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When	to	start		
and		

How	to	select	AEDs	
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When	to	start	AED	

•  True	epilepJc	seizure	

•  First	unprovoked	seizure	??	
	
•  Diagnosis	of	epilepsy	
				àAED	should	be	offered	as	soon	as	epilepsy				
								has	been	established	
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Epilepsy:	definiJon	

1.  At	least	2	unprovoked	seizures	occurring	at	
least	24	hours	apart	

2.  One	unprovoked	seizure	with	probability	of	
further	sz	(>60%)	over	the	next	10	yr	eg.	
Remote	structural	lesion	

3.  EpilepJc	syndrome	

Fisher	et	al.	A	pracJcal	clinical	definiJon	of	epilepsy,	Epilepsia	2014		
	

First	unprovoked	seizure		

•  Risk	of	second	unprovoked	sz	=	33%	
•  Risk	of	third	sz	=	73%	
•  Risk	of	fourth	sz	=	76%	

•  Overall	risk	of	recurrent	seizure	=	40-50%	
within	2	years	

	
Berg	AT.	Epilepsia	2008		

	

Hauser	et	al.	NEJM	1998		
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Figure 1.

 

 Risk of a Second, Third, and Fourth Unprovoked Seizure after a First, Second, and Third Un-
provoked Seizure.
P

 

!

 

0.001 for the comparison of the risk after one seizure with the risk after two seizures. P

 

"

 

0.47 for
the comparison of the risk after two seizures with that after three seizures. The numbers below the
figure show the numbers of patients remaining alive and free of seizures.
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*The percentages shown represent the risk of recurrence during the specified number of months
after the first, second, or third unprovoked seizure.
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*The percentages shown represent the risk of recurrence during the specified number of months
after the first, second, or third unprovoked seizure.
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RISK OF RECURRENT SEIZURES AFTER TWO UNPROVOKED SEIZURES
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after a third unprovoked seizure. Todd paralysis was
associated with an increased rate of recurrence. This
observation is difficult to explain on a physiologic
basis and requires confirmation in further studies.
No other factors were identified as significant pre-
dictors of additional unprovoked seizures after a sec-
ond or a third unprovoked seizure, although the sta-
tistical power of our study to identify such factors
was limited.

Epilepsy is generally defined as a condition char-
acterized by recurrent unprovoked seizures. In prac-
tice, there has been no agreement on an absolute
number of seizures required for them to be consid-
ered recurrent. A few researchers have defined the
term “epilepsy” to include patients with a single sei-
zure,

 

27-29

 

 and a few have required three unprovoked
seizures.

 

30,31

 

 Most recent clinical and epidemiologic
studies have required two unprovoked seizures as a
minimal criterion for the diagnosis.

 

16,31

 

 The interna-
tional classification of epileptic syndromes proposed
by the International League against Epilepsy catego-
rizes patients with only a single convulsive episode
separately from those with more than one seizure.

 

32

 

The relatively low risk of further seizures among
persons with a single unprovoked seizure contrasts

sharply with the higher risk after two or more un-
provoked seizures. In our view, two unprovoked sei-
zures are a necessary and sufficient criterion for the
diagnosis of epilepsy.

Our data suggest that decisions about the nature
and timing of therapy with antiseizure medication
should be individualized, taking into account the
risk of recurrence and the likelihood of side effects
of the medication in a particular patient. Among
people with only a single seizure, the proportion in
whom serious side effects of continuous antiseizure
medication will occur generally exceeds the propor-
tion who will have an additional seizure in the ensu-
ing five years.

 

2,4,33

 

 On the other hand, among those
with two or more unprovoked seizures, the risk of
additional seizures is higher than the risk of side ef-
fects of medication. Our data suggest that people
with two or more unprovoked seizures should be
treated. 

 

Supported in part by a grant (NS16308) from the National Institute of
Neurological Disorders and Stroke.

 

We are indebted to Jo Biggs and Richard Miller for technical as-
sistance and to Dale Hesdorffer and Bonnie L. Kessler for their crit-
ical comments on the manuscript.

 

Figure 2.

 

 Risk of a Third Unprovoked Seizure after a Second Unprovoked Seizure in Patients with Re-
mote Symptomatic Epilepsy and Idiopathic Epilepsy.
See the text for definitions. P

 

!

 

0.05 for the difference between the groups. The numbers below the
figure show the numbers of patients remaining alive and free of seizures.
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First	unprovoked	seizure		

Two	large	randomized	trial	
•  FIR.S.T	(First	Seizure	Trial	Group,	Italy	1993)	
				193	untreated	pts.	vs.	204	treated	pts.		
•  MESS	(MulJcenter	Epilepsy	and	Single	Seizure	
study,	European-wide	2005)	including	first	ever	
seizure	and	newly	diagnosed	epilepsy	

				408	untreated	pts.	vs.	404	treated	pts.	

