
Considerations for Providers
Antiseizure Medications and Renal Dysfunction

INTRODUCTION 
The table below summarizes current labeling and literature on the antiseizure medication (ASM) treatment of patients with impaired renal
function. The table is updated to April 2026. It is aimed at helping clinicians who provide care for persons with epilepsy in adjusting
treatment for those with mild, moderate, and severe renal disease. The dosing recommendations refer to adults. The table is followed by
figures that summarize the changes in exposure to ASMs in patients with impaired renal function and major physicochemical and
pharmacokinetic characteristics that affect the dialysability of ASMs. 
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BACKGROUND 
Renal dysfunction primarily affects the pharmacokinetics of
ASMs, which are mostly or exclusively excreted by the
kidneys. However, it can also alter drug metabolism and
protein binding, thereby affecting “hepatic” drugs. Patients
with impaired renal function should be closely monitored
for seizure activity and for adverse reactions of ASMs. 

TARGET AUDIENCE
The American Epilepsy Society Treatments Committee
provides this document for neurologists, pharmacists,
nurses, and other specialists who treat persons with
epilepsy and for basic scientists who are interested in the
hepatic effects of ASMs. 

IMPORTANT NOTES 
This document summarizes prescribing and literature data and is not intended to constitute treatment recommendations. 
Recommended ASMs for patients with renal dysfunction include brivaracetam, lacosamide (neither in patients with end-stage renal
disease treated with renal replacement therapies), cannabidiol, carbamazepine, clobazam, ethosuximide, lamotrigine, and
rufinamide.  Among the benzodiazepines for initial treatment of convulsive status epilepticus, lorazepam is a reasonable first-line
choice for patients with end-stage renal disease. The use of diazepam is less recommended in these patients. 

1

2

Special caution is required in patients with impaired renal function when ASMs are combined with inhibitors of non-renal
elimination pathways, such as cytochrome P450 and UDP-glucuronosyltransferases.
Data were not available for prolonged intermittent renal replacement therapy (PIRRT). PIRRT features elements of both intermittent
hemodialysis and continuous renal replacement therapy,  and dosing may rely on approximations based on the available data.3

Authors: Nicole Woodrich, PharmD, Sara Eyal, PhD, FAES, Leonel Estofan, MD,
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Antiseizure Medications and 
Renal Dysfunction Chart

Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Adrenocortico-tropic hormone (ACTH; corticotropin) 

No recommendation for dose adjustment but use with caution. 
Monitor for elevated blood pressure and salt/water retention.  4-6

No data, unlikely to be
removed

No data, unlikely to be
removed

No data, unlikely to be
removed

Large molecular weight and high protein binding. Peptides generally not dialyzable unless small/unbound.

Brivaracetam 

Dose adjustments not required. 7 Not recommended. 
Data not available. 7

1.21-fold increase in AUC in patients with severe renal impairment  (Figure 1).7,8

Cannabidiol

Dose adjustments not required. 9, 10 Caution recommended
A carefully titrated, short-
term regimen was generally
tolerated. 11

Data not available Data not available

1.56-fold increase in cannabidiol AUC in patients with severe renal impairment  (Figure 1). Limited potential of being removed by dialysis  (Figure 2).12 13,14

Carbamazepine 

Dose adjustments not required. 15 Variable clearance in
overdose settings, but
unlikely to require
supplemental maintenance
doses. 16-19

No data, unlikely to be
considerably removed.

Case reports, may have some
removal (greater for
carbamazepine epoxide than
carbamazepine). 20-22

AUCR in patients with moderate renal impairment 1.04  (Figure 1). Hepatic metabolism is the primary route of elimination, miminimal renal excretion, not easily displaced from protein binding
 (Figure 2).

15,23 24,25 

20
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Cenobamate 

Dose: Use with caution; dosage reduction may be considered.
 According to EMA, the maximum recommended dose is 300

mg/day. 
26

27

Dose: Dosage reduction may
be considered, but an
unexpected decrease in
exposure was observed in
patients with severe renal
function.  According to EMA,
the maximum recommended
dose is 300 mg/day, and
cenobamate should not be
used in patients with ESRD. 

