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ABSTRACT – Aims. To retrospectively evaluate the pharmacological pro-
files of antiepileptic drugs (AEDs) in epilepsy patients during haemodialysis
using therapeutic drug monitoring data.
Methods. The serum concentration of AEDs was collected before and after
haemodialysis, and the clearance rate and concentration-to-dose ratio
were calculated as pharmacological parameters.
Results. Thirty-six patients were enrolled in the study (25 males, 11 females;
age: 65.3 ± 14.8 years). In 24 of the 36 patients, epilepsy was associated
with cerebrovascular disorders, and diabetes was the most common
reason for haemodialysis in 16 patients. With regards to seizure type,
focal aware seizures were less frequent than focal impaired awareness
seizures and focal-to-bilateral tonic-clonic seizures. Interictal EEG showed
intermittent rhythmic slow waves and intermittent slow waves more
often than spikes or sharp waves. Levetiracetam was the most commonly
used AED and led to the highest percentage of responders (80%; 16/20
patients). However, the clearance rate of levetiracetam during dialysis was
highest among the antiepileptic drugs used, requiring supplementary
doses after haemodialysis in all 20 patients. Valproic acid was not effective
for focal epilepsy for patients on haemodialysis, and non-responders to
phenytoin had low serum concentration of phenytoin both before and
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after haemodialysis. The pre-haemodialysis concentration of levetiracetam
tended to be higher than the reference range, suggesting a potential
risk of overdosing before haemodialysis. The pre- and post-haemodialysis
concentrations of valproic acid tended to be lower than the reference
range, suggesting a potential risk of underdosing. The concentration-to-
dose ratios for levetiracetam, valproic acid, phenytoin, and carbamazepine
were significantly lower after than before haemodialysis.
Conclusions. The majority of patients with epilepsy on haemodialysis had

diseases, and therapeutic drug monitoring for levetirac-
cid, and phenytoin, before and after haemodialysis, is
e proper dosing.

odialysis, elderly, epilepsy, therapeutic drug monitoring,
g

T
i
(
2
a
u
k
a
y
C
y
t
a
t
2
a
u
T
i
a
a
L
t
h
H
p
c
d

M

P

W
w
c
o
e
p
w
d

38 patients screened:
25 patients from 4 dialysis centers
13 patients from 5 general hospitals

2 patients excluded
no consent (n = 1)

insufficient data (n = 1)

Clinical features of seizures and chronic kidney disease
Electroencephalography
Head imaging (CT or MRI)
Concentrations of antiepileptic drugs

36 patients included in the clinical analysis
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he prevalence of epilepsy in elderly individuals
s increasing because of prolonged life expectancy
Hauser et al., 1993; Olafsson et al., 2005; Cloyd et al.,
006; Fiest et al., 2017). Japan leads the world in the rate
t which its population is aging, with 27.3% of its pop-
lation above age 65 (Hanafusa et al., 2015). Chronic
idney disease (CKD) is common in the elderly, and
bout 30% of men and about 40% of women over 65
ears old in Japan have been diagnosed with Stage 3
KD (Imai et al., 2007). The introduction of renal dial-
sis has markedly changed the rate of mortality due
o CKD. In Japan, about 300,000 patients, with an aver-
ge age of 66.6 years, receive haemodialysis (HD), and
he number of patients is increasing (Hanafusa et al.,
015). Considering that the frequency of epilepsy is
lso increasing (Palmer, 2002), it is likely that patients
ndergoing HD will also need treatment for epilepsy.
herapeutic drug monitoring (TDM) is particularly

mportant during HD (Neels et al., 2004) because CKD
nd HD can alter the pharmacokinetic profile of some
ntiepileptic drugs (AEDs) (Asconape and Penry, 1982;
acerda et al., 2006; Bansal et al., 2015). However,
here are few reports on the influence of HD using
igh-efficiency dialyzers on AEDs in epileptic patients.
ere, we performed a retrospective study on epilepsy
atients receiving HD in order to evaluate the pharma-
ological profiles of AEDs based on analysis of TDM
ata.

ethods

atients

e retrospectively analysed patients with epilepsy
pileptic Disord, Vol. 22, No. 1, February 2020

ho received HD between June 2014 and May 2018. We
ollected patient data from nephrology departments
f dialysis centres and neurology departments of gen-
ral hospitals. In four dialysis centres, 25 out of 1,060
atients undergoing HD (2.36%) had been diagnosed
ith epilepsy. Two of the 25 patients were excluded
ue to a lack of informed consent and clinical data.

