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Therapeutic drug monitoring in women and
girls

Review question

What is the appropriate serial monitoring of drug levels, including timing, in girls or women
who are thinking about conceiving, are pregnant or in the post-partum period?

Introduction

For some anti-seizure medications (ASMs), in particular phenytoin and lamotrigine, plasma
concentrations can fall during pregnancy, and so it has been suggested that monitoring may
be useful to inform dosing. A change in ASM level during pregnancy has the potential to
worsen seizure control. If ASM doses are increased in pregnancy, this may have
consequences on foetal drug exposure.

It is not known for which ASMs, if any, monitoring is beneficial in maintaining seizure control
or how and when monitoring should be carried out before, during and after pregnancy. It is
not known if pregnancy-associated ASM monitoring would be acceptable to women planning
a pregnhancy, who are pregnant or who are in the post-partum period. This review evaluates
whether there should be therapeutic drug monitoring in girls and women prior to conception
and through a pregnancy, when and by whom that monitoring should be performed, and how
the results should be communicated.

Summary of the protocol

For full details see the review protocol in Appendix A.

Table 1: PICO characteristics of review question

Population Inclusion: girls and women planning pregnancy, during pregnancy and
postpartum up to 6 months.
Exclusion: men, non-pregnant women not planning pregnancy.

Intervention Drug monitoring (measurement of drug concentration in blood or saliva) of the

following anti-seizure medications:
e Brivaracetam

Carbamazepine (for focal motor status)
Chlormethiazole (clomethiazole)
Clobazam

Clonazepam (for myoclonic status)
Diazepam

Eslicarbazepine

Ethosuximide

Fosphenytoin

Gabapentin

Lacosamide

Lamotrigine

Levetiracetam

Lorazepam

Midazolam

Oxcarbazepine

Perampanel

Phenobarbital (phenobarbitone)
Phenytoin

Pregabalin
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Primidone

Rufinamide

Steroids (methylprednisolone, prednisolone)

Stiripentol

Sulthiame

Tiagabine

Topiramate

Valproate (sodium valproate/ valproic acid)

Zonisamide

Dose according to prescriber discretion and / or local protocols.

Usual care (dose adjustments made without measuring drug levels, based on
symptoms).

e Mortality of mother or baby at study follow-up

e Seizure freedom during pregnancy and at 6 months postpartum

e Reduction in seizure frequency (50% or greater reduction in seizure
frequency)

¢ Time to first seizure in pregnancy up to 6 weeks and time to subsequent
seizure up to 1 year

e Anti-seizure medication exposure (mean daily)
¢ Quality of life (any validated measures) at study follow-up
e Adverse events

— Anti-seizure medication-related (toxicity)

— Pregnancy complications in mother and baby (admission to HDU/ICU for
mother, admission to NICU for baby)

— Seizures during labour
— Attendance at ED
— Congenital anomalies (neural tube defects (spina bifida), limb defects
(club foot), cleft lip and palette etc)
o Neurodevelopmental outcomes (Griffith Mental Development Scales and the
Bayley Scales of Infant and Toddler Development scale)
e RCTs
e Systematic reviews of RCTs
e Published NMAs and IPDs will be considered for inclusion
If insufficient RCT evidence is available, prospective observational comparative

studies will be considered only if they adjust for key confounders of the age of
epilepsy onset, classification (focal, generalised or epilepsy syndrome).

1.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4. Effectiveness evidence

1.1.4.1. Included studies

A search was conducted for randomised controlled trials comparing therapeutic monitoring to
usual care, in which any necessary dose adjustments are made without knowledge of anti-
seizure medication levels.

One Health Technology Assessment (comprising a randomised trial nested within a cohort
study and a qualitative study) was included in the review.'s" Only data from the randomised
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trial component of the study were extracted. The randomised trial is summarised in Table 2
below. Evidence from the trial is summarised in the clinical evidence summary below (Table
3). See also the study selection flow chart in Appendix C, study evidence tables in Appendix
D, forest plots in Appendix E and GRADE tables in Appendix F.

Excluded studies

See the excluded studies list in Appendix J.
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1.1.5.

Summary of studies included in the effectiveness evidence

Table 2: Summary of studies included in the evidence review

Thangaratinam
2018

UK

Therapeutic
drug monitoring
(n=130) versus
clinical features
monitoring
(n=133)

Pregnant women of < 24 weeks
gestation with a confirmed diagnosis of
epilepsy, on monotherapy (lamotrigine,
carbamazepine, phenytoin or
carbamazepine) or polytherapy
(lamotrigine with either carbamazepine,
phenytoin or levetiracetam), and with
225% reduction in serum anti-seizure
medication level at any time in
pregnancy, compared with baseline or
pre-pregnancy level.

Maternal mortality rate from

randomisation to 6 weeks post-partum.

Neonatal mortality rate.

Rate of stillbirth from randomisation to
end of pregnancy.

Proportion of women who experienced
no seizures from randomisation to 6
weeks post-partum.

Time to first seizure from
randomisation up to 6 weeks post-
partum.

Time to multiple seizures from
randomisation up to 6 weeks post-
partum.

Mean daily dose of anti-seizure
medication: monotherapy with
carbamazepine, levetiracetam or
lamotrigine, or polytherapy with
lamotrigine and levetiracetam, from

randomisation to 6 weeks post-partum.

One woman received
phenytoin monotherapy and
one woman received
lamotrigine polytherapy with
carbamazepine. No between-
group comparisons were
possible for these anti-seizure
medication regimens.

Participants were monitored for
serum anti-seizure medication
levels from baseline until 6 to 8
weeks post-partum. The time-
period of observation for
neonatal mortality was not
stated. It was assumed to be
from randomisation to 28 days
after a live birth, in keeping
with the established definition
of the neonatal period.

Period of observation for rate
of admission to neonatal unit
was not stated but assumed to
be from randomisation to 4
weeks post-partum.
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Quality of life (QOLIE-31 and QOLIE-
31 Overall Health) from randomisation
to 36 weeks gestation.

Quality of life (EQ-5D) from
randomisation to 6 weeks post-partum.

Maternal admission to HDU/ICU from
randomisation to 6 weeks post-partum.

Rate of admission to neonatal unit.

Rate of major congenital malformation
from randomisation to 6 weeks post-
partum.

See Effectiveness evidence for full evidence tables.
1.1.6. Summary of the effectiveness evidence

Table 3: Clinical evidence summary: therapeutic drug monitoring versus clinical features monitoring
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Quality of life (QOLIE-31
Overall Health)

Quality of life (QOLIE-31)

Quality of life (EQ-5D)

Risk of first seizure

Risk of multiple seizures

Seizure freedom

Maternal mortality

225
Randomisation to
36 weeks gestation

224
Randomisation to
36 weeks gestation

201
Randomisation to
6 weeks post-
partum

257
Randomisation to
6 weeks post-
partum

257
Randomisation to
6 weeks post-
partum

257
Randomisation to
6 weeks post-
partum

263
Randomisation to
6 weeks post-
partum

LOwWaP The mean quality of life
due to risk of bias (QOLIE-31 Overall Health) in
the control group was 7.3

LOWa< due to The mean quality of life
risk of bias (QOLIE-31) in the control
group was 73.7

LOW¢<e due to The mean quality of life (EQ-

risk of bias 5D) in the control group was
0.9

VERY LOWaf HR 0.8 Not available

due to risk of (0.55 to 1.16)
bias, imprecision

VERY LOW?9 HR 1.4 Not available
due to risk of (0.73 t0 2.68)
bias, imprecision

LOW?f due to RR 1.01 615 per 1000
risk of bias (0.83 t0 1.22)

LOW®"" due to risk
of bias,
imprecision

10

The mean quality of life (QOLIE-31
Overall Health) in the intervention group
was 0.35 lower (0.72 lower to 0.02
higher).

The mean quality of life (QOLIE-31) in the
intervention groups was 2.5 lower (5.1
lower to 0.1 higher).

The mean quality of life (EQ-5D) in the

intervention groups was no higher or
lower (0.05 lower to 0.05 higher).

RD not calculable

RD not calculable

6 more per 1000

(from 105 fewer to 135 more)

RD 0.00 (-0.01 to 0.01
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Maternal admission to
HDU/ICU

Mean daily carbamazepine
exposure (monotherapy)

Mean daily lamotrigine
exposure (monotherapy)

Mean daily levetiracetam
exposure (monotherapy)

Mean daily levetiracetam
exposure (in women on
levetiracetam plus
lamotrigine polytherapy)

Mean daily lamotrigine
exposure (in women on
levetiracetam plus
lamotrigine polytherapy)

Stillbirth

257
Randomisation to
6 weeks post-
partum

36

138

62

25

25

259

VERY LOWS"due OR 1.8 (0.41

to risk of bias,
imprecision

VERY LOW" due
to risk of bias,
imprecision

LOWH due to risk
of bias,
imprecision

LOWrk due to risk
of bias,
imprecision

VERY LOW" due
to risk of bias,
imprecision

LOW"™ due to
risk of bias,
imprecision

VERY LOWS" due Peto OR 0.14 15 per 1000
(0.01 to 2.31)

to risk of bias,
imprecision

23 per 1000

The mean daily The mean daily carbamazepine exposure
carbamazepine exposure (monotherapy) in the intervention group
(monotherapy) in the control  was 12.1 lower (226.7 lower to 202.5
group was 695 mg higher)

The mean daily lamotrigine ~ The mean daily lamotrigine exposure
exposure (monotherapy) in the (monotherapy) in the intervention group
control group was 252.6 mg  was 32.3 higher (14.4 lower to 79 higher)

The mean daily levetiracetam The mean daily levetiracetam exposure

exposure (monotherapy) in the (monotherapy) in the intervention group

control group was 1628.5 mg was 166.5 higher (229.8 lower to 562.8
higher)

The mean daily levetiracetam The mean daily levetiracetam exposure
exposure (women on (women on levetiracetam plus lamotrigine
levetiracetam plus lamotrigine polytherapy) in the intervention group was
polytherapy) in the control 137.3 lower (945.9 lower to 671.3 higher)
group was 2122.2 mg

The mean daily lamotrigine ~ The mean daily lamotrigine exposure
exposure (women on (women on levetiracetam plus lamotrigine
levetiracetam plus lamotrigine polytherapy) in the intervention group was
polytherapy) in the control 97.4 higher (28.7 lower to 223.5 higher)
group was 413.8 mg

13 fewer per 1000
(from 15 fewer to 19 more)
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Neonatal mortality 260 LOWP" due to risk RD 0.0 (-0.01 to 0.01)
of bias,
imprecision
Maijor congenital 259 VERY LOWS9"due OR 0.66 (0.23 75 per 1000
malformation to risk of bias, to 1.89)
imprecision
Admission to Neonatal 259 VERY LOW9"due OR 1.6 (0.29 134 per 1000
Intensive Care Unit to risk of bias, to 8.83)
imprecision

2 There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not blinded and for this outcome
participants were outcome assessors. Bias could arise through differential reporting of the outcome.

® MID for this outcome was calculated as -/+ 0.8.

¢ The MID for this outcome was -/+6.75.

9 There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not blinded and for this outcome
participants were outcome assessors. Bias could arise through differential reporting of the outcome. There was a high but similar rate of attrition in both groups.

¢ The MID for this outcome was -/+ 0.09.

f The MID for this outcome was 0.8 and 1.25.

9 The MID for this outcome was 0.8 and 1.25. The outcome was downgraded by 2 increments as the confidence interval crossed both MIDs.

" There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias.

" The MID for this outcome was -/+168.2. The outcome was downgraded by 1 increment as the confidence interval crossed one MID.

1 The MID for this outcome was -/+74.0. The outcome was downgraded by 1 increment as the confidence interval crossed one MID.

k The MID for this outcome was -/+463.25. The outcome was downgraded by 1 increment as the confidence interval crossed one MID.

'"The MID for this outcome was -/+538.75. The outcome was downgraded by 2 increments as the confidence interval crossed both MIDs.

™ The MID for this outcome was -/+45.55. The outcome was downgraded by 1 increment as the confidence interval crossed one MIDs.

" Downgraded by 1 increment as the outcome is from a single study with zero events in both arms, and sample size >70 and <350.

Table 4: Clinical evidence summary: therapeutic drug monitoring versus clinical features monitoring

See Appendix F for full GRADE tables.
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Economic evidence

Included studies

No health economic studies were included.

Excluded studies

No relevant health economic studies were excluded due to assessment of limited
applicability or methodological limitations.

See also the health economic study selection flow chart in Appendix G.

Economic model

This area was not prioritised for a new cost-effectiveness analysis.

Unit costs
Relevant unit costs are provided below to aid consideration of cost-effectiveness.

Cost of staff time

Resource Unit costs
Hospital-based nurse, Band 6: Cost per hour £53
Hospital-based doctor, Speciality registrar: Cost per hour £58

Source: PSSRU 20207, including qualification costs

Cost of test for therapeutic drug monitoring

Therapeutic drug monitoring can be conducted by epilepsy centres internally if they have the
appropriate resources. In addition, epilepsy centres that can undertake testing internally can
also charge for these tests if they are requested externally.

The unit costs provided are illustrative of the costs observed for one epilepsy centre and
indicate the cost of external testing for those epilepsy centres that are unable to provide
therapeutic drug monitoring through use of internal resources.