28

27

Not recommended
Should not be used in
patients with ESRD or
patients undergoing
hemodialysis. 26,28

Not recommended
Data not available. 26

Data not available

AUCR in patients with mild, moderate, and severe renal impairment, 1.37, 1.48, and 0.88, respectively (Figure 1).   Likely to be removed by dialysis (Figure 2).28

Clobazam 

Dose adjustment not required. 29 Caution required
TDM of total clobazam/
norclobazam might
underestimate the unbound
concentrations. 24

No trials conducted. In a case
report, ESRD (CLCr <10
mL/min) did not affect
clobazam and norclobazam
serum concentrations. 30

Dialytic removal likely low. 
No trials conducted. In a case
report, hemodialysis did not
affect clobazam and
norclobazam serum
concentrations. 30

Data not available Data not available

AUCR of clobazam in patients with mild and moderate renal impairment, 1.13 and 1.10, respectively. Respective AUCR of norclobazam 1.36 and 1.13.  Highly lipophilic and extensively protein bound
(Figure 2). 

31

Clonazepam 

Likely dose adjustment not required 24 Data not available. Data not available Data not available

Active drug not excreted by the kidneys.   Unlikely to be considerably removed by dialysis (Figure 2)24
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Eslicarbazepine acetate 

Dose adjustment not
required 32

Dose: CLCr < 50 mL/min: Initial titration and maintenance
dosages should generally be reduced by 50%. 33

Repeated hemodialysis
removes eslicarbazepine’s
metabolites (beginning
second dialysis).  32,34,35

No data. Caution required;
use low initial doses. 35

No data; likely to be removed
by CRRT. 35

Renal clearance correlated with creatinine clearance.  AUCR in patients with mild, moderate, and severe renal impairment, 1.61, 2.11, and 2.54, respectively  (Figure 1). 33 34

Ethosuximide 

Dose adjustment not required. 29 Caution required; 
Dose; Use low initial doses. 35

The majority removed by
hemodialysis; Supplemental
doses likely to be required. 24

A case report describes
removal of 50% of the daily
dose by peritoneal dialysis. 36

No data; likely to be
significantly removed. 35

Likely to be removed by dialysis (Figure 2).

Everolimus 

Dose adjustment not required37 Data not available. Data not available Data not available

AUCR in patients with CLCr 30 to 80 mL/min, 10 to 30 mL/min, and 5 to 10 mL/min, 1.63, 1.72, and 2.13, respectively  (Figure 1).  Likely to be removed by dialysis (Figure 2). 39

Fenfluramine 

Dose adjustment not
required/slower titration
eGFR 60 to 90
mL/min/1.73m : No change. 2 40

Consider a slower titration.
If adverse reactions are
reported, a dose reduction
may be needed. 41

Dose adjustment not
required/slower titration
eGFR 30 to 60
mL/min/1.73m :2

No change. 40

Consider a slower titration.
If adverse reactions are
reported, a dose reduction
may be needed. 41

Dose: eGFR 15 to 29
mL/min/1.73m :2

Max dose 20 mg/day without
stiripentol.
Max dose 17 mg/day with
stiripentol + clobazam. 
Consider slower titration in
patients with eGFR < 15
mL/min/1.73m . 2 40

Not studied in patients with
ESRD. 40

Data not available. 41 Data not available

50% protein binding, high volume of distribution. AUCR of fenfluramine and norfenfluramine in patients with eGFR < 30 mL/min/1.73m ,1.88 and 1.21, respectively  (Figure 1).2 40
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Gabapentin

Dose: CLCr > 60 mL/min: 900
to 3,600 mg/day, split into
three times per day dosing
24,42,43

Dose: CLCr 30 to 59 mL/min:
400 to 1,400 mg/day dosing,
split into twice daily dosing
24,42,43

Patients with moderate renal
dysfunction had an increase
in AUC of >160%.

Dose: CLCr 15 to 29 mL/min: 
200 to 700 mg oncedaily
dosing 24,42,43

CLCr <15 mL/min: daily dose
in should be reduced in
proportion to creatinine
clearance (e.g., when CLCr =
7.5 mL/min, half the dose
given to patients with CLCr 15
mL/min. 43

Daily dose based on CLCr +
post-hemodialysis
Supplemental Dose (daily
dose values refer to normal
renal function dose): 
125 mg (900 mg/day)
150 mg (1200 mg/day)
200 mg (1800 mg/day)
250 mg (for 2400 mg/day)
350 mg (3600 mg/day). 43

Approximately 35% of the
dose recovered in dialysate. 44

No consensus
recommendation. Proposed
protocols: 
Dosing as in patients with
CLCr <15 mL/min  35

Or 
100 mg every other day with
titration to effect up to 300
mg every other day. 