R

E
(
e
v
i

igure 1. Flow chart of the selection of the 36 epilepsy patients on
aemodialysis enrolled in the study. CT: computed tomography;
RI: magnetic resonance imaging.

hirteen consecutive patients from five departments
f neurology who had epilepsy and were under-
oing HD were also included. In total, 36 epilepsy
atients undergoing HD were included in the study

figure 1). This study adhered to the Ethics Guidelines
or Epidemiological Studies endorsed by the Japanese
overnment, and was approved by the Ethics Review
ommittee of Nagoya University Graduate School of
edicine. All participants provided written informed

onsent, except for those who died before starting the
tudy and were included through an opt-out process.
91

eview of medical records

pilepsy, seizure classification, and status epilepticus
SE) were diagnosed by two doctors, board-certified in
pileptology/neurology, on the basis of medical inter-
iews and documented seizures, EEG, and head imag-
ng, in accordance with the criteria of the International
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= 11), haematoma (n = 2), cerebral contusion (n = 2),
. Araki, et al.

eague Against Epilepsy (ILAE) (Trinka et al., 2015;
isher et al., 2017; Scheffer et al., 2017). Patients with
discrete focus were diagnosed with focal epilepsy,
hich was specified as frontal, temporal, parietal, or
ccipital lobe epilepsy (FLE, TLE, PLE, and OLE, respec-

ively). All subjects were Japanese and clinical data
n age, sex, seizure onset age, epilepsy diagnosis,
etiology of epilepsy, age at the start of HD, and rea-
on for HD were collected. We also evaluated seizure
ype, aura, the timing of seizures (during or between
D sessions), treatment, and response to AEDs. The

eizures were categorized as focal aware seizure (FAS),
ocal impaired awareness seizure (FIAS), and focal-to-
ilateral tonic-clonic seizure (FBTCS) in accordance
ith the classification of the ILAE (Fisher et al., 2017).
responder was defined as a patient who had no

eizures for 12 months after the initiation of AED
reatment, whereas a non-responder was defined as

patient who had one or more seizures within 12
onths, despite AED serum levels within the refer-

nce range. Interictal EEG was set at a 200-Hz sampling
ate with the 10-20 system, using open/closed eyes,
hotostimulation, sleep activation, and hyperventila-

ion protocols (Neuropack Sigma, Nihon Koden Corp.,
okyo; Synafit, Avio, Tokyo) in accordance with the
merican Clinical Neurophysiology Society guidelines

Tatum et al., 2016). We evaluated the background activ-
ty (slow <8 Hz; normal 8-12 Hz; rapid >12 Hz) and
nterictal EEG findings. The interictal EEG findings were
efined as regional or slow lateralizing (continuous
low [CS], intermittent slow [IS], or intermittent rhyth-
ic slow [IRS]) and/or epileptiform discharges (spikes,

pike-wave complexes, sharp waves, and polyspikes).
n most patients, head magnetic resonance imaging
MRI) had been performed (fluid attenuation inversion
ecovery [FLAIR]: 1.5 Tesla or 3.0 Tesla, slice thickness of
mm). In five subjects, head CT was performed instead
f head MRI. Two neurologists visually evaluated the
ortical and white matter lesions for brain atrophy and
he distribution of lesions.

easurement of serum concentration of AEDs
efore and after HD

e measured the serum concentrations of AEDs in the
rterial blood. The number of patients and samples
ere the following: LEV (nine patients; 34 samples),
PA (four patients; 23 samples), CBZ (two patients;
1 samples), PHT (phenytoin) (four patients; 37 sam-
2

les), CLB (two patients; 14 samples), and PB (one
atient; seven samples). The pre-HD arterial blood
amples were taken from the cannula before connect-
ng the patients to the dialyzer, and the post-HD arterial
lood samples were taken from the cannula after HD
as terminated. We compared the AED concentrations
ased on reference ranges (LEV: 12-46 mcg/mL; VPA:

A
=
V
1
r
h
f

0-100 mcg/mL; PHT: 10-20 mcg/mL; and CBZ: 4-
2 mcg/mL) (Neels et al., 2004; Israni et al., 2006). The
learance rate during HD was calculated as 1-(the AED
oncentration after HD [mcg/mL]/the AED concentra-
ion before HD [mcg/mL]). Based on the pharmacoki-
etic profile of AEDs in patients with HD, AED concen-

ration (mcg/mL) was plotted against dose (mg/kg body
eight). The concentration-to-dose (CD) ratio was cal-

ulated by dividing the serum concentration (mcg/mL)
y the weight-adjusted dose (mg/kg) before and after
D. The CD ratio (mcg/mL per mg/kg) has been
sed to describe the relationship between plasma
ED concentration and dosage by pharmacologists (de
eon, 2004; de Leon et al., 2013). Therefore, in our study,
e used the CD ratio as a pharmacological parameter.

