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Abstract

Approximately 65% of children with newly diagnosed epilepsy achieve sustained control of their epileptic seizures with the
antiepileptic drug (AED) initially prescribed, and 15-20% require the combination of other AEDs. To begin treatment with an
AED, basic aspects should be considered, such as the capacity for absorption, distribution, metabolism, and elimination of
each AED. Treatment with an AED in pediatric patients, as for any age, must be personalized, but in these cases, the biolo-
gical age and its degree of development are fundamental. Furthermore, the type of seizure, type of epileptic syndrome, co-
morbidity, in many cases the etiology, and even other aspects such as tolerability and availability of use must be considered.
If adequate seizure control is not achieved, synergistic combinations could be used, making sure that adverse effects are
not increased. Remember that a high percentage of patients initiate their epilepsy in the pediatric stage, which is why ma-
nagement in this age group is fundamental, and doses must always be calculated in relation to the weight of the patient.
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Introduction international guidelines, such as the guides published

by the International League Against Epilepsy, the

This is a clinical guide for the pharmacologic Ngtional Institute for Health Care Excellence, and the

treatment of epilepsy in pediatric patients. It consists of  Gyidelines from the Sociedad Andaluza de Epilepsia

establishing PICO-based questions and setting forth  (Andalusian Epilepsy Society). In addition, we emit re-

answers. The levels of evidence are based on articles commendations from the Programa Prioritario de Epi-
published in peer-reviewed indexed articles and other lepsia (Priority Epilepsy Program).
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Figure 1. Pharmacokinetic and pharmacodynamic variables in pediatric age and use of antiepileptic drugs'.

Question 1. What are the pharmacokinetic
and pharmacodynamic differences in
pharmacologic management of epilepsy
between the pediatric patient and the
adult?

Pediatric patients have a broad range of variations in
their ability for absorption, distribution, metabolism, and
clearance of antiepileptic drugs (AEDs) (Fig. 1). Clea-
rance of AED is much faster than in adults, which
makes it important to calculate the dose depending on
the weight or body surface area and to be careful of
the toxic effects (Tables 1 and 2)'-6,

Question 2. Should treatment with
antiepileptics be based on the type of
epileptic syndrome that a patient presents?

To establish a diagnosis of epilepsy, it is sufficient if
we can define an epileptic sindrome’ that, in the current
classification, would correspond to a Level Il diagno-
sis®. By definition, an epileptic syndrome presupposes
a disease that incorporates characteristics in common
such as the type of seizure, the electroencephalogra-
phic findings, the shared imaging study results, age
of onset and/or remission, when applicable, seizure

triggering factors, diurnal variations, and sometimes the
prognosis®.

Question 3. What is the evidence for
treating epileptic syndromes described
for newborns: benign familial neonatal
epilepsy (BFNE), early myoclonic
encephalopathy (EME), and Ohtahara
syndrome?

The first thing to understand is that neither systematic
reviews nor clinical guides exist for the management of
the syndromes that have been described in newborns;
thus, the evidence for treatment is Level IV, and in all
these cases, the recommendation is U.

BFNE

For cases with frequent seizures or status epilepti-
cus, it could be necessary to provide therapy with drugs
such as carbamazepine (CBZ), phenytoin (PHT), phe-
nobarbital (PB), levetiracetam (LEV), oxcarbazepine
(OXC), and valproate (VPA). CBZ, even at low doses,
is considered to be a good option for BFNE, even in
status epilepticus®'®. In general, patients require treat-
ment during the first 6-12 months of life.
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Table 1. Traditional antiepileptic drugs and their pediatric use

Diazepam

Carbamazepine

Clobazam

Clonazepam

Phenytoin

Phenobarbital
Gabapentin
Lamotrigine

Levetiracetam

Oxcarbazepine

Pregabalin
Topiramate

Valproic acid

Vigabatrin

2-5 years: 1.5
6-11 years: 0.9

5-10

0.25

10-15
0.5

5-10

40

Same
Same

15-20 mg/kg/day

1 mg/kg/day
0.1 mg/kg/day

4-8 mg/kg/day

Same
30-100 mg/kg/day
2-10 mg/kg/day
40-60 mg/day

20-30 mg/kg/day

15-20 mg/kg/day
4-8 mg/kg/day
15-30 mg/kg/day

80-100 mg/kg/day
(150 mg/kg/per day for
childhood spasms)

