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Abstract	
	
Background	

Antiepileptic	drugs	titration	in	epilepsy	remains	empirical.	Since	in	practice	

seizure	remission	may	be	obtained	with	low	doses,	we	aimed	to	determine	if	

patients	in	remission	have	lower	lamotrigine	levels	than	those	who	continue	

experiencing	seizures.	

Methods	

Retrospective	analysis	of	the	distribution	of	lamotrigine	levels	in	people	in	

remission	and	with	ongoing	seizures	in	a	cohort.	Remission	was	defined	as	the	

longest	of	either	3	times	of	the	longest	interseizure	interval,	or	one	year.	Only	

through	levels	were	considered.	

Results	

Between	2009	and	2014,	we	identified	93	adults,	10	were	in	remission.	People	in	

remission	had	significantly	(p=0.018)	lower	serum	levels	(median	2.3	mg/l,	

range:	0.7-8.2)	than	those	with	ongoing	seizures	(median	5.4mg/l,	range:	1.1-

18.2).	We	did	not	find	any	patient	in	remission	with	levels	higher	than	8.2	mg/l.	

Distribution	of	dosages	also	differed	among	the	groups,	but	less	significantly	

(p=0.03).	

Conclusion	

A	correlation	between	lamotrigine	serum	levels	and	seizure	response	in	term	of	

remission	appears	to	exist,	and	a	ceiling	level	above	which	remission	is	unlikely	

is	proposed.	This	could	help	to	rationalise	the	titration	of	medication	in	drug-

naïve	patients	with	epilepsy.		

	



Introduction	
	

Prescription	 and	 titration	 of	 antiepileptic	 drugs	 (AEDs)	 remains	 largely	

empirical,	 dosage	 being	 increased	 sometimes	 until	 the	 appearance	 of	 adverse	

events	 in	 patients	 with	 ongoing	 seizures.	 There	 is	 indeed	 no	 well-established	

AED	ceiling	dosage	 in	 term	of	seizure	control.	 It	has	been	however	shown	that	

more	 than	 90%	 of	 seizure-free	 patients	 were	 taking	 less	 than	 300	 mg	 of	

lamotrigine	 per	 day,	 suggesting	 that	 the	 chance	 to	 achieve	 seizure	 freedom	 at	

higher	doses	is	likely	to	be	small(1).	Such	ceiling	dosage	is	particularly	relevant	

in	drug-naïve	people	with	epilepsy,	in	whom	the	primary	aim	of	the	treatment	is	

finding	 the	 right	 agent	 to	 achieve	 remission	 as	 quickly	 as	 possible,	whereas	 in	

people	 with	 medically	 refractory	 epilepsy,	 continued	 titration	 resulting	 in	 a	

relative	reduction	of	the	seizure	frequency	can	still	be	valuable.		

Interindividual	 variability	 of	 AED	metabolism	due	 of	 genetic	 polymorphism	 or	

co-medication	prevents	establishing	a	direct	correspondence	of	AED	dosage	with	

clinical	 response,	 which	 leads	 to	 the	 need	 of	 individualising	 AED	 dosage.	 This	

results	 in	 a	 stepwise	 increase	 in	 the	 search	 of	 the	 optimal	 dosage,	 the	 patient	

being	 potentially	 exposed	 to	 medication-related	 adverse	 events,	 and	 to	

continued	 seizures	 when	maximal	 efficacious	 dosage	 of	 the	medication	would	

have	 been	 surpassed.	 Therapeutic	 drug	 monitoring	 offers	 the	 opportunity	 to	

determine	 to	which	AED	concentration	a	patient	 is	 exposed,	 adjusting	 thus	 for	

the	genetic	variability	of	antiepileptic	drugs	metabolism	or	drug	interactions.		

The	 reference	 range	 of	 older-generation	 AEDs,	 such	 as	 phenytoin	 or	

carbamazepine,	has	been	well	studied,	and	drug	level	ranges	are	widely	accepted.	

Older	 generation	 AEDs	 are	 however	 decreasingly	 used(2);(3).	 New	 generation	

AED,	such	as	lamotrigine,	have	been	shown	to	be	more	effective	(thanks	to	their	

better	tolerability)	and	lamotrigine	became	the	standard	of	care	in	focal	epilepsy	

(4).		

	

Our	 aim	 was	 to	 explore	 the	 distribution	 of	 lamotrigine	 serum	 levels	 in	 a	

population	of	people	with	epilepsy	stratified	between	patients	in	remission	and	

with	 ongoing	 seizures,	 in	 order	 to	 confirm	 that	 the	 former	 have	 lower	 serum	

levels	and	to	identify	a	ceiling	level	associated	with	remission.	



