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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

CHOOSING AEDS IN PATIENTS 
WITH MEDICAL COMORBIDITIES
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Special situations

• Hepatic and renal dysfunction
• Other medical conditions

– Cardiac conditions
– HIV infected patients
– Infectious diseases
– Transplant patients
– Patients with brain tumor

• Elderly
• Psychiatric patients
• Women

Hepatic and renal dysfunction

Seizures and epilepsy in this condition

• More acute seizures and status epilepticus
precipitated by metabolic causes

• Need to differentiate between alteration of 
consciousness from metabolic encephalopathy 
and nonconvulsive status epilepticus (Clinically 
and EEG)
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Hepatic dysfunction

Factors affecting hepatic clearance

• The extent of drug binding to the blood 
component

• Hepatic blood flow
• Hepatic metabolic activity

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
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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

Dosing adjustment for patients with impaired 
hepatic function

• There is insufficient information available to make 
recommendations on the necessity of dosage 
adjustment

Patients with impaired hepatic function

• Free fractions of diazepam, PHT, and VPA 
increase as a result of reduced circulating 
albumin concentrations. Frequent serum 
determinations of free fractions and gradual 
dose regulations are required.
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Patients with impaired hepatic function

• Caution should be taken if VPA is used 
inpatients with liver disease. 

• Hepatic dysfunction is less of a concern with PB, 
gabapentin, levetiracetam, topiramate, and 
zonisamide.

Renal dysfunction

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
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Dosing adjustment for patients with 
impaired renal function

Creatinine clearance (mL/min) Dosage (mg)
Gabapentin

>60 400 tid

30-60 300 bid

15-30 300 od

<15 300 every other day

hemodialysis 200-300* supplement

Levetiracetam

>80 500-1500 bid

50-80 500-1000 bid

30-50 250-750 bid

<30 250-500 bid

hemodialysis 500-1000*q 24 hr then 250-500 mg 
supplement*with supplement dose after HD

Dosing adjustment for patients with impaired 
renal function

Creatinine clearance (mL/min) Dosage (mg)
Topiramate
>70 Normal dosage
10-70 Decrease dosage 50%
<10 Decrease dosage 75%
hemodialysis Consider supplement

*with supplement dose after HD

% Renal 
excretion

%Protein 
binding

Dosing in renal 
impairment

HD

PHT <5 90 NA NA*

CBZ 1-3 75 NA NA

PB 25 20-45 CrCL<10 ↓ dose HD: Dose before and 50 % dose after 
HD
PD: 50 % of the normal dose
CRRT: No sufficient data; no initial dose 

adjustment is needed;
possible significant removal by CRRT

VPA <7 80-90 NA NA

Clona
zepam

<2 85 NA NA

OXC 20-30 40 CrCl< 30: Initiate at 
50 % starting dose 
(300
mg/day) then titrate 

cautiously

HD: No data
PD: No data
CRRT: No data; possibly removed

Seizure 2020;76:143–152
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% Renal 
excretion

%Protein 
binding

Dosing in renal 
impairment

HD

LEV 66 <10 See table HD: 500−1000 mg/day + supplement al 
dose post dialysis (250−500 mg)
PD: Dose for CrCl < 10
CRRT: Significantly removed; 
suggested dosage 1000 mg q12h

LTG 10 55 Start at low dose 
and titrate
cautiously

HD: No sufficient data; start at low dose 
and titrate cautiously; give
dose post dialysis.
PD: No data; start at low dose and 
titrate cautiously
CRRT: No data; start at low dose and 
titrate cautiously

TPM 50 13-41 See table HD: 100−200 mg/day + supplemental 
dose post dialysis
(50−100 mg)
PD: 100−200 mg/day
CRRT: No data; possibly removed

Seizure 2020;76:143–152

% Renal 
excretion

%Protein 
binding 

Dosing in renal 
impairment

HD

GBP 100 <10 See table HD: Dose based on CrCl + 
supplemental dose post dialysis
(125−350 mg)
PD: Initiate dosing as in patients with 
CrCl <15
CRRT: Initiate dosing as in patients 
with CrCl 15-50