Once or twice

Once or twice

Once or twice

Antiepileptic drugs in pediatric patients

3 times Solution: 5 mg/5 ml
Tablets: 10 mg

2 or 3 times

Suspension: 100 mg/5 ml

Tablets: 200 mg

2 or 3 times

Tablets: 10 mg

Suspension: 0.1 mg/1ml

Tablets: 2 mg

2 or 3 times

Suspension: 37.5 mg/5 ml

Tablets: 100 mg

Tablets: 100 mg

2 or 3 times Capsules: 300 and 400 mg
Twice Tablets: 25, 50, and 100 mg
Twice Solution: 100 mg/ml

Tablets: 250, 500, and 1000 mg
500 mg extended release

Suspension: 300 mg/5 ml

Tablets: 300 and 600 mg
150, 300, and 600 mg extended release

Twice Capsules: 75 and 150 mg
Twice Tablets: 25, 50, and 100 mg
2 or 3 times Syrup: 250 mg/5 ml

Sprinkle: 125 mg
Capsules: 250 mg and 500 mg
250 mg and 500 mg extended release

2 or 3 times

Table 2. New antiepileptic drugs and their use in pediatric age patients

Lacosamide

Lamotrigine/monotherapy 0.5
With enzyme inducing AED 2
With Valproate 0.2
Levetiracetam 10
Oxcarbazepine 5-8
Topiramate 1
Vigabatrin 20-50

AED: antiepileptic drugs

Initial dose
(mg, kg, day)

2-10 2
5-15 2
1-5 1-2
20-60 2
10-30 2
6-9 2
50-150 2

Dizziness, cephalea,
double vision, nausea

Skin rash, drowsiness,

dizziness, nausea,
double vision

Cephalea, anorexia,
drowsiness, behavior
problems

Dizziness, ataxia,
drowsiness,
hyponatremia

Weight loss, lethargy,

anorexia, hyperthermia,

kidney stones

Hyperkinesis, weight
gain, insomnia, visual
field defects

Tablets: 500 mg

Dally o seco"dary . m

Tablets: 50 and 100 mg

Tablets: 5, 25, 50, and
100 mg

Tablets: 250, 500, and
1000 mg
Suspension: 100 mg/1 ml

Tablets: 300 and 600 mg
Suspension: 300 mg/5 ml

Tablets: 25, 50, and 100 mg

Tablets: 500 mg
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Table 3. Treatment for west syndrome*

Insufficient data to determine whether ketogenic diet, immunoglobulin, LEV, NZP, TPM, VPA, or Il and IV U
vitamin B6 are effective for treating infantile spasms

Using rapid ACTH or prednisolone in unknown cause West syndrome improves long-term II'and Il C
cognitive results

Insufficient studies to establish what other forms of corticosteroids are as effective and Il and IV U
recommended as ACTH to treat short-term infantile spasms

Low-dose ACTH (20-30 Ul) versus high dose (150 Ul/m?) shows similar efficacy | and Il B
ACTH is more effective than VGB for infantile spasms not associated with tuberous sclerosis 1} C
VGB is more effective for infantile spasms associated with tuberous sclerosis ] C
First-line drugs are ACTH, steroids, or VGB and second-line drugs are BZD, ketogenic diet, vV R-PPE
TPM, and VPA

*The AEDs are in alphabetical order and are available in Mexico'>'%, LEV: levetiracetam, NZP: nitrazepam, TPM: topiramate, VPA: valproate, VGB: vigabatrin,

BZD: benzodiazepines, TPM: topiramate, VPA: valproate

EME

Early onset with a burst suppression pattern in the
EEG, various types of seizures, and psychomotor re-
tardation. Metabolic etiologies are often a cause of
EME. The burst suppression pattern in EME is different
from that of Ohtahara since, in general, the burst is
shorter and the suppression is longer. The use of ste-
roids and ACTH may be effective in some cases'".

