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Optimal choice of AEDs in seizure patients with kidney and/or liver

disease

Daeyoung Kim, MD

Department of Neurology, Chungnam National University Hospital, Chungnam National University School of Medicine, Daejeon, Korea

Many factors influence choice of antiepileptic drugs (AEDs) including efficacy, tolerability, and toxicity. AEDs are eliminated by hep-
atic metabolism, by renal excretion, or a combination of hepatic metabolism and renal excretion. The choice and dosing of AEDs in
patients with liver or kidney disease deserves special attention. The effect of kidney and hepatic disease on the AED therapy depend
largely on the pharmacokinetic characteristics of the AED. This review addresses the significance of liver and kidney disease influenc-
ing AED therapy, pharmacokinetics of AEDs during liver and kidney diseases, and potential toxicity of the AEDs regarding liver and

kidney diseases.
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Table 1. Elimination of antiepileptic drugs. Adapted from ref. 1, 2

Renal elimination

Protein Hepatic metabolism :
Drug g (proportion excreted
CYP 450 Isoenzyme UDPGT Other pathways unchanged by the kidney)
Carbamazepine 75% 85% Major: CYP 3A4 Minor: 15% Negligible <1%
CYP 1A2/2C8
Diazepam 98% 80% CYP 2C19, CYP 3A4 Negligible Negligible <5%
Eslicarbazepine 30% - 41% Negligible 52%
Ethosuximide 0% 65% Major: CYP 3A4 Minor:  Negligible Negligible 20-25%
CYP 2B/2C/2E1
Ezogabine/retigabine  80% None - Extensive Acetylation 36%
Felbamate 22-25%  <20% CYP 3A4/2E1 10% 25% esterase 45-55%
Fosphenytoin - - - Negligible Metabolized to phenytoin by <5%
phosphatases (blood, liver, kidney)
Gabapentin 0% None - None None >95%
Lacosamide <15% 50% CYP 2C19 None None 40%
Lamotrigine 55% 1A4 Negligible 70-80% Negligible 10%
Levetiracetam <10%  Negligible - None 24% hydrolysis (extrahepatic) 66%
Lorazepam 93% Negligible 90% Negligible <1%
Midazolam 95% 85% CYP 3A4 Negligible Negligible <1%
Oxcarbazepine™® 40-60% 4% 49% Cytosol arylketone reductase 27%
(parent drug)
Phenobarbital 20-60%  20-35% CYP 2C9/19 None Negligible 20-25%
Phenytoin 88-93% 90% Major: CYP 2C9 Negligible Negligible <5%
Minor: CYP 2C19
Pregabalin 0% Negligible - Negligible Negligible >95%
Primidone 20-30%  40-60% ? Some Negligible 40-60%
Propofol Negligible CYP 1A9 50% Sulfation <1%
Rufinamide 34% None - 1% 70% carboxylesterase- <2%
mediated hydrolysis
Tiagabine 96& 90% CYP 3A4 Negligible Negligible <2%
Topiramate 9-41%  20-40% Unknown Unknown 60-70%
Valproate 5-15% <20% CYP 1A3, 2B7 30-50% 40% b-oxidation (mitochondrial <3%
hepatic metabolism)

Vigabatrin 0% Negligible - None Negligible 80-95%
Zonisamide 40-60% 50% CYP 3A4 None 15% N-acetylation (hepatic) 35%

*Refers to the monohydroxy derivative (MHD).
CYP, cytochrome P450; UDPGT, uridinine diphosphate-glucuronosyltransferase.

Table 2. Child-Pugh classification for grading severity of liver disease. Those whose score totaled 5-6 are graded A (mild), 7-9 grade B
(moderate), and 10-15 grade C (severe). Adapted from ref. 5

CLINICAL AND BIOCHEMICAL MEASUREMENTS POINTS SCORED FOR INCREASING ABNORMALITY

1 2 3
Encephalopathy None Grad I-Il Grade IlI-IV
Ascites Absent Slight Moderate
Total bilirubin (mg/dl) 1-2 2-3 >3
Serum albumin (g/dl) >3.5 2.8-3.5 <2.8
Prothrombin time (sec. prolonged) <4.0 4.0-6.0 >6.0
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Table 3. Typical AED dosing to achieve therapeutic level® Content adapted from ref. 2, 12

AED

GFR >60 ml/min

CKD stage 3
GFR 30-59 ml/min

CKD stage 4
GFR 15-29 ml/min

CKD stage 5
GFR <15 ml/min

ESRD

Levetiracetam

Valproic acid

Lamotrigine

Topiramate

Zonisamide

Phenytoinb

Phenobarbital®

Carbamazepine

Oxcarbazepine

Gabapentin

Pregabalin

Lacosamide

500-1500 mg BID

30-60 mg/kg/day BID
to TID

Varies due to indication
and concomitant
AEDs

100-500 mg QD to BID

100-200 mg BID

100-600 mg/day QD to
BID

150-200 mg BID or TID

60-100 mg BID or TID

Titrate up from 200 mg
BID.

