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Patients with primary or secondary tumors in the central nervous system may have seizures
resulting from direct tissue damage, metabolic abnormalities, infection, or toxic side effects
of medications. In pediatric patients, it is more frequent to use drugs to control secondary
epilepsy. In this article, we discuss the main nuances of antiepileptic drugs for the proper
management of children with central nervous system tumors.

1. Introduction

Patients with primary or secondary tumors in the central nervous
system (CNS) may have seizures resulting from direct tissue
damage, metabolic abnormalities, infection or toxic side effects
of medications. The frequency of epilepsy in patients with brain
tumors is estimated at 30% of the cases or even more and is
influenced by the histological types of tumor and the location in

the CNSI1]. A higher incidence of seizures occurs in patients with
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low-grade tumors like oligodendroglioma, low-grade astrocytomas
and neuroepithelial tumors, manifesting itself in childhood or
adolescence. Those tumors located in the frontal, temporal or
parietal lobe are most commonly associated with crisis and they
can become refractory to medical treatment[1]. It is attributed to the

cortex adjacent to the peritumoral area as the epileptogenic focus in
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CNS tumors, but the precise mechanisms are poorly understoodI2].

2. Nomenclature from International League Against
Epilepsy

Nomenclature from International League Against Epilepsy-2016 is
simple and straightforward: 1. Primary generalized can only be name
given a clinical presentation, but on electroencephalo-graph (EEG),
there will at least be a few nanosecond gap between the focal site of
origin to global spread choice; 2. Complex partial when dissected
gets a new name: focal onset with impaired awareness choice; 3.
Focal with retained awareness is simple partial choice; 4. Complex
partial with secondary generalization dissected to be named: focal to
bilateral tonic clonic. Also, the presentation has a component fitting
with the name ‘autonomic seizure’ in the form of epigastric raising.
To sum up, it could be focal seizure with retained awareness with an

autonomic component.

3. Epileptogenesis and brain tumors

The attribution of the epileptogenic focus as the peritumoral area
of brain tumors has support from functional studies[3.4]. Aronica et
al.15] suggested that altered the GABAergic system may contribute
to the complexity of abnormal function in perilesional regions
especially in tumors as gangliogliomas. There are two interesting
hypothesis for epileptogenesis in brain tumors: the first hypothesis
refers to the invasion of brain gliomas-glioma cells in experimental
models release glutamate in excitotoxic concentrations providing a
mechanism for both tumor growth and for tissue invasion (killing
neighboring cells) and possibly generating a seizure[6]; the second
hypothesis has been tested in both animal models and in human
tissues, where it was evidenced that while invasion gliomatosas
cells occur, changes occur in the properties discharge neighboring
neurons, turning to “pacemaker” cells that provide and lead neural
networks surrounding the tumorf(6].

An intriguing hypothesis based on such changes in excitability,
although not directly tested in the context of epileptogenesis tumor,
explains that when it generates at least a temporary loss of integrity
of the Barriere Hémato-Encéphalique, there are changes in the
function of glial protection with neuronal hyper excitability and this
condition can occur in different circumstances, including trauma,
stroke, infection, tumor and seizures themselves[7]. Generalized
seizures are not prevalent in brain tumors. Focal seizures are more

frequent and depend on the site location for its manifestation8].

4. Epilepsy secondary to brain tumors in children

Epileptic seizures occur in 78% of the patients with

oligodendroglial tumors, 92%-100% in neuroepithelial tumors, 20%-
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35% in metastatic tumors and 10% in primary CNS lymphomal1].
Neuroepithelial tumors: commonly present in childhood with a
peak in the second decade[9] and before age 20[10]. It frequently
appears in the temporal lobe, with presentation of calcifications but
no areas of necrosis and rarely malignancy transformation occurs.
Epileptogenesis in these tumors has shown high levels of inotropic
receptors and metabotropic glutamate[11,12]. The perilesional
cortex plays a role in the onset of the seizures and this area may be

considered to be surgically ressected if possible[13].