tatistical methods

ll data are presented as mean ± standard error of the
ean (SEM) unless otherwise indicated. The signifi-

ance of differences based on the CD ratio of AEDs
as evaluated using one-sample t-tests with pre-HD

nd post-HD values (figure 2C-F). A p value < 0.05 was
onsidered to indicate a significant difference. Calcu-
ations were performed using the SPSS 23.0J statistical
oftware package (SPSS Japan, Tokyo, Japan).

esults

linical characteristics of epilepsy patients
ith HD

he study included 36 patients with epilepsy who were
ndergoing HD (table 1). Their mean age (± SD) was
5.3 ± 14.8 years; 25 were male and 11 were female. All
atients had HD three times per week for 3-4 hours at
time. The age at epilepsy onset was 60.2 ± 14.8 years,
nd the age at initial HD was 53.9 ± 17.1 years. In 32
atients, HD preceded epilepsy, but in the remaining

our patients (Patients 6, 13, 18, 26), epilepsy onset pre-
eded HD. Among all 36 patients, epilepsy occurred 6.1

9.4 years after starting dialysis. Thirty-three patients
ad focal epilepsy (FE), including 14 with multiple and
nknown foci, ten with FLE, six with TLE, two with OLE,
ne with PLE, and three patients had genetic gener-
lized epilepsy. The aetiologies of the epilepsy were
s follows: brain infarctions (n = 12), haemorrhages (n
Epileptic Disord, Vol. 22, No. 1, February 2020

lzheimer disease (n = 1), cavernous haemangioma (n
1), CNS lupus (n = 1), hippocampal sclerosis (n = 1),
ZV encephalitis (n = 1), and unknown (n = 8). Patients
3, 33, and 35 had both brain infarctions and haemor-
hage, and Patient 21 had both cerebral contusion and
aematoma. Diabetes was the most frequent reason

or HD, followed by chronic glomerulonephritis.
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Figure 2. Antiepileptic drug use, clearance rate during dialysis, and pharmacokinetics in patients on haemodialysis (HD). (A) Number
of patients using the indicated antiepileptic drugs (AEDs). (B) Clearance rate of AEDs during dialysis: LEV (nine patients, 34 samples),
VPA (four patients, 23 samples), CBZ (two patients, 11 samples), PHT (four patients, 37 samples), CLB (two patients, 14 samples), and PB
(one patient, seven samples). (mean ± SEM). (C-F) Dose and concentration data before (pre-) HD and after (post-) HD. (C) LEV (nine
p rati
r atien
= = 2.1
a ed w
0 t 12-4
a ytoin

S
w

S
t
1
e
o
t
h
S

n
T
b
a

atients, 34 samples): pre-HD CD ratio = 3.15 ± 0.20; post-HD CD
atio = 4.81 ± 0.27; post-HD CD ratio = 3.30 ± 0.30. (E) PHT (four p
2.22 ± 0.11. (F) CBZ (two patients, 11 samples): pre-HD CD ratio

s mean ± SEM, and the significance of differences was evaluat
.001). The horizontal red bar indicates the reference range: LEV a
t 4-12 mcg/mL. LEV: levetiracetam; VPA: valproic acid; PHT: phen

eizure characteristics of epilepsy patients
ith HD

eizure characteristics are described in table 2. Of
pileptic Disord, Vol. 22, No. 1, February 2020

he 33 patients with FE, eight had FAS, 16 FIAS, and
5 FBTCS. Three patients with genetic generalized
pilepsy had generalized tonic-clonic seizures, and
ne of them had myoclonic seizures in addition to

he generalized tonic-clonic seizures. Eleven patients
ad convulsive SE, three patients had non-convulsive
E (NCSE), and one patient had psychogenic

I
T
a
n
I
3
I

o = 1.12 ± 0.088. (D) VPA (four patients, 23 samples): pre-HD CD
ts, 38 samples): pre-HD, CD ratio = 3.10 ± 0.12; post-HD CD ratio
4 ± 0.23; post-HD CD ratio = 1.28 ± 0.19. CD ratios are expressed
ith one-sample t-tests for before-HD and after-HD values (*p <
6 mcg/mL; VPA at 50-100 mcg/mL; PHT at 10-20 mcg/mL; and CBZ
; CBZ: carbamazepine.

on-epileptic seizures. Thirteen patients had auras.
he seizures occurred during HD in 12 patients,
etween HD sessions in 22 patients, and both during
nd between HD sessions in two patients.
93

nterictal EEG was performed in 26 of the 36 patients.
he background activity was slow (<8 Hz) in 16 patients
nd normal (8-12 Hz) in 10 patients. Eleven patients did
ot have any interictal IRS/IS, spikes, or sharp waves.

