.23 (0.01 - 7.2 x 10
3
) (0.00 - 1.1 x 10

4
) 

Carbamazepine+Phenobarbital+Valproate vs Control 22.18 (0.10 - 4.8 x 10
4
) (0.06 - 7.7 x 10

4
) 

Carbamazepine+Phenytoin vs Control 11.45 (0.13 - 1.2 x 10
4
) (0.07 - 1.8 x 10

4
) 

Ethosuximide+Phenytoin vs Control 6.45 (0.01 - 8.3 x 10
3
) (0.00 - 1.4 x 10

4
) 

Lamotrigine vs Control 0.52 (0.00 - 1.2 x 10
3
) (0.00 - 1.9 x 10

3
) 

Phenobarbital+Phenytoin vs Control 1.33 (0.00 - 1.8 x 10
3
) (0.00 - 2.7 x 10

3
) 

Phenytoin vs Control 1.67 (0.03 - 1.8 x 10
3
) (0.01 - 2.5 x 10

3
) 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Phenytoin+Valproate vs Control 3.94 (0.00 - 6.7 x 10
3
) (0.00 - 8.8 x10

3
) 

Valproate vs Control 5.9 (0.06 - 9.7 x 10
3
) (0.03 - 1.5 x 10

4
) 

Common within-network between-study variance 1.01 (0.01 - 5.85) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 5.07 

Degrees of Freedom: 2 

P-value: 0.08 

Heterogeneity: 0.00 

Cognitive Developmental Delay - Sensitivity Analysis - Low Risk of Bias: "Comparability of cohorts"  

(3 studies, 366 patients, 7 treatments) 

Carbamazepine vs Control 1.46 (0.11 - 19.59) (0.06 - 38.10) 

Gabapentin vs Control 1.19 (0.03 - 22.80) (0.02 - 39.35) 

Lamotrigine vs Control 0.27 (0.00 - 11.80) (0.00 - 19.37) 

Levetiracetam vs Control 2.90 (0.30 - 32.81) (0.15 - 62.97) 

Topiramate vs Control 2.55 (0.22 - 29.21) (0.11 - 64.23) 

Valproate vs Control 5.79 (1.05 - 47.35) (0.47 - 102.90) 

Common within-network between-study variance 0.38 (0.00 - 4.14) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 1.47 

Degrees of Freedom: 2 

P-value: 0.48 

Heterogeneity: NA 

Cognitive Developmental Delay – Network Meta-regression Analysis 

(11 studies, 933 patients, 18 treatments) 

Carbamazepine vs Control 1.99 (0.64 - 6.18) (0.40 - 9.77) 

Carbamazepine+Levetiracetam vs Control 0.54 (0.00 - 16.36) (0.00 - 19.87) 

Carbamazepine+Phenobarbital vs Control 0.50 (0.00 - 16.10) (0.00 - 19.36) 

Carbamazepine+Phenobarbital+Phenytoin vs Control 4.36 (0.01 - 171.20) (0.01 - 194.60) 

Carbamazepine+Phenobarbital+Valproate vs Control 14.58 (0.90 - 413.20) (0.74 - 488.90) 

Carbamazepine+Phenytoin vs Control 9.44 (0.50 - 130.50) (0.39 - 162.40) 

Ethosuximide+Phenytoin vs Control 5.77 (0.01 - 234.70) (0.01 - 268.10) 

Gabapentin vs Control 1.37 (0.04 - 15.51) (0.03 - 19.10) 

Lamotrigine vs Control 0.87 (0.07 - 5.14) (0.06 - 6.76) 

Levetiracetam vs Control 3.43 (0.57 - 18.78) (0.42 - 24.85) 

Phenobarbital vs Control 1.16 (0.13 - 8.59) (0.10 - 11.43) 

Phenobarbital+Phenytoin vs Control 1.34 (0.00 - 39.21) (0.00 - 49.39) 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Phenytoin vs Control 2.43 (0.55 - 9.14) (0.36 - 13.45) 