Berg	AT.	Epilepsia	2008		
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FIR.S.T:	risk	of	recurrent	sz	

Deferred	gr.	 Treatment	gr.	
3	months	 18%	 7%	
6	months	 28%	 8%	
12	months	 41%	 17%	
24	months	 51%	 25%	

60%	reducJon	in	the	rate	of	relapse	for	immediate	
versus	delayed	treatment		

MESS	study:	risk	of	recurrent	sz	

Deferred	gr.	 Treatment	gr.	
6	months	 26%	 18%	
2	years	 39%	 32%	
5	years	 51%	 42%	
8	years	 52%	 46%	

Overall	hazards	raJo	=	1.4	for	untreated	vs.	treated	
	
ReducJon	in	recurrence	rate	=	30%	
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Predictors	of	recurrent	sz	

•  Abnormal	EEG	
•  Neurological	deficit	
•  Age	of	onset	
•  Type	of	seizure	
•  Status	epilepJcus	
•  Hx	of	febrile	seizure	

Abnormal	EEG	and	neurological	sign	

MESS	study:	lower	risk	if	normal	EEG	and	normal	
neurological	status	in	untreated	arm	
•  25%	recurrence	risk	at	2	years	(overall	39%)	
•  Hazards	raJo	for	abnormal	EEG	=	1.54																										
	 	 	 	 	 						symptomaJc	case	=	1.35	

Kim	et	al.	Lancet	neurol	2006		
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Age	

Children	vs.	adult		
•  FIR.S.T:	slightly	higher	risk	of	recurrence	in	
children	(<16	yr)	

•  MESS:	no	significant	change	

Berg	AT.	Epilepsia	2008		
	

Type	of	seizure	

•  Focal	sz	may	be	associated	with	higher	risk	of	
recurrence	

•  But	focal	sz	oien	associated	with	abnormal	
EEG	and	symptomaJc	cause	

•  Independent	effect	of	focal	sz	is	weak	and	
variable	

Berg	AT.	Epilepsia	2008		
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Status	epilepJcus	

•  Adult:	mulJple	seizures	within	a	day	or	status	
epilepJcus	was	associated	with	elevated	risk	
of	recurrence	within	the	subgroup	of	paJents	
with	remote	symptomaJc	first	seizures	
	 	 	 	 	 																									Hauser	et	al.	neurology	1990	

•  Higher	risk	if	status	epilepJcus	and	in	
teenager	with	mulJple	seizures	within	a	day	
	 	 	 	 	 	 	 	 	 						Loiseau	et	al.	epilepsia	1999		

	

History	of	febrile	seizure	

•  Increased	risk	of	recurrence	sz	may	be	
associated	with	previous	febrile	seizures	in	the	
group	with	remote	symptomaJc	first	
unprovoked	seizures		

	
																																																								 	 	 							Hauser	et	al.	Neurology	1990	

	 	 	 	 	 	 	 	 														Shinnar	et	al.	Pediatrics		1996	
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First	unprovoked	seizure		

•  Overall	risk	of	recurrent	seizure	=	40-50%	within	2	
years	

Increased	risk	if	
•  Abnormal	EEG	
•  IdenJfiable	neurological	condiJon	(neuro	deficit)		
•  Remote	symptomaJc	eJology	(+ve	brain	lesion)	
•  Status	epilepJcus	and	a	history	of	febrile	seizures	
in	individuals	with	symptomaJc	sz	

Berg	AT.	Epilepsia	2008		
	

First	unprovoked	seizure	in	children	
Common	quesJon	from	parents	

1.  Will	it	happen	again?		
2.  How	long	do	I	have	to	wait	for	a	recurrence?	
3.  Could	my	child	die	during	a	recurrence?		
4.  Could	there	be	brain	damage	with	a	

recurrence?		
5.  If	I	choose	to	delay	medicaJon	treatment	will	

there	be	any	long-term	change	in	the	chance	
of	a	permanent	remission?		

Camfield	and	Camfield.	Epilepsia	2008		
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Will	it	happen	again?	

Risk	is	increased	by		
•  Focal	versus	generalized	sz	
•  Presence	of	spike	discharge	on	EEG		
•  Presence	of	concomitant	neurological	deficits	
à	Children	with	none	of	these	factors	have	
approximately	a	20%	chance	of	recurrence		
à Children	with	all	of	these	factors	have	about	an	
80%	risk	of	recurrence		

																																																			Camfield	et	al.	Neurology	1985	

WaiJng	for	recurrence,	how	long?	

•  Children	
•  88-90%	recurrence	by	2	years	

•  Risk	is	rarely	increasing	aier	5	years	

Hauser	et	al.	NEJM	1998		
	

Camfield	et	al.	Neurology	1985	
Shinnar	et	al.	Ann	neurol	2000		
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Could	my	child	die	during	recurrence?		

