
Introduction 

Epilepsy is a brain disorder which implies an enduring predisposi-
tion to unprovoked seizures [1,2]. The main focus of epilepsy 
treatment is satisfactory seizure control with minimal adverse ef-
fects [3]. Epilepsy treatments in children and adolescents are usu-
ally prescribed for at least 2 years (and for life-time in some cases), 
for which adverse effect control is of utmost importance [2,4]. 
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Purpose: The aim of the treatment of epileptic seizures is to achieve a seizure-free state without 
adverse effects. The mainstays of seizure treatment are anticonvulsant medication, diet therapy, 
and surgery. Antiepileptic drugs and a ketogenic diet are associated with various types of medical 
adverse effects, including chronic kidney disease (CKD). We aimed to identify the characteristics 
of pediatric epilepsy patients who developed CKD and to determine the possible mechanisms. 
Methods: We included 816 patients who underwent medical treatment for epilepsy and were 
followed-up for at least 3 years at a tertiary hospital. The patients were divided into CKD and 
non-CKD groups. The data were assessed using a multivariate Cox proportional hazards model to 
identify the factors associated with CKD among patients undergoing epilepsy treatment. 
Results: Initial high serum creatinine levels (hazard ratio [HR], 13.927; P=0.010), microscopic he-
maturia on initial urinalysis (HR, 10.047; P=0.001), developmental delay (HR, 11.929; P=0.000), 
and interictal epileptiform discharges on initial electroencephalography (generalized interictal 
epileptiform discharges: HR, 38.395, P=0.003; focal interictal epileptiform discharges: HR, 
19.252, P=0.006) were associated with increased CKD risk. 
Conclusion: CKD was more likely to develop in patients who presented with initial kidney dys-
function and developmental delay, and was related to epilepsy itself. The abovementioned factors 
may increase CKD risk through decreased brain function, which may lead to decreased activity 
and, hence, to relatively poor hygiene and voiding function. Moreover, patients with pre-existing 
kidney disease were more vulnerable to CKD development. 

Keywords: Epilepsy; Renal insufficiency, chronic; Anticonvulsants; Risk; Child

Patients undergoing long-term treatment with antiepileptic 
drugs (AEDs) may develop other diseases, as well as adverse ef-
fects from the drugs, which may limit AED usage [4,5]. Several 
AEDs undergo hepatic metabolism and are excreted via urine. La-
motrigine, phenobarbital, and lacosamide, which are often used in 
clinical practice, are examples of this pharmacokinetics. On the 
other hand, levetiramcetam and topiramate remain unchanged be-
fore being excreted via urine. Long-term use of these drugs can 
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cause side effects on the kidneys. Some common adverse effects 
include nephrotoxicity, calciuria, and other events related to the 
kidneys [3,5]. However, and despite the abovementioned, only a 
few patients with long-term AED treatment develop chronic kid-
ney disease (CKD). 

In this paper, we investigated the characteristics of epilepsy pa-
tients who developed CKD. Through this study, we aimed to iden-
tify risk factors for CKD and analyze which factors should be con-
sidered in the treatment plan of patients with these characteristics. 

Materials and Methods 

1. Patients 
A total of 816 patients who underwent medical treatment for epi-
lepsy, including anticonvulsant medication, diet therapy, or surgery, 
and who were followed up for > 3 years from 2016 to 2019 at the 
Korea University Guro Hospital were included in this study. 

2. Group definition 
The patients were divided into two groups: CKD and non-CKD. 
CKD was defined as decreased kidney function shown by glomer-
ular filtration rate (GFR) of < 60 mL/min/1.73 m², or the pres-
ence of markers of kidney damage, or both, of at least 3 months of 
duration regardless of underlying cause [6]. The markers of kidney 
damage considered for CKD diagnosis were urinary sediment ab-
normality, abnormal histological findings, and structural abnor-
malities detected by imaging [6,7]. The process of group classifica-
tion is briefly explained in a flow diagram (Fig. 1). 

3. Pharmacological therapy 
Pharmacological treatment was usually initiated after epilepsy di-
agnosis and report of recurrent unprovoked seizures. The AED 
dose was gradually increased until the lowest effective maintenance 
dose to minimize adverse effects. If seizures persisted despite an 
AED up-titration to the maximum tolerated dose, the AED was 
switched to an alternative AED monotherapy. If two or three se-
quential monotherapies failed, polytherapy was offered. Polythera-
py was considered earlier when prognostic factors indicated diffi-
culty of treatment by monotherapy, considering the severity of the 
epilepsy. The cumulative treatment time of the administered AED 
was investigated to analyze its association with CKD. 

