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GOAL OF EPILEPSY 
TREATMENT



Diagnosis of epilepsy

Identify the 
underlying causes

Treat the 
underlying causes

Control the 
seizures

With good 
quality of life



Antiepileptic drug development



New (2nd generation) AEDs

• Felbamate (1993)
• Gabapentin (1993)
• Lamotrigine (1994)
• Topiramate (1996)
• Tiagabine (1997)
• Levetiracetam (1999)
• Oxcarbazepine (2000)
• Zonisamide (2000)
• Pregabalin (2005)
• Vigabatrin



• Give clinician more choices of antiepileptic 
medications especially more choices of broad 
spectrum AEDs

• Better efficacy?
• Better tolerability?
• Better pharmacokinetic properties
• Low protein binding 
• Most of the new AEDs are not strong hepatic 

enzyme inducersà fewer drug interaction
• Fewer serious adverse events

Advantage of 2nd gen. AEDs



Newest (3rd generation) AEDs

• Stiripentol (2007)
• Lacosamide (2008)
• Rufinamide (2008)
• Eslicarbazepine (2009)
• Vigabatrin (2009)
• Ezogabine (2011)
• Perampanel (2012)



Newest generation of antiepileptic 
medications: mechanism

Drugs Related drugs Mechanisms
Brivaracetam Levetiracetam 10 fold higher affinity for SV2A than 

LEV

Eslicarbazepine Carbamazepine Less problem with drug interaction 
and toxic metabolites

Rufinamide Lamotrigine Acts on Na channels

Retigabine Activate K current

Ganaxolone Neurosteroids Acts on postsynaptic and 
extrasynaptic GABA A receptors

Perampanel Blocks AMPA receptors at 
“noncompetive site”

Lacosamide Block Na channel in slow 
inactivated state



Diagnosis

• Check diagnosis: provoked seizure/ first 
unprovoked seizure/ epilepsy 

• Etiology of epilepsy

Starting 
AEDs

• Selecting the first AED

Adjusting 
AEDs

• Switching AEDs
• Adding AEDs



Diagnosis
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SELECTING THE FIRST AED



Which medications?

• ลกัษณะการชกัและประเภทของโรคลมชกัของผู้ ป่วย

• การบริหารยา

• ผลข้างเคียงของยากนัชกั

• Drug interaction กรณีทีLผู้ ป่วยได้ยาหลายชนิดพร้อมกนั

• Special situations/ other comorbidities

– Reproductive age

– Elderly

– Hepatic impairment

– Renal impairment



• Which AEDs are 
available?

• Cost
• Experience

AEDs 

• Type of seizures
• Age
• Weight
• Occupation
• Underlying diseases
• Current medication
• Psychological profiles

Patient’s 
profile

Drug administration
Prone to which side effects
Potential drug interaction



Elderly

• Changes in pharmacokinetics of AEDs in the 
elderly

• Side effects of the AEDs esp. cognitive side 
effects

• Drug interaction
• Osteoporosis



Pharmacokinetic changes in the elderly

Lean body mass ê
Total body water mass ê

Proportion of fat ê

Volume distribution of hydrophilic drugs and 
lipophilic drugs ê

Serum drug concentrations é



Pharmacokinetic changes in the elderly

• Decreased albumin level leads to increased free 
fraction of drugs in the body.

• Measurement of total serum drug concentration 
may not reflect the true unbound drug level.

• Reduce hepatic metabolism (evidence is still 
unclear) and reduce renal excretion with 
reduction of creatinine clearance 



Caution of SE of AEDs in elderly
AEDs Special precautions

Phenobarbital Drowsiness, cognitive dysfunction
May reduce effects of other drugs (enzyme inducer)

Phenytoin Reduced metabolism and clearance
Reduced protein binding à increased free fraction
Increase incidence of adverse effects
PHT level may be increased by amiodarone, cimetidine, 
isoniazid, trazodone
May reduce effects of other drugs (enzyme inducer)

Carbamazepine Increase incidence of adverse effects
May reduce effects of other drugs (enzyme inducer)
Hyponatremia

Sodium valproate Drowsiness, parkinsonism
Thrombocytopenia

Oxcarbazepine Increase incidence of adverse effects
Hyponatremia

Topiramate Cognitive side effects at higher dosage (can be avoided by slow 
titration)