No consensus
recommendation. 
Proposed protocols: 
Initiate dosing as in patients
with CLCr 15-50 mL/min  35

Or
Initial: 100 mg twice daily and
titrate to effect. Suggested
maximum dose: 300 mg twice
daily.

Total clearance and renal clearance are linearly related to the creatinine clearance.  In a setting of overdose, peritoneal dialysis led to a shortened half-life of gabapentin. However, clearance by
peritoneal dialysis is slower than in hemodialysis.  AUCR in patients with CLCr 30 to 59 mL/min and < 30 mL/min, 2.92 and 6.67, respectively  (Figure 1). Highly likely to be removed by dialysis 

42 45 

42

(Figure 2). 

Ganaxolone

Likely dose adjustment not required/Dose:
No data; likely no adjustment necessary (minimal excretion of ganaxolone by kidneys). 46 

According to EMA, can be administered to patients with mild, moderate, or severe renal
impairment without dose adjustment. 47

Data not available. Data not available. Data not available.

Unlikely to be removed by dialysis (Figure 2). AUCR in patients with CLCr 15 to 30 mL/min, 0.92 (Figure 1).47 

Lacosamide

Likely dose adjustment not
required 
eGFR 60 to 89 mL/min/1.73
m : usually no adjustment; 2

Dose initiation and titration
should be based on clinical
response and tolerability. 48

Monitor for CNS effects, ECG,
and symptoms of AV block
(the latter particularly in 

Likely dose adjustment not
required/caution required 
eGFR 30 to 59 mL/min/1.73
m : often no initial
adjustment but use clinical
judgement and monitoring. 

2

Dose initiation and titration
should be based on clinical
response and tolerability. 48

Monitor for CNS effects, ECG, 

Dose: eGFR <30 mL/min/1.73
m : reduce dose; label
recommends max 300
mg/day. 

2

48

Dose initiation and titration
should be based on clinical
response and tolerability. 48

In severe impairment/ESRD,
consider ECG monitoring for
PR prolongation. 35

Dosage supplementation of
up to 50% should be
considered. 48

Dialyzable (~50% in 4‑hr
hemodialysis).  49

Data not available CRRT increases clearance and
requires individualization.  50
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

patients at risk of cardiac
disorders or on concomitant
medications that prolong the
PR-interval). 35

and symptoms of AV block
(the latter particularly in
patients at risk of cardiac
disorders or on concomitant
medications that prolong the
PR-interval). 35

Dose reduction may be necessary in patients with impaired renal function who are concomitantly treated with strong inhibitors of CYP3A4 and CYP2C9.  AUCR in patients with CLCr ≥ 50 to 80
mL/min, ≥ 30 to 50 mL/min, and <20 to 30 mL/min (no dialysis ≥ 2 weeks), 1.27, 1.22, and 1.59, respectively  (Figure 1). Dialyzable (Figure 2). 

1

49

Lamotrigine

Likely dose adjustment not required 
No routine adjustment; Initial doses should be based on
concomitant medications.  Monitor clinical response and
interactions that affect glucuronidation.  Monitor for
dermatological reactions,  particularly in the first 6 months of
lamotrigine treatment. 

51

35

Likely dose adjustment not
required/caution required 
No routine adjustment, but
use with caution; initial doses
should be based on
concomitant medications. 51

Reduced maintenance doses
may be effective for patients
with significant renal
impairment. 24

Monitor clinical response and
interactions that affect
glucuronidation. 
Monitor for dermatological
reactions,  particularly in the
first 6 months of treatment. 

35

Dosing usually unchanged
but monitor clinically. 24

Not significantly removed
(approximately 20%)  51

Data not available. Data not available.

AUCR in patients with CLCr 10.6 to 25.5 mL/min, 1.01  (Figure 1). The main metabolite, lamotrigine 2-N-glucuronide, is excreted by the kidneys and may accumulates in patients with severe renal
impairment.  Intermediate lipophilicity and volume of distribution as compared to other ASMs; plasma protein binding 56%.

52

52

Levetiracetam

Dose: 
eGFR > 80 mL/min/1.73 m :
500 to 1,500 mg every 12 hr
eGFR 60 to 80 mL/min/1.73
m : 500 to 1,000 mg every 12
hr. 

2

2

Monitor clinically, with
attention to behavioral and 

Dose: 
eGFR 50 to 60 mL/min/1.73
m ): 500 to 1,000 mg every 12
hr

2

eGFR 30 to 50 mL/min/1.73
m : 250 to 750 mg every 12
hr. 