5. Ganglioglioma

This tumor represents 4.01% of all CNS tumors in the pediatric
population, but it is one of the most frequently associated with
epilepsy. They may cause focal epilepsy and is responsible for about
40% of the epileptogenic tumors in children[14-16]. It often occurs
in infancy at an average of 8.5 years, and can also occur at any
age. It appears anywhere in the CNS, including the spinal cord and
cerebellum (Lhermitte-Duclos syndrome), but the most frequent site
is the temporal lobe[14,15,17]. Lesions may present microcysts and
calcifications. Ogiwara et al.[18] found in a retrospective study of 51
patients who had gangliogliomas that 58.8% had seizures and, in
83.3% of cases, they were complex partial seizures. They used the
surgery as definitive treatment for epilepsy and EEG was also used
intraoperatively. Twenty one cases were located in the temporal lobe.
They reported that, if patients had active spikes or sharp attenuation
on EEG, resection of adjacent tissues additionally to lesionectomy
was performed. After 3.4 years of follow-up, seizure free was
reported in 90% of cases, most of which were without antiepileptic
drugs. Giulioni et al.[19] reported that the outcome after isolated
lesionectomy to gangliogliomas in the temporal lobe were relatively
worse than gangliogliomas outside the temporal lobe. Although it
is still controversial, resection of the adjacent tissues may improve

seizure control of these tumors[20].

6. Angiocentric glioma

This is a rare subtype of glioneuronal tumors[17] generally
associated with refractory epilepsy(21]. It is typically located in the
fronto-parietal cortex, having a slow growth rate[22]. In some cases it

may spread to the ventricular wall.

7. Antiepileptic drugs for children with brain tumors

Treatment of the tumor correlates with the occurrence of seizures
and the antiepileptic drug used may also have association with
tumor control[23]. It is of paramount importance to understand many
factors such as the pharmacology of the drug, tumor growth, tumor

hyperactivity or resistance and their relationship with the medication
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used to seizure control[23].
We reported a brief review of the main antiepileptic drugs used in

CNS tumors and their mechanism of action.
7.1. Tricyclic derivatives

7.1.1. Carbamazepine
It stabilizes the presynaptic and post synaptic neuronal

membrane acting on Na* channels causes a voltage-dependent
hyperpolarization, longer reducing the possibility of emergence of
new action potentials. It inhibits hydrogen ions Na®*, Ca™ to the cell
through the N-methyl-D-aspartate receptor. Its absorption takes
place in the digestive tract; it is metabolized in the liver and excreted
in the urine without any change. Valproate, erythromycin and inhibit
propoxyphene epoxide hydroxylase, thus increasing the levels of the
active metabolite of carbamazepine. This drug is indicated in simple,

complex partial seizures and generalized to a lesser extent{24] crisis.

7.1.2. Oxcarbazepine
Lock channels voltage dependent Na* increases the permeability

modulates K™ and Ca™ entry into the cell. Its absorption is complete
and is not affected by the intake. The active metabolite is the
10-monohydroxy, responsible for the action of oxcarbazepine.
Hepatic metabolism that has oxcarbazepine is indicated in partial
epilepsies monotherapy and adjunctive therapy(24] or refractory to

Carbamazepine epilepsies.

7.1.3. Hydantoins

Phenytoin blocks Na" channels voltage dependent, stimulates the
activity of ATP in the Na'/K* ATPase pump, decreases Ca™ entry
into the cell and increases the action of GABAI24]. Its metabolism
is strictly liver. It can present pharmacological interaction with
antacids, calcium and enteral nutrition causing a reduction in the
absorption of phenytoin. Increase in bioavailability of the drug
when administered with carbamazepine or phenobarbital positions
that these drugs compete for liver enzymes[24]. Valproate, isonacida
and fluconazole decrease the concentration of oral anticoagulants,
ACO, antiretrovirals and cyclosporine. This drug is used in simple,

complex partial seizures and the generalized[24].