Glauser T, et al. Epilepsia 2013





AEDs in the elderly



WOMEN WITH EPILEPSY



Women with epilepsy

• Side effects of antiepileptic medications
– Cosmetic side effects
– Weight issues
– Osteoporosis
– Teratogenic effects

• Contraception
• Pregnancy
• Lactation
• How to advise the patients



Skin and cosmetic side effects

Side effects AEDs Time frame Incidence Reversible
Alopecia VPA 0.5-4%/ up to

6%

CBZ, OXC 2-3 months

Gum 
hypertrophy

PHT Chronic use 10-40% /

Hirsutism, 
hypertrichosis

PB

PHT

Acne VPA

PHT

Dupuytren’s
Contracture, 
plantar 
fibromatosis

PB Chronic use Up to 5% /

Gaitatzis A,  Sander JW. CNS Drugs 2013; 27:435–455



Weight issues from AEDs



Body weight changes with AEDs

Side effects AEDs Time frame Incidence Extent
Weight gain VPA 2-3 months 

and may be 
continue

Up to 30-40% 1-3% of BW
Up to 8% of BW 
(with high dose)

GBP 23%
PGB 18%
RTG

Weight loss TPM Stabilize after 
12-18 months

6-17% in leaflet
(upto 60% in 
review)

Up to 7.5% of BW
Dose dependent

ZNS 3%
FBM
STP

Gaitatzis A,  Sander JW. CNS Drugs 2013; 27:435–455



Dosing schedule for AED 

t/2
(hrs)

Dosing schedule Need slow titration

Phenytoin 20-30 OD
Phenobarbital 96 OD
Carbamazepine 10-20 Bid-tid ✔

Sodium valproate 8-12 Bid-tid
Topiramate 20 Bid ✔

Lamotrigine 25-30 Bid ✔

Levetiracetam 7 Bid
Zonisamide 63 OD-bid
Oxcarbazepine 10 Bid-tid ✔

Gabapentin 5-7 Bid-tid ✔

Pregabalin 6 Bid-tid ✔



Tomson T, Battino D, Bonizzoni E, et al. Comparative risk of major congenital
malformations with eight different antiepileptic drugs: a prospective cohort
study of the EURAP registry. Lancet Neurol 2018; 17:530–538.



Are there specific MCMs associated 
with specific AEDs?

AEDs MCMs Evidences
PHT Cleft palate 1 Class II study
CBZ Posterior cleft 

palate
1 Class II study

VPA Neural tube 
defects, facial 
cleft

1 Class I study

PB Cardiac 
malformations

2 Class III 
studies



Are there specific MCMs associated with specific AEDs?



Bromley R, et al. Cochrane Database of Systematic Reviews 2014, Issue 10. Art. No.: 
CD010236.



Bromley R, et al. Cochrane Database of Systematic Reviews 2014, Issue 10. Art. No.: 
CD010236.



Bromley R, et al. Cochrane Database of Systematic Reviews 2014, Issue 10. Art. No.: 
CD010236.



Epilepsy and pregnancy

• ควรมีการให้ความรู้เก่ียวกับโอกาสและความเส่ียงท่ีจะเกิด

ความผิดปกติของเด็กในครรภ์สำหรับหญิงวัยเจริญพันธ์ุท่ีต้อง

รับประทานยากันชัก เพ่ือผู้ป่วยจะได้สามารถวางแผนและ

ตัดสินใจเร่ืองการต้ังครรภ์ล่วงหน้าได้



Epilepsy and pregnancy

• ควรวางแผนล่วงหน้าก่อนการต้ังครรภ์เน่ืองจาก

– ในกรณีที่มารดาไม่มีอาการชักนานเกิน 2 ปีอาจพิจารณาหยุดยา

กันชักได้

– ในกรณีที่คุมอาการชักได้ดี และมารดารับประทานยากันชัก

มากกว่า 1 ชนิดอาจพิจารณาลดขนาดยาหรือลดยาเหลือ 1 ชนิด
เพื่อลดโอกาสการเกิดผลข้างเคียงต่อทารกในครรภ์