RS was seen in eight patients (Patients 2, 8, 9, 31, 32, 34,
5, and 36), and IS in two patients (Patients 30 and 33).
n the present study, one out of eight patients with IRS
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Table 1. Clinical characteristic of 36 patients.

Patient Age/Sex Age at onset
of epilepsy

Epilepsy
diagnosis

Etiology of epilepsy Age at the
start of HD

Etiology of HD

1 64/M 54 OLE Cerebral hemorrhage 46 Chronic
glomeru-
lonephritis

2† 86/M 83 FE Cerebral infarction 81 Diabetes

3† 67/M 63 FE Unknown 61 Diabetes

4 57/M 53* GGE Unknown 52 Diabetes

5 71/M 62 FE Putamen hemorrhage 42, 53** Chronic
glomeru-
lonephritis

6 58/M 45 TLE Cerebral infarction 48 Unknown

7† 88/F 87 TLE Alzheimer disease 76 Diabetes

8 82/F 81 TLE Unknown 71 Diabetes

9 62/F 60 OLE Cerebral infarction 60 Diabetes

10 78/F 73 TLE Unknown 64 Diabetes

11 79/M 79 FE Unknown 78 Diabetes

12 59/F 59 FE Cerebral infarction 42 Diabetes

13 76/M 64 FLE Cerebral hemorrhage,
infarction

65 Unknown

14 48/M 45 FLE SAH 30 Chronic
glomeru-
lonephritis

15 61/M 59 FE Medullary infarction 48 Unknown

16 61/M 60 TLE Cerebral hemorrhage 53 Nephrosclerosis

17 63/M 59 FE Cavernous
hemangioma

55 Diabetes

18 47/F 38 FLE SAH 46 Chronic
glomeru-
lonephritis

19 54/M 54 FE Pons hemorrhage 42 Diabetes

20 57/M 57 FE Cerebral infarction 20 Diabetes

21† 73/M 63 FLE Cerebral contusion.
Acute epidural
hematoma

58 IgA nephropathy

22† 79/M 80 PLE Acute epidural 78 Unknown
4

hema

23† 77/F 77 FE Cereb

24† 42/F 41 FE CNS
Epileptic Disord, Vol. 22, No. 1, February 2020

toma

ral infarction 70 Diabetes

lupus 41 Lupus nephritis
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Table 1. Clinical characteristic of 36 patients. (Continued).

Patient Age/Sex Age at onset
of epilepsy

Epilepsy
diagnosis

Etiology of epilepsy Age at the
start of HD

Etiology of HD

25 42/F 22 GGE Unknown 17 Congenital
malformation

26 37/M 0.75 GGE Unknown 23 Chronic
glomeru-
lonephritis

27 39/M 39 FLE SAH 39 IsA nephropathy

28 44/M 31 TLE Hippocampal sclerosis 31 Unknown

29 82/F 79 FLE VZV encephalitis, Lewy
dementia

58 Chronic
glomeru-
lonephritis

30 69/M 67 FE Churg-Strauss.
Cerebral hemonhage

61 Diabetes

31 63/F 61 FLE Cerebral infarction 44 Chronic
glomeru-
lonephritis

32 81/M 77 FE Cerebral infarction 73 Chronic
glomeru-
lonephritis

33 80/M 65 FLE Cerebral infarction.
Cerebellar hemonhage

62 Nephrosclerosis

34 59/M 59 FLE Cerebral contusion 50 Diabetes

35 88/M 88 FLE Traumatic SAH.
cerebral infarction

73 Diabetes

36 78/M 74 FE Unknown 71 Diabetes,
Nephrosclerosis

† ener
e psy, F
w orrha
i ent. *
a

h
(
r
r
r
s
G
p
2
s
t
m
p

(
2
e
f
h
C

= Had already died at the time of the analysis. GGE = genetic g
pilepsy, PLE = parietal lobe epilepsy, OLE = occipital lobe epile
ere defined as having focal epilepsy. SAH = subarachnoid hem

nfancy, which resolved when he was an elementary school stud
gain at age 53.