Ohtahara syndrome

It has been calculated that 75% of these cases evolve
into West syndrome between the 2" and 6!" months of
age. Treatment is difficult, but in some cases, ACTH,
LEV, and high doses of PB have been shown to be
effective.

Question 4. What is the evidence for
treating West syndrome?

There are insufficient data to determine the effecti-
veness of ketogenic diet, intravenous immunoglobulin,
LEV, nitrazepam, topiramate (TPM), VPA, or Vitamin
B6, for treating infantile spasms'?.

Early control of spasms could improve development in
those who do not have a proven underlying etiology'®. For
West of unknown cause, providing treatment quickly with
ACTH or prednisolone, above using vigabatrin (VGB),
can improve cognitive results in the long term'™. Both
steroids and VGB have potentially serious secondary
effects, and the patient must be carefully observed.

The current studies are not enough to establish whe-
ther other types of corticosteroids, such as prednisolo-
ne, dexamethasone, or methylprednisolone, may be as
effective or recommendable as ACTH for short-term
treatment of infantile spasms'2.

First-line treatment medications are considered to be
ACTH, steroids, or VGB, while second-line treatment
can be benzodiazepines, ketogenic diet, TPM, and
VPA, although the long-term benefits of the different
therapies are still uncertain, and more research is nee-
ded on this subject (Table 3)™.

Question 5. What is the evidence for
treating Lennox-Gastaut syndrome?

To choose the treatment, one must consider the be-
havioral and psychiatric comorbidities, such as depres-
sion, anxiety, and psychosis. One must also take into
account that the patient may have different types of
seizures and some drugs may diminish some types of
seizures while increasing others. Some combinations
can be synergistic and reduce the number of seizures,
but it is important to monitor the possible increase in
adverse effects (Table 4)™1°,

Valproate is a first-line drug, while CLB, ketogenic
diet, lamotrigine (LTG), LEV, and TPM are effective as
adjunct (add-on) therapies''°. Other options for resis-
tant seizures are cannabidiol, resective surgery, stimu-
lation of the vagus nerve, callosotomy, or transcranial
stimulation®0-22,
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Table 4. Treatment for LGS*

B

VPA is the first-line drug for LGS

CLB, LTG, LEV, and TPM are effective as adjunct therapy
Ketogenic diet is recommended for drug-resistant seizures in LGS
Cannabidiol is useful for resistant seizures in LGS

Callosotomy is useful for atonic seizures in LGS

Vagus nerve stimulation is useful for drug-resistant seizures in LGS

The use of CBZ, GBP, 0XC, PGB, or VGB is not recommended in LGS

Il'and [lI

Il'and IlI B

Il (¥

I and Il A

Il C

Il (¥

\Y R-PPE

*The AED are in alphabetical order and are available in Mexico'>?2 LGS: Lennox-Gastaut syndrome, VPA: valproate, CLB: clobazam, LTG: lamotrigine, LEV: levetiracetam,
TPM: topiramate, CBZ: carbamazepine, GBP: gabapentin, 0XC: oxcarbazepine, PGB: pregabalin, VGB: vigabatrin

Table 5. Treatment in Doose syndrome?2

T T

LTG Il B
VPA v R-PPE
Ketogenic diet IV U

LTG: Lamotrigine, VPA: valproate

Question 6. What drugs are the most
effective for pediatric patients with
myoclonic astatic epilepsy or Doose
syndrome?

VPA is considered the first choice AED, and it can
be combined with BZD, ethosuximide (ESM), LTG, LEV,
and TPM?3,

The ketogenic diet can be very effective. The an-
ti-epileptics that should be avoided are CBZ, gabapen-
tin (GBP), OXC, pregabalin (PGB), tiagabine, and VGB
since these increase myoclonic epileptic seizures (ES)
(Table 5)%425,

Question 7. What pharmacological
treatment is recommended for pediatric
patients with Dravet syndrome?

