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Therapeutic Outcomes and Prognostic Factors
in Childhood Absence Epilepsy

Hye Ryun Kim

. Background and Purpose Childhood absence epilepsy (CAE) is one of the most com-
Gun-Ha Kim P . . - .

mon types of pediatric epilepsy. It is generally treated with ethosuximide (ESM), valproic acid

So-Hee Eun (VPA), or lamotrigine (LTG), but the efficacy and adverse effects of these drugs remain con-
Baik-Lin Eun troversial. This study compared initial therapy treatment outcomes, including VPA-LTG com-
Jung Hye Byeon bination, and assessed clinical factors that may predict treatment response and prognosis.
Department of Pediatrics Methods Sixty-seven patients with typical CAE were retrospectively enrolled at the Korea
College of Medicine, University Medical Center. We reviewed patients’ clinical characteristics, including age of sei-
Korea University, Seoul, Korea zure onset, seizure-free interval, duration of seizure-free period, freedom from treatment fail-

ure, breakthrough seizures frequency, and electroencephalogram (EEG) findings.

Results The age at seizure onset was 7.922.7 years (meantSD), and follow-up duration
was 4.413.7 years. Initially, 22 children were treated with ESM (32.8%), 23 with VPA (34.3%),
14 with LTG (20.9%), and 8 with VPA-LTG combination (11.9%). After 48 months of therapy,
the rate of freedom from treatment failure was significantly higher for the VPA-LTG combi-
nation therapy than in the three monotherapy groups (p=0.012). The treatment dose admin-
istrated in the VPA-LTG combination group was less than that in the VPA and LTG monother-
apy groups. The shorter interval to loss of 3-Hz spike-and-wave complexes and the presence of
occipital intermittent rhythmic delta activity on EEG were significant factors predicting good
treatment response.

Conclusions This study showed that low-dose VPA-LTG combination therapy has a good
efficacy and fewer side effects than other treatments, and it should thus be considered as a first-
line therapy in absence epilepsy.
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INTRODUCTION

Typical absences are brief generalized seizures of sudden onset and termination and usu-
ally start in childhood or adolescence.' Childhood absence epilepsy (CAE) is common form
of idiopathic generalized epilepsy with frequent, complete loss of consciousness, abrupt
onset. CAE typically begins between 4 and 10 years of age, with the highest incidence in 5-7
year olds.>® Among the epilepsy syndromes, CAE generally has a favorable prognosis.
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a high risk of skin rash and thus requires a relatively long ti-
tration phase before a therapeutic level in serum, and more-
over its effect on seizure control diminishes over time.” Dif-
ficulties have been experienced prescribing ESM because its
domestic production and importation were temporarily
stopped in 2010.

The aims of our study were to compare the outcomes for
initial treatments of CAE with ESM, VPA, and LTG mono-
therapies and with VPA-LTG combination therapy, and to
assess clinical factors that predict treatment response and
prognosis.

METHODS

Subjects

Sixty-seven patients with electroencephalogram (EEG) find-
ings of generalized, synchronous 3-Hz spike-and-wave ac-
tivity were evaluated. All patients were treated at the Korea
University Medical Center between January 2005 and March
2014. This investigation was approved by each of the Institu-
tional Review Boards of the three Korea University-athiliated
hospitals.

The following inclusion criteria were applied: patients had
typical childhood absence seizures as frequent, brief, and se-
vere impairment of consciousness with childhood onset. Ic-
tal EEG showed a bilateral synchronous, symmetric spike-
and-wave complex that lasted at least 3 s on top of the normal
background activity.

Patients were excluded if they had any of the following: a
history of afebrile seizures (e.g., afebrile generalized tonic-
clonic seizure or myoclonic seizures) other than typical ab-
sence seizures, clinical signs and symptoms consistent with
a diagnosis of juvenile absence epilepsy or juvenile myoclon-
ic epilepsy, a history of received treatment with anti-epilep-
tic drugs (AEDs), evidence of a progressive or causative ce-
rebral lesion, or a history of mental retardation.