2

53

Monitor clinically, with 

Dose:
eGFR <30 mL/min/1.73 m :
follow label dosing (e.g. 250–
500 mg every 12 hr) or extend
interval. 

2

53

Monitor clinically, with
attention to behavioral and
psychiatric changes. 35,53

500 to 1,000 mg every 24 hr.
Give supplemental dose after
hemodialysis (commonly
250–500 mg). 53

Monitor for breakthrough
seizures. 50,53

Dialyzable (~50% removed in
4‑hr hemodialysis). 54,55

Data not available. Consider 750–1000 mg every
12 h. 20

Monitor. 53,56

Clearance similar to adults
with normal renal function; 
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

psychiatric changes. 35,53 attention to behavioral and
psychiatric changes. 35,53

Consider monitoring levels. 53

AUCR in patients with CLCr 50 to 80 mL/min, 30 to 50 mL/min, and < 30 mL/min, 1.7, 2.5, and 3.0, respectively  (Figure 1). Loading doses for acute seizure control usually unchanged; maintenance
dosing should be adjusted for renal function.  Low molecular weight, lipophilicity, and protein binding; clearance proportional to GFR.

55

Oxcarbazepine 

Likely dose adjustment not
required 
CLCr > 30 min/min: Usually
no change to initial dosing.

 1,24,57

Monitor sodium 58

Likely dose adjustment not
required 
CLCr 30 to 59: Usually no
change to initial dosing. 1,24,57

Monitor sodium 58

Dose: CLCr <30 mL/min:
initiate at one-half the usual
starting dose (300 mg/day
every 12 hr), and increase
slowly to achieve the desired
clinical response.  1,24,57

Monitor sodium 58

Marked reduction in
clearance.  35

Supplemental dosing after
hemodialysis may be
required; monitor drug
levels.  50

Monitor sodium 58

In patients with ESRD on
dialysis, it is recommended
that immediate-release
oxcarbazepine be used
instead of controlled-release
preparations. 59

Data not available. Data not available.

Prodrug metabolized to the active 10‑monohydroxy derivative (MHD, licarbazepine); primarily renally excreted as glucuronide and unchanged metabolite.  Linear correlation between creatinine
clearance and the renal clearance of MHD.  AUCR of MHD in patients with CLCr 30 to 80 mL/min and 10 to 30 mL/min, 1.66 and 2.33, respectively  (Figure 1). MHD is dialyzable due to relatively low
protein binding and volume of distribution.

57

57 60

Perampanel

Likely dose adjustment not
required 61,62

Monitor for behavioral and
psychiatric changes. 35

CLCr 50 to 80 mL/min): 27%
decrease in CL/F with 37%
increase in AUC, but overlap
in values with patients with
normal renal function (a
population pharmacokinetic
study). 62

Dose: May need dose
adjustment. Slower titration
may be considered; 
Close monitoring
recommended, particularly
for behavioral and psychiatric
changes. 
 35,62

CLCr 30–50 mL/min (3
patients): 14% lower CL/F
than patient with normal
renal function. 

Not recommended 63 According to the FDA product
information, use if patients
undergoing hemodialysis is
not recommended. 62

Limited data. 
1% change in C/D ratio post-
dialysis vs. pre-dialysis.  54

Data not available. Data not available.

In patients with CLCr of 39 to 160 mL/min, perampanel clearance was not affected by CLCr.  Unlikely to be removed by dialysis (Figure 2).61
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Phenobarbital

Dose adjustment not required 1,24

Chronic use should generally be avoided. 1
Dose: May require a dose
reduction with GFR < 10
mL/min. Decrease dosage by
increasing the dosing interval.
Adjust dose based on
response and serum
concentrations.
Chronic use should
generally be avoided. 1

Some drug accumulation may
occur. 64

Pre- and postdialysis
monitoring of serum levels
can help in dosing
individualization. 64

It is better to administer the
supplementary dose after
hemodialysis. 1

20-50% removed in a 4- hr
session (depending on
efficiency and flow) 64-67 

Supplemental dose likely
needed but no consistent
recommendation for dose
adjustment. 1

Pre- and postdialysis
monitoring of serum levels
can help in dosing
individualization.  64

No initial dose adjustment. 20

Monitor and adjust dose
accordingly. 20

Significant removal may
occur, but extent varies with
CRRT settings (effluent flow
rate, filter type). 68-71