Resource Internal testing External testing
Cost of tests for Lamotrigine, Phenytoin, and £9.50 £12.50
Carbamazepine

Levetiracetam £22.50 £30

Source: Guideline Committee member
Committee’s discussion and interpretation of the evidence

The outcomes that matter most

The selection of outcomes in the protocol reflected concern that physiological changes

during pregnancy can have a marked effect on the serum concentrations of ASMs, that

deterioration in seizure control can be harmful to both the mother and foetus, and that there

are foetal risks associated with exposure to ASMs. The outcomes comprised: mortality of

mother or baby at study follow-up, seizure freedom during pregnancy and at six months post-

partum, reduction in seizure frequency (50% or more), time to first seizure in pregnancy and
13
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up to up to six weeks post-partum, time to subsequent seizures (within an observation period
of up to one year), ASM exposure (mean daily), and quality of life (using any validated
measures) at study follow-up. Also included were the following adverse events: ASM toxicity,
pregnancy complications in the mother or baby (maternal admission to a high dependency or
intensive care unit or admission of the baby to a neonatal intensive care unit), seizures
during labour, attendance at an emergency department, congenital anomalies, and
neurodevelopmental outcomes.

There was no evidence found for the following outcomes: reduction in seizure frequency,
ASM toxicity, seizures during labour and neurodevelopmental impairment.

The quality of the evidence

Evidence was provided by a single randomised controlled trial of therapeutic drug monitoring
(TDM) versus clinical features monitoring (CFM) among women under 24 weeks gestation in
whom ASM concentrations had fallen by 25% or more. In the TDM group, monthly ASM
concentrations were communicated to the responsible clinician. In the CFM group, the
mother and responsible clinician were unaware of the ASM concentrations. The quality of
evidence for protocol-specified outcomes ranged from low to very low. This was due to risk of
bias and low precision. The risk of bias arose from a lack of clarity about allocation
concealment and a lack of blinding among outcome assessors. Low precision arose from a
failure to recruit the target number of participants. Four outcomes were reasonably precise:
quality of life measured using QOLIE-31 and QOLIE-31 (Overall Health) favoured CFM
rather than TDM, but the effects were very small; and neither quality of life measured using
EQ-5D nor seizure freedom differed between TDM and monitoring based on clinical features
alone. The committee noted that the control (CFM) group had background measurement of
ASM concentrations, and that clinicians managing the care of those women made dosing
decisions in the knowledge that those measurements could be revealed in certain
circumstances. These circumstances included, for example, if levels were found to be above
the therapeutic range with risks of toxicity. Knowledge of the background drug levels for the
control group could potentially underestimate any benefit observed by performing therapeutic
drug monitoring. Some discrepancies in the reporting of the study were also highlighted. For
example, the mean ASM exposures in each group for women on both levetiracetam and
lamotrigine appear to have been entered in reverse order. This impacted the confidence of
the committee in making recommendations based on this trial. It was agreed that the trial
was inconclusive, neither providing clear evidence in favour of TDM in pregnancy, nor
providing clear evidence against it. A research recommendation was therefore made for
further study to address the clinical and cost effectiveness of decisions about TDM in girls,
young women, and women with epilepsy.

No evidence was found for drug monitoring in women or girls pre-conception or in the post-
partum period beyond 6 weeks.

Benefits and harms

The committee agreed that there was no clinically important difference seen in any of the
included outcomes. For most outcomes, this was because of a lack of precision, a risk of
bias, or both.

There were, however, four outcomes with reasonably precise estimates. Quality of life
measured on the QOLIE-31 scale (maximum score 100) yielded an adjusted mean difference
of 2.5 points lower with TDM, with a 95% confidence interval of 5.1 lower to 0.1 higher. This
most likely indicates better quality of life with clinical features monitoring, but by a very small
amount of 5.1 points at best. Quality of life measured on the overall health item of the
QOLIE-31 scale (maximum score 10) yielded an adjusted mean difference of 0.35 points
lower with TDM, with a 95% confidence interval of 0.72 points lower to 0.02 points higher.
Again, this potentially indicates better quality of life with CFM, but by a very small degree.
Quality of life measured on the EQ5-D scale (maximum score 1) showed no difference

14
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between groups (adjusted mean difference 0.0, 95% confidence interval -0.05 to 0.05). The
effect (if any) was therefore very small and of indeterminate direction. Lastly, the proportion
of women without any seizures over the whole period of observation was similar in each
group, yielding an absolute risk difference of only six more women per thousand in the TDM
group. The maximum and minimum plausible values (105 women fewer to 135 women more)
could be clinically important, but the point estimate suggests very little difference, and the
direction of effect (if any) was unclear.

The committee agreed to reflect MHRA safety advice on monitoring of ASMs in pregnancy in
their recommendations. However, given the limited and inconclusive evidence included in
this review, the committee felt a research recommendation was needed to encourage more
research in this area.

The committee highlighted the importance of obtaining preconception levels of antiseizure
medication as a baseline level to compare and titrate against when monitoring drug levels
during pregnancy. Where preconception levels were not possible, the committee
recommended using levels recorded as early as possible in pregnancy. The committee
agreed informal consensus recommendations were needed to ensure the preference of the
women and girls was considered, that adequate information for the care of women and girls
with epilepsy who are pregnant is accessible to all the healthcare teams involved.
Furthermore, more frequent monitoring should be offered to vulnerable groups i.e., women
and girls with learning disabilities, under the age of 16 years, with active epilepsy (a seizure
within the past 12 months) who have bilateral tonic-clonic seizures or are at higher risk of
SUDEP such as not adhering to medication, seizures during sleep or living alone. The
committee agreed, the care of women and girls who are pregnant, or planning pregnancy
should be within an epilepsy specialist team, who can provide advice on any adjustments to
the ASM prescribed. They also noted the importance of providing advice on not stopping
medication without first discussing with a clinician.

The committee highlighted questions or concerns often raised about breastfeeding after the
birth. They agreed published data is limited but has shown the amount of drugs in breast milk
is extremely small and has not demonstrated any harm to the baby. They agreed that the
advantages of breastfeeding outweighed any small risk of the drug affecting the baby.

Cost effectiveness and resource use

No health economic evidence was identified for this review question. The committee agreed
that current practice is not consistent nationally with regards to therapeutic drug monitoring
pre-conception and during pregnancy. In some centres, women will have their drug levels
assessed pre-conception and then receive regular monitoring throughout their pregnancy.
Conversely, in other centres drug monitoring is rarely or never done. The drug levels are
measured through blood tests. The committee noted that for some of the drugs, the tests
need to be sent away at high cost and take time to come back limiting their clinical value. It
was thought that most centres would be able to obtain concentrations of levetiracetam,
lamotrigine, carbamazepine, phenytoin, phenobarbitone and sodium valproate within a
reasonable time frame.

The committee noted that monitoring should typically be conducted three months prior to
actively trying to conceive and once the dosage of ASMs are stable. An additional
appointment would then be required once a person has conceived. Subsequent monitoring is
then dependent on how the initial ASM concentration compares to pre-conception dosing. If
the ASM concentration has not changed, monitoring may only be undertaken once per
trimester. However, if the ASM concentration has dropped substantially, therapeutic drug
monitoring is required more frequently.

15
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Because therapeutic drug monitoring is variable in current practice, the committee concluded
it was difficult to determine which health care professional would typically undertake
therapeutic drug monitoring in current practice. However, the committee noted that
therapeutic drug monitoring would likely either be undertaken by an epilepsy nurse or doctor.
The cost of an epilepsy nurse is £53 per hour, and the cost of a doctor is £58 per hour.
Therefore, assuming a 15-minute appointment, the cost of staff time for monitoring per
appointment is £13.25 and £14.50, respectively. The overall cost of monitoring based on the
unit costs provided indicates that monitoring would cost between £23.00 - £44.50 per
monitoring appointment.

The committee made recommendations which are in line with the MHRA safety advice on
monitoring in pregnancy. Because there are a proportion of people who do not currently
receive therapeutic drug monitoring there may be an increase in drug monitoring compared
to current practice.

Other factors the committee took into account

The committee discussed the current MHRA guidance that includes advice to monitor
lamotrigine concentration before, during, and after pregnancy (including shortly after birth), to
ensure appropriate clinical management of pregnant women treated with levetiracetam, to
‘consider’ monitoring concentrations of the active metabolite of oxcarbazepine (including
postpartum if the dose was changed during pregnancy), and that monitoring of phenytoin
concentrations may be valuable as a guide to appropriate adjustment of dosage. The
committee decided, therefore to make a recommendation to monitor drug levels in women or
girls who are planning a pregnancy or are pregnant and prescribed these particular ASMs in
line with guidance provided by the MHRA guidance and also given in the BNF. It was noted
that routine care already includes more frequent monitoring of women and girls who are
pregnant if they are under the age of sixteen, have very active epilepsy, have bilateral tonic-
clonic seizure or have learning disabilities. For further discussion of MHRA guidance, see
evidence review F Safety of ASM in women and girls.

The committee also discussed the MBRRACE-UK 2019 report ‘Saving Lives, Improving
Mothers’ Care’ which highlighted that maternal deaths have occurred after ASM
concentrations have been monitored but not subsequently acted upon. This was of
considerable concern to the committee who agreed that were an ASM level to be checked, it
was essential that level was checked and acted on appropriately.

The committee considered that there is variation in practice with the recommendations
reflecting current practice in some areas but not in others. They agreed that risk perceptions
differ among clinicians, and that ASM prescribing also varies across healthcare settings.
These can all influence the advice given to women and girls and their experience of care.
These variations make it difficult to make judgements about resource impact.

Recommendations supported by this evidence review

This evidence review supports recommendations 4.5.2 to 4.5.11 and a research
recommendation on therapeutic drug monitoring in women and girls in the NICE guideline.
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Appendices

Appendix A Review protocols

A.1 Review protocol for therapeutic drug monitoring in pregnancy

ID Field Content

1. Review title What is the appropriate serial monitoring of drug levels, including timing, in girls or women who are thinking
about conceiving, are pregnant or in the post-partum period?

2. Review question To evaluate whether therapeutic drug monitoring of girls or women on AEDs during pregnancy and post-partum
reduces seizure deterioration compared with clinical features monitoring after a reduction in serum AED levels
and at which time intervals should monitoring take place.

3. Objective The review will determine whether therapeutic drug monitoring of girls and women during and after pregnancy
reduces the probability of seizure deterioration and whether particular frequencies of monitoring should be
recommended.

4. Searches

Key paper: EMPIRE study

Thangaratinam S, Marlin N, Newton S, Weckesser A, Bagary M, Greenhill L, et al. AntiEpileptic drug Monitoring
in PREgnancy (EMPIRE): a double-blind randomised trial on effectiveness and acceptability of monitoring
strategies. Health Technol Assess. 2018;22(23):1-152. pmid:29737274

The following databases will be searched: Cochrane Central Register of Controlled Trials (CENTRAL)
¢ Cochrane Database of Systematic Reviews (CDSR)

e Embase
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e MEDLINE
Searches will be restricted by:
e English language studies

e Human studies

Other searches:

o Reference checking of systematic reviews

The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for
inclusion if relevant.

The full search strategies will be published in the final review.

5. Condition or domain being Pregnancy can affect how drugs are metabolised. In women or girls who are pregnant. Drug monitoring can help
studied to assess what effect pregnancy may have on AEDs and what changes to prescribing AEDs might be needed to
control seizures.
6. Population Inclusion: girls and women planning pregnancy, during pregnancy and postpartum up to 6 months
Exclusion: men, non-pregnant women not planning pregnancy
7. Intervention/Exposure/Test

Drug monitoring (measurement of drug concentration in blood or saliva) of the following AEDs:
Brivaracetam

Carbamazepine (for focal motor status)

Chlormethiazole (clomethiazole)

Clobazam
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Clonazepam (for myoclonic status)
Diazepam

Eslicarbazepine

Ethosuximide

Fosphenytoin

Gabapentin

Lacosamide

Lamotrigine

Levetiracetam

Lorazepam

Midazolam

Oxcarbazepine

Perampanel

Phenobarbital (phenobarbitone)
Phenytoin

Pregabalin

Primidone

Rufinamide

Steroids (methylprednisolone, prednisolone)
Stiripentol

Sulthiame

Tiagabine

Topiramate

Valproate (sodium valproate/ valproic acid)
Zonisamide

Dose according to prescriber discretion and / or local protocols

8. Comparator/Reference
standard/Confounding factors

usual care (adjustments without level)
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outcomes)

9. Types of study to be included RCTs
Systematic reviews of RCTs
Published NMAs and IPDs will be considered for inclusion
If insufficient RCT evidence is available, prospective observational comparative studies will be considered only if
they adjust for key confounders of age of epilepsy onset, classification (focal, generalised or epilepsy syndrome).

10. | Other exclusion criteria
Non-English language studies.

Conference abstracts will be excluded as it is expected there will be sufficient full text published studies
available.

11. | Context During pregnancy, women with epilepsy who take antiepileptic drugs may experience a reduction in serum AED
levels. This has the potential to worsen seizure control with potential consequences for the mother and her
unborn child. If AED doses are increased in pregnancy this may have consequences on fetal exposure to
antiepileptic drugs.

12. | Primary outcomes (critical

e Mortality of mother or baby at study follow-up

¢ seizure freedom during pregnancy and at 6 months post-partum

¢ Reduction in seizure frequency (50% or greater reduction in seizure frequency)
e time to first seizure in pregnancy and up to up to 6 weeks post-partum

e time to subsequent seizure up to 1 year

e AED drug exposure (mean daily)

e quality of life (any validated measures) at study follow-up

e adverse events
— AED related (toxicity)
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— Pregnancy complications in mother and baby (admission to HDU/ICU for mother, admission to NICU for
baby)

— Seizures during labour

— Attendance at ED
Congenital anomalies (neural tube defects (spina bifida), limb defects (club foot), cleft lip and palette etc)
Neurodevelopmental outcomes (Griffith Mental Development Scales and the Bayley Scales of Infant and

Toddler Development scale)

13.