Outcome measures

We retrospectively reviewed the medical records of the pa-
tients to determine the age at absence seizure onset, sex, fe-
brile seizure history, family history of epilepsy, occipital in-
termittent rhythmic delta activity (OIRDA) on EEG, type and
dose of AEDs, and total medication duration for each ther-
apy. We also evaluated treatment responses with regards to
the seizure-free interval, duration of the seizure-free period,
breakthrough seizure frequency, and freedom from treat-
ment failure. We aimed to determine the relationship between
these factors and the treatment response, which was defined
as good if the treatment was terminated successfully within
3 years or if the patient remained seizure free for 18 months.
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The rate of freedom from treatment failure was defined that
the percentage of patients who remained on the primary drugs
initiated at the start of treatment or who finished the treat-
ment as a first drug before 48 months. We constructed curves
of the time to treatment failure over the 48-month period.

Statistical analysis

Data processing and analysis were performed with SPSS
(version 20, SPSS, Chicago, IL, USA). The chi-square test
and Fisher’s exact tests were used to compare nominal data
according to medication. ANOVA and post hoc test were
used to compare the variables between primary medication
groups; the results are presented in Table 1. A stepwise mul-
tivariate logistic regression model was used to evaluate the
predictive ability of independent variables and their associ-
ation with outcome measurements. Rates of freedom from
failure were compared using Fisher’s exact test for the pair-
wise comparisons between the treatments. Odds ratios (ORs)
with 95% confidence intervals (CIs) were calculated.

RESULTS

Subject characteristics and distribution
Sixty-seven children with CAE were included in the study.
They exhibited a skewed sex distribution: 43 were girls and
24 were boys. The age at seizure onset was 7.912.7 years
(mean*SD), and the follow-up duration was 4.413.7 years.
The first EEG monitoring was performed in the 67 subjects
at 1.79+1.45 months after treatment, and the first clinic fol-
low-up for seizure monitoring was performed at 1.40£0.62
weeks. Thereafter the patients were followed up every 1-2
months depending on how well the seizures were controlled.
Clinical features and EEG findings according to the choice
of first drug are summarized in Table 1. Of the 67 patients,
22 were initially treated with ESM (32.8%), 23 with VPA
(34.3%), 14 with LTG (20.9%), and 8 with a VPA-LTG com-
bination (11.9%). Twelve patients (17.9%) experienced fe-
brile seizures prior to the absence seizures. Five patients (7.5%)
had a family history of epilepsy, and this differed significantly
between the groups (p=0.033). The LTG dose used in the
VPA-LTG combination group was significantly lower than
the dose used when LTG was applied as a monotherapy (2.51+
1.23 vs. 4.14+1.70 mg/kg/day; p=0.037).

Outcomes after initial treatment

The breakthrough seizure frequency and interval to the loss
of interictal 3-Hz spike-and-wave complexes differed signif-
icantly between the groups (p=0.024 and p=0.015, respec-
tively) (Table 1). In the additional analysis, the breakthrough
seizure frequency was significantly higher for LTG than for
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ESM and VPA [p=0.03 and p=0.029, respectively, in ANOVA
with post hoc pairwise Tukey honestly significant difference
(HSD)]. The interval to the loss of interictal 3-Hz spike-and-
wave complexes was also longer for LTG than for ESM and
VPA (p=0.018 and p=0.03, respectively, in ANOVA with post
hoc pairwise Tukey HSD). There was no significant differenc-
es in the treatment response.