Epilepsy and pregnancy

• ควรวางแผนล่วงหน้าก่อนการต้ังครรภ์เน่ืองจาก
–ควรหลีกเล่ียงการใช้ยากันชักท่ีมี teratogenic effect สูง
เช่น sodium valproate ในช่วงการต้ังครรภ์หากสามารถ
ทำได้



Epilepsy and pregnancy

• ในขณะท่ีผู้ป่วยต้ังครรภ์ไม่ควรปรับหรือเปล่ียนยากันชัก
เน่ืองจากโอกาสท่ีจะเกิดอันตรายต่อมารดาและทารกในครรภ์
หากผู้ป่วยเกิดการชักมีมากกว่าโอกาสการเกิดผลข้างเคียงต่อ

ทารกในครรภ์

• ควรมีการตรวจคัดกรองความผิดปกติของเด็กในครรภ์มารดา
โดยเฉพาะ malformation ท่ีพบได้บ่อยและรุนแรง เช่น
neural tube defect



Epilepsy and pregnancy

• ในผู้หญิงวัยเจริญพันธ์ควรได้รับ folic acid supplementation 
ในขนาด 4-5 mg/d ซ่ึงจากการศึกษาท่ีผ่านมา อาจช่วยลด
โอกาสการเกิด neural tube defects ได้บ้าง

• ในผู้ป่วยท่ีได้รับ enzyme inducing AEDs เด็กแรกคลอดควร
ได้รับ vitamin K supplement หลังคลอดเช่นเดียวกับเด็กอ่ืนๆ
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UNDERLYING DISEASE
CURRENT MEDICATION



Matching AEDs with other comorbidities

Avoid/ caution Prefer
Migraine VPA, TPM

Mood lability/ bipolar 
disorder

- LTG, CBZ, OXC, 
PHT, VPA

Pain CBZ, PGB, GBP

Anxiety FLB, LEV, LTG, TGB BZD, GBP, PGB 

Depression Barbiturates, LEV, PGB, 
TGB, TPM, VGB, ZNS

LTG

On warfarin Enzyme inducing AEDs

On OCP Enzyme inducing AEDs

HLA 1502 +ve CBZ

Sulfa allergy ZNS

Perucca P & MulaM. Epilepsy Behav 2013;26:440-9



UNDERLYING DISEASE
CURRENT MEDICATION

HEPATIC/ RENAL DYSFUNCTION



AED Protein 
binding %

T/2 Site of elimination Remarks

Gabapentin 0 4-6 Renal, 100%
Not metabolize

Dose dependent absorption

Lamotrigine 55 15-30 Hepatic, 90%
Glucoronidation

Clearance increased by 
enzyme inducing AEDs, 
reduced by VPA

Topiramate 9-17 15-23 Renal, 40-70% Fraction hepatically 
metabolized, increased by 
enzyme inducing AEDs

Levetiracetam 0 6-8 Renal, 66%; 
hydrolysis of 
acetamide gr, 34%

Metabolism is nonhepatic 
hydrolysis

Oxcarbazepine 40 4-9 Hepatic, 70%
Hepatic conversion 
to active metabolite

Based upon 10 Hydroxy 
carbazepine (MHD), the major 
active metabolite

Zonisamide 40-60 24-60 Hepatic, 70% Clearance increased by 
enzyme inducing AEDs

Pregabaline 0 6 Renal
Not metabolize



Effects Older AEDs New AEDs

Measurable increased in 
free fraction with 
hypoalbuminemia

PHT
VPA

-

Metabolism affected by 
renal disease

PB GBP, LEV, 
TPM

Metabolism affected by 
liver disease

CBZ, PHT, 
VPA

LTG, ZNS, 
OXC, TGB



UNDERLYING DISEASE
CURRENT MEDICATION

CARDIAC CONDITIONS



Using AEDs in cardiac conditions

• Side effects 
• Drug interaction



IV AEDs for established SE

Shorvon S. Curr Opin Neurol 2011;24:165–170

Route of administration Adult dose

Phenytoin IV (<50 mg/min) 15-20 mg/kg

Fosphenytoin IV (<100 mg PE/min) 15-20 mg PE/kg

Phenobarbital IV (<100 mg/min) 10-20 mg/kg

Valproate IV (50-100 mg/min) 20-30 mg/kg

Levetiracetam IV (100 mg/min) 2000-4000 mg

Lacosamide IV (30-60 min/ up to 15 
min)