35-50% removed in continuous cycling peritoneal dialysis and ambulatory sessions.  In case reports, systemic elimination during CRRT was 5-7.5-fold higher than at baseline. 72-75 68,71

Phenytoin and fosphenytoin

Dose: In patients with renal disease, the monitoring of unbound phenytoin concentrations may
be more relevant. 
Patients with a history of renal disease should not receive the oral loading regimen. 76,77

Suggested dosage adjustment: If CLCr is >10 mL/min, dosage adjustment is not necessary. If CLCr
is <10 mL/min, dosage adjustment and monitoring of serum concentrations are required. 1

After IV fosphenytoin administration to patients with renal disease, fosphenytoin clearance to
phenytoin may be increased without a similar increase in phenytoin clearance. This has the
potential to increase the frequency and severity of adverse events. 77

The phosphate load provided by fosphenytoin (0.0037 mmol phosphate/mg Cerebyx®) should be
considered when treating patients with severe renal impairment. 77

Supplemental dosing after
dialysis is controversial. 1,78

Phenytoin is not significantly
removed during a standard
hemodialysis session.

Supplemental dosing after
dialysis is controversial. 1,78

Phenytoin is not significantly
removed during a standard
peritoneal dialysis session. 

No initial dose adjustment, 
but higher daily doses may be
needed. 

20

79

Monitor free phenytoin. 20

Continuous hemofiltration
may remove a clinically
significant amount of
phenytoin. 79

A revised equation has been suggested for calculating phenytoin free concentrations in patients with ESRD.  AUCR of fosphenytoin and phenytoin in ESRD patients (CLCr < 5 mL/min; fosphenytoin
administered 4 hr after end of dialysis), 0.55 and 0.93, respectively  (Figure 1). Intermediate lipophilicity; high protein binding.

80

81

Pregabalin

Dose adjustment not
required 
CLCr > 60 mL/min 82

Dose: CLCr 30 to 60 mL/min:
Reduce dose in half; dosing
twice to three times daily. 82,83

Dose: CLCr 15-30 mL/ min:
Reduce dose by ~66-75% and
dose daily to twice daily. 82,83

End-stage renal disease
(CLCr: <15 mL/ min): Reduce
dose by ~90% and dose once
daily. 82,83

Adjust the pregabalin daily
dose based on renal function.
In addition to the daily dose
adjustment, administer a
supplemental dose
immediately following every
4-hr hemodialysis treatment.

No data outside of low dose
in uremic pruritus. 84

25 to 50 mg oral (immediate
release), every 8 hr. 50
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Patients on 25 mg/day: one
supplemental 25 mg or 50 mg
dose.
 25 to 50 mg/day: one
supplemental 50 mg or 75 mg
dose.
 50 to 75 mg/day: one
supplemental 75 mg or 100
mg dose.
 75 mg/day: take one
supplemental 100 mg or 150
mg dose.82

AUCR in patients with CLcr 30 to 50 mL/min and < 30 mL/min not requiring dialysis (compared with CLCr >60 ml/min), 1.77 and 3.29 , respectively (Figure 1). Likely to be removed by dialysis (Figure
2).  Following a 4-hr hemodialysis, plasma concentrations are reduced by ~ 50-60%. 

83

83,85

Primidone

Dose: CLCr >50 mL/min: give
the usual dose every 12 hr.
1,86

Dose: CLCr >50 mL/min: give
the usual dose every 12 hr
CLCr 10 to 50 mL/min: give
the usual dose every 8 to 24
hr. 1,86

Dose: CLCr 10 to 50 mL/min:
give the usual dose every 8 to
24 hr
CLCr < 10 mL/min: give the
dose every 12 to 24 hr; adjust
dosing based on treatment
response and serum levels.
1,86

A supplemental dose of one-
third of the routine dose after
the hemodialysis session has
been suggested.1

Primidone is partially
removed by hemodialysis, but
the PEMA concentrations
were reported to be above
normal. 87

Data not available Data not available

One of primidone’s active metabolites, PEMA, is eliminated only by renal exertion and its renal clearance is correlated significantly with CLCr.  Generally, the use of primidone is not recommended in
patients with renal dysfunction.  PEMA may accumulate during dialysis. Patients with renal impairment treated with primidone should be evaluated periodically for drug toxicity and PEMA
accumulation.  Cases of intoxication with high PEMA concentrations have been reported in patients with moderate to severe renal dysfunction. 