7.2. Barbiturates

Phenobarbital: agonist GABAA receptor, prolongs opening CI°
channels causing hyperpolarization of the neuronal membrane.
Blocks the entry of Ca™, inhibits the release of excitatory
neurotransmitters by reducing[24] such transmission. Intestinal
absorption reaches a plasma concentration over a period of time of
1-3 h; a total of 25% of the drug is eliminated by the kidneys and the
remaining 75% by liver enzymes, CYP-450. It is indicated in crisis
in newborns, second line for generalized seizures except absence and

used in partial seizures[24].

7.3. Others

1. Valproate: it increases the concentration of GABA, blocks Na*
channels and inhibits neurotransmitters excitatory[24]. It presents
a rapid and complete absorption VO, has active metabolites such
as 3-glucuronide oxovalproatol[24]. It is suitable for idiopathic
generalized epilepsies, partial and generalized epilepsy, myoclonic
and absence seizures[24].

2. Lamotrigine: lock channels Na*-dependent voltage channels
also blocks voltage-dependent Ca™. It presents a complete oral
absorption, which reaches maximum concentration in a time span
of 1-3 h, hepatic metabolism and renal excretion. Enzyme inducers
such as phenobarbital, phenytoin, carbamezepine reduce drug half-
life and enzyme inhibitors such as valproate increases the half-life
of the drug over 60 h[24]. It is indicated in the treatment of partial
epilepsies photosensitive, primary generalized, cryptogenic and
symptomatic[24].

3. Levetiracetam: GABAA receptor agonist and CI” current. It
inhibits Ca™ channels and K'[24]. It has an intestinal absorption, is
hydrolyzed in the liver, plasma and other tissues; it is not related
with the enzyme system cytochrome P450[24]. It is indicated
as a treatment for partial epilepsies, possibly effective primary
generalized seizures in photosensitive epilepsy[24].

4. Tiagabine: it increases the concentration of GABA in the synaptic
space reversibly inhibiting the GABA transporter (GAT-1)[24]. VO
complete absorption with a bioavailability of 96%, intake can slow
its absorption but decrease the bioavailability of the drug, hepatic
metabolism by CYP3A and renal elimination. It can be displaced by
other drugs having high binding proteins such as albumin[24]. It is
indicated for the treatment of partial epilepsies[24].

5. Topiramate: it blocks Na* channels thus achieving a decrease
in repetitive neuronal firing, modulates the action of GABAA
receptor, increases the flow of CI into the cell, blocks glutamate
receptor-amino-3-hydroxy-5 methyl-4-isoxazolepropionic[24].
It hyperpolarizes the membrane acting on K* channels, Ca™
channels blocks and inhibits carbonic anhydrase[24]. It has a 100%
bioavailability, intake may delay its absorption, metabolized in the
liver and eliminated by the kidneys. It is indicated as monotherapy
or adjunctive therapy in partial epilepsy, idiopathic generalized
epilepsies.

Young et al.[25] discusses several studies in which the focus was
to test the effectiveness of anticonvulsant drugs in patients with
brain tumors[25-28]. Anticonvulsant prophylaxis has demonstrated
efficacy by 25%-50% in patients who have already undergone a
craniotomy|[25].

The effectiveness of prophylactic anticonvulsants in patients with
brain tumors has been studied in many ways, prospective, double-
blind[26]; in which the use of anticonvulsants according to the meta-
analysis of Glantz et al. is not recommended|23, 26].

Another controversial point is the use of anticonvulsants in the peri
operative period: the evidences are not clear and the guidelines of

the American Academy of Neurology allow to use antiepileptic until
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a week after craniotomy for tumor resection[26]. However, these
recommendations were not primarily for pediatric patients.

Douglas et al.[29] conducted a study in 223 pediatric patients with
brain tumors without previous crises, showed that at least 7.4% of
patients had crisis in the perioperative period, of which 51% were
supratentorial tumors, being the gliomas about 50% of the cases
and the others were mainly composed by primitive neuroectodermal
tumors. A total of 59% of patients were younger than 2 years and
only 4.4% of patients received anticonvulsant prophylaxis; they
consider not routinely prescribe anticonvulsant therapy in pediatric
patients under 2 years, either in recently diagnosed with brain tumors
or in the perioperative period.