200-400 mg



Interaction with cardiac drugs

• Phenytoin à ê amiodarone level (CYP induction)
ê digoxin level (upreg. P-gp)

• Enzyme inducers 
à ê calcium channel blocker level

ê beta blocker level
• Verapamil and diltiazem inhibits carbamazepine 

metabolism



Drug interaction with warfarin

• Metabolites through CYP3A4, 2C9
• Phenytoin, phenobarbital and carbamazepine 

reduce the concentration of warfarin by up to 50-
65%

• Phenobarbital and carbamazepine also reduce 
the anticoagulation effects of warfarin 
metabolites

• Newer AEDs do not have significant interaction 
with anticoagulant 



Interaction between AEDs and NOACs

• Intestinal absorption and renal elimination of 
NOACs are dependent on the intestinal and 
renal permeability glycoprotein (P-gp) efflux 
transporter protein system 

• Some NOACs are substrates of the hepatic 
CYP3A4 enzymes 

• Induction of P-gp or CYP3A4 might decrease 
serum NOAC levels, reduce anticoagulant 
effects and lead to an increase in embolic risk. 



Absorption and metabolism of the different new anticoagulant drugs

No CYP

4% Cyp3A4

DE-RA



Steffel J, et al. Europace 2021; 0:1-65





• Colour coding is based on the respective NOAC SmPC 
(Summary of Product Characteristics), drug interaction 
databases, or expert opinion.

• The hatched colour coding indicates no clinical or PK data 
available.

• Some of the colour codes will likely require adaptation as 
more data become available over time.

• White: No relevant drug–drug interaction anticipated.

• Blue (dark): Contraindicated due to reduced NOAC plasma 
levels.

• Blue (light): Caution required, especially in case of 
polypharmacy or in the presence of >_2 light blue interactions 
due to reduced NOAC plasma levels.

Steffel J, et al. Europace 2021; 0:1-65



UNDERLYING DISEASE
CURRENT MEDICATION

INFECTIOUS CONDITIONS



Drug groups Drugs Effects on AEDs

Antibiotics Carbapenems ↓↓↓ VPA levels

Macrolides ↑ CBZ levels

Antifungals Fluconazole
Itraconazole
Ketoconazole

↑ CBZ levels
↑ PHT levels

Tuberculostatics Rifampicin ↓ PHT, CBZ, VPA, LTG 
levels

Isoniazid ↑ PHT, CBZ, VPA, LTG 
levels

Antibiotics/AEDs interaction



Epilepsia Open 2017;2:107-11



UNDERLYING DISEASE
CURRENT MEDICATION

HIV INFECTION



Interaction between ARVs and AEDs

ARV Protein binding 
(%)

Metabolism Potential drugs that 
may have 
interaction with 
AEDs

AEDs that
may have 
interaction 
with

NRTI Min- 38 Gluc éZidovudine VPA

NNRTI 50-90 CYP450

PI >99 CYP450 êLopinavir/ Ritonavir PHT



Epilepsia, 53(1):207–214, 2012



Recommendations

• AED–ARV administration may be indicated in up to 55% 
of people taking ARVs. 

• Patients receiving phenytoin may require a 
lopinavir/ritonavir (PI) dosage increase of approximately 
50% to maintain unchanged serum concentrations (Level 
C: one class II study).

• Patients receiving valproic acid may require a zidovudine 
(NRTI) dosage reduction to maintain unchanged serum 
zidovudine concentrations (Level C).

• Coadministration of valproic acid and efavirenz (NNRTI) 
may not require efavirenz dosage adjustment (Level C: 
one class II study).

Epilepsia, 53(1):207–214, 2012



Recommendations

• It may be important to avoid enzyme inducing AEDs in 
people on ARV regimens that include protease inhibitors 
or non nucleoside reverse transcriptase inhibitors 
because pharmacokinetic interactions may result in 
virologic failure, which has clinical implications for 
disease progression and development of ARV 
resistance. If such regimens are required for seizure 
control, patients may be monitored through 
pharmacokinetic assessments to ensure efficacy of the 
ARV regimen (Level C: one class II study).