•  Risk	of	a	child	dying	during	a	recurrent	seizure	
is	very	low	

Except	
•  Status	epilepJcus	
•  SUDEP	
The	most	frequent	cause	of	death	is	not	related	
to	seizures	

Camfield	and	Camfield.	Epilepsia	2008		
	

Any	brain	damage	with	a	recurrence?		
•  The	NaJonal	CollaboraJve	Perinatal	Project	(NCPP)		
•  55,000	children	from	birth	to	7	years	of	age		
•  Intelligence	and	academic	tesJng	at	7	years	of	age	
showed	no	difference	between	the	siblings	with	
seizures	and	those	without		

•  62	children	had	one	or	more	afebrile	seizures	between	
age	4	and	7	years.	Comparisons	of	the	cogniJve	tesJng	
before	and	aier	seizure	showed	no	change		

•  Clinically	significant	brain	injury	does	not	result	from	a	
few	recurrent	unprovoked	seizures		

Camfield	and	Camfield.	Epilepsia	2008		
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Any	risk	of	delayed	treatment?	

FIR.S.T	and	MESS	study:		
•  early	AED	treatment	reduced	early	recurrences	but	over	
several	years	the	remission	rates	were	idenJcal		

Camfield	et	al.	epilepsia	2002	(14	AED	VS.	14	without)	
•  Fewer	recurrences	in	1-year	F/U	for	AED	group	
•  No	difference	in	the	long-term	remission	rate	(20-year)		
					between	the	two	groups		

The	chance	of	remission	is	not	altered	by	delaying	AED	
treatment	aier	a	first	seizure	

Camfield	and	Camfield.	Epilepsia	2008		
	

AED	?	In	first	unprovoked	seizure	

•  Risk	of	recurrence	
•  Effect	of	recurrent	seizure	
•  Data	from	EEG	+	MRI		
•  Risk	of	AED,	adverse	drug	reacJon	
•  Give	all	informaJon	to	paJent	/	parents	to	
decide	
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						How	to	choose	AEDs	for	epilepsy?					Ideal	AED	
•  Fully	control	seizures	
•  Well	tolerated		
•  No	long-term	adverse	event	(teratogenicity,	
organ	toxicity)		

•  Once-	or	twice-daily	dosage	
•  No	drug	interacJons	
•  No	need	for	serum	monitoring	

Schmidt	et	al.	Drug	treatment	of	epilepsy	in	adults.	BMJ	2014		
	

Singh.	Muller	J	Med	Sci	Res	2014				
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Old	AED															Newer	AED	
•  Phenobarbital	(PB)	
•  Phenytoin	(PHT)	
•  Carbamazepine	(CBZ)	
•  Valproate	(VPA)	

•  Topiramate	(TPM)	
•  LeveJracetam	(LEV)	
•  Clobazam	(CLB)	
•  Clonazepam	(CZP)	
•  Oxcarbazepine	(OXC)	
•  Lamotrigine	(LTG)	
•  Vigabatrin	(VGB)				
•  GabapenJn	(GBP)	
•  Pregabalin	(PGB)	
•  Zonisamide	(ZNS)	
•  Lacosamide	(LCM)	
•  Perampanel	(PER)	

AED	in	newly	diagnosed	epilepsy	

•  50%	of	paJents	with	new-onset	focal	or	
generalized	seizures	become	seizure-free	
while	taking	the	first	appropriately	selected	
first-line	AED		

Brodie	et	al.	Neurology	2012	
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AEDs	and	Seizure	types		

Focal	
sz	

GTC	
sz	

Absence	
sz	

Myoclonic	
sz	

Atonic	
sz	

CYP450	 PK	&	PD	 Protein	
bound	

PB	 √	 √	 Inducer	

PHT	 √	 √	 Inducer	 Zero	order	
kineJc	

High	

CBZ	 √	 √	 Inducer	 Autoinducer	
first	few	wks	

VPA	 √	 √	 √	 √	 √	 Inhibitor	 First	order	
kineJc	

High	

ILAE	evidence	review	of	AED	as	iniJal	
monotherapy	for	epilepJc	sz	and	syndrome	

Glauser	et	al.	Epilepsia	2013	
	

cacy/effectiveness of initial monotherapy of adults with
partial-onset seizures. Among the six RCTs, two were
considered class I studies (Brodie et al., 2007; Baulac et al.,
2012), whereas the other four met criteria for class III stud-
ies because of an open-label design (Steinhoff et al., 2005;
Marson et al., 2007a), too brief treatment duration
(Steinhoff et al., 2005; Ramsay et al., 2010), or lack of an
adequate comparator (Kwan et al., 2011).