PGB 90 - CrCl 30-60: 75−300 
mg/day
CrCl 15-30: 25−150 
mg/day
CrCl <15: 25−75 
mg/day

HD: Dose based on CrCl + 
supplemental dose post dialysis
(25−150 mg)
PD: No data; Initiate dosing as in 
patients with CrCl <15
CRRT: No data; likely to be significantly 
removed by CRRT

Seizure 2020;76:143–152

% Renal 
excretion

%Protein 
binding 

Dosing in renal 
impairment

HD

LCM 40 <15 CrCl > 30: No 
dosage adjustment 
needed
CrCl< 30: 50−300 
mg/d

HD: 50−300 mg/d + supplemental 
dose post dialysis
PD: No data
CRRT: No sufficient data; likely 
removed by CRRT; no initial dose
adjustment needed

PER - 95 CrCl > 30: No 
dosage adjustment 
needed
CrCl< 30: No data

HD: No data
PD: No data
CRRT: No data; less likely to be 
removed

Seizure 2020;76:143–152
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AEDs that can cause renal stone

• Topiramate
• Zonisamide

USING AEDS IN PATIENTS 
WITH OTHER MEDICAL 
CONDITIONS

Metabolic pathways of AEDs

Perampanel
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Effects on hepatic enzymes

Enzyme inhibitor Enzyme inducer
Sodium valproate Phenytoin

Carbamazepine
Phenobarbital
Oxcarbazepine 
Topiramate >200 mg/d

Effects of enzyme inducing drugs on the 
concentration and clearance of concurrent AEDs

Between AEDs

• Enzyme inhibitors
• Sodium valproateàééé lamotrigine
• Topiramate, oxcarbazepineàé phenytoin 
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Interaction with other drugs

• Interaction between CYP3A4 inhibitors and 
carbamazepine

• Warfarin 
• OCPs
• Psychiatric drugs
• Cardiac drugs
• Chemotherapy and immunosuppressive agents

Commonly used medications that inhibit the CYP3A4 

USING AEDS IN PATIENTS WITH 
CARDIAC CONDITIONS
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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 àê amiodarone level (CYP induction)
ê digoxin level (upreg. P-gp)

• Enzyme inducers 
àê calcium channel blocker level

ê beta blocker level
• Verapamil and diltiazem inhibits carbamazepine 

metabolism



11/19/20

13

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. 
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Absorption and metabolism of the different new anticoagulant drugs

No CYP

P-glycoprotein

• Permeability glycoprotein
• Also known as multidrug 

resistance protein 1 (MDR1) 
or ATP-binding cassette sub-
family B member 1 (ABCB1) 
or cluster of differentiation 
243 (CD 243)

• Important protein of the cell 
membrane that pumps foreign 
substances out of cells

• ATP-dependent efflux pump 
with broad substrate specificity

• Encoded by the ABCB1 gene 

P glycoprotein expression

• Intestinal epithelium: pumps xenobiotics (eg.
toxins or drugs) back into the intestinal lumen 

• Liver cells: pumps xenobiotics into bile ducts
• Cells of the proximal tubules of the kidney: 

pumps xenobiotics into urinary filtrate (in the 
proximal tubule)

• Capillary endothelial cells composing the blood 
brain barrier and blood testis barrier: pumps 
back into the capillaries
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P-gp transports various substrates across the cell membrane

• Drugs such as colchicine, desloratadine, tacrolimus and quinidine.
• Chemotherapeutic agents such as topoisomerase inhibitors 

(i.e. etoposide, doxorubicin), microtubule-targeted drugs 
(i.e. vinblastine), and tyrosine kinase inhibitors (i.e. gefitinib, sunitinib)

• Lipids
• Steroids
• Peptides
• Bilirubin
• Cardiac glycosides like digoxin
• Immunosuppressive agents
• Glucocorticoids like dexamethasone
• HIV-type 1 antiretroviral therapy agents like protease 

inhibitors and nonnucleoside reverse transcriptase inhibitors

Europace (2015) 17, 1467–1507
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European Heart Journal 2018;39:1330–1393