ESs in these patients are refractory. A good
combination is VPA with TPM, which has shown impro-
vement, especially for focal seizures and generalized
tonic-clonic ES. In some cases, ACTH or corticoids,
ketogenic diet, ESM, or intravenous immunoglobulin
has shown satisfactory results?®. CBZ, GBP, LTG, OXC,

PHT, PGB, and VGB should not be used, as they can
aggravate myoclonic ES (Table 6)'.

Question 8. What drugs should be used
for early onset occipital epilepsy or
Panayiotopoulos syndrome?

Evidence places OXC at Level A, while CBZ, PB,
PHT, TPM, VPA, and VGB are Level C, and CLB, CZP,
and LTG are potentially Level D, with respect to effica-
cyleffectiveness, as initial monotherapy in children with
focal onset epilepsy that have been recently diagnosed
or without previous therapy?”.

Question 9. What drug must be used for
juvenile myoclonic epilepsy?

TPM and VPA are potentially effective (Level D) for
any type of seizure within this syndrome. Avoid admi-
nistering CBZ, GBP, OXC, PHT and VGB, since they
can aggravate or trigger absence seizures, myoclonus,
and in some cases, generalized tonic-clonic seizures.
Furthermore, LTG may exacerbate myoclonic seizures
in some cases (Level F)?82°,

Question 10. What is the evidence for
treating generalized epilepsy with
generalized tonic-clonic ES in pediatric
patients?

There are no Class | or Il studies on pediatric-aged
patients, leaving us with only class Ill studies, and thus,
Level C evidence that suggests that monotherapy with
CLB, LTG, LEV, TPM and VPA may be effective®-33,
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Table 6. Treatment in Dravet syndrome*

VPA is effective for myoclonic seizures IV R-PPE
LTG may worsen or trigger myoclonic ES in patients with Juvenile myoclonic 1\ R-PPE
epilepsy or Dravet syndrome

CLB, CNZ, LTG, LEV, and TPM are also effective for myoclonic seizures IV U

*The AED are in alphabetical order and are available in Mexico'®%, VPA: valproate, LTG: lamotrigine, CLB: clobazam, CNZ: clonazepam, LTG: lamotrigine,

LEV: levetiracetam, TPM: topiramate, ES: Epileptic seizures

Table 7. Treatment in epilepsy for generalized tonic-clonic epileptic seizures only in pediatric age patients*

Initial CLB monotherapy may be slightly more effective in treating epilepsy 1 B

with GTCS than PHT. No advantage over CBZ

CBZ and LTG may be effective as monotherapy for epilepsy with GTCS. 1] B

There is greater treatment failure with CBZ but quicker response in

controlling seizures (6 months)

CBZ and PHT can be effective as monotherapy for treating epilepsy with Il B
GTCS, no difference between them when comparing effectiveness and

adverse effects

LEV, TPM, and VPA can be effective in treating epilepsy with GTCS

1 R-PPE

*The AED are in alphabetical order and are available in Mexico®%, CLB: Clobazam, PHT: phenytoin, CBZ: carbamazepine, LTG: lamotrigine, LEV: levetiracetam,

TPM: topiramate, VPA: valproate

Table 8. Meta-analysis from the Cochrane library among first-generation AEDs for the treatment of focal ES*

Tudur 2002 CBZ and PHT show similar effectiveness in treating focal ES
Tudur 2003 PB is less tolerated than CBZ (with similar effectiveness)
Tudur 2007

Nolan 2013 PB is less tolerated than PHT (with similar effectiveness)
Nolan 2013 PHT and VPA present similar effectiveness to control ES

Glauser 2006

CBZ and PHT show efficacy and effectiveness with good quality evidence

VPA show efficacy and effectiveness with low-quality evidence

*The AEDs are in alphabetical order and are available in Mexico?? 424 CBZ: carbamazepine, PHT: phenytoin, ES: epileptic seizures, PB: phenobarbital, PHT: phenytoin,

VPA: valproate

CBZ and PHT must be avoided since they can aggra-
vate or trigger GTCS (Table 7)%.

Question 11. Which AED is considered to
be first choice for recently diagnosed
focal epilepsy in the pediatric patient?