Combined with the previous 33 RCTs from the last report,
carbamazepine (CBZ) remains the most frequently studied
(n = 23), followed by phenytoin (PHT) (n = 12) and valpro-
ate (VPA) (n = 11) (Sommerfeld-Ziskin, 1940; Mikkelsen
et al., 1981; Shakir et al., 1981; Gibberd et al., 1982; Turn-
bull et al., 1982; Ramsay et al., 1983, 2010; Loiseau et al.,
1984; Callaghan et al., 1985; Mattson et al., 1985; Turnbull
et al.,1985; Dam et al., 1989; Feksi et al., 1991; Rastogi
et al., 1991; Mattson et al., 1992; Placencia et al., 1993;
Richens et al., 1994; Brodie et al., 1995; Heller et al., 1995;
Kalviainen et al., 1995; Reunanen et al., 1996; Tanganelli &
Regesta, 1996; Bill et al., 1997; Christe et al., 1997; Chad-
wick et al., 1998; Chadwick, 1999; Steiner et al., 1999; Ni-
eto-Barrera et al., 2001; Brodie et al., 2002a,b; Gilliam
et al., 2003; Privitera et al., 2003; Pharmaceutical, 2004;
Arroyo et al., 2005). The number of studies for each AED
and their distribution by RCT class of evidence is shown in
Table S1.

Summary of new evidence
In this update, only two AEDs (levetiracetam [LEV] and

zonisamide [ZNS]) had new class I or class II evidence

Figure 1.
Application of evidence rating
criteria for efficacy/effectiveness
studies.
Epilepsia ILAE

Table 3. Relationship between clinical trial ratings, level
of evidence, and conclusions

Combination(s) of
clinical trial ratings

Level of
evidence Conclusions

! 1 Class I studies or
meta-analysis
meeting class I
criteria sources OR
! 2 Class II studies

A AED established as
efficacious or effective
as initial monotherapy

1 Class II study or
meta-analysis meeting
class II criteria

B AED probably efficacious or
effective as initial
monotherapy

! 2 Class III double-blind
or open-label studies

C AED possibly efficacious or
effective as initial
monotherapy

1 Class III double-blind or
open-label study OR
! 1 Class IV clinical
studies OR
Data from expert committee
reports, opinions from
experienced clinicians

D AED potentially efficacious
or effective as initial
monotherapy

Absence of directly applicable
clinical evidence upon
which to base a
recommendation

E No data available to assess if
AED is effective as initial
monotherapy

Positive evidence of lack of
efficacy or effectiveness
based on class I to IV
studies OR
Significant risk of seizure
aggravation based on
class I to IV studies

F AED established as
ineffective or significant
risk of seizure
aggravation

Epilepsia, **(*):1–13, 2013
doi: 10.1111/epi.12074

5

Updated ILAE Evidence Review for Initial Monotherapy

successful class 1 superiority studies (Mattson et al., 1985;
Chadwick, 1999; Glauser et al., 2010) and sets a practical
and clinically relevant efficacy/effectiveness threshold for
superiority trial design. This >20% absolute difference for
class 1 superiority trials is in contrast to the up to 20% rela-
tive difference boundary for class 1 noninferiority studies.
This difference in approach reflects two distinct yet comple-
mentary goals: using superiority trials to identify AEDs that
have clinically significantly higher rates of efficacy/effec-
tiveness compared to adequate comparators while limiting

the risk that a series of noninferiority trials will identify as
acceptable well-tolerated yet inefficacious AEDs.

For this update, articles were considered potentially rele-
vant if they were published between July 4, 2005 (the cutoff
for the previous report) and March 31, 2012, their primary
outcome measure was efficacy or effectiveness, and the size
of each seizure type subgroup was stated. For the 2005–
2012 interval literature searches, lacosamide and rufina-
mide were added to the previous report’s list of 36 AEDs. In
addition, literature searches were conducted for potassium
bromide and trimethadione initial monotherapy clinical tri-
als published before March 31, 2012. As with the previous
report, pharmaceutical companies were asked to supple-
ment missing data from any publicly known RCTs and for
any unpublished potentially relevant clinical trials.

Results
Study andmeta-analysis identification

The search strategies for this evidence review were identi-
cal to the 2006 report, except for publication dates searched
(now up to March 31, 2012) and the addition of four AEDs
(lacosamide, rufinamide, potassium bromide, or trimethadi-
one). These computerized searches were last performed on
March 31, 2012. The resulting studies were reviewed for
relevance and placed into one of the eight seizure type or
epilepsy syndrome categories. The reference lists of all
included studies were reviewed to identify any additional
relevant studies not identified by the above-mentioned
searches. In total, 14 relevant RCTs were identified (Soba-
niec et al., 2005; Steinhoff et al., 2005; Brodie et al., 2007;
Coppola et al., 2007; Levisohn & Holland, 2007; Marson
et al., 2007a,b,c; Saetre et al., 2007; Glauser et al., 2010;
Ramsay et al., 2010; Eun et al., 2011; Fattore et al., 2011;
Kwan et al., 2011; Baulac et al., 2012), some of which were
included in multiple categories.