SmPC= Summary of product characteristics

USING AEDS IN PATIENTS WITH 
INFECTIOUS CONDITIONS
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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

Potential mechanism of interaction between 
VPA and carbapenems

• Carbapenems enhance the glucuronidation of VPA by 
increasing uridine diphosphate-glucuronic acid levels, 
resulting in decreased serum levels of VPA

• Multidrug-resistance proteins on adenosine triphosphate-
binding cassette transporters on erythrocyte membranes 
may be inhibited by carbapenems. Therefore, VPA is not 
effluxed out of the erythrocytes, which results in 
decreased serum levels of VPA

• When VPA is given orally, its absorption into the 
intestinal lumen may be restricted by intravenously 
administered carbapenem antibiotics. This may relate to 
the inhibition of the membrane transporter in intestinal 
cells
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HIV PATIENTS

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
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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
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USING AEDS IN 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.

USING AEDS IN BRAIN TUMOR 
AND ONCOLOGIC PATIENTS
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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 steroid metabolism

Neuro-Oncology Practice 2016; 3: 245–260

Potentials interaction between AEDs and chemotherapy

• In a study of 716 children with ALL, 40 children 

who were on enzyme-inducing AEDs had worse 

event-free survival (hazard ratio 2.67 [95% CI, 

1.50 to 4.76]), hematological relapse (3.40 [1.69 

to 6.88]) and CNS relapse (2.90 [1.01 to 8.28]).

• These children were found to have a higher 

clearance of teniposide and methotrexate.

Relling MV, Pui CH, Sandlund JT, et al. Lancet 2000;356:285–90
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Potentials interaction between AEDs and chemotherapy

• In a study on glioblastoma multiforme treated 
with adjuvant CCNU after surgery and 
radiotherapy, patients receiving enzyme-
inducing AEDs (carbamazepine in 80% of 
patients) had a significantly shorter survival,10.8 
versus 13.9 months, than patients treated 
withnon-enzyme-inducing AEDs (valproic acid in 
80% of patients)

Oberndorfer S, et al. J Neurooncol 2005;72:255–60

Patients with brain tumors

• Enzyme-inducing AEDS can interfere with the 
level of concomittent chemotherapy and should 
be avoided.

• Valproic acid may be considered as a first-line 
agent, although physicians should be aware of 
the potentially enhanced toxicity of concomitant 
agents that share the same P-450 coenzyme 
metabolic pathway. 

Patients with brain tumors

• Newer AEDs that do not metabolite through CYP 
450 system also can be used.

• More evidence is still needed. 
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USING AEDS IN ELDERLY 
PATIENTS

Lancet 2020; 395: 735–48

Lancet 2020; 395: 735–48
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Issues in epilepsy treatment in the 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 
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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)
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AEDs in the elderly

USING AEDS IN PATIENTS WITH 
OTHER MORBIDITIES

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



11/19/20

27

Drug interaction with OCPs

• AEDs that cause induction of CYP 3A4 
increase metabolism of oral contraceptives 
resulting in failure of contraceptives.

• Potent enzyme inducing AEDs: 
– phenytoin, carbamazepine, primidone, 

phenobarbital.

• Less-potent enzyme inducing AEDs:
– oxcarbazepine, lamotrigine
– topiramate >200 mg.

USING AEDS IN WOMEN WITH 
EPILEPSY

Special issues in women with epilepsy

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

• Contraception
• Pregnancy
• Lactation
• How to advise the patients
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TERATOGENIC SIDE EFFECTS OF 
AEDS

Malformation Risks of AEDs in Pregnancy

• No AED 2-3%
• Monotherapy 3.7%-6%
• Polytherapy 6.1%-15%

Curr Opin Neurol 2019, 32:246–252



11/19/20

29

Lancet Neurol 2018; 17: 530–38

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.
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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