4. Ketogenic diet 
Despite the lack of a well-defined mechanism of action, several re-
ports suggest that a ketogenic diet reduces seizure frequency [8,9]. 
In our center, the ketogenic diet was used as a treatment for 
drug-resistant pediatric epilepsy. In particular, a ketogenic diet was 

prescribed in cases of intractable epilepsy with myoclonic seizures, 
atonic seizures, or mixed seizures, as is the case in Lennox-Gastaut 
syndrome (LGS). In these patients, the classical ketogenic diet, 
which is based on a 3:1 ratio and a 4:1 ratio of high fat to low car-
bohydrate and to protein, respectively, was used [8,9].  

5. Statistical analysis  
Continuous data are presented as mean ± standard deviation and 
were evaluated using an independent samples t-test. Categorical 
data are presented as percentages and were evaluated using the chi-
square test (Table 1). The Cox proportional hazards model was 
used to compare the variables between CKD and non-CKD 
groups (Table 2). Data in Table 2 were investigated using univari-
ate analysis. Finally, all data in Table 2 were analyzed using the ad-
justed multivariate Cox proportional hazards model for variables 
such as age, sex, follow-up duration, number of AEDs, ketogenic 
diet, each AED’s treatment time, initial laboratory findings, electro-
encephalography (EEG) findings, initial magnetic resonance imag-
ing (MRI) findings, and developmental delay. The risk difference 
was reported as odds ratios with 95% confidence interval (CI). All 
reported P values are two-sided. All statistical analyses were per-
formed using SPSS version 20 (IBM Co., Armonk, NY, USA). Re-
sults were considered statistically significant if P< 0.05. 

6. Ethical approval 
The study procedures were approved and monitored by the Institu-
tional Review Board of the Korea University Medical Center (IRB 
No. 2020GR0312) and were conducted in compliance with the 
Declaration of Helsinki and the Good Clinical Practice guidelines. 

Patients were diagnosed with epilepsy 
from January 2002 to August 2019 

(n=915)

CKD (n=20)
Either one or both of the 
following two criteria for at 
least 3 months:

1. GFR <60 mL/min/1.73 m2

2. Markers of kidney damage

Non-CKD (n=796)

Exclusion (n=99)
Follow-up without ADEs

Epilepsy (n=816)
Treated in this center for >3 years

Fig. 1. Patient selection process. AED, antiepileptic drug; CKD, 
chronic kidney disease; GFR, glomerular filtration rate.
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Written informed consent by the patients was waived due to a ret-
rospective nature of our study.

Results 

1. Patients’ clinical characteristics at baseline 
Table 1 presents the descriptive baseline characteristics of the study 
sample. The mean age was 14.97 ± 6.55 years and females com-
prised 59.68% of the included patient population. The follow-up 
period was 117.92 ± 46.72 months from the initial visit to our cen-
ter. These patients were treated with 2.17 ± 1.27 AEDs during the 
follow-up period. All patients received AED treatment, and 11 
(1.35%) were prescribed ketogenic diet in addition. The details of 
each AED’s treatment time is described in Table 1. Regarding labo-

ratory findings, all patients underwent blood tests and urinalysis 
periodically during AED treatment to detect adverse effects. The 
blood urea nitrogen and the creatinine levels were within the nor-
mal range at the initial evaluation (blood urea nitrogen 11.71 
± 3.66; creatinine 0.47 ± 0.19). Thirty-one patients (3.80%) had 
microscopic hematuria and 217 (26.59%) had dipstick proteinuria 
at baseline. In the initial EEG test, 64 (7.84%) and 385 patients 
(47.18%) showed generalized and focal epileptiform discharges, 
respectively. Moreover, background activity was abnormal in 120 
(14.71%) patients. All patients in this study underwent brain MRI 
at diagnosis, and 159 (19.49%) presented structural anomalies of 
the brain, including hippocampal sclerosis, ventriculomegaly, 
periventricular leukomalacia, and masses. Developmental delay 
was reported in 100 patients (12.25%) at initial evaluation, and 31 

Table 1. Baseline characteristics of the patients classified by CKD status

Characteristic Overall (n=816) Non-CKD (n=796) CKD (n=20) P value
Age (mo) 14.97±6.55 14.95±6.56 15.95±6.27 0.383a

Male sex 487 (59.68) 473 (59.42) 14 (70.00) 0.341
Follow-up duration (mo) 117.92±46.72 117.93±46.74 117.58±46.82 0.898a

AED medications 2.17±1.27 2.15±1.27 2.65±1.31 0.055a

Ketogenic diet 11 (1.35) 10 (1.26) 1 (5.00) 0.240b

AED medication period (mo)
 Valproic acid 48.13±62.98 47.80±62.65 61.40±75.34 0.569a