A search of the Cochrane library and medical literature
yielded four additional completed and relevant published new
meta-analyses (Gamble et al., 2006a,b; Muller et al., 2006;
Koch & Polman, 2009) and one updated one (Posner et al.,
2005). Additional information was requested and received
about one pharmaceutical company sponsored and one
National Institutes of Health sponsored RCT (Glauser et al.,
2010). With these additional RCTs and meta-analyses, a total
of 64 RCTs and 11 meta-analyses were included as sources
in the development of this updated evidence review.

Adults with partial onset seizures

Overview of evidence
Since the last report, a total of six RCTs (Steinhoff et al.,

2005; Brodie et al., 2007; Marson et al., 2007a; Ramsay
et al., 2010; Kwan et al., 2011; Baulac et al., 2012) and
four new meta-analyses (Gamble et al., 2006a,b; Muller
et al., 2006; Koch & Polman, 2009) examined the effi-

Table 2. Rating scale of evidence for potentially relevant
studies

Class Criteria

I A prospective, randomized, controlled clinical trial (RCT) or
meta-analysis of RCTs, in a representative population that
meets all six criteria:
Primary outcome variable: efficacy or effectiveness
Treatment duration: ! 48 weeks
Study design: double blind
Design:
For superiority trials: superiority demonstrated
For noninferiority trials or failed superiority trials: the
study treatment’s efficacy/effectiveness lower limit
(95% confidence interval) is above a 20% lower boundary
relative to the adequate comparator’s point estimate
of efficacy/effectiveness using a per-protocol study population
(for age/seizure type subgroups).

Study exit: Not forced by a predetermined number
of treatment emergent seizures

Appropriate statistical analysis
II An RCT or a meta-analysis meeting all the class I criteria

except that
Treatment duration: ! 24 weeks but <48 weeks
OR
Design: For noninferiority trials or failed superiority trials:
the study treatment’s efficacy/effectiveness lower limit
(95% confidence interval) is between the 21% and 30%
lower boundary relative to the adequate comparator’s
point estimate of efficacy/effectiveness using a
per-protocol study population (for age/seizure
type subgroups)

III An RCT or a meta-analysis not meeting the criteria for any class I
or class II category. Examples include:
An open-label study
A study with a forced exit criterion
A failed double-blind superiority study, where data from the
study’s “per-protocol” population
(for age/seizure type subgroups) is not provided

A prespecified noninferiority study or a failed double-blind
superiority study, where the study treatment’s
efficacy/effectiveness lower limit (95% confidence interval) is
below the 30% lower boundary relative to the adequate
comparator’s point estimate of efficacy/effectiveness using a
per-protocol study population
(for age/seizure type subgroups)

For noninferiority studies, lack of using an adequate
comparator when one exists

IV Evidence from nonrandomized, prospective, controlled or
uncontrolled studies, case series, or expert reports

Epilepsia, **(*):1–13, 2013
doi: 10.1111/epi.12074
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T. Glauser et al.
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Sz	type,		
epilepKc	syndrome	

Level	A	 Level	B	 Level	C	 Level	D	

Adult	with	focal	sz	 CBZ,	LEV	
PHT,	ZNS	

VPA	 OXC,	TPM,	LTG,	GBP,	PB,	
VGB		

CZP	

Children	with	focal	
sz	

OXC	 -	 CBZ,	PB,	PHT,	VPA,	TPM,	
VGB	

CLB,	CZP,	LTG,	
ZNS		

Adult	with	GTC	sz	 -	 -	 CBZ,	OXC,	LTG,	PB,	PHT,	
TPM,	VPA	

LEV,	GBP,	VGB	

Children	with	GTC	sz	 -	 -	 CBZ,	PB,	PHT,	VPA,	TPM	 OXC	

Absence	epilepsy	 VPA,	
(ESM)	

-	 LTG	 -	

Benign	Rolandic	
epilepsy	

-	 -	 CBZ,	VPA	 LEV,	OXC,	GBP	

Juvenile	myoclonic	
epilepsy	

-	 -	 -	 VPA,	TPM	

Glauser	et	al.	Epilepsia	2013	
	

prescription of new drugs seems to be poorly affected by evidence for an added
medical benefit or its absence,25 suggesting that what drives physicians to pre-
scribe a new AED beyond taking stock of the medical risk-benefit profile must be
explored much better.