ad frontal intermittent rhythmic delta activity (FIRDA)
Patient 2), and the others had temporal intermittent
hythmic delta activity (TIRDA), occipital intermittent
hythmic delta activity (OIRDA), or multilobal inter-
hythmic delta activity. Intermittent sharp waves or
pikes were seen in two patients (Patients 10 and 28).
pileptic Disord, Vol. 22, No. 1, February 2020

eneralized spikes and waves were seen in three
atients who had been diagnosed with SE (Patients 4,
5, and 29). Generalized periodic synchronization was
een in three patients (Patients 8, 9, and 30). LEV was
he most commonly used AED (figure 2A) and supple-

entary doses were administered after HD in all 20
atients according to Japanese TDM 2018 guidelines

C
a

T
s

alized epilepsy, FLE = frontal lobe epilepsy, TLE = temporal lobe
E = focal epilepsy; patients with multiple foci or unknown foci
ge. *The patient had febrile seizures with medical treatment in
*Stopped HD at age 42 because of a renal transplant; began HD

Japanese Society of Therapeutic Drug Monitoring,
018) and previous reports (Israni et al., 2006; Lacerda
t al., 2006). Sixteen patients responded to LEV, and
our patients were unresponsive to LEV (table 3). A
igher percentage of patients were unresponsive to
BZ, VPA, and PHT than LEV (table 3).
95

omparison of the CD ratios between responders
nd non-responders during HD

he CD ratios of responders and non-responders are
ummarized in table 4. The pre-HD serum VPA level
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Table 3. Responders and non-responders to antiepileptic drugs.

Responder Non-responder

Antiepileptic drug Number of patients Number of patients Responder rate

LEV 16 4 0.80

VPA 10 4 0.71

CBZ 5 2 0.71

PHT 3 3 0.50

LEV = levetiracetam, VPA = valproic acid, CBZ = carbamazepine, PHT = phenytoin.

Table 4. CD ratios in responders and non-responders.

Responder Non-responder

Antiepileptic
drug

Number of
patients

Number of
samples

CD ratio Number
of patients

Number of
samples

CD ratio P value

LEV pre-HD 9 30 3.20 ± 0.22 pre-HD 1 3 2.52 ± 0.51 0.36

post-HD 9 30 1.10 ± 0.097 post-HD 1 3 1.21 ± 0.27 0.73

VPA pre-HD 4 23 4.81 ± 0.27 pre-HD* 1 4 3.68 ± 0.35 0.11

post-HD 4 23 3.30 ± 0.30 post-HD N.P. N.P. - -

PHT pre-HD 2 22 3.57 ± 0.095 pre-HD 2 16 2.44 ±0.11 <0.001

post-HD 2 22 2.64 ±0.11 post-HD 2 16 1.64 ± 0.075 <0.001

23

19

C acid,
C Wes
n

w
r
C
r

R
c

W
C
(
u
r
p
n
H
f
p

s
p
I
c
r
L
b
p
s
1
d
effects such as drowsiness and dizziness. The pre-HD
CBZ pre-HD 2 11 2.14 ± 0.

post-HD 2 11 1.28 ± 0.

D, concentration-to-dose, LEV = levetiracetam, VPA = valproic
D ratio = mean ± standard error of the mean (SEM), unpaired
on-responder.

as notably, but not statistically, lower in the one non-
esponder than in responders. The pre- and post-HD
D ratios for PHT were significantly lower in the non-

esponders than in the responders.

elationship between AED dose and serum
oncentration during HD

e evaluated the serum concentrations of LEV, VPA,
BZ, PHT, clobazam (CLB), and phenobarbital (PB)

figure 2A). The CD ratios before and after HD were
sed as pharmacological parameters. Eight patients
8

eceived more than one AED (table 2). Thirty-three
atients were responders, and three patients were
on-responders (table 2). The clearance rate during
D was 0.65 for LEV, 0.33 for VPA, 0.41 for CBZ, 0.29

or PHT, 0.24 for CLB, and 0.63 for PB (figure 2B). In
atients taking LEV, VPA, PHT, or CBZ, the CD ratio was

c
p
c
e
t
(

pre-HD N.P. N.P. - -

post-HD N.P. N.P. - -

CBZ = carbamazepine, PHT = phenytoin N.P. = not performed,
t. * Only the pre-HD concentration of VPA was available in the

ignificantly lower after HD than before HD (p<0.001,
<0.001, p<0.001, p<0.001, respectively) (figure 2C-F).