In contrast, Sogawa et al.[30] conducted a retrospective study
of 32 children with brain tumors, of which 21 patients received
anticonvulsants, reported that 94% had temporary location
supratentorial tumors in 70% of cases; in this study, levetiracetam
was the drug most often used by the safety profile compared with
phenytoin and oxcarbazepine, which suggested that antiepileptic
drugs of the new generation should be considered as first-line
prophylaxis in children with brain tumors.

Drug interactions of these medications should be considered: it
has been well demonstrated that anticonvulsants can accelerate the
clearance of antitumor agents[25] reducing its bioavailability[31];
e.g. valproate decreases the antitumor effects(31] through inhibition
of histone deacetylase(25,32,33]. Patients receiving valproate had
better benefits together with its antitumor therapy than patients
receiving enzyme-inducing anticonvulsants[25,34]; moreover, the
use of levetiracetam has increased dramatically and is not currently
approved by the Food and Drug Administration as monotherapy
in treatment of epilepsy in children but is an attractive drug for
its low impact on the appearance of serious side effects and drug
interactions especially with chemotherapeutic[25.35]. Additionally,
phenytoin has been associated with Stevens-Johnson syndrome,
severe erythema multiforme and toxic epidermal necrolysis[31] and
also features interaction with some chemotherapy agents[36].

Another important aspect for which this therapy with antiepileptics
in patients with brain tumors is not recommended that is class I
evidence[26,34], is the low levels of anticonvulsant that have been
reported in 60%-70% of patients[23,26,34]. Schaller et al.[23] pose a
possible genetic explanation of anticonvulsant drugs, brain tumors
and MDR gene. Specifically we are speaking of P-glycoprotein
(P-gp) which carries lipophilic substances such as anticonvulsants
through the hemotencefélica barrier(23]. The coding of the MDR-1
gene is also associated with the P-gp rises in brain tissue thus
demonstrating the drug resistance of patients’ anticonvulsants[23];
another example to support this idea is the CC polymorphism
C3435T genotype, which also showed resistance relation
anticonvulsants[23].

The effectiveness of new anticonvulsants such as lamotrigine,
oxcarbazepine, topiramate and levetiracetam in managing seizures
has not been thoroughly investigated[34]. In patients who have

seizures and concomitantly treatment with chemotherapeutic

agents, anticonvulsants enzyme inducers should be avoided (level B

evidence)[34].

8. Role of neuroimaging

Nuclear image such as positron emission tomography and single
photon emission computed tomography (SPECT) are potentially
useful for temporal lobe epilepsy secondary to tumors. Pre-ictal
SPECT is more useful as hypoperfusion is better picked up with this
scan. SPECT is repeated up to 4 h after seizuring.

9. Conclusions

Although there are many controversial issues involved
anticonvulsants in children with brain tumors, prophylactic
antiepileptic drugs are not recommended by the majority of the
literature-even using new generations drugs.

There are scarce literature involving CNS tumors and
epileptogenesis in children. Some studies suggested that those
younger than 2 years were more likely to develop seizures, especially
in the perioperative period.

It is essential that this group of patients should be handled by a
multidisciplinary teams to make the best decision regarding the

medical and surgical management of each specific case.

Conlflict of interest statement

The authors declare that they have no conflicts of interest.

References

[1] Van Breemen MS, Wilms EB, Vecht CJ. Epilepsy in patients with brain
tumours: Epidemiology, mechanisms, and management. Lancet Neurol
2007; 6: 421-430.

[2] Greenfield JG, Love S, Louis DN, Ellison DW. Greenfield’s
neuropathology. 8th Edition. London: Hodder Arnold; 2008.

[3] de Jongh A, de Munck JC, Baayen JC, Puligheddu M, Jonkman EJ, Stam
ClJ. Localization of fast MEG waves in patients with brain tumors and
epilepsy. Brain Topogr 2003; 15: 173-179.