 Levetiracetam 33.33±43.12 33.04±43.00 45.05±47.23 0.087a

 Oxcarbazepine 30.35±47.28 30.49±47.57 24.80±34.40 0.909a

 Topiramate 17.54±38.48 17.49±38.52 20.40±37.84 0.675a

 Phenobarbital 6.56±24.21 6.34±23.84 15.25±35.86 0.051a

 Phenytoin 0.83±7.85 0.84±7.94 0.50±2.01 0.177a

 Lamotrigine 20.63±46.50 20.61±46.48 21.40±48.36 0.939a

 Clobazam (BDZ) 11.18±35.29 10.79±34.60 26.75±55.49 0.101a

 Perampanel 1.51±6.41 1.48±6.35 3.00±8.57 0.016a

 Vigabatrin 4.38±18.56 4.38±18.65 4.20±15.09 0.957a

Initial laboratory findings
 BUN (mg/dL) 11.71±3.66 11.70±3.61 12.08±5.38 0.579a

 Creatinine (mg/dL) 0.47±0.19 0.47±0.19 0.55±0.33 0.324a

 Microscopic hematuria 31 (3.80) 27 (3.39) 4 (20.00) 0.005b

 Dipstick proteinuria 217 (26.59) 211 (26.51) 6 (30.00) 0.727
Inter-ictal epileptiform discharges on initial EEG 0.006
 No inter-ictal epileptiform discharges 367 (44.98) 365 (45.85) 2 (10.00)
 Generalized inter-ictal epileptiform discharges 64 (7.84) 61 (7.66) 3 (15.00)
 Focal inter-ictal epileptiform discharges 385 (47.18) 370 (46.48) 15 (75.00)
Abnormal background activity on initial EEG 120 (14.71) 111 (13.94) 9 (45.00) 0.001b

Brain abnormality on initial MRI 159 (19.49) 151 (18.97) 8 (40.00) 0.039b

Kidney abnormality on initial US 31 (3.80) 26 (3.27) 5 (25.00) 0.001b

Developmental delay 100 (12.25) 88 (11.06) 12 (60.00) 0.000b

Values are presented as mean±standard deviation or number (%).
CKD, chronic kidney disease; AED, antiepileptic drug; BUN, blood urea nitrogen; EEG, electroencephalography; MRI, magnetic resonance imaging; US, 
ultrasonography.
aMann-Whitney U test; bFisher exact test.
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(3.80%) presented abnormal findings on abdominal kidney ultra-
sonography. 

There were significant differences in microscopic hematuria, in-
terictal epileptiform discharges, abnormal background activity on 
initial EEG, brain abnormalities on initial MRI, kidney abnormali-
ties on initial ultrasonography, developmental delay at baseline, 
and Perampanel treatment time between CKD and non-CKD 
groups. The treatment time of Perampanel was significantly differ-
ent between the two groups in an independent samples t-test. Per-
ampanel undergoes oxidation mediated by hepatic metabolism 
and is excreted via feces (48%) and urine (22%). It is well known 
that patients treated with perampanel are prone to urinary tract in-
fection and hyponatremia [10,11]. In contrast, treatment time of 
other AEDs did not show statistical significance.  

2. Factors influencing CKD incidence among patients’ 
initial characteristics and epilepsy therapy 
To assess the factors influencing kidney function, the multivariate 
Cox proportional hazards model was performed. All the parame-
ters in Table 2 were candidate variables for this analysis. The uni-
variate Cox proportional hazards model results shown in Table 2 
indicated statistical significance for microscopic hematuria, interic-
tal epileptiform discharges, abnormal background activity on initial 
EEG, brain abnormalities on initial MRI, kidney abnormality on 
initial ultrasonography, and developmental delay at baseline be-
tween the CKD and non-CKD groups. However, the multivariate 
Cox proportional hazards model using backward stepwise (likeli-
hood ratio) selected four prognostic factors associated with an in-
creased risk of CKD: serum creatinine (hazard ratio [HR], 13.927; 
95% CI, 1.857 to 104.455; P= 0.010); microscopic hematuria on 