Epilepsia, 53(1):207–214, 2012



UNDERLYING DISEASE
CURRENT MEDICATION

TRANSPLANT PATIENTS



Using AEDs in transplant patients

• CBZ, oxcarbazepine, PB, and PHT may reduce 
cyclosporine, tacrolimus, and corticosteroid
blood levels with a delayed effect of up to 10 
days.

• Azathioprine, mycophenolate mofetil, and OKT3 
metabolism are not significantly affected by 
AEDs.



UNDERLYING DISEASE
CURRENT MEDICATION

ONCOLOGIC CONDITIONS



Potentials interaction between AEDs and chemotherapy

• Enzyme inducing AEDs have been shown to 
have effects on levels of chemotherapy that 
metabolite through CYP 450

• Taxanes, vinca alkaloids, methotrexate, 
teniposide, and camptothecin analogues such 
as irinotecan

• Tyrosine kinase inhibitors, target therapy

Vecht CJ, Wagner GL, Wilms EB. Lancet Neurol 2003;2:404–9.



Effects of AEDs on chemotherapy metabolism

Group AEDs CTD Met Factor changes 
in metabolism

Alkylating agents EIAEDs Cyclophosphamide CYP CI ⇧ 210%

Taxanes EIAEDs Docetaxel
Pacitaxel

CYP CI ⇧ 150%

Antimetabolites EIAEDs Methotrexate AUC ⇩ 58%

Vinca alkaloids EIAEDs Vincristine CYP CI ⇧ 160%

Camtothecin
derivatives

EIAEDs Irinotecans CYP CI ⇧ 200-235%

VPA Irinotecans CI ⇧ 175%

EIAEDs Topotecans CYP CI ⇧ 145%

Topoisomerase II 
inhibitors

EIAEDs Etoposide CYP CI ⇧ 145-175%

EIAEDs Teniposide CYP CI ⇧ 200-245%

Current Pharmaceutical Design 2017; 23: 6464-87



Effects of AEDs on tyrosine kinase inhibitors

Drugs AEDs Target Met Factor changes 
in metabolism

Bortezomib EIAEDs Proteosome inhibitor CYP CI ⇧ 275%

Dasatinib EIAEDs SCR, Bcr-Abl CYP AUC ⇩ 45%

Gefitinib EIAEDs EGFR CYP AUC ⇩ 45-63%

Imatinib EIAEDs Bcr-Abl, c-kit, 
PDGFR

CYP CI ⇧ 342-413%

Lapatinib EIAEDs EGFR, HER2 CYP CI ⇧ 883%

Evorolimus
Sirolimus

EIAEDs mTOR CYP AUC ⇩ 45%

Sorafenib EIAEDs c-kit, PDGFR, RAF CYP AUC ⇩ 36-49%

Tamoxifen EIAEDs Estrogen receptor CYP Dose ⇩ 46%

Neuro-Oncology Practice 2016; 3: 245–260



Effects of AEDs on steroid metabolism

Neuro-Oncology Practice 2016; 3: 245–260



UNDERLYING DISEASE
CURRENT MEDICATION

PSYCHIATRIC COMORBIDITIES



Consider about psychiatric side effects in 
pts. with psychiatric comorbidities

Psychiatric 
comorbidities

Avoid Consider

Mood lability/ 
bipolar disorder

- LTG, CBZ, OXC, 
PHT, VPA

Anxiety FLB, LEV, LTG, 
TGB 

BZD, GBP, PBG 

Depression Barbiturates, LEV, 
PGB, TGB, TPM, 
VGB, ZNS 

LTG

Psychosis ETX, FLB, LEV, 
PHT, TGB, TPM, 
VGB, ZNS

-

Perucca P & MulaM. Epilepsy Behav 2013;26:440-9







Diagnosis

• Check diagnosis: provoked seizure/ first 
unprovoked seizure/ epilepsy 

• Etiology of epilepsy

Starting 
AEDs
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Adjusting 
AEDs

• Switching AEDs
• Adding AEDs
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Diagnosis

• Check diagnosis: provoked seizure/ first 
unprovoked seizure/ epilepsy 

• Etiology of epilepsy

Starting 
AEDs

• Selecting the first AED

Adjusting 
AEDs

• Switching AEDs
• Adding AEDs

Consider 
drug 

resistant

• Failure of adequate trial of two AEDs regimen