[4] Kohling R, Senner V, Paulus W, Speckmann EJ. Epileptiform
activity preferentially arises outside tumor invasion zone in glioma
xenotransplants. Neurobiol Dis 2006; 22: 64-75.

[5] Aronica E, Redeker S, Boer K, Spliet WG, van Rijen PC, Gorter JA, et
al. Inhibitory networks in epilepsy-associated gangliogliomas and in the
perilesional epileptic cortex. Epilepsy Res 2007; 74: 33-44.

[6] Avanzini G, Franceschetti S. Mechanisms of epileptogenesis. In: Shorvon
S, Perucca E, Fish D, Dodson E. (eds). The treatment of epilepsy. 2nd
edition. Blackwell, Malden, Oxford, Carlton; 2007, p. 74-83.



Jennifer Herrera-Bejarano et al./ J Acute Dis 2018; 7(5): 181-185 185

[7]1 Avoli M, Louvel J, Pumain R, Kshling R. Cellular and molecular
mechanisms of epilepsy in the human brain. Prog Neurobiol 2005; 77:
166-200.

[8] Badawy RA, Harvey AS, Macdonell RA. Cortical hyperexcitability and
epileptogenesis: Understanding the mechanisms of epilepsy-part 1. J Clin
Neurosci 2009; 16: 355-365.

[9] O’Brien DF, Farrell M, Delanty N, Traunecker H, Perrin R, Smyth MD,
et al. The children’s cancer and leukaemia group guidelines for the
diagnosis and management of dysembryoplastic neuroepithelial tumours.
Br J Neurosurg 2007; 21: 539-549.

[10]JHonavar M, Janota I, Polkey CE. Histological heterogeneity of
dysembryoplastic neuroepithelial tumour: identification and differential
diagnosis in a series of 74 cases. Histopathology 1999; 34: 342-356.

[11]Aronica E, Leenstra S, van Veelen CW, van Rijen PC, Hulsebos TJ,
Tersmette AC, et al. Glioneuronal tumors and medically intractable
epilepsy: A clinical study with long-term follow-up of seizure outcome
after surgery. Epilepsy Res 2001; 43(3): 179-191.

[12]Lee MC, Kang JY, Seol MB, Kim HS, Woo JY, Lee JS, et al. Clinical
features and epileptogenesis of dysembryoplastic neuroepithelial tumor.
Childs Nerv Syst 2006; 22: 1611-1618.

[13]Sakuta R, Otsubo H, Nolan MA, Weiss SK, Hawkins C, Rutka JT, et al.
Recurrent intractable seizures in children with cortical dysplasia adjacent
to dysembryoplastic neuroepithelial tumor. J Child Neurol 2005; 20: 377-
384.

[14]Bliimcke I, Wiestler OD. Gangliogliomas: an intriguing tumor entity
associated with focal epilepsies. J Neuropathol Exp Neurol 2002; 61: 575-
584.

[15]Haddad SF, Moore SA, Menezes AH, VanGilder JC. Ganglioglioma: 13
years of experience. Neurosurgery 1992; 31: 171-178.

[16]Im SH, Chung CK, Cho BK, Lee SK. Supratentorial ganglioglioma and
epilepsy: Postoperative seizure outcome. J Neurooncol 2002; 57: 59-66.

[17]Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A,
et al. The 2007 WHO classification of tumours of the central nervous
system. Acta Neuropathol 2007; 114: 97-109.

[18]Ogiwara H, Nordli Jr, DiPatri Jr A, Alden T, Bowman R, Tomita T.
Pediatric epileptogenic gangliogliomas: seizure outcome and surgical
results. J Neurosurg Pediatrics 2010; 5: 271-276.

[19]Giulioni M, Gardella E, Rubboli G, Roncaroli F, Zucchelli M, Bernardi
B, et al. Lesionectomy in epileptogenic gangliogliomas: seizure outcome
and surgical results. J ClinNeurosci 2006; 13: 529-535.

[20]Morioka T, Hashiguchi K, Nagata S, Miyagi Y, Yoshida F, Shono T, et al.
Additional hippocampectomy in the surgical management of intractable
temporal lobe epilepsy associated with glioneuronal tumor. Neurol Res
2007; 29: 807-815.