Treatment Effects of Antiepileptic Drugs in New-Onset Epilepsy

Most patients with newly diagnosed epilepsy undergoing AED therapy have a con-
stant course, which can usually be predicted early.26,27 As many as 50% of patients
with new-onset focal or generalized seizures, as internationally defined,28 become
seizure-free while taking the first appropriately selected and dosed first-line AED.27

The evidence base that a first-line AED is better than what is currently used is surpris-
ingly limited to very few class I trials (Table 2, see Ref.6 for review). The differences

Table 2
Preferred first-line antiepileptic drugs for new-onset and refractory epilepsy in adults

New-Onset Partial
Epilepsies

Refractory Partial
Epilepsies

Carbamazepine
Gabapentin
Lamotrigine
Levetiracetam
Oxcarbazepine
Topiramate
Valproate

Lacosamide
Pregabalin
Zonisamide
Perampanel
Clobazam

New-Onset Idiopathic
Generalized Epilepsies

Refractory Idiopathic
Generalized Epilepsies

Lamotrigine
Topiramate
Valproate

Clobazam
Levetiracetam

This table takes into consideration the available class 1 evidence base for comparative efficacy and
effectiveness in new-onset epilepsy, which is very sparse.15 Uses approved by FDA and EMA (see
Table 3). For refractory cases, all first-line AEDs for new-onset cases are also considered unless
they have failed during previous treatment. For treatment of refractory partial epilepsy, pooled es-
timates of odds ratios (ORs) and number needed treat (NNT)/harm taking into account baseline risk
were derived by random-effects meta-analysis.29 Sixty-two placebo-controlled (12,902 patients)
and 8 head-to-head randomized controlled trials (1370 patients) were included. Pooled ORs for
responder and withdrawal rates (vs placebo) were 3.00 (95% confidence interval 2.63–3.41) and
1.48 (1.30–1.68), respectively. Indirect comparisons of responder rate based on relative measure-
ments of treatment effect (ORs) favored topiramate (1.52; 1.06–2.20) in comparison with all other
AEDs, whereas gabapentin (0.67; 0.46–0.97) and lacosamide (0.66; 0.48–0.92) were less efficacious,
without significant heterogeneity. When analyses were based on absolute estimates (NNTs), topir-
amate and levetiracetam were more efficacious, whereas gabapentin and tiagabine were less effi-
cacious. Withdrawal rate was higher with oxcarbazepine (OR 1.60; 1.12–2.29) and topiramate (OR
1.68; 1.07–2.63), and lower with gabapentin (OR 0.65; 0.42–1.00) and levetiracetam (OR 0.62; 0.43–
0.89). The investigators conceded, however, that the differences found are of relatively small
magnitude to allow a definitive conclusion about which new AED(s) has superior effectiveness.
The author fully agrees with Costa and colleagues,29 that the process of choosing AEDs for refrac-
tory partial epilepsy probably depends more on other aspects, such as individual patient character-
istics and pharmacoeconomics, than on available controlled randomized evidence.

Data from Schmidt D, Schachter SC. Drug treatment of epilepsy in adults. BMJ 2014;348:g2546;
and Löscher W, Schmidt D. Experimental and clinical evidence for loss of effect (tolerance) during
prolonged treatment with antiepileptic drugs. Epilepsia 2006;47:1253–84; and Modified from
Schmidt D. Drug treatment of epilepsy: options and limitations. Epilepsy Behav 2009;15:56–65;
and Perucca, Tomson. The pharmacological treatment of epilepsy in adults. Lancet Neurol
2011;10(5):446-56.

Treatment for Epilepsy Patients
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Benign	epilepsy	with	centrotemporal	spikes	
(BECTS)	

1st	line:	Carbamazepine	(CBZ),	Lamotrigine	(LTG)	

•  If	not	tolerated	or	unsuitable	
•  2nd	line:	Valproic	acid	(VPA),	LeveJracetam	(LEV),		
				Oxcarbazepine	(OXC)	

•  CBZ	and	OXC	may	exacerbate	conJnuous	spike	
and	wave	during	slow	sleep,	which	may	occur	in	
some	children	with	BECTS	

NICE	pathways	2016		

Absence	epilepsy	syndrome	

1st	line:	VPA	(be	aware	of	teratogenic	risks)	
•  Offer	LTG	(if	VPA	is	ineffecJve	or	unsuitable)	

•  AdjuncJve:	combinaJon	VPA	+	LTG	
•  Next:	clobazam	(CLB),	clonazepam	(CZP),	LEV,	
topiramate	(TPM)	or	zonisamide	(ZNS)		
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Dravet	syndrome	

1st	line:	VPA	or	TPM	

•  AdjuncJve:	CLB,	SJripentol	

•  Do	Not	offer:	Na	ch.	blocker	

Idiopathic	generalized	epilepsy	(IGE)	

1st	line:	VPA	
•  Offer	LTG	(if	VPA	is	ineffecJve	or	unsuitable)	
				Be	aware	of	LTG	can	exacerbate	myoclonic	sz	
•  Consider	TPM	(S/E)	

•  AdjuncJve:	LEV,	CLB,	CZP,	ZNS	
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Juvenile	myoclonic	epilepsy	(JME)	

1st	line:	VPA	
•  Offer	LTG,	LEV,	TPM	(if	VPA	is	ineffecJve	or	
unsuitable)	