n patients taking daily 1,000-mg LEV, the pre-HD blood
oncentration tended to be higher than the reference
ange (figure 2C). In 18 patients taking daily 500-mg
EV, the concentration ranged from 12.3 to 55.6 mcg/mL
efore HD (mean: 34.2 ± 1.88 mcg/mL). None of the 18
atients taking 500-mg LEV had side effects, although
eizure control was insufficient in three patients (3/18,
7%; Patients 7, 28, and 33). Two patients who took
aily LEV at 1,000 mg (Patients 26 and 27) had side
Epileptic Disord, Vol. 22, No. 1, February 2020

oncentrations of LEV were 28.5 and 73.8 mcg/mL in two
atients (reference range: 12-46 mcg/mL). The serum
oncentrations of PHT and CBZ were within the ref-
rence ranges, but those of VPA tended to be lower
han the reference range both before and after HD
figure 2D-F).
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iscussion

linical characteristics of epilepsy patients
ndergoing HD

ife expectancy has increased, resulting in an increas-
ng number of aged people with epilepsy due to
arious structural brain anomalies (Hauser et al., 1993;
lafsson et al., 2005; Cloyd et al., 2006; Thurman et al.,

011). The need for HD also increases in the elderly,
herefore the number of elderly people with epilepsy
ho are also receiving HD is likely to increase. How-
ver, few clinical studies have reported on patients
ith both epilepsy and a need for HD. In this study,

mong 36 epilepsy patients on HD, 23 patients with
E were more than 60 years old. The prevalence of
pilepsy in the patients identified at the four dialy-
is centres was 2.36%, which is higher than that for
pilepsy in the general population of individuals over
0 years old (0.72%) (Fiest et al., 2017). Brain infarc-
ions, haemorrhages, and haematomas were seen in
wo thirds of the study population. This proportion was
igher than in previous reports (15.7-46.7%) (Ramsay et
l., 2004; Tanaka et al., 2013; Toyota et al., 2016). Epilepsy
ppears to have an aetiology unrelated to diseases that
ause CKD, however, diabetes has been reported to
e a possible risk factor for epilepsy (Marcovecchio
t al., 2015; Lu et al., 2018). Taken together, the high

ncidence of epilepsy in our patients receiving HD
ay be due to concomitant cerebrovascular disorders

nd diabetes.

eizure characteristics in epilepsy patients
eceiving HD

he seizure characteristics in our 36 epilepsy patients
n HD were similar to those in previous reports on
lderly individuals with epilepsy (McBride et al., 2002;
ellinghaus et al., 2004; Cloyd et al., 2006; Tanaka et
l., 2013; Fiest et al., 2017): aura was infrequent (36%),
nd FIAS (48.5%) and FBTCS (45.5%) were seen more
requently than FAS (24.4%).
n this study, the incidence of SE (31%) was higher
han in previous reports of SE (Rohracher et al., 2016;

alter et al., 2017; Yoshimura et al., 2018), suggest-
ng that CKD requiring HD is a risk factor for SE.
he incidence of SE is especially high in those more
han 60 years old (Rohracher et al., 2016; Malter et
pileptic Disord, Vol. 22, No. 1, February 2020

l., 2017; Yoshimura et al., 2018) due to acute symp-
omatic disease, infection, metabolic brain disorders,
r progressive neurodegenerative disorders (Trinka et
l., 2015). In addition to SE, NCSE also tends to be
ore frequent in elderly patients than in non-elderly

dults (Iftikhar et al., 2007; Cheng, 2014; Canas et al.,
018). Although NCSE (8.3%) was less frequent than

f
3
t
V
t
i
w
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E (31%) in the present study, this may be due to
nder-diagnosis of NCSE in patients on HD, because
rug-induced SE, uremic encephalopathy, disequilib-
ium syndrome, and electrolyte imbalances caused by
D may mimic NCSE (Misra et al., 2013). In summary,

IAS and SE were seen more frequently in the present
tudy than in previous studies.
nterictal EEG was performed in 26 of the 36 patients.
mong them, only five patients had apparent epilepti-

orm discharge (spikes and waves, sharp waves, and
pikes). The background activity tended to have a
lower rhythm (62%), and IRS/IS were often seen (38%).
ackground and intermittent slow waves tended to
e seen in patients with metabolic disorders, espe-
ially in those with encephalopathy who showed
mpairment of arousal and cognition (Kaplan, 2004).
he background and intermittent slow waves in HD
atients could be considered to reflect the degree
f cerebral dysfunction, which is a possible predic-

or of the occurrence of epilepsy. FIRDA is reported
o be a non-specific finding, but TIRDA and OIRDA
re more specific epileptiform findings (Brigo, 2011).
n the present study, one out of eight patients
ith IRS had FIRDA (Patient 2), and the others had
IRDA, OIRDA, or multilobal inter-rhythmic delta
ctivity.