There was no significant differences between the four treat-
ment groups in the interval to reach a seizure-free state from
the finish of medication titration, or in the total period dur-
ing which the seizure-free status was maintained, which was
closely correlated with the treatment response. Three of the
eight patients who were treated with the VPA-LTG combi-

nation were classified into the poor treatment response group.
In two of these patients the seizures were controlled by in-
creasing the dose increment after the relapse, while in the third
patient the medication had to be continued without change
due to intermittent seizure episodes. A good response to treat-
ment was exhibited by 45 (67.2%) of the patients, of which
28.9% were boys and 71.1% were girls. The relationships of
treatment response with sex, febrile seizure history, family
history, EEG findings, and medication were assessed in or-
der to identify the factors that significantly affected the treat-
ment response (Table 2). The independent variables were
tested by multivariate logistic regression analysis with back-
ward stepwise selection of variables. The obtained data dem-

Table 1. Comparison of clinical characteristics among patient groups according to the first antiepileptic drug

Total (n=67) ESM (n=22) VPA (n=23) LTG (n=14) V+L (n=8) p

Female (%) 13 (59.1) 18 (78.3) 8 (57.1) 4(50) 0.359
Age of onset (years) 90.68+22.15 96.09+45.73 940+36.57 107.13+£27.9 0.731
P/Hx of febrile sz (%) 4(18.2) 3(13.0) 3(21.4) 2 (25) 0.812
F/Hx of febrile sz (%) 3(13.6) 0(0) 0(0) 0(0) 0.158
F/Hx of epilepsy (%) 0(0) 3(13.0) 0(0) 2 (25) 0.033*
Breakthrough seizure frequency (1st year) 2.18+4.94 2.17%5.17 43.57%93.12 9.75x11.77 0.024*
OIRDA (%) 3(13.6) 4(17.4) 3(21.4) 0(0) 0.633
Interval to loss of 3-Hz spike-and-wave complexes (mo) 5.591+6.14 5.816.10 12.21£14.85 5.29%+1.8 0.107
Interval to loss of interictal 3-Hz spike-and-wave (mo) 7.77%£10.52 8.9110.56 26.46133.24 7.014.36 0.015*
1st seizure-free interval (mo) 0.38+0.74 0.52+0.95 1.5+2.18 1.0+1.77 0.091
1st duration of seizure-free period (mo) 19.82£16.52 24312251 31.79%£24.01 37.25£17.91 0.141
Good treatment response 15 (68.2) 18 (78.3) 7 (50.0) 5 (62.5) 0.371
Total medication duration (mo) 48.09%59.71 4557136.78 64.07£37.96 61.12+35.24 0.612
V/PA dosage (mg/kg/day) 22.41£3.91 19.55+3.82 0.112
LTG dosage (mg/kg/day) 4.14+1.70 2.51£1.23 0.037*
ESM dosage (mg/kg/day) 18.76£7.51

Results are reported as mean+SD, or number (%o).

*p<0.05.

ESM: ethosuximide, F/Hx: family history, LTG: lamotrigine, mo: month, n: number, OIRDA: occipital intermittent rhythmic delta activity, P/Hx: past his-
tory, sz: seizure, V+L: valproate+lamotrigine, VPA: valproate.

Table 2. Clinical and EEG factors that predict treatment response

Total (n=67) Good (n=45, 67.2%) Poor (n=22, 32.8%) p
Female (%) 32 (71.1) 11 (50) 0.276
Age of onset (mo) 93.73+28.83 98.18+45.73 0.827
P/Hx of febrile sz (9%) 2 (4.44) 1 (4.55) 0.309
F/Hx of febrile sz (00) 7 (15.56) 5(22.73) 0.763
F/Hx of epilepsy (%) 4(8.89) 1 (4.55) 0.326
OIRDA (%) 8(17.78) 2 (9.09) 0.048*
Interval to loss of 3-Hz spike-and-wave complexes (mo) 488+4.79 11.85+13.04 0.002*
Interval to loss of interictal 3-Hz spike-and-wave (mo) 9.52+19.44 17.10+£16.24 0.773
1st medication group ESM 15,VPA 18, LTG 7, V+L 5 ESM 7, VPA'5, LTG 7, V+L 3 0.564

Results are reported as mean=SD, or number (%).

*p<0.05 using multivariate regression analysis.