Phenytoin+Valproate vs Control 3.58 (0.01 - 134.20) (0.01 - 161.70) 

Primidone vs Control 2.03 (0.21 - 16.49) (0.16 - 21.39) 

Topiramate vs Control 2.93 (0.41 - 16.34) (0.31 - 22.91) 

Valproate vs Control 7.03 (2.26 - 20.02) (1.41 - 30.92) 

Common within-network between-study variance 0.16 (0.00 - 1.27)  

Regression Coefficient 1.01 (0.76 - 1.56)  

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 14.15 

Degrees of Freedom: 17 

P-value: 0.66 

Heterogeneity: 0.00 
 

Autism/Dyspraxia - Sensitivity Analysis - Large cohort (>300 patients) - (1 study, 2,551 patients, 5 treatments)** 

Clonazepam vs Carbamazepine 1.08 (0.24 - 4.85) - 

Lamotrigine vs Carbamazepine 1.20 (0.36 - 4.00) - 

Oxcarbazepine vs Carbamazepine 2.13 (0.62 - 7.35) - 

Valproate vs Carbamazepine 3.05 (0.97 - 9.52) - 

Common within-network between-study variance NA NA 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA NA 

Autism/Dyspraxia - Sensitivity Analysis - Epilepsy only (4 studies, 540 patients, 10 treatments) 

Carbamazepine vs Control 5.20 (0.54 - 90.53) (0.33 - 133.00) 

Carbamazepine+Clonazepam vs Control 7.90 (0.01 - 653.30) (0.01 - 881.00) 

Carbamazepine+Lamotrigine vs Control 4.25 (0.01 - 333.60) (0.01 - 446.90) 

Carbamazepine+Phenytoin vs Control 9.03 (0.01 - 666.30) (0.01 - 893.00) 

Lamotrigine vs Control 10.24 (1.25 - 171.40) (0.67 - 248.50) 

Lamotrigine+Valproate vs Control 120.20 (5.25 - 4.5 x 10
3
) (3.51 - 6.0 x 10

3
) 

Levetiracetam vs Control 3.52 (0.00 - 272.20) (0.00 - 364.30) 

Phenytoin vs Control 8.10 (0.01 - 577.50) (0.01 - 754.60) 

Valproate vs Control 14.41 (1.66 - 252.10) (0.88 - 378.00) 

Common within-network between-study variance 0.31 (0.00 - 3.04) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 2.9 

Degrees of Freedom: 3 

P-value: 0.41 

Heterogeneity: 0.00 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Autism/Dyspraxia - Sensitivity Analysis - Maternal Tobacco Use (4 studies, 540 patients, 10 treatments) 

Carbamazepine vs Control 2.51 (0.05 - 154.30) (0.04 - 254.50) 

Lamotrigine vs Control 24.84 (2.14 - 1.2 x 10
3
) (1.23 - 2.2 x 10

3
) 

Valproate vs Control 33.40 (2.60 -1.7 x 10
3
) (1.45 - 2.9 x 10

3
) 

Common within-network between-study variance 0.39 (0.00 - 4.47) 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA - all closed loops are formed from a multi-arm study 

Autism/Dyspraxia - Sensitivity Analysis - Maternal Alcohol Use (1 study, 156 patients, 4 treatments) 

Carbamazepine vs Control 
Excluded due to 

zero events 
- - 

Lamotrigine vs Control 4.65 (0.21 - 100.00) - 

Valproate vs Control 7.75 (0.42 - 142.86) - 

Common within-network between-study variance 1.91 (0.36 - 10.13) 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA NA 

Autism/Dyspraxia - Sensitivity Analysis - Low Risk of Bias: "Adequacy of Follow-up"  

(3 studies, 2,244 patients, 10 treatments) 

Carbamazepine vs Control 3.97 (0.17 - 2.4 x 10
3
) (0.11 - 3.0 x 10

3
) 

Carbamazepine+Clonazepam vs Control 7.48 (0.01 - 7.8 x 10
3
) (0.01 - 9.0 x 10

3
) 