Secondary outcomes (important

None
outcomes)
14. | Data extraction (selection and EndNote will be used for reference management, sifting, citations and bibliographies. All references identified by
coding) the searches and from other sources will be screened for inclusion. 10% of the abstracts will be reviewed by two
reviewers, with any disagreements resolved by discussion or, if necessary, a third independent reviewer. The full
text of potentially eligible studies will be retrieved and will be assessed in line with the criteria outlined above.
EViBASE will be used for data extraction.
15. | Risk of bias (quality) assessment

Risk of bias will be assessed using the appropriate checklist as described in Developing NICE guidelines: the
manual.

For Intervention reviews

¢ Systematic reviews: Risk of Bias in Systematic Reviews (ROBIS)

¢ Randomised Controlled Trial: Cochrane RoB (2.0)

¢ Nonrandomised study, including cohort studies: Cochrane ROBINS-I

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:
e papers were included /excluded appropriately

e a sample of the data extractions
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e correct methods are used to synthesise data
¢ a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular studies will be resolved by
discussion, with involvement of a third review author where necessary.

16.

Strategy for data synthesis

¢ Pairwise meta-analyses will be performed using Cochrane Review Manager (RevMan5).

o GRADEpro will be used to assess the quality of evidence for each outcome, taking into account individual
study quality and the meta-analysis results. The 4 main quality elements (risk of bias, indirectness,
inconsistency and imprecision) will be appraised for each outcome. Publication bias is tested for when there
are more than 5 studies for an outcome.

The risk of bias across all available evidence was evaluated for each outcome using an adaptation of the
‘Grading of Recommendations Assessment, Development and Evaluation (GRADE) toolbox’ developed by the
international GRADE working group http://www.gradeworkinggroup.org/

e Where meta-analysis is not possible, data will be presented, and quality assessed individually per outcome.

Heterogeneity between the studies in effect measures will be assessed using the I? statistic and visually
inspected. An I? value greater than 50% will be considered indicative of substantial heterogeneity. Sensitivity
analyses will be conducted based on pre-specified subgroups using stratified meta-analysis to explore the
heterogeneity in effect estimates. If this does not explain the heterogeneity, the results will be presented pooled
using random effects.

Consider groups identified in the equality impact assessment.
Indicate any modifiers of treatment effect/confounders that will be used to try to explain heterogeneity.]
Please see example protocols for relevant text:

N:\TECHNICAL TEAMS\Research Fellows\Methodology RF\Current processes\Processes same in all types of

review\Protocols\Example protocols
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17. | Analysis of sub-groups Groups to be considered from the equality impact assessment:
women with learning disabilities
Statistically heterogeneity will be assessed by visually examining the forest plots and by calculating the |2
inconsistency statistic (with an I? value of more than 50% indicating considerable heterogeneity). In the event of
heterogeneity, subgroup analysis will be undertaken based on the following possible modifiers of treatment
effect:
18. | Type and method of review Intervention
O Diagnostic
] Prognostic
O Qualitative
O Epidemiologic
O Service Delivery
] Other (please specify)
19. | Language English
20. Country England
23. | Stage of review at time of this Review stage Started Completed
submission Preliminary searches r r
Piloting of the study selection process r B
Formal screening of search results against eligibility criteria r B
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Data extraction

Risk of bias (quality) assessment

Data analysis

24. | Named contact 5a. Named contact. Angela Cooper
National Guideline Centre
Angela.cooper@rcplondon.ac.uk
5b Named contact e-mail
epilepsies@nice.org.uk

5b Named contact e-mail

epilepsies@nice.org.uk

5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE) and the National Guideline Centre

25. | Review team members From the National Guideline Centre:

From the National Guideline Centre:

Gill Ritchie, Guideline Lead

Angela Cooper, Senior Research Fellow
Rafina Yarde, Systematic reviewer

Margaret Constanti, Senior Health economist

Joseph Runicles, Information specialist

26. | Funding sources/sponsor This systematic review is being completed by the National Guideline Centre which receives funding from NICE.
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27. | Conflicts of interest All guideline committee members and anyone who has direct input into NICE guidelines (including the evidence
review team and expert witnesses) must declare any potential conflicts of interest in line with NICE's code of
practice for declaring and dealing with conflicts of interest. Any relevant interests, or changes to interests, will
also be declared publicly at the start of each guideline committee meeting. Before each meeting, any potential
conflicts of interest will be considered by the guideline committee Chair and a senior member of the development
team. Any decisions to exclude a person from all or part of a meeting will be documented. Any changes to a
member's declaration of interests will be recorded in the minutes of the meeting. Declarations of interests will be
published with the final guideline.

28. | Collaborators Development of this systematic review will be overseen by an advisory committee who will use the review to
inform the development of evidence-based recommendations in line with section 3 of Developing NICE
guidelines: the manual. Members of the guideline committee are available on the NICE website:
https://www.nice.org.uk/guidance/indevelopment/gid-ng10112.

29. | Other registration details

30. | Reference/URL for published

protocol

31. | Dissemination plans NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:
¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts
e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social

media channels, and publicising the guideline within NICE.

32. | Keywords

33. | Details of existing review of same

topic by same authors
34. | Current review status

O Ongoing

X

Completed but not published
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O Completed and published
O Completed, published and being updated
O Discontinued

35. | Additional information

36. | Details of final publication

www.nice.org.uk
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A.2 Health economic review protocol

Review
question

Objectives

Search
criteria

Search
strategy

Review
strategy

All questions — health economic evidence

To identify health economic studies relevant to any of the review questions.

e Populations, interventions and comparators must be as specified in the clinical
review protocol above.

o Studies must be of a relevant health economic study design (cost—utility analysis,
cost-effectiveness analysis, cost—benefit analysis, cost—consequences analysis,
comparative cost analysis).

o Studies must not be a letter, editorial or commentary, or a review of health
economic evaluations. (Recent reviews will be ordered although not reviewed. The
bibliographies will be checked for relevant studies, which will then be ordered.)

e Unpublished reports will not be considered unless submitted as part of a call for
evidence.

o Studies must be in English.

A health economic study search will be undertaken using population-specific terms
and a health economic study filter.

Studies not meeting any of the search criteria above will be excluded. Studies
published before 2004, abstract-only studies and studies from non-OECD countries
or the USA will also be excluded.

Studies published after 2004 that were included in the previous guideline(s) will be
reassessed for inclusion and may be included or selectively excluded based on their
relevance to the questions covered in this update and whether more applicable
evidence is also identified.

Each remaining study will be assessed for applicability and methodological limitations
using the NICE economic evaluation checklist which can be found in appendix H of
Developing NICE guidelines: the manual (2014).25

Inclusion and exclusion criteria

o |If a study is rated as both ‘Directly applicable’ and with “Minor limitations” then it will
be included in the guideline. A health economic evidence table will be completed,
and it will be included in the health economic evidence profile.

o If a study is rated as either ‘Not applicable’ or with “Very serious limitations” then it
will usually be excluded from the guideline. If it is excluded, then a health economic
evidence table will not be completed, and it will not be included in the health
economic evidence profile.

o |If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both then there is discretion over whether it should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question, in discussion with the guideline
committee if required. The ultimate aim is to include health economic studies that are
helpful for decision-making in the context of the guideline and the current NHS
setting. If several studies are considered of sufficiently high applicability and
methodological quality that they could all be included, then the health economist, in
discussion with the committee if required, may decide to include only the most
applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with
explanation in the excluded health economic studies appendix below.

The health economist will be guided by the following hierarchies.
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Setting:
o UK NHS (most applicable).

o OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).

o OECD countries with predominantly private health insurance systems (for example,
Switzerland).

o Studies set in non-OECD countries or in the USA will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:

o Cost-utility analysis (most applicable).

o Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness
analysis, cost—consequences analysis).

o Comparative cost analysis.

¢ Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.

Year of analysis:

e The more recent the study, the more applicable it will be.

o Studies published in 2004 or later (including any such studies included in the
previous guideline(s)) but that depend on unit costs and resource data entirely or
predominantly from before 2004 will be rated as ‘Not applicable’.

e Studies published before 2004 (including any such studies included in the
previous guideline(s)) will be excluded before being assessed for applicability and
methodological limitations.

Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review the
more useful the analysis will be for decision-making in the guideline.
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Appendix B Literature search strategies

This literature search strategy was used for the following review:
e To evaluate whether therapeutic drug monitoring of girls or women on AEDs during
pregnancy and post-partum reduces seizure deterioration compared with clinical features

monitoring after a reduction in serum AED levels and at which time intervals should
monitoring take place.

The literature searches for this review are detailed below and complied with the methodology
outlined in Developing NICE guidelines: the manual.?®

For more information, please see the Methodology review published as part of the
accompanying documents for this guideline.

Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies for interventions as these concepts may not be well
described in title, abstract or indexes and therefore difficult to retrieve. Search filters were
applied to the search where appropriate.

Table 5: Database date parameters and filters used
Database Dates searched Search filter used
Medline (OVID) 1946 — 10 August 2020 Randomised controlled trials
Systematic review studies
Observational studies

Exclusions

Embase (OVID) 1974 — 10 August 2020 Randomised controlled trials
Systematic review studies
Observational studies

Exclusions
The Cochrane Library (Wiley) Cochrane Reviews to 2020 None
Issue 8 of 12
CENTRAL to 2020 Issue 8 of
12

Medline (Ovid) search terms

1. exp female/

exp pregnancy/

pregnancy outcome/

exp pregnancy complications/

exp prenatal exposure delayed effects/

postnatal care/

postpartum period/

exp Breast Feeding/

©|® N |0k WD

(female* or wom?n or girl or pregnan™ or conception or prenatal or pre-natal or
postnatal or post-natal or postpartum or post-partum or conceiv* or breast feed* or
breastfeed* or breastfed or breast fed or breast milk or breastmilk or mother* milk or
human milk or colostrum).ti,ab.
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10. or/1-9

11. exp epilepsy/

12. seizures/

13. exp status epilepticus/

14. seizures, febrile/

15. (dravet syndrome or epilep* or convuls* or continuous spike wave or slow sleep or
landau kleffner syndrome or lennox gastaut syndrome or infant* spasm* or seizure* or
west syndrome).ti,ab.

16. or/11-15

17. 10 and 16

18. letter/

19. editorial/

20. news/

21. exp historical article/

22. Anecdotes as Topic/

23. comment/

24, case report/

25. (letter or comment™).ti.

26. or/18-25

27. randomized controlled trial/ or random*.ti,ab.

28. 26 not 27

29. animals/ not humans/

30. exp Animals, Laboratory/

31. exp Animal Experimentation/

32. exp Models, Animal/

33. exp Rodentia/

34. (rat or rats or mouse or mice).ti.

35. or/28-34

36. 17 not 35

37. randomized controlled trial.pt.

38. controlled clinical trial.pt.

39. randomi#ed.ti,ab.

40. placebo.ab.

41. randomly.ti,ab.

42. Clinical Trials as topic.sh.

43. trial.ti.

44, or/37-43

45, Meta-Analysis/

46. exp Meta-Analysis as Topic/

47. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

48. ((systematic* or evidence*) adj3 (review” or overview*)).ti,ab.

49, (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

50. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

51. (search* adj4 literature).ab.

52. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.
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53. cochrane.jw.

54, ((multiple treatment™ or indirect or mixed) adj2 comparison®).ti,ab.

55. or/45-54

56. Epidemiologic studies/

57. Observational study/

58. exp Cohort studies/

59. (cohort adj (study or studies or analys* or data)).ti,ab.

60. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

61. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys* or cohort* or data)).ti,ab.

62. Controlled Before-After Studies/

63. Historically Controlled Study/

64. Interrupted Time Series Analysis/

65. (before adj2 after adj2 (study or studies or data)).ti,ab.

66. exp case control studies/

67. case control*.ti,ab.

68. Cross-sectional studies/

69. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

70. or/56-69

71. Monitoring, Physiologic/ or Monitoring, Ambulatory/ or Neurophysiological Monitoring/

72. monitor*.ti,ab.

73. Patient compliance/ or Medication Adherence/ or Drug Monitoring/

74. exp Patient Outcome Assessment/

75. ("patient reported outcome measures" or PROM).ti,ab.

76. "Continuity of Patient Care"/

77. patient care/

78. "Delivery of Health Care, Integrated"/

79. critical pathways/

80. ((care or clinical or critical or patient*) adj2 manag*).ti,ab.

81. Telemetry/ or Telemedicine/

82. (telemonitor® or telemedicine or telehealth or tele medicine or tele health or
smartphone* or smart phone or ipad* or iphone* or device* or virtual or remote or
wireless or internet or wifi or wi fi).ti,ab.

83. exp "Appointments and Schedules"/

84. Self-Care/

85. (self adj (care or caring or manag* or checkup or check® up or assess* or test* or
evaluat®)).ti,ab.

86. ((survellian* or review* or assess™ or test* or evaluat® or program* or observed or
observation* or provision or strateg* or clinic or clinics or pattern* or followup* or follow
up* or checkup or check up* or appointment*) adj3 (timing* or timed or time point* or
times or duration or interval* or year* or annual* or biannual or month* or period* or
frequen® or infrequent™ or continu* or intermittent or irregular or routine* or regular* or
schedul* or longterm or long term or short-term or short term or early or earliest * or
proactiv* or special* or nurse* or general practi* or GP or family practi* or doctor* or
medical or physician* or patient* or outpatient* or out-patient*)).ti,ab.

87. ((drug* or medication* or pharm*) adj (compliance or complying or adher*)).ti,ab.

88. or/71-87

89. 36 and 88

90. 89 and (44 or 55 or 70)
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| o1. | limit 90 to English language
Embase (Ovid) search terms

1. exp female/

2. exp pregnancy/

3. pregnancy outcome/

4. pregnancy complication/

5. prenatal exposure/

6. postnatal care/

7. puerperium/

8. breast feeding/

9. (female* or wom?n or girl or pregnan* or conception or prenatal or pre natal or
postnatal or post natal or postpartum or post-partum or conceiv* or breast feed* or
breastfeed* or breastfed or breast fed or breast milk or breastmilk or mother* milk or
human milk or colostrum).ti,ab.