erum concentration and effect of AEDs in
atients receiving HD

lthough many reviews on the use of AEDs in patients
ith renal failure have been published (Asconape and

enry, 1982; Israni et al., 2006; Lacerda et al., 2006; Bansal
t al., 2015), the best choice of AED for patients on HD
ho have focal seizures or bilateral convulsions has
ot been determined by experts (Shih et al., 2017). In

he present study, LEV was the AED most commonly
sed, and the responder rate with LEV was higher than

hat for VPA, CBZ, and PHT (table 3). However, the
learance rate of LEV during HD was highest among
he AEDs we evaluated. The reason for the withdrawal
f VPA and PHT was due to a lack of effectiveness to
uppress seizures rather than adverse effects. There
as no significant difference between the responders

nd non-responders for the CD ratio of VPA before HD
table 4). Although all the patients with genetic gener-
lized epilepsy (Patients 4, 25, and 26) were responders,
99

our patients with focal seizures (Patients 7, 18, 28, and
6) were non-responders, suggesting that the seizure
ype was a critical factor for the therapeutic effects of
PA in our cohort. However, the CD ratio for PHT in

he non-responders was significantly lower than that
n the responders (table 4), suggesting that the patients
ho did not respond to PHT were under-treated.
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harmacokinetics of AEDs in patients receiving HD

t is necessary to monitor the therapeutic concentra-
ions of AEDs in epilepsy patients on HD. As for TDM, it
s important to establish whether AEDs are high or low
rotein-bound, and whether the AED is predominately
liminated by hepatic metabolism or renal excretion
Neels et al., 2004). LEV is a low protein-bound AED,
redominatly eliminated by renal excretion, and
PA, CBZ, and PHT are high protein-bound AEDs
liminated by hepatic metabolism (Neels et al., 2004).
n the present study, the clearance rate during HD
as highest for LEV (65%) and lower for PB, CBZ, VPA,
HT, and CLB (from high to low), in concordance with
revious reports stating that the clearance rate of
EDs that undergo renal excretion is higher than that
f AEDs eliminated by hepatic metabolism (Neels et
l., 2004; Israni et al., 2006; Lacerda et al., 2006; Bansal et
l., 2015). Approximately 70% of LEV dose is reported
o be excreted unchanged (Yamamoto et al., 2014), and
he proportion of eliminated drug is similar to that
ased on our data with respect to the LEV clearance
ate. With regards to high protein-bound AEDs, we
ound that 33% of VPA, 41% of CBZ, and 29% of PHT
ere reduced by the high-efficiency dialyzers. In
revious reports, VPA was shown to be removed by
0% in patients with HD using low-efficiency dialyzers
Marbury et al., 1980) and 42% using high-efficiency
ialyzers (Gubensek et al., 2008). The previous reports
n CBZ intoxication showed that HD reduced the
lasma concentration of CBZ by 22-50% (Israni et al.,
006). The clearance rate of PHT is reported to be
0% in patients with HD using low-efficiency dialyzers
Martin et al., 1977) and 41.3% using high-efficiency
ialyzers (Frenchie and Bastani, 1998).

iming of TDM and supplementation

he early literature states that the metabolism of
igh protein-bound AEDs occurs almost completely

n the liver, and no dose adjustment is needed with
igh-efficiency HD relative to HD with low-efficiency
ialyzers (Asconape and Penry, 1982). Therefore, the
DM of AEDs was measured routinely on non-dialysis
ays. However, there are a few reports on serum
oncentration of AEDs in epileptic patients on chronic-
aintenance HD with high-efficiency dialyzers that

emove larger amounts of AEDs (Gubensek et al.,
008; Bansal et al., 2015). In our study, we evalu-
00

ted the clearance rate of AEDs before and after HD
ith high-efficiency dialyzers. The clearance rate of

EV is due to its low protein binding and the fact
hat it is primarily excreted unchanged by the kid-
ey (Israni et al., 2006; Lacerda et al., 2006; Bansal et
l., 2015) which suggests that supplementation will
e required after HD (Israni et al., 2006; Lacerda