Table 2. Results from the Cox proportional hazards models

Variable
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value
Age (mo) 0.928 (0.855–1.007) 0.073
Female:Male 0.639 (0.246–1.665) 0.360
AED medications 1.133 (0.837–1.532) 0.419
Ketogenic diet 6.705 (0.874–51.466) 0.067
AED medication period (mo)
 Valproic acid 0.997 (0.991–1.003) 0.341
 Levetiracetam 1.002 (0.994–1.011) 0.562
 Oxcarbazepine 0.996 (0.986–1.005) 0.358
 Topiramate 0.999 (0.989–1.009) 0.802
 Phenobarbital 1.003 (0.992–1.015) 0.547
 Phenytoin 0.982 (0.893–1.081) 0.715
 Lamotrigine 0.995 (0.986–1.004) 0.282
 Clobazam (BDZ) 1.003 (0.995–1.011) 0.507
 Perampanel 1.015 (0.966–1.066) 0.549
 Vigabatrin 0.990 (0.965–1.016) 0.458
Initial laboratory findings
 BUN (mg/dL) 1.038 (0.924–1.165) 0.533
 Creatinine (serum, mg/dL) 1.458 (0.162–13.148) 0.737 13.927 (1.857–104.455) 0.010
 Microscopic hematuria 6.595 (2.188–19.877) 0.001 10.047 (2.642–38.202) 0.001
 Dipstick proteinuria 1.068 (0.409–2.787) 0.893
Inter-ictal epileptiform discharges on initial EEG
 No inter-ictal epileptiform discharges Reference Reference
 Generalized inter-ictal epileptiform discharges 8.684 (1.448–52.059) 0.018 38.395 (3.394–434.346) 0.003
 Focal inter-ictal epileptiform discharges 6.932 (1.584–30.341) 0.010 19.252 (2.331–158.964) 0.006
Abnormal background activity on initial EEG 3.781 (1.563–9.147) 0.003
Brain abnormality on initial MRI 2.706 (1.104–6.631) 0.030
Kidney abnormality on initial US 7.219 (2.614–19.939) 0.000
Developmental delay 12.347 (5.045–30.217) 0.000 11.929 (3.476–40.939) 0.000

HR, hazard ratio; CI, confidence interval; AED, antiepileptic drug; BUN, blood urea nitrogen; EEG, electroencephalography; MRI, magnetic resonance imaging; 
US, ultrasonography.
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initial urinalysis (HR , 10.047; 95% CI, 2.642 to 38.202; 
P= 0.001); developmental delay (HR, 11.929; 95% CI, 3.476 to 
40.939; P= 0.000); and interictal epileptiform discharges on initial 
EEG (generalized interictal epileptiform discharges [HR, 38.395, 
95% CI, 3.394 to 434.346; P= 0.003], focal interictal epileptiform 
discharges [HR, 19.252; 95% CI, 2.331 to 158.964; P= 0.006]). 

In Kaplan-Meier curves, which are widely used to estimate the 
survival function, the probability of CKD differed significantly ac-
cording to the number of risk factors. The survival curve decreased 
rapidly as the number of significant risk factors increased (Fig. 2). 

Discussion 

In this study aimed at determining risk factors for CKD in pediatric 
epilepsy patients, we detected four significant risk factors, namely, 
initial creatinine, microscopic hematuria, interictal epileptiform 
discharges, developmental delay. 

All patients with ongoing AED treatment underwent urinalysis 
to detect adverse effects such as nephrotoxicity, hypercalciuria, and 
nephrolithiasis. A statistical analysis was performed to confirm 
whether initial hematuria affects kidney function and the multivar-
iate Cox proportional hazards model showed that microscopic he-
maturia was significantly different between the CKD group (four 
patients [20.00%]) and the non-CKD group (27 patients [3.39 
%]). Microscopic hematuria is a common clinical manifestation in 
children, adolescents, and young adults, with its incidence ranging 
from 0.18% to 16.1% according to previous studies [12-14]. He-
maturia can either be an isolated finding unaccompanied by other 
urinary abnormalities or be accompanied by urinary abnormalities 

such as proteinuria, hypertension, and elevated serum creatinine 
level [13,14]. Persistent isolated microscopic hematuria can have 
either a glomerular or a non-glomerular origin, including several 
kidney disease entities [12,13]. In fact, among the 20 patients in 
the CKD group, four patients presented glomerulonephritis in the 
histopathologic examination. The four cases of glomerulonephritis 
were classified as Henoch-Schonlein nephritis (grade III), focal 
segmental endocapillary proliferative glomerulonephritis, focal 
segmental glomerulosclerosis, and minor glomerular change on re-
nal histological examination. Additionally, four patients reported 
recurring urinary tract infections and nephrolithiasis. The causes of 
hematuria mentioned above increase the risk of CKD [14]. In oth-
er studies, 0.7% of patients with persistent isolated microscopic he-
maturia developed end-stage kidney disease compared with 0.04% 
in the control group, yielding an adjusted HR of 18.5 (95% CI, 
12.4 to 27.6) [14]. 