ESM: ethosuximide, F/Hx: family history, LTG: lamotrigine, mo: month, n: number, OIRDA: occipital intermittent rhythmic delta activity, P/Hx: past his-
tory, sz: seizure, V+L: valproate+lamotrigine, VPA: valproate.
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onstrated that a longer interval to the loss of 3-Hz spike-and-
wave complexes was an unfavorable prognostic factor (OR=
1.17; 95% CI=1.06-1.30, p=0.002). The presence of OIRDA
a favorable predictors for treatment response for patients with
CAE (OR 27.90; 95% CI 1.03-757.50, p=0.048).

Analysis of efficacy and treatment failure analysis:
freedom from treatment failure of the initial drug
While some patients maintained their primary regimen, oth-
er patients switched from their primary regimen to another
regimen owing to poor treatment responses and/or adverse
events (Supplementary Fig. 1 in the online-only Data Sup-
plement). Most of these patients were well treated with the
first or second drug. In particular, VPA (16/23, 69.6%) and
the VPA-LTG combination (8/8, 100%) provided effective
seizure control and were maintained as the first regimen. Pa-
tients who changed their medication to the VPA-LTG com-
bination and VPA as the second regimen finished the treat-
ment successfully without any further changes. The ESM
(12/22, 54.5%) and LTG (8/14, 57.1%) groups had lower
maintenance rates for the first drug, with 45.5% and 42.9%
of them changing to the second drug, respectively, and 9.1%
and 7.1% of them changing to the third drug.

After 48 months of therapy, 43 (64.2%) of the patients ex-
hibited freedom from treatment failure. The rate of freedom
from treatment failure was higher in the VPA-LTG combi-
nation group than in the three monotherapy groups (p=0.012)
(Fig. 1). The OR for freedom from treatment failure for the
VPA-LTG combination group was 2.197 vs. ESM (95%
CI=1.392-3.472, p=0.010), 1.277 vs. VPA (95% CI=1.029-
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Fig. 1. Freedom from treatment failure in the four medication groups.
After 48 months of therapy, the rate of freedom from treatment fail-
ure differed significantly between medication groups (p=0.012). The
rates of freedom from treatment failure were 100% and 45.5%, re-
spectively. The odds ratio for freedom from treatment failure for the
VPA-LTG combination group was 2.20 vs. ESM [95% confidence in-
terval (Cl)=1.39-3.47, p=0.010], 1.28 vs. VPA (95% Cl=1.03-1.58,
p=0.291), and 2.00 vs. LTG (95% Cl=1.18-3.38, p=0.022). ESM: etho-
suximide, LTG: lamotrigine, V+L: valproate+lamotrigine, VPA: valpro-
ate.
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1.584, p=0.291), and 2.00 vs. LTG (95% CI=1.184-3.378,
p=0.022). Eighteen patients in the VPA group who showed
freedom from treatment failure continued the primary drug
during the first 48 months, after which two of them changed
to ESM as the secondary drug due to relapse.

Treatment failure occurred in 24 (35.8%) patients during
the follow-up period. The most common reason for treat-
ment failure was a lack of seizure control (16 of 24, 66.6%);
this occurred in six subjects in the ESM group, four in the
VPA group, six in the LTG group, and none in the VPA-LTG
combination group. Three subjects had to change their first
medication owing to adverse effects: one subject each in the
ESM, VPA, and LTG groups, with none in the VPA-LTG com-
bination group. These adverse effects included rash and ab-
dominal pain (n=2) and nausea and vomiting (n=1). Four
subjects had to change their medication due to sustained in-
terictal electrical seizure activities: two subjects in the ESM
group, one in the VPA group, one in the LTG group, and none
in the VPA-LTG combination group. The drug was replaced
in one patient due to the stop in 2010 of the production of
ESM temporarily. The frequency of treatment failures due
to either adverse effects or EEG seizure activity did not dif-
fer significantly among the treatment groups.

The relapse rate after remission was 13.6% (3 of 22) in the
ESM group, 8.7% (2 of 22) in the VPA group, 35.7% (5 of 14)
in the LTG group, and 25.0% (2 of 8) in the VPA-LTG com-
bination group.