10. or/1-9

11. exp epilepsy/

12. seizure/

13. epileptic state/

14. febrile convulsion/

15. (dravet syndrome or epilep* or convuls* or continuous spike wave or slow sleep or
landau kleffner syndrome or lennox gastaut syndrome or infant* spasm* or seizure* or
west syndrome).ti,ab.

16. or/11-15

17. letter.pt. or letter/

18. note.pt.

19. editorial.pt.

20. case report/ or case study/

21. (letter or comment*).ti.

22, or/17-21

23. randomized controlled trial/ or random*.ti,ab.

24, 22 not 23

25. animal/ not human/

26. nonhuman/

27. exp Animal Experiment/

28. exp Experimental Animal/

29. animal model/

30. exp Rodent/

31. (rat or rats or mouse or mice).ti.

32. or/24-31

33. *physiologic monitoring/

34. *ambulatory monitoring/

35. *neurophysiological monitoring/

36. monitor*.ti,ab.

37. *patient compliance/

38. *medication compliance/

39. *drug monitoring/

40. *outcome assessment/

41. ("patient reported outcome measures" or PROM).ti,ab.
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42. *patient care/

43. *integrated health care system/

44. *clinical pathway/

45, ((care or clinical or critical or patient*) adj2 manag®).ti,ab.

46. *telemetry/

47. *telemedicine/

48. (telemonitor* or telemedicine or telehealth or tele medicine or tele health or
smartphone* or smart phone or ipad* or iphone* or device* or virtual or remote or
wireless or internet or wifi or wi fi).ti,ab.

49. *hospital management/

50. *self care/

51. (self adj (care or caring or manag* or checkup or check® up or assess* or test* or
evaluat™)).ti,ab.

52. ((survellian* or review* or assess* or test* or evaluat* or program* or observed or
observation* or provision or strateg* or clinic or clinics or pattern* or followup* or follow
up* or checkup or check up* or appointment*) adj3 (timing* or timed or time point* or
times or duration or interval* or year* or annual* or biannual or month* or period* or
frequen® or infrequent® or continu™ or intermittent or irregular or routine* or regular* or
schedul* or longterm or long term or short-term or short term or early or earliest * or
proactiv* or special* or nurse* or general practi* or GP or family practi* or doctor* or
medical or physician* or patient* or outpatient* or out-patient*)).ti,ab.

53. ((drug* or medication* or pharm*) adj (compliance or complying or adher*)).ti,ab.

54. or/33-53

55. random™.ti,ab.

56. factorial®.ti,ab.

57. (crossover™ or cross over*).ti,ab.

58. ((doubl* or singl*) adj blind*).ti,ab.

59. (assign* or allocat* or volunteer* or placebo*).ti,ab.

60. crossover procedure/

61. single blind procedure/

62. randomized controlled trial/

63. double blind procedure/

64. or/55-63

65. systematic review/

66. meta-analysis/

67. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

68. ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

69. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

70. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

71. (search* adj4 literature).ab.

72. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

73. cochrane.jw.

74. ((multiple treatment™ or indirect or mixed) adj2 comparison®).ti,ab.

75. or/65-74

76. Clinical study/

77. Observational study/

78. family study/
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79. longitudinal study/

80. retrospective study/

81. prospective study/

82. cohort analysis/

83. follow-up/

84. cohort*.ti,ab.

85. 83 and 84

86. (cohort adj (study or studies or analys* or data)).ti,ab.

87. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) ad;j
(study or studies or data)).ti,ab.

88. ((longitudinal or retrospective or prospective or cross sectional) and (study or studies or
review or analys™ or cohort* or data)).ti,ab.

89. (before adj2 after adj2 (study or studies or data)).ti,ab.

90. exp case control study/

91. case control*.ti,ab.

92. cross-sectional study/

93. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

94, or/76-82,85-93

95. 10 and 16

96. 95 not 32

97. 54 and 96

98. 97 and (64 or 75 or 94)

99. limit 98 to English language

Cochrane Library (Wiley) search terms

#1. MeSH descriptor: [Female] explode all trees

#2. MeSH descriptor: [Pregnancy] explode all trees

#3. MeSH descriptor: [Pregnancy Outcome] explode all trees

#4. MeSH descriptor: [Pregnancy Complications] explode all trees

#5. MeSH descriptor: [Prenatal Exposure Delayed Effects] explode all trees

#6. MeSH descriptor: [Postnatal Care] explode all trees

#7. MeSH descriptor: [Postpartum Period] explode all trees

#8. MeSH descriptor: [Breast Feeding] explode all trees

#9. (female* or wom?n or girl or pregnan* or conception or prenatal or pre natal or
postnatal or post natal or postpartum or post partum or conceiv* or breast feed* or
breastfeed* or breastfed or breast fed or breast milk or breastmilk or mother* milk or
human milk or colostrum):ti,ab

#10. (or #1-#9)

#11. MeSH descriptor: [Epilepsy] explode all trees

#12. MeSH descriptor: [Seizures] this term only

#13. MeSH descriptor: [Status Epilepticus] explode all trees

#14. MeSH descriptor: [Seizures, Febrile] this term only

#15. (dravet syndrome or epilep* or convuls* or continuous spike wave or slow sleep or
landau kleffner syndrome or lennox gastaut syndrome or infant* spasm* or seizure* or
west syndrome):ti,ab

#16. (or #11-#15)

#17. #10 and #16

#18. MeSH descriptor: [Monitoring, Physiologic] this term only

#19. MeSH descriptor: [Monitoring, Ambulatory] this term only
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#20. MeSH descriptor: [Neurophysiological Monitoring] this term only
#21. monitor*:ti,ab

#22. MeSH descriptor: [Patient Compliance] this term only

#23. MeSH descriptor: [Medication Adherence] this term only

#24. MeSH descriptor: [Drug Monitoring] this term only

#25. MeSH descriptor: [Patient Outcome Assessment] explode all trees
#26. ("patient reported outcome measures" or PROM):ti,ab

#27. MeSH descriptor: [Continuity of Patient Care] this term only

#28. MeSH descriptor: [Patient Care] this term only

#29. MeSH descriptor: [Delivery of Health Care, Integrated] this term only
#30. MeSH descriptor: [Critical Pathways] this term only

#31. ((care or clinical or critical or patient*) near/2 manag®):ti,ab

#32. MeSH descriptor: [Telemetry] this term only

#33. MeSH descriptor: [Telemedicine] this term only

#34. (telemonitor* or telemedicine or telehealth or tele medicine or tele health or

smartphone* or smart phone or ipad* or iphone* or device* or virtual or remote or
wireless or internet or wifi or wi fi):ti,ab

#35. MeSH descriptor: [Appointments and Schedules] explode all trees

#36. MeSH descriptor: [Self Care] this term only

#37. (self near (care or caring or manag* or checkup or check* up or assess* or test* or
evaluat®)):ti,ab

#38. ((survellian* or review* or assess* or test* or evaluat* or program* or observed or

observation* or provision or strateg* or clinic or clinics or pattern* or followup* or follow
up* or checkup or check up* or appointment*) near/3 (timing* or timed or time point* or
times or duration or interval* or year* or annual* or biannual or month* or period* or
frequen® or infrequent® or continu™ or intermittent or irregular or routine* or regular* or
schedul* or longterm or long term or short-term or short term or early or earliest* or
proactiv* or special* or nurse* or general practi* or GP or family practi* or doctor* or
medical or physician* or patient* or outpatient* or out-patient*)):ti,ab

#39. ((drug*® or medication* or pharm*) near (compliance or complying or adher*)):ti,ab
#40. (or #18-#39)
#41. #17 and #40

Health Economics literature search strategy

Health economic evidence was identified by conducting a broad search relating to an
Epilepsies population in NHS Economic Evaluation Database (NHS EED - this ceased to be
updated after March 2015) and the Health Technology Assessment database (HTA) with no
date restrictions. NHS EED and HTA databases are hosted by the Centre for Research and
Dissemination (CRD). Additional searches were run on Medline and Embase for health
economics and quality of life studies.

Table 6: Database date parameters and filters used
Database Dates searched Search filter used

Medline Health Economics Health economics studies
1 January 2014 — 13 May 2021  Quality of life studies

Quality of Life Exclusions
1946 — 13 May 2021
Embase Health Economics Health economics studies

1 January 2014 — 13 May 2021 Quality of life studies
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Database Dates searched Search filter used
Quality of Life Exclusions
1974 — 13 May 2021
Centre for Research and HTA - Inception — 13 May 2021 None
Dissemination (CRD) NHSEED - Inception to 31
March 2015
Medline (Ovid) search terms

1. exp epilepsy/

2. seizures/

3. exp status epilepticus/

4. seizures, febrile/

5. (dravet syndrome or epilep* or continuous spike wave or slow sleep or landau kleffner
syndrome or lennox gastaut syndrome or infant* spasm® or seizure* or west
syndrome).ti,ab.

6. or/1-5

7. letter/

8. editorial/

9. news/

10. exp historical article/

11. Anecdotes as Topic/

12. comment/

13. case report/

14. (letter or comment*).ti.

15. or/7-14

16. randomized controlled trial/ or random*.ti,ab.

17. 15 not 16

18. animals/ not humans/

19. exp Animals, Laboratory/

20. exp Animal Experimentation/

21. exp Models, Animal/

22. exp Rodentia/

23. (rat or rats or mouse or mice).ti.

24, or/17-23

25. 6 not 24

26. limit 25 to English language

27. Economics/

28. Value of life/

29. exp "Costs and Cost Analysis"/

30. exp Economics, Hospital/

31. exp Economics, Medical/

32. Economics, Nursing/

33. Economics, Pharmaceutical/

34. exp "Fees and Charges"/

35. exp Budgets/

36. budget*.ti,ab.
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37. cost™ ti.

38. (economic* or pharmaco?economic*).ti.

39. (price™® or pricing®).ti,ab.

40. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

41. (financ™ or fee or fees).ti,ab.

42. (value adj2 (money or monetary)).ti,ab.

43. or/27-42

44, quality-adjusted life years/

45, sickness impact profile/

46. (quality adj2 (wellbeing or well being)).ti,ab.

47. sickness impact profile.ti,ab.

48. disability adjusted life.ti,ab.

49, (gal* or gtime* or qwb* or daly*).ti,ab.

50. (euroqol* or eq5d* or eq 5*).ti,ab.

51. (health utility* or utility score™ or disultilit* or utility value*).ti,ab.

52. (hui or hui1 or hui2 or hui3).ti,ab.

53. (health* year* equivalent* or hye or hyes).ti,ab.

54. discrete choice™.ti,ab.

55. rosser.ti,ab.

56. (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.

57. (sf36* or sf 36 or short form 36* or shortform 36 or shortform36*).ti,ab.

58. (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.

59. (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab.

60. (sf8* or sf 8* or short form 8* or shortform 8* or shortform8*).ti,ab.

61. (sf6* or sf 6* or short form 6* or shortform 6* or shortform6*).ti,ab.

62. or/44-61

63. 26 and (43 or 62)

Embase (Ovid) search terms

1.

exp “epilepsy/

2. *landau kleffner syndrome/

3. exp *seizure/

4. "seizure, epilepsy and convulsion"/

5. (dravet syndrome or epilep* or continuous spike wave or slow sleep or landau kleffner
syndrome or lennox gastaut syndrome or infant* spasm® or seizure* or west
syndrome).ti,ab.

6. or/1-5

7. letter.pt. or letter/

8. note.pt.

9. editorial.pt.

10. case report/ or case study/

11. (letter or comment*).ti.

12. or/7-11

13. randomized controlled trial/ or random®.ti,ab.

14. 12 not 13

15. animal/ not human/
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16. nonhuman/

17. exp Animal Experiment/

18. exp Experimental Animal/

19. animal model/

20. exp Rodent/

21. (rat or rats or mouse or mice).ti.

22, or/15-21

23. 6 not 22

24, limit 23 to English language

25, health economics/

26. exp economic evaluation/

27. exp health care cost/

28. exp fee/

29. budget/

30. funding/

31. budget*.ti,ab.

32. cost™ ti.

33. (economic* or pharmaco?economic*).ti.

34. (price™® or pricing*).ti,ab.

35. (cost* adj2 (effective* or utilit* or benefit* or minimi* or unit* or estimat* or
variable*)).ab.

36. (financ* or fee or fees).ti,ab.

37. (value adj2 (money or monetary)).ti,ab.

38. or/25-37

39. quality adjusted life year/

40. sickness impact profile/

41, (quality adj2 (wellbeing or well being)).ti,ab.

42, sickness impact profile.ti,ab.

43. disability adjusted life.ti,ab.

44, (gal* or gtime* or qwb* or daly*).ti,ab.

45, (euroqol* or eq5d* or eq 5*).ti,ab.

46. (gol* or hql* or hgol* or h qol* or hrgol* or hr gol*).ti,ab.

47. (health utility* or utility score* or disutilit* or utility value*).ti,ab.

48. (hui or hui1 or hui2 or hui3).ti,ab.

49, (health* year* equivalent* or hye or hyes).ti,ab.

50. discrete choice*.ti,ab.

51. rosser.ti,ab.

52. (willingness to pay or time tradeoff or time trade off or tto or standard gamble*).ti,ab.

53. (sf36* or sf 36 or short form 36* or shortform 36* or shortform36*).ti,ab.

54, (sf20 or sf 20 or short form 20 or shortform 20 or shortform20).ti,ab.

55. (sf12* or sf 12* or short form 12* or shortform 12* or shortform12*).ti,ab.