88

1

89 89,90

Rufinamide

Dose adjustment not required 1,91 Dose adjustment not
required 1,91

Rufinamide pharmacokinetics
in patients with severe renal
impairment (creatinine
clearance < 30 mL/min) were
similar to that of healthy
subjects. 92

Adjusting the dose for the
loss of rufinamide during
hemodialysis should be
considered.  Dialysis 3
times a week 3 h after dosing
was predicted to reduce the
average AUC by 12% to 26%
compared with no dialysis. 

1,91

93

Data not available Data not available
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

AUCR in patients with CLCr < 30 mL/min 0.92  (Figure 1). Low protein binding, intermediate lipophilicity and volume of distribution as compared to other ASM93

Stiripentol

Not recommended
According to EMA, stiripentol
is not recommended for
patients with impaired renal
function. 94

Not recommended
Administration to patients with moderate or severe renal
impairment is not recommended. 95

Data not available. Data not available Data not available

Stiripentol metabolites are eliminated mainly through the kidneys.  Removal by dialysis is unlikely (Figure 2). A study on the PK of stiripentol (NCT05735951) in patients with renal impairment was
completed in Nov 30 2024.

95

Tiagabine

Likely dose adjustment not required 1,96,97

Dosage should be adjusted according to patient’s response and adverse reactions. 1
Likely dose adjustment not
required 96

No difference in
pharmacokinetic parameters
between hemodialysis and
normal renal function. 96

No data, likely no adjustment
needed 98

No data, likely no adjustment
needed  98

AUCR in patients with CLCr 40 to 80 ml/min and 20 to 39 ml/min (multiple doses), 1.35 and 1.11, respectively  (Figure 1). Removal by dialysis or CRRT is unlikely (Figure 2). 96

Topiramate

Dose adjustment not
required/Dose: CLCr> 70
mL/min/1.73 m  Dose
adjustment not required.

2

CLCr < 70 mL/min/1.73 m :
Reduce dose by 50% and
slowly titrate. 

2

99

Overall exposure (AUC0—∞)
higher in mild—moderate
(85%) renal impairment. 100

Dose: Reduce dose by 50%
and slowly titrate. 99

Overall exposure (AUC0—∞)
was higher in mild—
moderate (85%) renal
impairment. 100

Dose: Reduce dose by 50%
and slowly titrate. 99

Overall exposure (AUC0—∞)
was higher in severe renal
impairment (117%). 100

A supplemental dose of 50%
of the daily dose should be
given after each session. 16

Hemodialysis effectively
removes topiramate (dialysis
clearance ~4-12-fold greater
than oral clearance, 
~50% of the drug is removed).

 

99,100

16

The supplemental dose
should consider the dialysis
duration, clearance of the
dialysis system, and 

Data not available. 98 Likely need normal renal
function dosing or more. 101
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

topiramate effective renal
clearance in the patient. 99

When in conjunction with EIASMs, hepatic metabolism becomes the main determinant of clearance – so less of a dose adjustment is needed for kidney disease.  Severe respiratory disorders, status
epilepticus, diarrhea, ketogenic diet, or specific drugs increase the risk of acidosis in patients with renal dysfunction treated with topiramate.  AUCR in patients with CrCr 30 to 69 mL/min/1.73 m
and CrCr < 30 mL/min/1.73 m , 1.85 and 2.17, respectively  (Figure 1). Removal by dialysis is likely (Figure 2). 

100

99 2

2 100 98

Valproic acid and its derivatives: (valproic acid, sodium valproate, and divalproex sodium)

Likely dose adjustment not required. 102

Close monitoring of valproate serum concentration may be warranted,  but monitoring total
concentrations may be misleading. 

1

102

Consider a supplemental
dose after hemodialysis in
some patients. 1

Concentrations are typically
reduced by about 20%. 102

In a uremic child, peritoneal
dialysis for 12 or 24 h
removed an average of 4.5%
of the valproate dose. 103

Monitor free valproic acid
level, if possible. 20

In a patient with status
epilepticus, clinically
significant amounts of
valproate were removed by
CRRT. 104

Removal from plasma by dialysis or CRRT may be enhanced due to increased unbound fraction. 20

Valproic acid and its derivatives: (valproic acid, sodium valproate, and divalproex sodium)

Likely dose adjustment not required. 102

Close monitoring of valproate serum concentration may be warranted,  but monitoring total
concentrations may be misleading. 