All seven patients who switched to VPA as the second reg-
imen maintained that regimen. Eight of the ten (80%) pa-
tients who changed to LTG as the second regimen maintained
that regimen: one patient switched to ESM and one patient
switched to VPA. The single patient who changed the sec-
ond drug to the VPA-LTG combination therapy maintained
that medication.

DISCUSSION

The purpose of this study was to compare the treatment out-
comes of four first-line therapies for childhood absence sei-
zures, and to determine factors associated with their prog-
nosis. The initial therapy outcomes as evaluated according
to freedom from treatment failure were superior in patients
who received VPA monotherapy or VPA-LTG combination
therapy. Our results also showed that children who had a
shorter interval to the loss of 3-Hz spike-and-wave complexes
and the presence of OIRDA on EEG had a good prognosis.
Absence epilepsy is a common form of pediatric idiopathic
generalized epilepsy, and accounts for a relatively high pro-
portion (60-70%) of seizures in girls."* Most of the available
data suggest that ESM, VPA, and LTG are predominantly
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used as the primary therapeutic drugs for CAE, with a wide
range of reported remission rates (33-79%).""'> Most (84%)
of the absence-seizure patients in one study stopped taking
their medication within 3 years, although some showed a
poor reaction to the medication or had other types of seizures
during treatment, which made their conditions more diffi-
cult to treat.'® Absence seizures have recently been associat-
ed with a deficit in cognitive and language skills and behav-
ior disorders, despite seizure control, which highlights the
importance of determining factors associated with progno-
sis.”*"* Our study suggests that a shorter interval to the loss
of 3-Hz spike-and-wave complexes and the presence of OIR-
DA are predictors for a good treatment response. Consis-
tent with these findings, Guilhoto et al."” reported that it was
possible to control seizures more effectively in patients with
OIRDA, and thus proposed this a good prognostic factor in
absence seizures. In contrast, Dlugos et al.'® reported that
freedom from failure at 16-20 weeks after treatment was
not affected by the presence or absence of OIRDA. In the
study, the presence of OIRDA appeared to be a highly signif-
icant factor suggesting a good prognosis; further research
on its prognostic utility is clearly needed.

The LTG group, which showed a lower rate of freedom
from treatment failure, had a significantly longer interval to
the loss of interictal 3-Hz spike-and-wave complexes. Ac-
cording to Li et al.,'” an interictal 3-Hz spike-and-wave com-
plex on EEG is associated with characteristic signal changes
on functional MRI, which differ from that for an ictal 3-Hz
spike-and-wave complex. Thus, a shorter interval to the loss
of the interictal 3-Hz spike-and-wave complex may be clini-
cally used to predict better outcomes of absence seizures.

It is possible that absence seizures appearing first in ei-
ther childhood or adolescence, followed by myoclonic jerks
and generalized tonic clonic seizures, will develop into juve-
nile myoclonic epilepsy or juvenile absence epilepsy and
have a poor prognosis.' Also, the commonly known factors
predicting prognosis are the age at which seizures first start-
ed, an abnormal background rhythm or polyspikes on EEG
readings, mental retardation, a history of absence status, a
positive family history, and a history of febrile convulsions.'"'*
We suspect that the inclusion of more patients would have
allowed more conclusive prognostic factors to be identified
in the present study.