56. (sf8* or sf 8* or short form 8* or shortform 8* or shortform8¥).ti,ab.

57. (sf6* or sf 6 or short form 6* or shortform 6* or shortform6*).ti,ab.

58. or/39-57

59. 24 and (38 or 58)

NHS EED and HTA (CRD) search terms

#1.

‘ MeSH DESCRIPTOR Epilepsy EXPLODE ALL TREES
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#2. MeSH DESCRIPTOR Seizures EXPLODE ALL TREES

#3. MeSH DESCRIPTOR Status Epilepticus EXPLODE ALL TREES

#4. MeSH DESCRIPTOR Seizures, Febrile EXPLODE ALL TREES

#5. ((dravet syndrome or epilep* or continuous spike wave or slow sleep or landau kleffner
syndrome or lennox gastaut syndrome or infant* spasm* or seizure* or west
syndrome))

#6. #1 OR #2 OR #3 OR #4 OR #5
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Appendix C Effectiveness evidence study selection

Figure 1: Flow chart of clinical study selection for the review of therapeutic drug

monitoring in pregnancy

Records identified through
database searching, n=3571

Additional records identified through
other sources, n=0

4

Records screened, n=3571

Records excluded, n=3372

\ 4

Full text papers assessed for
eligibility, n=199

v

\ 4

ﬂapers included in review, n=1\

A 4

ﬁapers excluded from review, n=198 \

Reasons for exclusion: see Table 9
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Appendix D Effectiveness evidence

Study

Study type

Number of studies (number of participants)
Countries and setting

Line of therapy

Duration of study

Method of assessment of guideline condition

Stratum

Subgroup analysis within study

Inclusion criteria

Exclusion criteria

THANGARATINAM 2018 trial: Thangaratinam s 20185?

RCT (Patient randomised; Parallel)

1 (n=263)

Conducted in United Kingdom; Setting: Obstetric and/or epilepsy clinics in secondary and tertiary care units.
Not applicable

Intervention + follow up: From antenatal booking until 6 weeks post-partum

Unclear method of assessment/diagnosis: Inclusion criteria specified a 'confirmed diagnosis of epilepsy including primary,
localised or unclassified.'

Overall

Not applicable: Subgroup analyses were undertaken only to check for effect modification and to assess statistical
assumptions.

Viable pregnancy of < 24 weeks’ gestation; confirmed diagnosis of epilepsy (including primary, localised or unclassified);
lamotrigine monotherapy/polytherapy (with carbamazepine, phenytoin or levetiracetam) or carbamazepine monotherapy or
phenytoin monotherapy or levetiracetam monotherapy; capable of understanding the information provided; and >25%
reduction in serum AED level at any time in pregnancy, compared with baseline or pre-pregnancy levels

Aged < 16 years; documented status epilepticus in the last year or non-epileptic seizures in the last 2 years; non-lamotrigine

polytherapy or sodium valproate monotherapy or polytherapy; participation in any blinded, placebo-controlled trials of
investigational medicinal products in pregnancy; significant learning disability; unable to complete seizure diaries or recall
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Recruitment/selection of patients
Age, gender and ethnicity
Further population details

Extra comments

Indirectness of population

Interventions

frequency of seizures accurately; history of alcohol or substance abuse or dependence in the last 2 years; or an expressed
intention not to take anti-epileptic drugs in pregnancy.

No details.

Age: Not stated. Gender: All females. Ethnicity: White, Black, Asian, Mixed, Other

No indirectness: The study population comprised pregnant women with a confirmed diagnosis of epilepsy, during pregnancy
and up to 6 weeks post-partum.

(n=133) Intervention 1: Usual care. As for the intervention group, participants in the Clinical Features Monitoring (CFM)
control group participated in the RCT only if serum AED levels reduced by >25% compared with pre-pregnancy or initial
antenatal visit. A decision to change AED dosage was made without either the clinician or mother having knowledge of
monthly serum AED levels, unless an unblinding procedure was requested. The conditions for unblinding were: (i)
deterioration of seizures despite treatment (in which case the serum AED level was revealed at the request of the clinician),
(ii) clinical suspicion of toxicity, (iii) if levels were above the therapeutic range with risks of toxicity, or (iv) if results were
requested by the clinician or mother for any other reason. Duration From randomisation until 6 to 8 weeks post-partum.
Concurrent medication/care: Obstetric care. Indirectness: No indirectness; Indirectness comment: Although serum AED levels
were measured for the control group, the protocol condition of 'usual care (adjustments without level)' was fulfilled.
Comments: 2 women from the original randomised CFM arm (n=135) were randomised in error after the end of pregnancy.
They were analysed with a non-randomised group (for which data were not extracted).

(n=130) Intervention 2: Monitoring of AEDs - Combination of drugs. As for the control (CFM) group, all women in the
intervention (TDM) group participated in the RCT only if serum AED levels reduced by 225% compared with pre-pregnancy or
initial antenatal visit. Monthly serum AED levels were communicated to the responsible clinicians. The clinician discussed with
the mother the potential risk of reduced serum levels and the risks and benefits to both mother and baby of increasing the
doses. Shared decisions were made on the basis of the following options: (i) more frequent TDM, (ii) immediate dose
increase, or (iii) delayed increase pending early testing. Duration From randomisation until 6 to 8 weeks post-partum.
Concurrent medication/care: Obstetric care. Indirectness: No indirectness; Indirectness comment: The AEDs monitored were
all among those specified in the protocol.
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Comments: 2 women from the original randomised TDM arm (n=132) were randomised in error after the end of pregnancy.
They were analysed with a non-randomised group (for which data were not extracted).

Funding Academic or government funding (National Institute for Health Research)
RESULTS (NUMBERS ANALYSED) AND RISK OF BIAS FOR COMPARISON: THERAPEUTIC DRUG MONITORING versus USUAL CARE

Protocol outcome 1: Quality of life at As stated

- Actual outcome: Maternal quality of life (QOLIE-31) at From randomisation to 36 weeks gestation.; Group 1: mean 71 (SD 16); n=114, Group 2: mean 73.7 (SD 13.5); n=110;
QOLIE-31 0 to 100 Top=--; Comments: Adjusted MD (95%Cl): —2.5 (=5.1 to 0.0)

Risk of bias: All domain - Very high, Selection - High, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Comments - There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not
blinded and for this outcome participants were outcome assessors. Bias could arise through differential reporting of the outcome. Lack of clinician blinding was unlikely to risk
performance bias. ; Indirectness of outcome: No indirectness ; Baseline details: N (%) for TDM versus CFM: Maternal congenital abnormalities 5(4) versus 5(4); Diabetes 3(2)
versus 1(1); Chronic hypertension 2(2) versus 2(2); Renal disease 3(2) versus 2(2); HIV infection 0(0) versus 0(0); Learning difficulties 3(2) versus 1(1); Mental illness 19(15)
versus 15(11). ; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated
to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 16; Group 2 Number missing: 23

- Actual outcome: Maternal quality of life (QOLIE-31 overall health) at From randomisation to 36 weeks gestation.; Group 1: mean 6.9 (SD 1.8); n=115, Group 2: mean 7.3 (SD
1.6); n=110; QOLIE-31 (overall health) Maximum score 10 Top=High is good outcome; Comments: Adjusted MD (95%Cl): —0.35 (—0.72 to 0.02)

Risk of bias: All domain - Very high, Selection - High, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Comments - There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not
blinded and for this outcome participants were outcome assessors. Bias could arise through differential reporting of the outcome. Lack of clinician blinding was unlikely to risk
performance bias. ; Indirectness of outcome: No indirectness ; Baseline details: N (%) for TDM versus CFM: Maternal congenital abnormalities 5(4) versus 5(4); Diabetes 3(2)
versus 1(1); Chronic hypertension 2(2) versus 2(2); Renal disease 3(2) versus 2(2); HIV infection 0(0) versus 0(0); Learning difficulties 3(2) versus 1(1); Mental illness 19(15)
versus 15(11). ; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated
to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 15; Group 2 Number missing: 23

- Actual outcome: Maternal quality of life (EQ-5D) at From randomisation to 6 weeks post-partum.; Group 1: mean 0.9 (SD 0.2); n=99, Group 2: mean 0.9 (SD 0.18); n=102;
EQ-5D Maximum score 1 Top=High is good outcome; Comments: Adjusted MD (95%Cl): 0.00 (—0.05 to 0.05)

Risk of bias: All domain - Very high, Selection - High, Blinding - High, Incomplete outcome data - High, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Comments - There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not
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blinded and for this outcome participants were outcome assessors. Bias could arise through differential reporting of the outcome. Lack of clinician blinding was unlikely to risk
performance bias. ; Indirectness of outcome: No indirectness ; Baseline details: N (%) for TDM versus CFM: Maternal congenital abnormalities 5(4) versus 5(4); Diabetes 3(2)
versus 1(1); Chronic hypertension 2(2) versus 2(2); Renal disease 3(2) versus 2(2); HIV infection 0(0) versus 0(0); Learning difficulties 3(2) versus 1(1); Mental illness 19(15)
versus 15(11). ; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated
to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 31; Group 2 Number missing: 31

Protocol outcome 2: Seizure freedom during pregnancy and at 6 months post-partum as stated

- Actual outcome: Proportion of women who experienced no seizures. From randomisation to 6 weeks post-partum.; Group 1: 79/127, Group 2: 80/130

Risk of bias: All domain - Very high, Selection - High, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Comments - There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not
blinded and for this outcome participants were outcome assessors, self-completing a seizure diary that was designed for the trial. Bias could arise through differential
reporting of what is sometimes a subjective outcome. Lack of clinician blinding was unlikely to risk performance bias; Indirectness of outcome: No indirectness, Comments:
Period of observation in study (up to 6 weeks post-partum) is shorter than that specified in the review protocol (up to 6 months post-partum) but is still clinically useful.;
Baseline details: Age 1st seizure, years since 1st seizure, seizures 3 months prior, seizure class, AED dose at baseline and randomisation and medical history (7 variables). All
comparable except complex seizures (TDM 28% v CFM 14%) and mean dose CBZ at rand (TDM 581.3mg v CFM 695mg).; Blinding details: Described as 'double blind' but this
refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-randomised cohort. CFM decisions were made in
knowledge that unblinding was possible.; Group 1 Number missing: 3; Group 2 Number missing: 3

Protocol outcome 3: Mortality of mother or baby at study follow-up

- Actual outcome: Maternal mortality rate. From randomisation to 6 weeks post-partum.; Group 1: 0/130, Group 2: 0/133

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias; Indirectness of outcome: No indirectness; Baseline details: Smoking status, alcohol intake and medical history (7 variables). All comparable.; Blinding
details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-
randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 0; Group 2 Number missing: 0

- Actual outcome: Rate of stillbirth. From randomisation to end of pregnancy.; Group 1: 0/125, Group 2: 2/134; Comments: Unclear why CFM number analysed exceeds
number randomised to that group.

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias. Unclear why CFM number analysed exceeds number randomised to that group. Data available for 134 women (133 randomised); Indirectness of outcome:
No indirectness; Baseline details: Smoking status, alcohol intake, medical history (7 variables), previous neonatal death or stillbirth, at least 1 previous child with congenital
abnormality, AED intake at baseline and randomisation. All comparable except CBZ intake at randomisation.; Blinding details: Described as 'double blind' but this refers to
clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-randomised cohort. CFM decisions were made in knowledge
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that unblinding was possible.; Group 1 Number missing: 5; Group 2 Number missing: 0
- Actual outcome: Neonatal mortality rate. at Not stated.; Group 1: 0/126, Group 2: 0/134; Comments: Unclear why CFM number analysed exceeds number randomised to
that group.

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias. Unclear why CFM number analysed exceeds number randomised to that group. Data available for 134 women (133 randomised); Indirectness of outcome:
No indirectness, Comments: The time-period is assumed to be within 28 days of a live birth. e The review protocol stipulates 'mortality of mother or baby at study follow-up.'
The study outcome is judged to be consistent with the review protocol stipulation and is judged not to constitute indirectness; Baseline details: Smoking status, alcohol intake,
medical history (7 variables), previous neonatal death or stillbirth, at least 1 previous child with congenital abnormality, AED intake at baseline and randomisation. All
comparable except CBZ intake at randomisation.; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED
levels, and to whether allocated to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 4; Group
2 Number missing: 0

Protocol outcome 4: Time to first seizure in pregnancy and up to up to 6 weeks post-partum and time to subsequent seizure up to 1 year

- Actual outcome: Time to first seizure. Cumulative analysis time of 25,001 days from randomisation to first seizure; Group 1: n=127; Group 2: n=130; HR 0.82; Lower Cl 0.55
to Upper Cl 1.2; Test statistic: Cox proportional hazards model; Comments: The authors stated: 'There was a 20% reduction in the time to first seizure with therapeutic drug
monitoring compared with clinical features monitoring, a difference that was not significant (HR 0.8, 95% CI 0.55 to 1.2). However, the point estimate HR would correspond to
an increase in time (rather than the stated 'reduction in time') to first seizure (TDM versus CFM).

Risk of bias: All domain - Very high, Selection - High, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Comments - There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not
blinded and for this outcome participants were outcome assessors, self-completing a seizure diary that was designed for the trial. Bias could arise through differential
reporting of what is sometimes a subjective outcome. Lack of clinician blinding was unlikely to risk performance bias; Indirectness of outcome: No indirectness; Baseline
details: Covariates: AED type, seizures 3 months prior to consent, mat age (not reported), age at 1st seizure, seizure classification. Additional possible confounders: smoking,
alcohol intake, med history (7 variables), AED dose and years since 1st seizure. Comparable except CBZ dose and % with complex seizures.; Blinding details: Described as
'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-randomised cohort. CFM
decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 3; Group 2 Number missing: 3

- Actual outcome: Overall time to first and subsequent seizures. Cumulative analysis time of 35,859 days from randomisation to censoring; Group 1: n=127 ; Group 2: n=130;
HR 1.34; Lower CI 0.7 to Upper Cl 2.6; Test statistic: Andersen-Gill modification of Cox proportional hazards model for analysis of events that recur within a single subject.;
Comments: The authors stated: 'The analysis of overall time to first seizure and subsequent seizures showed a larger increase with therapeutic drug monitoring than clinical
features monitoring, but this was not significant (HR 1.3, 95% Cl 0.7 to 2.6). However, the point estimate HR would correspond to a decrease (rather than the reported
increase) in time to first and subsequent seizures (TDM versus CFM).