A
p
1

B
p
d

t al., 2006; Bansal et al., 2015). The clearance of
EV is decreased in patients with renal failure by
ess than 30% (Dohey et al., 1999; Yamamoto et
l., 2014), in concordance with the present finding
hat the serum concentration of LEV tended to be
igher than the reference range before HD. The LEV
oncentration increased and induced adverse effects
n two patients (Patients 26 and 27) taking daily LEV
t 1,000 mg before HD, although previous reports
ecommend daily LEV at 500-1,000 mg (Bansal et al.,
015) or 250-500 mg twice a day (Israni et al., 2006;
acerda et al., 2006). This suggests a potential risk
f overdosing of LEV in patients requiring HD. It is

hus necessary to measure the serum concentration
f minimal protein-bound AEDs such as LEV both
efore and after HD, and adjust the supplementary
ose accordingly.

n contrast, we found that the CD ratios for VPA, CBZ,
nd PHT, similar to that for LEV, were significantly lower
fter HD than before HD. Furthermore, our results
how that the CD ratio for PHT in non-responders
as significantly lower than that in responders. These

esults suggest that high protein-bound AEDs, as
ell as minimal protein-bound AEDs, require TDM
efore and after HD. The serum concentration of VPA

ended to be lower than the reference range both
efore and after HD. This suggests a potential risk
f VPA underdosing during HD. Measurement of the
erum concentration on non-dialysis days may also
e necessary to determine the supplementary doses
f VPA, given the concentration rebound of this AED

Kandrotas et al., 1990; Dasgupta et al., 1996). We did
ot evaluate the CD ratios for PB and CLB because
f the small number of patients. However, measuring

he TDM for PB might also be necessary before and
fter HD, because its clearance rate during HD is high.
DM for CLB might be required at the trough on a non-
ialysis day, because the clearance rate during dialysis

s low. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) What were the clinical features of epilepsy patients undergoing haemodialysis?

(2) What proportion of LEV, VPA, CBZ, PHT, CLB and PB is reduced by haemodialysis?

Trinka E, Cock H, Hesdorffer D, et al. A definition and classi-
fication of status epilepticus-Report of the ILAE Task Force
on Classification of Status Epilepticus. Epilepsia 2015; 56:
1515-23.

Toyota T, Akamatsu N, Tanaka A, et al. Interictal epileptiform
discharges in new-onset epilepsy among older adults. Neurol
Clin Neurosci 2016; 4: 3-9.

Yamamoto J, Toublanc N, Kumagai Y, et al. Leve-
tiracetam pharmacokinetics in Japanese subjects
with renal impairment. Clin Drug Investig 2014; 34:
819-28.

Yoshimura H, Matsumoto R, Ueda H, et al. Status epilep-
ticus in the elderly: comparison with younger adults in
a comprehensive community hospital. Seizure 2018; 61:
23-9.
02

(3) Which AED is commonly used for epilepsy patients on

Note: Reading the manuscript provides an answer to all q
website, www.epilepticdisorders.com, under the section
Epileptic Disord, Vol. 22, No. 1, February 2020

haemodialysis?

uestions. Correct answers may be accessed on the
“The EpiCentre”.

http://www.ncbi.nlm.nih.gov/pubmed?term=ILAE classification of the epilepsies: position paper of the ILAE Commission for Classification and Terminology
http://www.ncbi.nlm.nih.gov/pubmed?term=Epilepsy treatment in adults and adolescents: expert opinion, 2016
http://www.ncbi.nlm.nih.gov/pubmed?term=Clinical characteristics and treatment responses in new-onset epilepsy in the elderly
http://www.ncbi.nlm.nih.gov/pubmed?term=American Clinical Neurophysiology Society Guideline 7: Guidelines for EEG Reporting
http://www.ncbi.nlm.nih.gov/pubmed?term=Standards for epidemiologic studies and surveillance of epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=A definition and classification of status epilepticus-Report of the ILAE Task Force on Classification of Status Epilepticus
http://www.ncbi.nlm.nih.gov/pubmed?term=Interictal epileptiform discharges in new-onset epilepsy among older adults
http://www.ncbi.nlm.nih.gov/pubmed?term=Levetiracetam pharmacokinetics in Japanese subjects with renal impairment
http://www.ncbi.nlm.nih.gov/pubmed?term=Status epilepticus in the elderly: comparison with younger adults in a comprehensive community hospital


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /FRA <>
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        28.346460
        28.346460
        28.346460
        28.346460
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B004800610075007400650020007200E90073006F006C007500740069006F006E005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [566.929 822.047]
>> setpagedevice