•  AdjuncJve:	CLB,	CZP,	ZNS	

InfanJle	spasm	

1st	line:	Vigabatrin	(VGB)	in	tuberous	sclerosis	
														Prednisolone	or	VGB	in	non-TSC	
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Lennox-Gastaut	syndrome	(LGS)	

1st	line:	VPA	
	
•  AdjuncJve:	LTG	

•  Next:	TPM,	Rufinamide	

Advantage	
Newer	V.S.	Older	AEDs		

•  Not	affecJng	hepaJc	enzyme	funcJon	(GBP,	
PGB,	LTG,	LEV,	LCM)		

•  Rapid	onset	of	acJon	(GBP,	OXC,	LEV,	LCM)	
•  Intravenous	loading	(LEV,	LCM)	
•  Broad	spectrum	efficacy	(LTG,	TPM,	ZNS,	LEV)		

Unterberger	I.	Epileptologie	2015	
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Adverse	reacJon	&	tolerability	

•  Approximately	50%	of	paJents	reported	at	least	
one	side	effect	from	CBZ	or	VPA	as	well	as	from	
newer	AEDs	(LTG,	GBP,	OXC,	TPM)		

																																																					from	SANAD	study.	Lancet	2007		

•  Newer	AEDs:	beqer	tolerated	
•  Newer	AEDs	such	as	GBP	or	LEV	cause	fewer	or	
no	dermatologic	hypersensiJvity	reacJons	and	
do	not	cause	the	drug	interacJons	seen	with	
older	AEDs		

Common	dose-related	AE	
AED	 somnolence	 dizziness	 tremor	 ataxia	 diplopia	 n/v	 anorexia	 Wt.	

gain	

PB	 +	 +	 +	 +	 +	

PHT	 +	 +	 +	 +	 +	

CBZ	 +	 +	 +	 +	 +	 +	

VPA	 +	 +	 +	 +	

TPM	 +	 +	 +	 +	 +	

LEV	 +	 +	 +	

LTG	 +	 +	 +	 +	 +	 +	

OXC	 +	 +	 +	 +	 +	

VGB	 +	 +	 +	
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Risk	of	rash	from	AEDs !
High	risk! Moderate	risk! Low	risk!
PHT	(10%)	
CBZ	(8.7%)	
LTG	(6.2%)	

!

PB	
OXC	

!

VPA	
TPM	
LEV	
GBP	
VGB	

Arif	et	al.	Neurology	2007	

HLA	B*1502	tesJng	before	starJng	CBZ	

CBZ	and	OXC:	cross	reacJvity	30%	

AromaJc	ring	AED:	cross	reacJvity	40-80%			
Hyson,	Sadler.	1997													Krauss.	Epilepsy	Curr	2006	

VPA:	Liver	toxicity/failure!
•  PotenJally	fatal	
•  First	3	months	of	treatment,	very	rare	aier	6	m	
•  Higher	risk	in	
•  Age	<	2	years,	polytherapy	with	enzyme	
inducing	AEDs,	inborn	errors	of	metabolism,	
previous	liver	disease,	mental	retardaJon	

•  Risk	~	1:600	(<	3	yr	with	polytherapy)	
												~	1:16,000	(3-10	yr	with	monotherapy)		

Bryant et al. Neurology 1996 
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Drug	interacJon	

No	drug	interacJon	
•  LeveJracetam	
•  GabapenJn	
•  Pregabalin	
•  Clobazam	
•  Vigabatrin	
•  ReJgabine	

Schmidt	D.	Neurologic	clinics	2016	

AED-induced	seizure	aggravaJon	
134 J. CHAVES AND J. W. SANDER

TABLE 1. Effects of antiepileptic drugs on different types of seizures

Seizure type May be aggravated by New onset with

Absences CBZ, PHT, ETX, VPA, OCBZ, VGB, TGB CBZ, OCBZ, LTG, VGB, TGB
Atypical absences CBZ, OCBZ CBZ, OCBZ, PB, LTG
Myoclonic CBZ, PHT, OCBZ, VGB, TGB, LTG, LEV, PGB, BZ CBZ, VGB, GBP, LTG, PGB, BZ
Negative myoclonus CBZ, PB, VPA, LTG LTG, ZNS, VPA
Generalized CBZ, PB, ETX, OCBZ, VGB, TPM CBZ

CBZ, carbamazepine; PHT, phenytoin; ETX, ethosuximide; VPA, valproic acid; OCBZ, oxcarbazepine; VGB, vigabatrin;
TGB, tiagabine; LTG, lamotrigine; PB, phenobarbital; LEV, levetiracetam; PGB, pregabalin; BZ, benzodiazepines; GBP,
gabapentin; ZNS, zonisamide; TPM, topiramate.

and management should include withdrawal of that drug
(7). An inappropriate initial antiepileptic treatment may
cause clinical and electroencephalogram (EEG) changes,
which may confuse the diagnosis of an IGE (1,4,9).