	

	

Methods	

	

We	 reviewed	 retrospectively	 lamotrigine	 concentrations	 and	 the	 response	 to	

medication	 at	 the	 time	 of	 blood	 sampling.	 We	 collected	 all	 consecutive	

lamotrigine	 levels	 at	 our	 centre	 determined	 at	 the	 Laboratory	 of	 Lavigny	

between	 August	 2009	 and	 March	 2014.	 We	 considered	 only	 the	 most	 recent	

dosage	if	the	patient	had	more	than	one	analysis.	Lamotrigine	serum	levels	were	

measured	 by	 high	 performance	 liquid	 chromatography.(5)	 We	 ascertained	

through	 chart	 reviews	 that	 all	 lamotrigine	 levels	 were	 measured	 at	 through	

concentration.	 Cases	when	 the	 interval	 between	 the	 last	 dosing	 and	 the	 blood	

sampling	was	less	than	6	hours(6)	and	patients	younger	than	17	years	old	(some	

epileptic	 syndromes	 in	 this	 age	 group	 have	 a	 natural	 evolution	 leading	 to	

remission)	were	excluded.		

	

Through	 computerised	medical	 records,	we	 collected	 basic	 epidemiologic	 data	

including	 demographics	 and	 pregnancy	 status.	 Seizure	 history	 was	 collected	

from	clinical	reports,	which	 in	our	 institution	are	standardised	with	systematic	

reporting	of	the	last	seizure.	We	defined	remission	according	to	the	International	

League	Against	Epilepsy	 (ILAE)(7)	as	 follows:	 the	 longest	of	 either	 three	 times	

the	longest	free	seizure	interval	(for	example	a	seizure	every	6	months,	implies	a	

seizure-free	 interval	 of	 18	months)	 or	 at	 least	 one	 year.	 This	 rule	 of	 three	has	

been	 recently	 supported	 statistically(8).	 All	 seizure	 types	were	 considered	 for	

assessment	 of	 remission,	 including	 also	 auras.	 In	 case	 of	 insufficient	

documentation	about	the	nature	of	a	suspected	relapse	of	seizure,	episodes	were	

conservatively	considered	as	having	seizures.	People	with	breakthrough	seizures	

due	to	a	provocative	factor	(e.g.,	abusive	alcohol	intake	or	drug	omission)	were	

not	 considered	 in	 remission.	 In	 case	 of	 remission	 on	 a	 polytherapy,	 we	

considered	the	remission	to	be	associated	with	lamotrigine,	only	if	this	was	the	

last	 drug	 introduced	 before	 achieving	 it;	 if	 a	 clear	 sequence	 could	 not	 be	

established,	the	case	was	excluded.		

	



Distributions	 of	 concentration/dosage	 according	 to	 remission	 or	 ongoing	

seizures	were	 performed	 using	 Student	 T	 or	Mann-Whitney	 U	 test	 as	 needed.	

Analyses	were	performed	using	SPSS	21	(IBM	inc.).	

	

Results	

We	 collected	 168	 patients	with	 epilepsy	 of	whom	9	were	 excluded	 because	 of	

incomplete	 data	 and	 46	 because	 the	 sample	was	 performed	 less	 than	 6	 hours	

after	 dosing,	 or	 it	was	not	 possible	 to	 determine	 at	what	 time	 the	 sample	was	

taken.	We	also	excluded	20	paediatric	patients.	This	left	93	patients	for	analysis.		

	

There	were	47	women	(50.3%),	median	age	was	50	years	old	(ranged:	17	to	92).	

Overall,	 45	(48%)	 were	 on	 monotherapy.	 Ten	 patients	 (10.8%)	 were	 in	

remission,	 all	 of	 them	 were	 on	 lamotrigine	 monotherapy;	 none	 of	 them	 were	

pregnant	at	the	time	of	sample.		

Median	daily	dosage	was	250	mg	(ranged:	25	to	1200	mg).	Median	though	blood	

levels	varied	were	at	4.9mg/l	(range:	0.6	to	18.2	mg/l).	Serum	levels	in	people	in	

remission	and	those	with	ongoing	seizures	are	shown	in	figure	1.	Distributions	of	

serum	 logs	 levels	 were	 significantly	 different	 (p=0.018,	 Mann	 Whitney	 test)	

between	people	in	remission	(median	2.3,	range:	0.7-8.2)	and	those	with	ongoing	

seizures	(median	5.4,	range:	1.1-18.2).	Among	those	in	remission,	9	out	of	10	had	

levels	 lower	than	6	mg/l.	There	was	also	a	significant	difference	(p=0.03,	Mann	

Whitney	test)	in	the	distribution	of	daily	dosages	(with	a	ceiling	dose	of	300mg	

for	remission)	when	comparing	people	in	remission	(median	175mg,	range:	50-

300mg)	with	those	with	ongoing	seizures	(median	300mg,	range:	25-1200mg).	