1

102

Consider a supplemental
dose after hemodialysis in
some patients. 1

Concentrations are typically
reduced by about 20%. 102

In a uremic child, peritoneal
dialysis for 12 or 24 h
removed an average of 4.5%
of the valproate dose. 103

Monitor free valproic acid
level, if possible. 20

In a patient with status
epilepticus, clinically
significant amounts of
valproate were removed by
CRRT. 104

A slight reduction (27%) in the
unbound clearance of
valproate has been reported
in patients with renal failure
(creatinine clearance < 10
mL/minute). 102

Removal from plasma by dialysis or CRRT may be enhanced due to increased unbound fraction. 20
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Vigabatrin

Dose: CLCr >50 to 80 mL/min:
reduce dose by 25%. 105

Dose: CLCr >50 to 80 mL/min:
reduce dose by 25%
CLCr >30 to 50 mL/min):
reduce dose by 50%. 105

Dose: CLCr >10 to 30 mL/min:
reduce dose by 75%. 105

Case reports suggest that
vigabatrin should
preferentially be
administered after dialysis. 106

Hemodialysis reduced
vigabatrin plasma
concentrations by 40% to
60%. 105

Data not available. Data not available.

AUCR in patients with CLCr >50 to 80 mL/min, >30 to 50 mL/min, and >10 to 30 mL/min, 1.30, 2.0, and 4.5, respectively  (Figure 1). Highly likely to be removed by dialysis (Figure 2).105

Zonisamide

Dose: Patients might require
slower titration and more
frequent monitoring. 107

Dose: GFR > 50 mL/min: Slower titration and more frequent
monitoring.  The FDA labeling recommends to avoid using in
patients with an estimated GFR < 50 mL/min.  Insufficient
experience concerning drug dosing and toxicity. 

107

107

The usual dosage may be
prescribed after
hemodialysis.  If seizures
occur after hemodialysis, a
supplemental daily dose may
be prescribed in the
morning.  Plasma
concentrations were reduced
by ~ 50% during a 4.5 hr
dialysis. 

1

108

108

Data not available. Data not available.

Severe respiratory disorders, status epilepticus, diarrhea, ketogenic diet, or specific drugs increase the risk of acidosis in patients with renal dysfunction treated with zonisamide.  AUCR in patients
with CLCr < 20 mL/min, 1.35  (Figure 1). Likely to be removed by dialysis (Figure 2).

107

109

Diazepam 

Dose: If possible, consider lorazepam as an alternative 
Dosage may be reduced to the smallest effective amount. 

2

110
Avoid, if possible. 
Some patients with ESRD
tolerate diazepam. 2

If used, dosage may be
reduced to the smallest
effective amount.  110

Avoid, if possible. Consider lorazepam as an alternative benzodiazepine.
Some patients with ESRD tolerate diazepam.2

Minimal renal excretion of diazepam and its active metabolites. However, desmethyl diazepam may accumulate due to increased unbound fraction.  Diazepam is not effectively removed by dialysis,
due to high protein binding and lipophilicity.  In one study, clearance in patients undergoing hemodialysis was higher than in healthy volunteers, but the change was not statistically significant. 

2

111 112
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Miild Renal Impairment Moderate Renal
Impairment

Severe Renal
Impairment

Intermittent
Hemodialysis Peritoneal Dialysis CRRT (Continuous Renal

Replacement Therapy)

Lorazepam

Use with caution 
No significant pharmacokinetic effect expected,  but greater
sensitivity (e.g., sedation), especially in the elderly, cannot be
ruled out. 

24

113

Use with caution 
No significant
pharmacokinetic effect
expected,  but greater
sensitivity (e.g., sedation),
especially of the elderly,
cannot be ruled out. 

24

113

No need for an additional
dose to maintain therapeutic
concentrations. 
Only 8 % removed during 6 h
of hemodialysis.24

Data not available. Use with caution. 
No consensus
recommendation available. 
The fraction of lorazepam
removed by CVVH is
negligible compared with its
metabolic clearances. 114

Highly protein bound and extensively metabolized (Figure 2). 20

Midazolam

Caution in patients with chronic renal failure. Dose:
Elimination of midazolam may be delayed and the effects
prolonged. 115

Caution in patients with
chronic renal failure. Dose ¯
115

Monitoring recommended. 
Possibly prolonged sedation
due to accumulation of
conjugated metabolites. 116

Reduced clearance and
prolonged half-life in acute
renal failure. 117

One study reported 6-fold
higher AUC after intravenous
administration in
hemodialysis patients
compared with healthy
controls.  Others found no
change  or reduced 
exposure to midazolam that
was administered orally.