[21]Lellouch-Tubiana A, Boddaert N, Bourgeois M, Fohlen M, Jouvet A,
Delalande O, et al. Angiocentric neuroepithelial tumor (ANET): A new

epilepsy-related clinicopathological entity with distinctive MRI. Brain

Pathol 2005; 15: 281-286.

[22]Preusser M, Hoischen A, Novak K, Czech T, Prayer D, Hainfellner JA,
et al. Angiocentric glioma: Report of clinico-pathologic and genetic
findings in 8 cases. Am J Surg Pathol 2007; 31: 1709-1718.

[23]Schaller B, Riiegg S. Brain tumor and seizures: Pathophysiology and its
implications for treatment revisted. Epilepsia 2003; 44(9): 1223-1232.
[24]Lorenzo P, Morena A, Lizasoain I, Leza JC, Moro MA, Portolés A.
Veldzquez FarmacologiaBésica y Clinica. Buenos Aires; Madrid: Médica

Panamericana; 2008, p. 243-258.

[25]Lee YJ, Kim T, Bae SH, Kim YH, Han JH, Yun CH, et al. Levetiracetam
compared with valproic acid for the prevention of postoperative seizures
after supratentorial tumor surgery: A retrospective chart review. CNS
Drugs 2013; 27: 753-759.

[26]Glatnz MJ, Cole BF, Forsyth PA, Recht LD,Wen PY, Chamberlain MC,
et al. Practice parameter: anticonvulsant prophylaxis in patiens with
newly diagnosed brain tumors. Neurology 2000; 54: 1886-1893.

[27]Foy PM, Chadwick DW, Rajgopalan N, Johnson AL, Shaw MD. Do
prophylactic anticonvulsant drugs alter the pattern of seizures after
craniotomy? J Neurol Neurosurg Psychiatric 1992; 55(9): 753-757.

[28]Soroker N, Groswasser Z, Costeff H. Practice of prophylactic
anticonvulsant treatment in head injury. Brain Injury 1989; 3(2): 137-140.

[29]Hardesty D, Sanborn M, Parker W, Storm P. Perioperative seizure
incidence and risk factors in 223 pediatric brain tumor patients without
prior seizures. J Neurosurg Pediatrics 2011; 7: 609-615.

[30]Sogawa Y, Kan L, Levy AS, Maytal J, Shinnar S. The use of antiepileptic
drugs in pediatric brain tumor patients. Pedriatr Neurol 2009; 41:192-
194.

[31]Sirven JI, Wingerchuk DM, Drazkowski JF, Lyons MK, Zimmerman RS.
Current literature in clinical science prophylactic antiepileptic drugs in
patients with brain tumors: A meta-analysis. Mayo Clin Proc 2004; 79:
1489-1494.

[32]Eyal S, Yagen B, Sobol E, Altschuler Y, Shmuel M, Bialer M. The
activity of antiepileptic drugs as histone deacetylase inhibitors. Epilepsia
2004; 45(7): 737-744.

[33]Li XN, Shu Q, Su JM, Perlaky L, Blaney SM, Lau CC. Valproic acid
induces growth arrest, apoptosis, and senescence in medulloblastomas
by increasing histone hyperacetylation and regulating expresiion of
p21Cipl, CDK4, and CMYC. Mol cancer Ther 2005; 4(12): 1912-1922.

[34]Soffietti R, Cornu P, Delattre JY, Grant R, Graus F, Grisold W, et al.
EFNS guidelines on diagnosis and treatment of brain metastases: report
of an EFNS task force. Eur J Neurol 2006; 13: 674-681.

[35]Li J, Xiao N, Chen S. Efficacy and tolerability of levetiracetam in
children with epilepsy. Brain Dev 2001; 33:145-151.

[36]Vecht CJ, Wagner GL, Wilms EB. Interactions between antiepileptic and
chemotherapeutic drugs. Lancet Neurol 2003; 2: 404-409.