Risk of bias: All domain - Very high, Selection - High, Blinding - High, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low,
Comments - There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not
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blinded and for this outcome participants were outcome assessors, self-completing a seizure diary that was designed for the trial. Bias could arise through differential
reporting of what is sometimes a subjective outcome. Lack of clinician blinding was unlikely to risk performance bias; Indirectness of outcome: No indirectness, Comments:
Follow-up time for subsequent seizures (6 weeks) was shorter than specified in the review protocol (1 year) but is still clinically useful.; Baseline details: Covariates: AED type,
seizures 3 months prior to consent, mat age (not reported), age at 1st seizure, seizure classification. Additional possible confounders: smoking, alcohol intake, med history (7
variables), AED dose and years since 1st seizure. Comparable except CBZ dose and % with complex seizures.; Blinding details: Described as 'double blind' but this refers to
clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-randomised cohort. CFM decisions were made in knowledge
that unblinding was possible.; Group 1 Number missing: 3; Group 2 Number missing: 3

Protocol outcome 5: AED exposure as stated

- Actual outcome: Mean daily dose of AED prescribed: CBZ monotherapy. From randomisation to 6 weeks post-partum.; Group 1: mean 616.7 mg (SD 355.8); n=16, Group 2:
mean 695 mg (SD 336.4); n=20; Comments: MD (95%Cl) for TDM effect: —12.1 (-226.7 to 202.4)

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias.; Indirectness of outcome: No indirectness; Baseline details: Possible confounders: alcohol intake (comparable across groups) and other medications used
(not reported).; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated
to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 0; Group 2 Number missing: 0

- Actual outcome: Mean daily dose of AED prescribed: LTG monotherapy. From randomisation to 6 weeks post-partum.; Group 1: mean 290.9 mg (SD 137.5); n=68, Group 2:
mean 252.6 mg (SD 148); n=70; Comments: MD (95%Cl) for TDM effect: 32.3 (-14.4 to 79.0)

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias.; Indirectness of outcome: No indirectness; Baseline details: Possible confounders: alcohol intake (comparable across groups) and other medications used
(not reported).; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated
to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 0; Group 2 Number missing: 0

- Actual outcome: Mean daily dose of AED prescribed: LEV monotherapy. From randomisation to 6 weeks post-partum.; Group 1: mean 1735.6 mg (SD 701.9); n=31, Group 2:
mean 1628.5 mg (SD 926.5); n=31; Comments: MD(95%Cl) for TDM effect: 166.5 (—229.8 to 562.7)

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias.; Indirectness of outcome: No indirectness; Baseline details: Possible confounders: alcohol intake (comparable across groups) and other medications used
(not reported).; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated
to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 0; Group 2 Number missing: 0

- Actual outcome: Mean daily dose of AED prescribed: LTG and LEV polytherapy - LTG component. From randomisation to 6 weeks post-partum.; Group 1: mean 487.5 mg (SD
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206.7); n=11, Group 2: mean 413.8 mg (SD 91.1); n=14; Comments: MD (95%Cl) for TDM effect: 97.4 (—28.7 to 223.4). NOTE: REPORTED NUMBER ANALYSED IN EACH GROUP
MAY HAVE BEEN REVERSED IN ERROR.

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias. Reported number observed in each group for this outcome appears to have been swapped in error. Note that reversed numbers tally in Table 3.;
Indirectness of outcome: No indirectness; Baseline details: Possible confounders: alcohol intake (comparable across groups) and other medications used (not reported).;
Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-
randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 0; Group 2 Number missing: O

- Actual outcome: Mean daily dose of AED prescribed: LTG and LEV polytherapy - LEV component. From randomisation to 6 weeks post-partum.; Group 1: mean 1920.1 mg
(SD 858.9); n=11, Group 2: mean 2122.2 mg (SD 1077.5); n=14; Comments: MD (95%Cl) for TDM effect: —137.3 (—945.9 to 671.4). NOTE: REPORTED NUMBER ANALYSED IN
EACH GROUP MAY HAVE BEEN REVERSED IN ERROR.

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias. Reported number observed in each group for this outcome appears to have been swapped in error. Note reversed numbers tally with Table 3.; Indirectness
of outcome: No indirectness; Baseline details: Possible confounders: alcohol intake (comparable across groups) and other medications used (not reported).; Blinding details:
Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-randomised
cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 0; Group 2 Number missing: 0

Protocol outcome 6: Adverse events as stated

- Actual outcome: Maternal admission to HDU/ICU. From randomisation to 6 weeks post-partum.; Group 1: 5/127, Group 2: 3/130; Comments: OR (95%Cl): 1.8 (0.41 to 7.8)
Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias.; Indirectness of outcome: No indirectness; Baseline details: Smoking status, alcohol intake and medical history (7 variables). All comparable.; Blinding
details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-
randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 3; Group 2 Number missing: 3

- Actual outcome: Rate of major congenital malformation. From randomisation to 6 weeks post-partum.; Group 1: 7/125, Group 2: 10/134; Comments: OR (95%Cl) 0.66 (0.23
to 1.8)

Unclear why the number analysed in the CFM arm exceeded the number randomised.

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias. Unclear why CFM number analysed exceeds number randomised to that group. Data available for 134 women (133 randomised); Indirectness of outcome:
No indirectness, Comments: Major congenital malformations were defined in the study as 'structural abnormalities with surgical, medical or cosmetic importance diagnosed
either antenatally or postnatally.' The review protocol stipulates 'congenital anomalies (neural tube defects (spina bifida), limb defects (club foot), cleft lip and palette etc).'
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The study outcome is consistent with the review protocol stipulation and is judged not to constitute indirectness; Baseline details: Smoking status, alcohol intake, previous
neonatal death or stillbirth, at least 1 previous child with congenital abnormality, AED intake at baseline and randomisation. All comparable except CBZ intake at
randomisation.; Blinding details: Described as 'double blind' but this refers to clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated
to CFM or non-randomised cohort. CFM decisions were made in knowledge that unblinding was possible.; Group 1 Number missing: 5; Group 2 Number missing: 0

- Actual outcome: Rate of admission to neonatal unit. Time period of observation not stated. Assumed to be from randomisation to 4 weeks post-partum.; Group 1: 16/125,
Group 2: 18/134; Comments: OR (95%Cl) 1.6 (0.29 to 9.5)

Unclear why the number analysed in the CFM arm exceeded the number randomised.

Risk of bias: All domain - High, Selection - High, Blinding - Low, Incomplete outcome data - Low, Outcome reporting - Low, Measurement - Low, Crossover - Low, Comments -
There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. Lack of clinician blinding was unlikely to risk
performance bias. Unclear why CFM number analysed exceeds number randomised to that group. Data available for 134 women (133 randomised); Indirectness of outcome:
No indirectness; Baseline details: Smoking status, alcohol intake, medical history (7 variables), previous neonatal death or stillbirth, at least 1 previous child with congenital
abnormality, AED intake at baseline and randomisation. All comparable except CBZ intake at randomisation.; Blinding details: Described as 'double blind' but this refers to
clinicians and women in the CFM arm being blind to serum AED levels, and to whether allocated to CFM or non-randomised cohort. CFM decisions were made in knowledge
that unblinding was possible.; Group 1 Number missing: 5; Group 2 Number missing: 0

Protocol outcomes not reported by the study
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Appendix E Forest plots

E.1 Therapeutic drug monitoring (TDM) versus clinical features
monitoring (CFM)

Figure 2: Risk of first seizure

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Woeight IV, Fixed, 95% CI IV, Fixed, 95% CI
Thangaratinam 2018 -0.2231 01912 0.80[0.55, 1.16] t
L 1 1 |
05 07 15 7

Favours TDM  Favours CFM

Figure 3: Risk of multiple seizures

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Thangaratinam 20182 0.3365 03322 1.40[0.73, 2.68] S N E—
0.2 0 2 g

Fawours TDOM  Favours CFM

Figure 4: Quality of life (QOLIE-31 overall health)

TOM CFM Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Thangaratinam 2018 -0.35 01888 118 110 -0.38 072, 0.0
-1 0.5 0 0.5 1

Favours CFM  Favours TDM

Range of scores 0 to 10; better indicated by higher values.

Figure 5: Quality of life (QOLIE-31)

Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Woeight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Thangaratinam 2018 -24 1.3266 -2A0[510,010] I e—
L 1 1 |
-10 -A i il 10

Favours CFM  Favours TDM

Range of scores 0 to 100; better indicated by higher values.
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Figure 6: Quality of life (EQ-5D)

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Woeight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Thangaratinarm 2018 0 00254 0.00 [-0.04, 0.08)
L | | |
01 -0.05 0 0.05 01
Favours CFM  Favours TDM
Range of scores 0 to 1; better indicated by higher values.
Figure 7: Seizure freedom
TDM CFM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Thangaratinam 2018 79 127 80 130 1.01[0.83,1.22)
0.5 0.7 15 2
Favours CFM Favours TDM
Figure 8: Maternal mortality
TDM CFM Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Thangaratinam 2018 0 120 0o 133 0.00 [-0.01, 0.01]
005 -0.025 0 0025  0.05
Favours TDM  Favours CFM
Figure 9: Maternal admission to HDU/ICU
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Thangaratinam 2018 05878 0.7548 1.80[0.41, 7.90] t
L ! ! 1 1
01 02 0 2 5§10
Favours TOM Favours CFM
Figure 10: Mean daily carbamazepine exposure (monotherapy)
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Thangaratinam 2018 -121 1094918 -1210[-226.70, 202.50] t
-200  -100 0 100 200
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Mean daily lamotrigine exposure (monotherapy)

Figure 11:
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
323 23.827 32,30 [-14.40, 79.00] t
00 &0 0 a0 100
Favours TDM Favours CFM

Thangaratinam 2018

Mean daily levetiracetam exposure (monotherapy)

Figure 12:
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1665 2021976 166.50 [228.80, 562.80] 1
500 -250 0 250 500
Favours TOM Favours CFM

Thangaratinam 2018

Mean daily levetiracetam exposure (in women on levetiracetam plus

Figure 13:
lamotrigine polytherapy)
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI| IV, Fixed, 95% CI
-137.3 4125586 -137.30 945,90, 671.30] —]
-1000  -500 0 500 1000
Favours TDM Fawvours CFM

Thangaratinam 2018

Mean daily lamotrigine exposure (in women on levetiracetam plus

Figure 14:
lamotrigine polytherapy)

Mean Difference

Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
974 £4.33749 97 40 [-28.70, 223.50] - +—
200 100 0 100 200
Favours TOM Favours CFM

Thangaratinam 2018

Stillbirth

Figure 15:
TDM CFM Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total Weight Peto, Fixed, 95% CI Peto, Fixed, 95% CI
Thangaratinam 2018 o 125 2134 04001, 2.31] # t
oo 0.1 10 100
Favours TOM Favours CFM
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Figure 16: Neonatal mortality

TDM CFM Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI|
Thangaratinam 2018 0 126 o 134 0.00 001, 0.01]

-0.025

0 0.025

-0.05 0.05
Favours TDM  Favours CFM
Figure 17: Major congenital malformation
Odds Ratio Odds Ratio
Study or Subgroup log[Cdds Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% CI
Thangaratinam 2018 -0.4155 0.5378 0.66[0.23, 1.85] t
01 02 0 2 5 10
Favours TOM Favours CFM
Figure 18:  Admission to Neonatal Intensive Care Unit
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Thangaratinarn 2018 047 0BT14 1.60[0.29, 8.83] t
0102 05 2 5 10
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Appendix F GRADE table

Table 7: Clinical evidence profile: therapeutic drug monitoring versus clinical features monitoring

Quality assessment No of patients Effect
i Quality |Importance
No of : Risk of . : - Other Therapeutic drug Relative Y
X Design L Inconsistency | Indirectness | Imprecision X . monitoring versus clinical |Control o Absolute
studies bias considerations o (95% Cl)
features monitoring
Quality of life (QOLIE-31 Overall Health) (follow-up from randomisation to 36 weeks gestation; range of scores: 0-10; Better indicated by higher values)
1 randomised |very no serious no serious no serious none 115 110 - MD 0.35 lower (0.72| @®00 | CRITICAL
trials serious’ [inconsistency indirectness imprecision? lower to 0.02 higher)[ LOW
Quality of life (QOLIE-31) (range of scores: 0-100; Better indicated by higher values)
1 randomised |very no serious no serious no serious none 114 110 - MD 2.5 lower (5.1 | @®00 | CRITICAL
trials serious’ [inconsistency indirectness imprecision® lower to 0.1 higher) | LOW
Quality of life (EQ-5D) (range of scores: 0-1; Better indicated by higher values)
1 randomised |very no serious no serious no serious none 99 102 - MD 0 higher (0.05 | @®00 | CRITICAL
trials serious* [inconsistency indirectness imprecision® lower to 0.05 higher)| LOW
Time to first seizure
1 randomised |very no serious no serious serious® none 127 130 [HR 0.8 (0.55 - @000 | CRITICAL
trials serious’ [inconsistency indirectness to 1.16) VERY
0% _ LOW
Time to first and subsequent seizures
1 randomised |very no serious no serious very serious’  |none 127 130 |HR 1.4 (0.73 - @000 | CRITICAL
trials serious’ [inconsistency indirectness to 2.68) VERY
0% B LOW