Max 1600 mg/day.

Titrate up from 300 or
600 mg BID.

Max 2400 mg/day

Titrate up from 300 mg
TID.

Max 3600 mg/day

150-600 mg/day BID to
TID

Titrate up from 50 mg
BID.

Max 400 mg/day

50% dose reduction

No adjustment
necessary

Use with caution;
dose reduction may
be needed

50% dose reduction

No adjustment
necessary

Oral loading dose not
needed. Otherwise
no change.

Use with caution;
dose reduction may
be needed

No adjustment
necessary

No adjustment
necessary

200-700 mg BID

50% dose reduction

No adjustment
necessary

50% dose reduction

No adjustment
necessary

Use with caution;
dose reduction may
be needed

50% dose reduction

Unclear; slow titration
is ideal

Oral loading dose not
needed. Otherwise
no change.

Use with caution;
dose reduction may
be needed

No adjustment
necessary

Initiate at half of
usual DD

200-700 mg QD

25-150 mg QD to BID

Slow titration. Max
300 mg/day

50% dose reduction

No adjustment
necessary

Use with caution;
dose reduction may
be needed

50% dose reduction

Unclear; slow titration
is ideal

Oral loading dose not
needed. Otherwise
no change.

Use with caution;
dose reduction may
be needed

No adjustment
necessary

Initiate at half of
usual DD

100-300 mg QD Use
with caution

25-75 mg QD

Slow titration. Max
300 mg/day

500-1000 mg daily 50%
DD as post-HD
supplement

Supplementation usually
not given. High-flux
dialyzers can likely
remove drug.

Consider post-HD
supplemental dosing

50% DD as post-HD
supplement

Give QD after HD
Supplement needed for
post-HD seizures

Oral loading dose not
needed. Otherwise no
change.

No clear consensus.
Consider 50% DD in PD
and as post-HD supplement

No adjustment necessary

Supplemental dose not
needed

100-200% DD as post-HD
supplement

100-200% DD as post-HD
supplement

50% DD as post-HD
supplement

BID, twice daily; DD, daily dose; QD, daily; TID, thrice daily.
All dosing is given for immediate release formulations.
®Treatment is usually guided by AED level (which can be lab-dependent), rather than absolute drug dose and may be influenced by co-administration

of other AEDs.

®Doses given are for maintenance AED therapy, not for status epilepticus or other indications.
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nlglo 2 I oleld 75_1_%(creat1n1ne clearance rate)
Zo AFA &S F=AsH= WP ol Modified Diet
in Renal Disease (MDRD) H}A2]o]u} Chronic Kidney
Disease Epidemiology (CKD-EPI) WlHo] o3& ot}
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Table 4. Hepatic and renal toxicities of antiepileptic drugs. Content adapted from ref. 2, 12.

AED Hepatic toxicity

Renal toxicity

Carbamazepine LFT elevation and liver injury
Gabapentin

Lacosamide

Lamotrigine

Levetiracetam

Oxcarbazepine

Phenobarbital LFT elevation and liver injury
Phenytoin LFT elevation and liver injury
Pregabalin
Topiramate Hepatic encephalopathy due to increased ammonia
Valproic acid LFT elevation and liver injury

Hepatic encephalopathy due to increased ammonia
Zonisamide Hepatic encephalopathy due to increased ammonia

AHS with interstitial nephritis
Hyponatremia

Peripheral edema

Toxicity may mimic uremic symptoms
Single reported case of “nephritis”
AHS with interstitial nephritis
Hypokalemia

Hypomagnesemia

Hyponatremia

AHS with interstitial nephritis
Anemia

AHS with interstitial nephritis
Inhibitor of ADH release

Peripheral edema

Toxicity may mimic uremic symptoms
Renal tubular (metabolic) acidosis
Nephrolithiasis (calcium phosphate)
Tubulointerstitial nephritis

Fanconi syndrome

Hyponatremia

Renal tubular (metabolic) acidosis
Nephrolithasis (calcium phosphate)
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(topiramate), @] El2} M (levetiracetam), FEAIH|=
(lacosamide) 9} 22 FJHHANEL T4 o|F F7} &%
o] Fof7} & @ 3}t (Table 3).
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