The multivariate Cox proportional hazard model result showed 
that increased serum creatinine levels significantly increased the 
risk of CKD (HR, 13.927; 95% CI, 1.857 to 104.455; P= 0.010). 
Because creatinine is excreted from the circulation mainly by renal 
filtration, it is strongly correlated with GFR [15-17]. An increase in 
serum creatinine reflects an impaired renal ability to remove waste 
products from the body [16]. The creatinine concentration in-
creases progressively with decreased GFR, and its diagnostic per-
formance has been shown to be good, even for the detection of mi-
nor deteriorations of the renal function [15,16]. Hence, creatinine 
is a strong predictor of CKD progression [16]. 

In this study on the prediction of risk factors of CKD, the EEG 
results were analyzed by classifying them into different findings 

Kaplan-Meier survival curve based on number of predictive factors (n=816)
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Fig. 2. In Kaplan-Meier curves, the probability of chronic kidney disease differed significantly according to the number of risk factors. 

Ann Child Neurol 2021;29(1):15-21

19https://doi.org/10.26815/acn.2020.00213



rather than into a clinical diagnosis. Regarding the presence of in-
terictal epileptiform discharges, the HR of generalized interictal 
epileptiform discharges was 38.395, and that of focal interictal epi-
leptiform discharges was 19.252 in the CKD group compared to 
the non-CKD group for initial interictal EEG findings. Patients 
with interictal epileptiform discharges on EEG tend to have clinical 
seizure events in contrast to those without. Recurrent clinical sei-
zure events impair cognitive abilities and neurological develop-
ment. Regarding background activity, when there was a disorgani-
zation, the HR was 4.201, indicating borderline significance. Ab-
normal background activity on the EEG includes a lack of the ex-
pected organization corresponding to age, multifocal spikes, and 
loss of normal physiological hallmarks, like sleep spindles [18-20]. 
These EEG findings are seen in most cases where the brain is 
structurally and functionally deteriorated, including in LGS, Rett 
syndrome, and West syndrome. In this study, seven patients with 
CKD who experienced intractable epilepsy (e.g., LGS, Rett syn-
drome, West syndrome, Devic syndrome, Wolf-Hirschhorn syn-
drome) were bedridden [18-20]. The comparison was not statisti-
cally significant; however, it is possible that abnormal background 
activity acts as a significant risk factor in larger patient groups con-
sidering its borderline significance. In general, only 29% to 55% of 
epilepsy patients have epileptiform abnormalities on a single rou-
tine outpatient EEG. Therefore, even if normal EEG findings are 
reported in the first examination, abnormal findings often appear 
in the second and third examinations. However, in the present 
study we only analyzed the initial EEG results to assess the risk of 
CKD at the initial planning of diagnosis and treatment. 

In addition, 12 (60%) patients in CKD group, including those 
with intractable epilepsy, had developmental delays. In such cases, 
the patients’ brain dysfunction may not directly unable to have 
normal daily lives, it may lead to poor sanitation and urinary reten-
tion without voluntary urination [21]. These patients might be 
more vulnerable to nephrotoxicity induced by the long-term ad-
ministration of AEDs. The patients’ decreased voiding function 
may lead to residual urine. Among these patients, some developed 
urinary tract stones and recurrent urinary tract infections, which 
leads to acute kidney injury and affects renal function, and which 
can contribute to the development of CKD. In the present case, the 
statistically significant HR related to developmental delay was 
11.929. 

In conclusion, the risk of CKD increases in cases of epilepsy with 
high creatinine and microscopic hematuria associated with kidney 
damage, and with restricted daily activity due to a decreased brain 
function. In this study on factors associated with an increased risk 
of CKD, the abovementioned factors had statistically significant 
results while AED-related factors did not. In the long-term treat-

ment of epilepsy patients, it is important to perform regular kidney 
function evaluations and to practice regular urine voiding to pre-
vent the development of CKD, in addition to following-up poten-
tial AED adverse effects. 

This study has some limitations. The study was retrospective in 
nature, and the sample was not randomized. Moreover, the pa-
tients were prescribed different AEDs not based on the medical 
condition alone, but also for social reasons. In addition, it is possi-
ble that factors including AED history, ketogenic diet, and abdomi-
nal ultrasonography were not statistically significant owing to the 
relatively small number of patients in the CKD group. As shown in 
the study results, AEDs that lead to nephrotoxicity might act as risk 
factors for patients with vulnerability factors for CKD. Further 
study is need to validate the risk of CKD generated by AEDs, keto-
genic diet, EEG findings, brain function, and kidney factors in larg-
er CKD patient groups. 
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