Proportion of women who experienced no seizures

68




Epilepsies in children, young people and adults:

Therapeutic drug monitoring in women and girls

diagnosis and management FINAL

1 randomised |very no serious no serious no serious none 79/127 80/130| RR1.01 6 more per 1000 | @®00 | CRITICAL
trials serious’ [inconsistency indirectness imprecision® (62.2%) (0.83 to (from 105 fewerto | LOW
1.22) 135 more)
61.5%
Maternal mortality
1 randomised |[serious® |no serious no serious serious'” none 0/130 0/133 | RD 0 (-0.01 - @®00 | CRITICAL
trials inconsistency indirectness (0%) to 0.01) LOW
0% -
Maternal admission to HDU/ICU
1 randomised |[serious® [no serious no serious very serious”  |none 5/127 3/130 |OR 1.8 (0.41 @000 | CRITICAL
trials inconsistency indirectness (3.9%) to 7.9) VERY
LOW
2.3%
Mean daily AED exposure (mg) CBZ monotherapy (Better indicated by lower values)
1 randomised [serious® |no serious no serious very serious'  [none 16 20 - MD 12.1 lower @000 | CRITICAL
trials inconsistency indirectness (226.7 lower to VERY
202.5 higher) LOW
Mean daily AED exposure (mg) LTG monotherapy (Better indicated by lower values)
1 randomised |[serious® [no serious no serious serious'? none 68 70 - MD 32.3 higher | ®®00 | CRITICAL
trials inconsistency indirectness (14.4 lower to 79 LOW
higher)
Mean daily AED exposure (mg) LEV monotherapy (Better indicated by lower values)
1 randomised |[serious® [no serious no serious serious'® none 31 31 - MD 166.5 higher | @900 | CRITICAL
trials inconsistency indirectness (229.8 lower to LOW
562.8 higher)
Mean daily AED exposure (mg) LEV + LTG (focus on LEV) (Better indicated by lower values)
1 randomised |[serious® [no serious no serious very serious™ |none 11 14 - MD 137.3 lower @000 | CRITICAL
trials inconsistency indirectness (945.9 lower to VERY
671.3 higher) LOW
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Mean daily exposure (mg): LEV + LTG (focus on LTG) (Better indicated by lower values)

1 randomised |[serious® |no serious no serious serious’® none 11 14 - MD 97 .4 higher @®@00 | CRITICAL
trials inconsistency indirectness (28.7 lower t0 223.5| LOW
higher)
Stillbirth
1 randomised |[serious® [no serious no serious very serious’  |none 0/125 2/134 [ ORO0.14 [ 13 fewer per 1000 | @000 | CRITICAL
trials inconsistency indirectness (0%) (0.01to |(from 15 fewer to 19| VERY
2.31) more) LOW
1.5%
Neonatal mortality
1 randomised |[serious® [no serious no serious serious® none 0/126 0/134 | RD 0 (-0.01 - ®@00 | CRITICAL
trials inconsistency indirectness (0%) to 0.01) LOW
0% -
Major congenital malformation
1 randomised [serious® |no serious no serious very serious’”  [none 71125 10/134 OR0.66 @000 | CRITICAL
trials inconsistency indirectness (5.6%) (0.23 to VERY
1.89) LOW
7.5%
Admission to Neonatal Intensive Care Unit
1 randomised |[serious® [no serious no serious very serious”  |none 16/125 18/134 [OR 1.6 (0.29 @000 | CRITICAL
trials inconsistency indirectness (12.8%) to 8.83) VERY
LOW
13.4%

" There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not blinded and for this outcome

participants were outcome assessors. Bias could arise through differential reporting of the outcome.

2 MID for this outcome was calculated as -/+ 0.8.
3 The MID for this outcome was -/+6.75

4 There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias. The RCT component of the study was not blinded and for this outcome
participants were outcome assessors. Bias could arise through differential reporting of the outcome. There was a high but similar rate of attrition in both groups.
5 The MID for this outcome was -/+ 0.09.
8 The MID for this outcome was 0.8 and 1.25. The outcome was downgraded by 1 increment as the confidence interval crossed one MID.

" The MID for this outcome was 0.8 and 1.25. The outcome was downgraded by 2 increments as the confidence interval crossed both MIDs.
8 MID for this outcome was 0.8 and 1.25.
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9 There is no clear statement that the allocation sequence was kept concealed from recruiters. This risks selection bias.

° Downgraded by 1 increment as the outcome is from a single study with zero events in both arms, and sample size >70 and <350

" The MID for this outcome was -/+168.2. The outcome was downgraded by 2 increments as the confidence interval crossed both MIDs.
2 The MID for this outcome was -/+74.0. The outcome was downgraded by 1 increment as the confidence interval crossed one MID.

3 The MID for this outcome was -/+463.25. The outcome was downgraded by 1 increment as the confidence interval crossed one MID.

4 The MID for this outcome was -/+538.75. The outcome was downgraded by 2 increments as the confidence interval crossed both MIDs.
5 The MID for this outcome was -/+45.55. The outcome was downgraded by 1 increment as the confidence interval crossed one MID.
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Appendix G Economic evidence study selection

searching, n=4,357

Records identified through database

members; n=0

Additional records identified through other sources: CGXX,
n=2; reference searching, n=5; provided by committee

Records excluded* in 1% sift, n=4,282

v
Records screened in 1% sift, n=4,364

\ 4
Full-text papers assessed for eligibility in 2™
sift, n=82

\ 4

Papers excluded* in 2™ sift, n=62

Full-text papers assessed for applicability
and quality of methodology, n=20

ﬁapers included n=10

(9 studies)
Studies included by review:

¢ Risk factors for further
seizure: n=0

o Diagnosis: n=0

o New technology: n=0

e AEDs (repeated/cluster
seizure): n=0

o AEDs (prolonged seizure):
n=0

o AEDs (status epilepticus):
n=2

e Women + AEDs
(repeated/cluster): n=0

n=0

e Women + AEDs (status
epilepticus): n=0

o Women monitoring n=0

e Surgery: n=3 (2 studies)

o Ketogenic diet: n=3

e VNS: n=0

e Monitoring (how/when): n=0

* Psychological intervention:
n=2

e SUDEP intervention: n=0

Transition: n=0

~

e Women + AEDs (prolonged):

J

Risk factors for further
seizure: n=0

Diagnosis: n=0

New technology: n=0

AEDs (repeated/cluster
seizure): n=0

AEDs (prolonged seizure):
n=0

AEDs (status epilepticus): n=0
Women + AEDs
(repeated/cluster): n=0
Women + AEDs (prolonged):
n=0

Women + AEDs (status
epilepticus): n=0

Women monitoring n=0
Surgery: n=0

Ketogenic diet: n=0

VNS: n=0

Monitoring (how/when): n=0
Psychological intervention:
n=0

SUDEP intervention: n=0

Transition: n=0

J

) 4 v
ﬂapers selectively excluded, \ ﬂapers excluded, n=10
n=0 (10 studies)
Studies selectively excluded by Studies excluded by review:
review:

o Risk factors for further
seizure: n=0

e Diagnosis: n=0

o New technology: n=0

o AEDs (repeated/cluster
seizure): n=0

o AEDs (prolonged seizure):
n=0

e Women + AEDs
(repeated/cluster): n=0

n=0

e Women + AEDs (status
epilepticus): n=0

o Women monitoring n=0

e Surgery: n=4

o Ketogenic diet: n=1**

e VNS: n=5*¢

e Monitoring (how/when): n=0

o Psychological intervention:
n=1

e SUDEP intervention: n=0

e Transition: n=0

~

o AEDs (status epilepticus): n=0

e Women + AEDs (prolonged):

J

* Non-relevant population, intervention, comparison, design or setting; non-English language
**Please note that 1 article related to two questions. For this reason, the numbers listed for each review may not total the
number of full text articles assessed for applicability and quality of methodology.
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Appendix H Economic evidence tables

None

Appendix | Health economic model

No original economic modelling was undertaken for this review question.
Appendix J Excluded studies

Clinical studies

Table 8: Studies excluded from the clinical review

Study
Helde 20052

Islamiyah 20193

Jacob 2016*
Jacob 2019°
Jannuzzi 2000°
Jarvie 20187

Jimenez 20208
Johannessen 2008°
Kelly 198410

Kim 2018

Koch 19832

Kusznir vitturi 201913
Larkin 1988
Leenen 2018

Lhatoo 200116

Longo 2009

Losada-camacho 201418
Maguire 201619

Mauri llerda 2015%°
Mcauley 20022
Mehrotra 199022

Mikov 201022

Exclusion reason

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Incorrect study design. Men. Non-pregnant women not planning
pregnancy. Incorrect interventions

Incorrect study design. (narrative review)
Incorrect study design. (narrative review
Non-pregnant women not planning pregnancy. Men

Systematic review: study designs inappropriate. (included studies
relating to pregnancy were either case reports or observational
studies).

Not English language. (only abstract is in English language)
Incorrect study design. (narrative review)
Incorrect study design. (narrative review)

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Not English language
TDM was not explored as an exposure
Incorrect study design. (conference abstract)

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Men. Non-pregnant women not planning pregnancy. Children. TDM
not explored as an exposure

Systematic review: study designs inappropriate. Systematic review:
literature search not sufficiently rigorous. Systematic review: quality
assessment is inadequate. Systematic review: methods are not
adequate/unclear

Non-pregnant women not planning pregnancy

Systematic review is not relevant to review question or unclear
PICO. Non-pregnant women not planning pregnancy

Incorrect study design. (clinical practice guideline)
Incorrect study design. (narrative review)

Incorrect study design. Non-pregnant women not planning
pregnancy. Men. Incorrect interventions

Incorrect study design. (conference abstract)
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Study
Miskov 2009%

Nilsson 200126
Nonoda 2014%"

Otani 198528

Pack 2006%°
Patsalos 20083%°
Patsalos 20183
Pennell 20043
Pennell 20064
Pennell 20083
Pennell 20083

Pennell 20163
Pennell 20183

Perucca 20033
Pirie 20143°
Plumpton 201540

Pulliam 19964

Rahmathullah 19904
Rajadhyaksha 19994

Raju 19944
Ramsay 19944°

Rashid 201746
Rath 2009*"

Reardon 201748

Reid 2008*°

Exclusion reason

Inappropriate comparison. (mean percentage AED dose
adjustment (during pregnancy TDM and during postnatal TDM) was
compared for women with favourable versus adverse pregnancy
outcomes. This was not considered to justify inclusion as there was
no comparison of outcomes for TDM versus usual care).

Incorrect study design. Non-pregnant women not planning
pregnancy. Men

Population was children aged 2.4 to 18. There was no subgroup
analysis of women planning/in/post pregnancy)

Inappropriate comparison. (The association of altered serum levels
of AED with changes in seizure frequency was explored. This was
not considered to justify inclusion as there was no comparison of
outcomes for TDM versus usual care).

Incorrect study design. (narrative review)
Incorrect study design. (narrative review)
Incorrect study design. (narrative review)
Incorrect study design. (narrative review)
Incorrect study design. (narrative review)
Incorrect study design. (narrative review)

Inappropriate comparison. Prospective, observational comparison
of seizure frequency before pregnancy without TDM, and during
the study period with TDM. Seizure frequency stratified by seizure
classification (all, or generalised tonic-clonic), but no adjustment for
age at onset of epilepsy.

Incorrect study design. (narrative review)

TDM was not explored as an exposure in this prospective
observational study. The exposure variable was epilepsy versus no
epilepsy. The primary outcome was proportion achieving
pregnancy in 12 months.

Incorrect study design. (narrative review)
Systematic review: study designs inappropriate

Economic analysis. Measurement of drug level was not the
intervention. Rather, it was a self-administered questionnaire
(implementation intention intervention).