	

Discussion		

	

This	study	suggests	that	people	in	remission	have	significantly	lower	lamotrigine	

serum	 levels	 and	 daily	 dosages	 than	 those	 with	 uncontrolled	 epilepsy.	 It	 also	

shows	 that	 there	might	be	a	 ceiling	effect	 in	 the	 concentration	associated	with	

seizure	remission,	as	there	was	no	patient	in	remission	with	blood	levels	beyond	

8.2mg/l.	



These	data	shows	a	correlation	between	clinical	effects	and	drug	concentration	

in	 a	 different	 way	 that	 previously	 studied.	 A	 previous	 study	 investigated	 the	

relationship	 with	 treatment	 response	 in	 terms	 of	 relative	 decrease	 in	 seizure	

frequency(9),	 but	 did	 not	 find	 any	 correlation.	 Relative	 seizure	 frequency	

decrease	 is	 likely	 to	 be	 flawed	 by	 regression	 to	 the	 mean(10),	 and	 therefore	

represents	 an	 outcome	 that	 is	 not	 very	 robust.	 Conversely,	 using	 remission	

according	the	current	ILAE	recommendation(7)	seems	more	likely	to	account	for	

a	 tangible	 change	 in	 the	 course	 of	 the	 disease	 (8).	 Another	 study(11)	 	 did	 not	

take	into	account	the	time	of	the	sampling,	making	likely	that	some	levels	were	

artificially	high.	We	considered	only	residual	levels	for	a	better	consistency	using	

samples	taken	at	 least	6	hours	after	dosing;	a	period	where	the	difference	with	

through	period	is	likely	to	be	minimal(12).		

Lower	 serum	 levels	 in	 people	 in	 remission	 could	 appear	 contra	 intuitive,	 as	

higher	 dosage	may	 be	 felt	 to	 bring	 a	more	 potent	 effect.	 This	 approach	would	

however	 not	 take	 into	 account	 that	 some	 people,	 whatever	 the	 dose	 they	 are	

exposed	to,	will	not	respond	to	the	treatment,	and	if	they	will	respond,	it	is	likely	

to	be	at	low	or	moderate	dose(1).	

	

If	 the	 present	 findings	 are	 confirmed,	 a	 ceiling	 serum	 level	 associated	 with	

remission	for	patients	taking	lamotrigine	could	help	to	rationalise	the	titration	of	

the	 medication	 in	 drug	 naïve	 people	 with	 epilepsy.	 Relying	 on	 oral	 dosage	 is	

likely	 to	 be	 biased	 by	 interindividual	 variability	 of	 bioavailability,	 patients’	

weight,	 and	drug	 interactions	 (with	hormonal	 contraceptives	 for	 instance).	We	

found	 not	 surprisingly	 a	 lesser	 difference	 between	 the	 two	 groups	 when	

comparing	 dosages,	 the	 ceiling	 dosage	 associated	 with	 remission	 was	 300mg	

which	is	in	keeping	with	a	previous	report(1).	A	ceiling	serum	level	would	allow	

estimating	 the	 probability	 of	 remission	with	 further	 increase(s)	 of	medication.	

This	 could	 allow	 switching	 earlier	 to	 another	 medication	 if	 the	 probability	 of	

remission	 appears	 small;	 thus	 avoiding	 further	 increase	 most	 associated	 with	

little	difference	in	term	of	seizure	control	but	potentially	exposing	the	patient	to	

unnecessary	adverse	events.		

	



This	study	has	limitations.	Its	retrospective	nature	implies	that	samples	were	not	

taken	 systemically,	 and	 it	 is	 likely	 that	 a	proportion	of	people	with	 epilepsy	 in	

remission	may	not	have	had	serum	levels,	as	there	would	have	been	no	practical	

consequence.	 The	 possible	 natural	 remission	 of	 the	 disease	 has	 to	 be	

considered(13),	 making	 the	 treatment	 unnecessary,	 explaining	 therefore	 low	

level	 observed	 in	 some	 of	 the	 patients.	 Including	 patients	 with	 relapses	

associated	with	an	attempt	of	weaning	could	have	been	a	possibility	to	ascertain	

this.	 A	 prospective	 study	 decreasing	 progressively	 the	 dosage	 to	 ascertain	 the	

smallest	sufficient	dose	would	require	a	prohibitively	long	period	of	observation.	

This	 does	 however	 not	 alter	 the	 finding	 that	 people	 in	 remission	 had	 lower	

serum	levels.		

In	conclusion,	serum	AEDs	level	could	be	useful	when	titrating	medication	in	

drug-naïve	patient	with	epilepsy,	preventing	unnecessary	increments	and	time	

losses,	and	thus	potentially	increasing	the	quality	of	care.	
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