Carbamazepine+Lamotrigine vs Control 4.47 (0.00 - 5.0 x 10
3
) (0.00 - 5.7 x 10

3
) 

Carbamazepine+Phenytoin vs Control 7.23 (0.01 - 6.6 x 10
3
) (0.01 - 8.2 x 10

3
) 

Clonazepam vs Control 4.88 (0.12 - 3.2 x 10
3
) (0.09 - 3.8 x 10

3
) 

Lamotrigine vs Control 6.55 (0.30 - 4.4 x 10
3
) (0.21 - 4.7 x 10

3
) 

Lamotrigine+Valproate vs Control 113.50 (2.33 - 7.8 x 10
4
) (1.62 - 8.9 x 10

4
) 

Oxcarbazepine vs Control 10.23 (0.36 - 6.8 x 10
3
) (0.26 - 7.5 x 10

3
) 

Valproate vs Control 13.97 (0.68 - 8.4 x 10
3
) (0.47 - 1.0 x 10

4
) 

Common within-network between-study variance 0.23 (0.00 - 2.88) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 2.17 

Degrees of Freedom: 3 

P-value: 0.54 

Heterogeneity: 0.00 
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Treatment Comparison NMA Odds Ratio 95% CrI 95% PrI 

Autism/Dyspraxia - Sensitivity Analysis - Low Risk of Bias: "Comparability of Cohorts"  

(4 studies, 2,395 patients, 12 treatments) 

Carbamazepine vs Control 9.55 (0.90 - 246.20) (0.61 - 329.40) 

Carbamazepine+Clonazepam vs Control 13.58 (0.01 - 1.3 x 10
3
) (0.01 - 1.6 x 10

3
) 

Carbamazepine+Lamotrigine vs Control 7.11 (0.01 - 614.20) (0.01 - 717.60) 

Carbamazepine+Phenytoin vs Control 10.97 (0.01 - 1.1 x 10
3
) (0.01 - 1.4 x 10

3
) 

Clonazepam vs Control 8.33 (0.45 - 263.10) (0.33 - 353.70) 

Lamotrigine vs Control 10.98 (1.07 - 283.50) (0.71 - 358.20) 

Lamotrigine+Valproate vs Control 194.10 (8.06 - 8.4 x 10
3
) (6.28 - 1.0 x 10

4
) 

Levetiracetam vs Control 4.25 (0.00 - 390.90) (0.00 - 485.30) 

Oxcarbazepine vs Control 17.60 (1.22 - 552.20) (0.86 - 727.40) 

Phenytoin vs Control 9.76 (0.01 - 861.60) (0.01 - 1.0 x 10
3
) 

Valproate vs Control 21.06 (1.86 - 525.40) (1.25 - 681.90) 

Common within-network between-study variance 0.19 (0.00 - 2.43) 
 

Evaluation of inconsistency using the design-by-treatment interaction model 
Chi-square test: 3.36 

Degrees of Freedom: 5 

P-value: 0.64 

Heterogeneity: 0.00 

Autism/Dyspraxia - Sensitivity Analysis - Maternal IQ (1 study, 77 patients, 6 treatments)** 

Carbamazepine+Clonazepam vs Carbamazepine 1.86 (0.07 - 47.62) - 

Carbamazepine+Lamotrigine vs Carbamazepine 1.18 (0.05 - 27.78) - 

Carbamazepine+Phenytoin vs Carbamazepine 1.86 (0.07 - 47.62) - 

Lamotrigine+Valproate vs Carbamazepine 15.87 (1.87 - 142.86) - 

Valproate vs Carbamazepine 1.33 (0.18 - 10.20) - 

Common within-network between-study variance NA NA 
 

Evaluation of inconsistency using the design-by-treatment interaction model NA NA 

Abbreviations: NMA – Network Meta-analysis; OR – odds ratio; CrI – Credible Interval; PrI – Predictive Interval 

** Network did not include a control arm, comparison with Carbamazepine is reported instead 
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