While ESM, LTG, and VPA are the most commonly used
primary drugs of choice in the treatment of absence sei-
zures, their efficacy is the subject of considerable debate. In
a 2005 review, Posner reported that ESM, VPA, and LTG are
all effective first-line therapies for absence seizures, with no
distinct differences in their efficacies.”” According to Wheless®
ESM is the primary drug of choice for the treatment of CAE,
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while VPA and LTG are those for the treatment of JAE.
Glauser et al.® reported that cases of a high incidence of pa-
tients substituting a first-line drug with a second-line drug
were due to adverse effects such as weight gain, hair loss, and
vomiting. Both LTG and VPA have been found to have simi-
lar incidence rates of mild adverse effects, including fatigue,
headache, and changes in appetite, but the incidence of se-
rious adverse effects, such as vomiting, insomnia, and hy-
peractivity, has been lower for LTG than for ESM and VPA.*
However, the slow titration period required by LTG due to
the risk of skin rash means that it takes longer to reach effec-
tive therapeutic levels in serum, and LTG is known to have
a lower capability to control seizures.® The availability of ESM
was restricted by its production being temporarily stopped
in 2010. Thus, the present study focused on evaluating the ef-
ficacy of VPA-LTG combination therapy for the treatment
of newly diagnosed absence epilepsy.

We found that the rate of freedom from failure at 48
months was higher for VPA-LTG combination therapy than
for the other three therapies. Additionally, the treatment
dose administered in the VPA-LTG combination group was
less than that administered in the VPA and LTG monother-
apy groups. Several previous studies have found that VPA-
LTG combination therapy is effective at regulating seizures.”
Pisani et al.” applied VPA-LTG combination therapy to 13
patients who were refractory to VPA or LTG monotherapy,
and found that this change controlled the seizures in 4 pa-
tients and decreased their frequency in another 4 (62-78%).
The treatment dose and serum drug level were significantly
lower in patients taking the VPA-LTG combination regi-
men than in those taking VPA or LTG only. In a recent ret-
rospective study by Moeller et al.,** 35 patients (25 with gen-
eralized epilepsy and 10 with partial epilepsy) who were
refractory to single-drug therapy were treated with a com-
bination of VPA and LTG. The results showed that 62.8% of
the patients exhibited an improved response to the VPA-LTG
combination regimen: 18 patients remained completely sei-
zure free, 4 were improved, and 13 exhibited no response. It
is generally accepted that VPA can potentiate the effects of
LTG by inhibiting LTG hepatic glucuronidation, thereby
increasing the plasma half-life of LTG."* Consistent with
our own results, these findings also support the suitability
of VPA-LTG combination therapy as a primary treatment
for absence seizures.

During the primary treatment regimen, adverse effects
were seen in 4.5% (1 of 22) of those in the ESM group, 4.3%
(1 of 23) in the VPA group, 7.1% (1 of 14) in the LTG group,
and 0% (0 of 8) in the VPA-LTG combination group. The
risk of adverse effects generally increases with the AED dose;
however, fewer adverse effects were seen in VPA-LTG com-



bination therapy, which we attribute to each drug in the VPA-
LTG combination therapy being administered at a lower
dose than when applying it as a monotherapy. In addition,
the rate of treatment interruption due to side effects of AEDs
in the VPA-LTG combination group might be expected to
decrease. Pisani et al.* suggested that the benefits of VPA-
LTG combination therapy outweigh the adverse effects
when compared to single-drug therapy. However, it is diffi-
cult to make comparisons between their study and the
present one since the former included only a small number
of patients who had received the VPA-LTG combination
therapy, and these patients had also previously been treated
with multiple other drugs.

One limitation of the present study is that it applied a ret-
rospective analysis, and so there was no systemically planned
titration phase, regular follow-up period, or EEG monitor-
ing interval. The AED dose was titrated in a stepwise manner
in our medical center. The target dose was 2—7 mg/kg/day
for LTG and 10-30 mg/kg/day for VPA; these doses are
lower than those normally used in other countries.”! In the
present retrospective study, the first seizure monitoring was
performed at 1.4010.62 weeks after treatment, the patients
were usually followed up every 1-2 months thereafter (ex-
cept for the first clinic follow-up from treatment) depending
on how well the seizures were controlled. The follow-up in-
terval for evaluating the treatment response and the increase
in the dose differ for the previous study, and so the evalua-
tion results for the treatment may vary. Further, the small
amount of data made it difficult to assess the treatment re-
sponses exactly, including the seizure frequency and adverse
effects. A prospective or randomized controlled clinical tri-
al would be expected to yield more reliable results.
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