118

119 120

Exposure to intravenous
midazolam was 75% of that in
controls. Exposure to 1-OH
midazolam increased by 16%.
118

Titration to effect
recommended.
The fraction of midazolam
removed by CVVH is
negligible compared with its
metabolic clearance. 20,118

The metabolite 1-
hydroxymidazolam
glucuronide is effectively
removed by CVVH, potentially
preventing the prolonged
sedation seen in untreated
patients with renal failure. 114

60% reduction in the AUC of oral midazolam before dialysis compared to healthy individuals.  The relationship between metabolite levels and prolonged sedation is unclear.  AUCR in patients with
eGFR 61.0 to 78.8 mL/min/1.73 m , 30.5 to 56.0 mL/min/1.73 m , 9.4 to 27.5 mL/min/1.73 m , 6.00 to 15.0 mL/min/1.73 m  (mixed population), and 15 mL/min/1.73 m  (Chinese population), 0.64,
1.33,  0.95,  0.40, , and 0.28  (Figure 1).

117

2 2 2 2 2 119

119 119 119 120
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95% confidence interval. ASM, antiseizure medication. AUCR, ratio of AUC values in the presence of renal dysfunction/normal renal function.
CAPD, continuous ambulatory peritoneal dialysis; CmaxR, ratio of Cmax values in the presence of renal dysfunction/normal renal function;
CVVH, continuous venovenous hemofiltration; eGFR, estimated glomerular filtration rate; EIASMs, enzyme-inducing ASMs. EMA, European
Medicines Agency; ESRD, end-stage renal disease; PEMA, phenylethylmalonamide. 
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Figure 1. Effect of Renal Dysfunction on Exposure to Antiseizure Medications.

Change in exposure is expressed as the ratio of the area under the concentration-time curve of the antiseizure medication in the absence
or presence of impaired renal function. Values are shown as geometric mean ratios with 90% confidence intervals (error lines; 95% for

eslicarbazepine) or ratio of the means (no error lines). Patterned bars represent a potential underestimation of the magnitude of change
due to comparisons to control groups that include or consist entirely of patients with mild renal dysfunction. A ratio of 1 (vertical line)

indicates no change in exposure. The data for oxcarbazepine refer to its active metabolite, licarbazepine. Also shown are the active
metabolites of cannabidiol (7-OH-CBD), clobazam (norclobazam), and fenfluramine (norfenfluramine). When both AUC  and AUC

were available, the default was AUC .
0-infinity 0-last

measurement 0-∞
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Figure 2. Physicochemical and Pharmacokinetic Characteristics of
Antiseizure Medications that Affect their Dialysability Potential. 

Drugs with lower molecular weights, lipophilicity, protein binding, and volume of distribution values are removed more efficiently by
dialysis. For example, the ASMs in the upper right quarter are less likely to be removed by dialysis than those in the lower left quarter. Note

that the highest value of the volume of distribution on the scale is 1.6 L/Kg. The volumes of distribution of cannabidiol, clonazepam,
fenfluramine, ganaxolone, and stiripentol (32.7, 2.6, 11.9, 8.3, 3.2 L/Kg, respectively) are represented by the same color. Corticotropin is not

shown. LogP is the logarithm of the octanol-water partition coefficient (a measure of lipophilicity). BRV, brivaracetam; CBD, cannabidiol;
CBZ, carbamazepine; CLB, clobazam; CNB, cenobamate; CZP, clonazepam; DZP, diazepam; ESL, eslicarbazepine acetate (data refer to
eslicarbazepine); ESM, ethosuximide; EVL, everolimus; FBM, felbamate; FFA, fenfluramine; GBP, gabapentin; GNX, ganaxolone; LCM,

lacosamide; LEV, levetiracetam; LTG, lamotrigine; LRZ, lorazepam; MDZ, midazolam; OXC, oxcarbazepine (data refer to licarbazepine); PB,
phenobarbital; PER, perampanel; PGB, pregabalin; PHT, phenytoin; PRM, primidone; RUF, rufinamide; STP, stiripentol; TGB, tiagabine; TPM,

topiramate; VPA, valproic acid; VGB, vigabatrin; ZNS, zonisamide. 
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