• The cohort included 1,886,825 pregnancies, 2,997 exposed to lamotrigine, 
1,671 to pregabalin, 980 to clonazepam, 913 to valproic acid, 579 to levetiracetam, 
517 to topiramate,512 to carbamazepine, 365 to gabapentin, 139 to oxcarbazepine, 
and 80 to phenobarbital
• Exposure to valproic acid was associated with 8 specific types of MCMs (e.g., spina 
bifida, OR 19.4, 95% CI 8.6–43.5), and exposure to topiramate was associated with 
an increased risk of cleft lip (6.8, 95% CI 1.4–20.0)
• No significant association for lamotrigine, levetiracetam, carbamazepine, 
oxcarbazepine, and gabapentin
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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.
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Bromley R, et al. Cochrane Database of Systematic Reviews 2014, Issue 10. Art. No.: 
CD010236.

WHAT WE SHOULD DO?

Epilepsy and pregnancy

• ควรมีการให้ความรู้เก่ียวกับโอกาสและความเส่ียงท่ีจะ

เกิดความผิดปกติของเด็กในครรภ์สำหรับหญิงวัยเจริญ

พันธ์ุท่ีต้องรับประทานยากันชัก เพ่ือผู้ป่วยจะได้

สามารถวางแผนและตัดสินใจเร่ืองการต้ังครรภ์ล่วงหน้า

ได้
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Epilepsy and pregnancy

• ควรวางแผนล่วงหน้าก่อนการต้ังครรภ์เน่ืองจาก

– ในกรณีที่มารดาไม่มีอาการชักนานเกิน 2 ปีอาจพิจารณา

หยุดยากันชักได้

– ในกรณีที่คุมอาการชักได้ดี และมารดารับประทานยากันชัก

มากกว่า 1 ชนิดอาจพิจารณาลดขนาดยาหรือลดยาเหลือ 1 
ชนิด เพื่อลดโอกาสการเกิดผลข้างเคียงต่อทารกในครรภ์

Epilepsy and pregnancy

• ควรวางแผนล่วงหน้าก่อนการต้ังครรภ์เน่ืองจาก
–ควรหลีกเลี่ยงการใช้ยากันชักที่มี teratogenic effect สูง
เช่น sodium valproate ในช่วงการตั้งครรภ์หากสามารถ
ทำได้

Epilepsy and pregnancy

• ในขณะท่ีผู้ป่วยต้ังครรภ์ไม่ควรปรับหรือเปล่ียนยากันชัก
เน่ืองจากโอกาสท่ีจะเกิดอันตรายต่อมารดาและทารกใน

ครรภ์หากผู้ป่วยเกิดการชักมีมากกว่าโอกาสการเกิดผล
ข้างเคียงต่อทารกในครรภ์

• ควรมีการตรวจคัดกรองความผิดปกติของเด็กในครรภ์

มารดา โดยเฉพาะ malformation ท่ีพบได้บ่อยและ
รุนแรง เช่น neural tube defect
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Epilepsy and pregnancy

• ในผู้หญิงวัยเจริญพันธ์ควรได้รับ folic acid 
supplementation ในขนาด 4-5 mg/d ซ่ึงจาก
การศึกษาท่ีผ่านมา อาจช่วยลดโอกาสการเกิด
neural tube defects ได้บ้าง

• ในผู้ป่วยท่ีได้รับ enzyme inducing AEDs เด็กแรก
คลอดควรได้รับ vitamin K supplement หลัง
คลอดเช่นเดียวกับเด็กอ่ืนๆ

Epilepsy and lactation

• ยากันชักส่วนมากไม่ได้ excrete ออกมาในน้ำนมมาก
นัก จึงมีผลน้อยต่อเด็ก ยกเว้น phenobabital, 
levetiracetam, gabapentin,lamotrigine, and 
topiramate 

• Phenobarbital อาจจะมีผลทำให้เด็กง่วงซึมได้

Special situations

• Hepatic and renal dysfunction
• Other medical conditions

– Cardiac conditions
– HIV infected patients
– Infectious diseases
– Transplant patients
– Patients with brain tumor

• Elderly
• Psychiatric patients
• Women
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Questions