Retrospective patient record review. Non-pregnant women not
planning pregnancy. Men

Incorrect interventions. Incorrect population (preschool children)

Incorrect interventions. Incorrect population (children aged 2 to 14
with intracranial granuloma and seizures)

Incorrect interventions. Non-pregnant women not planning
pregnancy. Men. Children aged 12 or over

Incorrect population (patients with refractory epilepsy receiving
VNS). Incorrect interventions

Incorrect interventions. Inappropriate comparison

Incorrect study design. (narrative review). Incorrect interventions.
Inappropriate comparison

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions. Inappropriate comparison

Incorrect population (children with cerebral palsy). Incorrect
interventions
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Remy 1989%"

Rentmeester 199153
Rentmeester 199152
Rezaei 2012%

Riaz 2013%

Rich 2016%
Richardson 1998’
Richens 199458

Ridsdale 1997¢'
Ridsdale 2000%°

Ridsdale 2018
Ridsdale 20188

Rieckmann 2012%3
Ring 20186
Riveau 2018%
Rivera-castano 2012%6
Robinson 1989%7
Rogin 20148
Romo 201569
Rosati 20167°
Rosenfeld 2015
Rosman 199372
Rosman 200173
Rossetti 20147
Rts 201176

Rts 20157

Ryvlin 201477

Sabers 199578
Sabna 20187
Saccone 201680

Sacevich 201821
Sachdeo 199282
Sachdeo 199783
Sackeim 19938
Sackellares 200485
Saez-llorens 20028
Sahjpaul 2003%”
Saida 201788

Exclusion reason

Incorrect interventions. Non-pregnant women not planning
pregnancy. Men

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Men. Non-pregnant women not planning pregnancy

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions

Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions

Non-pregnant women not planning pregnancy. Men. Incorrect
interventions. Inappropriate comparison

Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions

Systematic review is not relevant to review question or unclear
PICO. Incorrect interventions

Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
Incorrect population. Incorrect interventions
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Salinsky 1995°% Incorrect population. Incorrect interventions
Salinsky 1996° Incorrect population. Incorrect interventions
Salinsky 20108° Incorrect interventions
Salloway 2018% Incorrect population. Incorrect interventions
Saposnik 2016% Incorrect population. Incorrect interventions
Saygin 2002% Incorrect population. Incorrect interventions
Schachter 1995% Incorrect population. Incorrect interventions
Schechtmann 2010% Incorrect population. Incorrect interventions
Schonenberg 2017% Incorrect population. Incorrect interventions
Schougaard 20179 Incorrect population. Incorrect interventions
Scott 1999% Non-pregnant women not planning pregnancy. Incorrect
interventions. Inappropriate comparison
Sedman 1990 Incorrect population. Incorrect interventions
Seo 2007 Incorrect population. Incorrect interventions
Sethi 200212 Incorrect population. Incorrect interventions
Seynaeve 2016"%3 Incorrect population. Incorrect interventions
Shaw 2006'% Non-pregnant women not planning pregnancy. Incorrect
interventions. Inappropriate comparison
Shaw 2010'%4 Non-pregnant women not planning pregnancy. Men. Incorrect
interventions. Inappropriate comparison
Shefner 20091%6 Incorrect population. Incorrect interventions
Shi 20201°7 Incorrect population. Incorrect interventions
Shim 2006'% Incorrect population. Incorrect interventions
Shorvon 2000'%° Incorrect population. Incorrect interventions
Si 202010 Incorrect population. Incorrect interventions
Simpson 2015 Incorrect population. Incorrect interventions
Singhi 200213 Incorrect population. Incorrect interventions
Singhi 200312 Incorrect population. Incorrect interventions
Singla 201114 Incorrect population. Incorrect interventions
Sivenius 199411° Incorrect population. Incorrect interventions
Smith 19937 Incorrect population. Incorrect interventions
Smith 1994116 Incorrect population. Incorrect interventions
Smits 200118 Incorrect population. Incorrect interventions
Sobaniec 200419 Incorrect population. Incorrect interventions
Solanki 2016120 Incorrect population. Incorrect study design
Solomkin 1985"%! Incorrect population. Incorrect interventions
Sotelo 200612 Non-pregnant women not planning pregnancy. Men. Incorrect
interventions. Inappropriate comparison
Spivey 199323 Incorrect population. Incorrect interventions
Sprigg 201824 Incorrect population. Incorrect interventions
Srinivasakumar 20152 Incorrect population. Incorrect interventions
Statler 201926 Incorrect population. Incorrect interventions
Stauffer 20147 Incorrect population. Incorrect interventions
Stefan 2001'%° Incorrect population. Incorrect interventions
Stefan 2006'%2 Incorrect population. Incorrect interventions
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Strengell 2009130 Non-pregnant women not planning pregnancy. Incorrect
interventions. Inappropriate comparison
Struys 2017'% Incorrect population. Incorrect interventions
Stupp 200933 Incorrect population. Incorrect interventions
Stupp 201432 Incorrect population. Incorrect interventions
Stupp 201734 Incorrect population. Incorrect interventions
Sundqvist 1999135 Incorrect population. Incorrect interventions
Sveinbjornsdottir 1994136 Incorrect population. Incorrect interventions
Szaflarski 202037 Incorrect population. Incorrect interventions
Szer 2004138 Incorrect population. Incorrect interventions
Tacke 2018"%° Incorrect population
Taghavi ardakani 201040 Incorrect population. Incorrect interventions
Taghdiri 201341 Incorrect population. Incorrect interventions
Takeuchi 2014142 Incorrect population. Incorrect interventions
Tang 2014143 Incorrect population. Incorrect interventions
Tartara 199244 Incorrect population. Incorrect interventions
Tatum 2001'4° Incorrect population. Incorrect study design
Temkin 199048 Incorrect population. Incorrect interventions
Temkin 199947 incorrect population. Incorrect interventions
Temkin 200746 Incorrect population. Incorrect interventions
Tennison 1994149 Incorrect population. Incorrect interventions
Terai 1993'%0 Incorrect population. Incorrect interventions
Thanh 2002152 Incorrect population. Incorrect interventions
Thilothammal 19934 Incorrect population. Incorrect interventions
Thilothammal 199633 Incorrect population. Incorrect interventions
Thomas 20011%° Incorrect population. Incorrect interventions
Tilz 2006'%8 Incorrect population. Incorrect interventions
Titre-johnson 2017157 Incorrect population. Incorrect interventions
Tolbert 20145 Incorrect population. Incorrect interventions
Tolbert 2015158 Incorrect population. Incorrect interventions
Tolchin 2019'6° Incorrect population. Incorrect interventions
Trevathan 20066 Incorrect population. Incorrect interventions
Trinka 2018162 Incorrect population. Incorrect interventions
Trudeau 1996163 Incorrect population. Incorrect interventions
Tsounis 201164 Incorrect population. Incorrect interventions
Tungmanowutthikul 201965 Incorrect population. Incorrect interventions
Turan gurhopur 2018166 Incorrect population. Incorrect interventions
Uijl 2009167 Incorrect population. Incorrect interventions
Vaghadia 199968 Incorrect population. Incorrect interventions
Vahedi 20071%° Incorrect population. Incorrect interventions
Van der meyden 199417° Incorrect population. Incorrect interventions
Van paesschen 2013""" Incorrect population. Incorrect interventions
Van stuijvenberg 199872 Incorrect population. Incorrect interventions
Vanlandingham 202073 Incorrect population. Incorrect interventions
Vining 1987174 Incorrect population. Incorrect interventions
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Viscusi 20147
Wakelee 201776
Wang 2008"7"

Wanigasinghe 201778

Webster 2014179
Weiden 20208
Weinbroum 199618
Welch 201582
Wheless 201983
Wietholtz 198984
Wijnen 2017185
Wilky 2019186

Wu 2009187

Xu 2004189

Xu 2007188
Yadegary 2015'%°
Yamamoto 2016
Yamamoto 2020192
Yen 200093
Young 200419
Young 2006"%*
Younus 20181%
Zamponi 1999197
Zhang 2017198
Zhao 2019'%°
Zhong 20182
Zhou 201721

Zou 201022

Exclusion reason

Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.

Incorrect study design. Inappropriate comparison

Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.
Incorrect population.

Health Economic studies

Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions

Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions
Incorrect interventions

Published health economic studies that met the inclusion criteria (relevant population,
comparators, economic study design, published 2004 or later and not from non-OECD
country or USA) but that were excluded following appraisal of applicability and
methodological quality are listed below. See the health economic protocol for more details.

Table 9: Studies excluded from the health economic review
Reference Reason for exclusion
None.
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Appendix K Research recommendations — full details

What is the clinical and cost effectiveness of decisions about therapeutic drug monitoring
(TDM) in girls, young women, and women with epilepsy? Particular focus should be on anti-
seizure medications where concentrations are known to potentially change during
pregnancy.

Research recommendation

What is the clinical and cost effectiveness of decisions about therapeutic drug monitoring
(TDM) in girls, young women, and women with epilepsy?

Why this is important

There is evidence of increased risks for women with epilepsy in pregnancy, including ten-fold
increased risk of maternal mortality, and risks of worsening seizure control.

Maternal tonic clonic seizures especially if occurring in sleep are associated risks of sudden
unexpected death in epilepsy (SUDEP), and status epilepticus.

In addition to major risks to the mother, uncontrolled epilepsy with generalised tonic clonic
convulsions is associated with risks of harm to the fetus including miscarriage, fetal hypoxia
and acidosis, and fetal loss. The effect of seizures can impact daily living, resulting in loss of
driving licence, negative impact on employment and relationships and reduced quality of life
(Qol), all of which are heightened in pregnancy.

The potential for ASM (antiseizure medication) serum concentrations changing in pregnancy
has become a focus of clinical management in pregnancy, with variable implementation in
the UK for epilepsy monitoring before, during and after pregnancy. The focus on maintaining
a stable ASM concentration during and after pregnancy is difficult owing to the alteration of
ASM pharmacokinetics including increased volume of distribution, elevated renal clearance,
and induction of hepatic metabolism. There is evidence lamotrigine, levetiracetam,
oxcarbazepine and phenytoin serum concentrations potentially change during pregnancy.

There is uncertainty of how best to manage the changes in ASM concentration, to influence
improvement in pregnancy and post-pregnancy seizure control, while mitigating ASM toxicity
for mother and baby.

In the face of uncertainty of how best to manage the risks of changes ASM serum
concentrations pregnancy, it is important to investigate the effectiveness of therapeutic drug
monitoring (TDM) in girls, young women, and women with epilepsy, especially focusing on
anti-seizure medications where concentrations are known to potentially change during
pregnancy.

Rationale for research recommendation

Importance to Little is known of the best approach to managing ASM serum
‘patients’ or the concentrations before, during and after pregnancy, and the
population potential benefits and harms of different management strategies.

There are significant risks associated with maternal seizures in
pregnancy and risks of SUDEP and maternal death has been
linked to finding sub-therapeutic drug levels. This has raised
concern of the potential to reduce avoidable maternal death, and
there is significant public and political concern about this.

Relevance to NICE Therapeutic drug monitoring (TDM) before, during and after
guidance pregnancy has been considered in this guideline due to the
uncertainty of effective management and variable implementation
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Relevance to the
NHS

National priorities

Current evidence
base

Equality
considerations

Modified PICO table
Population

Intervention
Comparator
Outcome

in practice. There is need for focused attention on the effective
management strategies for TDM, particularly for lamotrigine,
levetiracetam, oxcarbazepine and phenytoin as evidence of
potential serum levels changing in pregnancy exists.

The outcome would affect the management of ASM in pregnancy,
particular the routine uses of TDM before, during and after
pregnancy provided by the NHS. This may also predict future
healthcare needs for women with epilepsy before, during and after
pregnancy.

The outcome may have potential cost and resource implication as
this is not routine practice in the NHS. The work offers clear benefit
with the potential outcome of influencing ASM prescribing in
pregnancy; the opportunity to reduce fetal ASM exposure (for
example by preventing erroneous increases in ASMs during
pregnancy) and ensuring that risks for post-partum risks of ASM
toxicity are minimised

High

Evidence was provided by a single randomised controlled trial of
TDM versus clinical features monitoring (CFM) among women

under 24 weeks gestation in whom ASM concentrations had fallen
by 25% or more.

It was agreed that this trial was inconclusive, neither providing
straightforward evidence in favour of TDM in pregnancy, nor
providing clear evidence against it. This research recommendation
was therefore made for further study to address the clinical and
cost effectiveness of decisions about TDM in girls, young women,
and women with epilepsy.

The variable implementation of TDM in current practice has
uncertain impact on equitable care provision. This research
recommendation will focus on women with epilepsy of all ethnicities
who have potential for pregnancy, without age restriction including
girls under the age of 16 years, and including women with
intellectual disabilities, and those within following vulnerable
groups.

Girls, young women, and women with epilepsy who are of
childbearing potential

Anti-seizure medication therapeutic drug monitoring
Different TDM strategies; clinical features monitoring; different ASM

Mortality of mother or baby at study follow-up, seizure freedom
during pregnancy and at six months post-partum, reduction in
seizure frequency (50% or more), time to first seizure in pregnancy
and up to up to six weeks post-partum, time to subsequent seizures
(within an observation period of up to one year), ASM exposure
(mean daily), and quality of life (using any validated measures) at
study follow-up. Adverse events: ASM toxicity, pregnancy
complications in the mother or baby (maternal admission to a high
dependency or intensive care unit or admission of the baby to a
neonatal intensive care unit), seizures during labour, attendance at
an emergency department, congenital anomalies, and
neurodevelopmental outcomes.

80



Epilepsies in children, young people and adults: diagnosis and management FINAL
Therapeutic drug monitoring in women and girls

Study design RCT; Prospective study design

Timeframe From pre-pregnancy, pregnancy and up to 12m post-partum. Long
term.

Additional None

information
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Appendix L Additional information

Algahtani, H., et al. (2019). "Antiepileptic Drugs Usage in Pregnant Women with Epilepsy in
Saudi Arabia." Journal of Epilepsy Research 9(2): 134-138.

Background and Purpose: Epilepsy is one of the most common neurological disorders
requiring continuous treatment during pregnancy. In Saudi Arabia, there is only one
publication that studied the outcome of pregnancies in women with epilepsy, published in
1999. The aim of the study is to determine the major congenital malformations in infants
resulting from exposure to antiepileptic drugs in pregnant women with epilepsy.

Methods: This is a retrospective observational study that was conducted at King Abdulaziz
Medical City, Jeddah, Saudi Arabia, involving pregnant women with epilepsy using
antiepileptic drugs during pregnancy. We also studied babies born to those mothers. The
study period was 5 years from 2014 to 2018.

Results: Six hundred babies were included in the study, born to 154 mothers with epilepsy
using antiepileptic drugs during pregnancy. In addition, there were 111 losses of fetuses
before 20 weeks of gestation. The only malformation detected was a ventricular septal defect
in one child, whose mother was using polytherapy (valproic acid and levetiracetam). Three
babies were born with epilepsy, and four babies had other associated disorders (Down
syndrome, osteoporosis, esotropia, and hearing impairment).

Conclusions: The results of this small study are an urgent call for the establishment of
congenital malformations registry in Saudi Arabia. In addition, specialized epilepsy clinics
utilizing multidisciplinary care are highly recommended. A specific group of interest for such
clinics are married women, who have epilepsy and are using antiepileptic drugs since
planning of pregnancy is not part of the culture in Saudi Arabia. Copyright © 2019 Korean
Epilepsy Society.
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