Around 65% of children with recently diagnosed epi-
lepsy achieve sustained control of their ES with the

AED prescribed initially. An additional 15-20% of these
patients require combination with other AEDs to achie-
ve control. The remaining percentage does not achieve
control with the available medicines, becoming a
drug-resistant focal epilepsy34.

For childhood focal seizures, first-line monotherapy
with GBP, LCM, LEV, LTG, OXC, PGB, and TPM is
recommended. Alternative monotherapy includes CBZ
or VPA, and as coadjuvant therapy CLB or LCM or one
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Table 9. Comparative studies between traditional and new AEDs in treating focal ES*

Glauser 2006

Second-generation AEDs (GBP, LTG, OXC, and TPM) are not inferior in effectiveness compared with first-generation AEDs

Second-generation AEDs (GBP, LTG, 0XC, and TPM) show similar efficacy

Privitera 2003

TPM (doses 100 or 200 mg/day), CBZ (600 mg/day), and VPA (1250 mg/day) show similar efficacy results

Gamble 2006 LTG has better tolerability and adherence to treatment than CBZ
Nolan 2013 0XC shows similar efficacy compared to PHT, but it is tolerated better
Arya 2013

Koch 2009 OXC presents similar efficacy and effectiveness compared with CBZ

Marson 2007

LTG shows greater effectiveness over CBZ, GBP, and TPM but not over 0XC

Tudur 2007 CBZ demonstrates greater efficacy in seizure remission during 12 months compared to GBP but not greater than that
observed with LTG, 0XC, and TPM
The AED with the lowest efficacy is GBP and the least tolerated is TPM
CBZ, LTG, and OXC show better adherence and better control during treatment of focal ES
VPA shows similar adherence as CBZ but with lower efficacy
PHT and TPM are less effective than LTG and have lower efficacy than CBZ
Brodie 2007 LEV demonstrates similar efficacy and tolerability CBZ for recently diagnosed focal epilepsy
Perry 2008
CSGCE 1998 CLB shows similar efficacy as PHT and CBZ as monotherapy for the control of focal ES and GTCS

Bawden 1999
or CLB

Rosenow 2012

There are no differences in the results of cognitive tests applied to children at 12 months of treatment receiving CBZ

There are no differences in efficacy or tolerability with LEV or LTG for control of focal ES or GS as monotherapy at

26 weeks of treatment in patients older than 12 years

*The AEDs are in alphabetical order and are available in Mexico?%4252, AEDs: antiepileptic drugs, CBZ: carbamazepine, PHT: phenytoin, 0XC: oxcarbazepine,
VPA: valproate, GBP: gabapentin, LTG: lamotrigine, LEV: levetiracetam, TPM: topiramate, CLB: clobazam

Table 10. Treatment for epilepsy with focal epileptic seizures in pediatric age patients*

CBZ, GBP, LTG, OXC, PB, PHT, TPM, and VPA can be used as monotherapy for the initial A

treatment of focal onset ES in children

LEV can be used as monotherapy for initial treatment of focal onset ES in children G

*The AEDs are in alphabetical order and are available in Mexico?% 4252, GBP: gabapentin, LTG: lamotrigine, LEV: levetiracetam, TPM: topiramate, VPA: valproate,

0XC: oxcarbazepine, PB: phenobarbital, PHT: phenytoin, LEV: levetiracetam

of the AEDs used as monotherapy can be used. When
using VPA, remember the teratogenic risks for ferti-
le-aged patients, especially when used in high doses
(Tables 8-10)28:36-44,

Question 12. Which AEDs are considered
to be the first choice for recently
diagnosed generalized epilepsy in the
pediatric patient?

Choosing an AED for generalized seizures must be
personalized according to age, type of seizure, tolera-
bility, availability for use, and other aspects.

VPA continues to be the drug of choice as monothe-
rapy for all types of generalized ES in children, after
assessing the risk-benefit and taking into special con-
sideration patients with cognitive deficits, risk of overwei-
ght, and teratogenic effects in fertile-aged adolescents.
Other options include LEV and TPM. Administration of
CBZz, GBP, LTG, OXC, PHT, and VGB should be avoi-
ded since they could precipitate generalized tonic-clonic
seizures and myoclonic seizures'®29:35,
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