Carbamazepine (CBZ) is generally a safe drug, but it
may aggravate some forms of IGE. It may worsen ab-
sence seizures, an attribute it shares with phenytoin (PHT),
oxcarbazepine (OCBZ), vigabatrin (VGB), and tiagabine
(TGB). There have also been reports of atypical absences
being exacerbated by CBZ or OCBZ.

Myoclonic seizures may be aggravated by CBZ, PHT,
OCBZ, VGB, gabapentin (GBP), and TGB, but there have
also been reports of exacerbation of myoclonic seizures
by LTG, LEV, and pregabalin (PGB).

CBZ is effective against generalized tonic–clonic
seizures, with few reports of exacerbation of this seizure
type. Many clinicians are, nevertheless, reluctant to pre-
scribe CBZ for IGEs, for fear of exacerbating or pre-
cipitating seizures. Phenobarbital (PB), ethosuximide
(ETX), OCBZ, and VGB have also been reported as caus-
ing aggravation of generalized tonic–clonic seizures (see
Table 1).

PARADOXICAL INTOXICATION

Paradoxical intoxication is an increase in seizure fre-
quency or severity in the context of AED serum levels
above the quoted therapeutic range. In this situation, an
increase in seizures is observed with increased AED blood
levels, with a subsequent decrease in seizures with dose
reduction. Complete drug withdrawal is not required and
in most cases must actually be avoided.

Causes of acute intoxication are usually easily identi-
fied. These include accidental or voluntary overdosing,
incorrect prescription, dispensing errors, and drug inter-
actions (10). Patients taking polytherapy are at increased
risk of paradoxical intoxication. The occurrence of drug
overdosage must be considered, but should not discour-
age a gradual increase in the dose of AEDs to achieve
a successful balance between seizure control and the ap-
pearance of side effects (11). Increasing the dose of a drug
to the maximum tolerated level in patients with refractory
epilepsy seems to provide additional seizure reduction in
up to 10% of patients, but it is a risk factor for drug toxi-

city, including seizure aggravation (12). As the latter may
occur in the absence of other signs of toxicity, the possi-
bility needs to be considered in order to avoid a dangerous
vicious circle whereby dosage is increased further when a
reduction is required.

The mechanisms responsible for seizure aggravation are
multifactorial and may include superimposition of phar-
macologic effects not operating at lower drug concentra-
tions, release of excitation due to blockade of inhibitory
pathways, and indirect seizure-facilitating effect, medi-
ated by impaired alertness and/or electrolyte disturbance
(12).

PHT and PB are examples of drugs that may aggravate
seizure frequency by intoxication. Increases in generalized
seizures associated with high serum concentrations have
also been reported with CBZ, TGB, VGB, LTG, and GBP.

AED-INDUCED ENCEPHALOPATHY

AED-induced encephalopathy occurs when toxicity of
an AED leads to aggravation of seizures in the con-
text of other alterations of cerebral functions. This is
the most common way in which VPA exacerbates fre-
quency, changes patterns, and induces the appearance of
new seizure types. AED-induced encephalopathies have
also been reported with PB, CBZ, VGB, TGB, LTG, and
ZNS. As in paradoxical intoxication, drastic withdrawal
of the drug must be avoided, and a reduction in the dosage
should be enough to improve the encephalopathic picture
and to control seizures.

SEIZURE AGGRAVATION BY THE SEDATIVE
EFFECT OF AN AED

Generalized seizures are more easily precipitated by
drowsiness and sleep deprivation than partial epilepsies.
It is known that drowsiness and sleep activate epileptic
discharges and may precipitate seizures by lowering the
threshold sufficiently to allow a subclinical status or, in
Lennox–Gastaut syndrome (LGS), a tonic status (13,14).
On the other hand, treatment of common sleep disorders
that cause chronic sleep deprivation can have great bene-
fit and may control some epilepsies, even without chang-
ing AEDs (15,16). Children with epilepsy have a higher

Epilepsia, Vol. 46, Suppl. 9, 2005

Chaves	J	and	Sander	J.	Epilepsia	2005	
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AED	dosing	administraJon	

Slow	JtraJon	
•  Carbamazepine	(2-5	wk)	
•  Lamotrigine	(8-12	wk)	
•  Topiramate	
•  Zonisamide	

Rapid	JtraJon	
•  Phenytoin	
•  Valproate	
•  LeveJracetam	
•  Oxcarbazepine	(1-2	wk)	
•  GabapenJn	

Ferrendelli	J.,	Epilepsia	2001	

How	to	choose	AEDs	for	epilepsy	?	

•  Seizure	type	/	EpilepJc	syndrome	
•  PharmacokineJc	profiles	
•  Mechanism	
•  Drug	interacJon	
•  Side	effect	
•  Co-morbidity	
•  Familiarity	
•  Cost	


