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Objectives Juvenile myoclonic epilepsy (JME) is the most prevalent form of generalized epilepsy in the community. Though the response to medication is good in most
patients, long-term medication usage may lead to poor compliance, side effects, and
other epilepsy-related social issues. The aim of this study was to describe the demography, clinical features, and therapeutic response in patients with JME who have had at
least 10 years of duration of epilepsy.
Materials and Methods A retrospective study of 56 patients (M:F=26:30; mean age:
14.5 ± 5.1 years) with JME attending neurological services in a tertiary care neurological center in South India with more than 10 years disease duration was performed.
Results All patients had myoclonic jerks, 94% had generalized tonic–clonic seizure,
and only 7.1% had features of absence seizures. Seizures were controlled in 60% of
cases at the end of 10 years of epilepsy. Thirty-eight patients (67.8%) were on valproate. Control of seizures at the end of the first and fifth years of epilepsy, frequent
myoclonic jerks at the onset, and treatment with valproate in the first year of disease
resulted in controlled seizures at the end of 10 years. No patient was off medications
at the end of 10 years of epilepsy or at the last follow-up.
Conclusion About 40% of our patients continued to have seizures even 10 years after
the onset of epilepsy. Regular and long-term medication may be required in JME. Early
control of seizures, response to valproate, and frequent myoclonia at onset were found
to confer better prognosis.

Introduction
Idiopathic generalized epilepsies (IGE) are one of the most
common epilepsy syndromes encountered in clinical
practice, among which juvenile myoclonic epilepsy (JME)
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is the most frequent subtype and accounts for nearly 10%
of all epilepsies. The onset of epilepsy is usually in the
peripubertal age; however, adult onset (>18 years) is also
well known. JME is characterized by brief myoclonic jerks

©2021. Indian Society of Epilepsy.
This is an open access article published by Thieme under the terms of the Creative
Commons Attribution-NonDerivative-NonCommercial-License, permitting copying
and reproduction so long as the original work is given appropriate credit. Contents
may not be used for commercial purposes, or adapted, remixed, transformed or
built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/).

Thieme Medical and Scientific Publishers Pvt. Ltd. A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

15

16

Outcomes in JME after 10 Years of Illness

Viswanathan et al.

that occur predominantly after awakening and/or after sleep
deprivation associated with or without generalized seizures/
absences or both.1 In women suffering from JME, aggravation
of seizure types may be observed during the perimenstrual
period. The cause for this “idiopathic epilepsy” is likely to
be due to genetic factors. Patients with JME usually respond
exceptionally well when they are initiated on appropriate
antiseizure medications (ASMs) and follow lifestyle modifications. The preferred drug is sodium valproate (SVA) but
with the advent of newer drugs such as levetiracetam (LEV),
SVA is no longer the drug of choice in women with epilepsy
due to its side effect profile namely teratogenicity, polycystic
ovarian syndrome (PCOS), and menstrual irregularity. Longterm medication usage poses a difficult challenge for both
physicians and patients alike. To clarify some of these aspects
and understand the natural course of the epilepsy, long-term
studies are essential to advance current practice and improve
overall prognosis. An attempt is being made to study the
nature of this disease after a decade from disease onset.

Patients and Methods
This is a retrospective study of 56 patients who were diagnosed with JME, who had attended the neurological outpatient services in a tertiary care neurological center in
South India (1983–2018). Diagnosis of JME was based on
the International League Against Epilepsy (ILAE) classification criteria (1989). Study was approved by the institute
ethics committee. Patients who had a duration of epilepsy of
more than 10 years with at least 1 year of follow-up, who had
complete information with respect to clinical details, seizure
frequency, electroencephalogram (EEG) and imaging reports
and treatment history were included. EEGs were done at our
institute using standard protocol: 10-20 system, high filter
70Hz, low filter 0.1Hz, at least 30 minutes of recording time
with hyperventilation for 3 minutes and photic stimulation
at a paper speed of 10s/page or 30 mm/second. EEGs done
at other centers were included if they deemed to be technically sound. All EEGs were reviewed by two experienced
epileptologists and were analyzed for background and interictal abnormalities, their distribution and effect of activation
procedures. Demographic information, clinical features such
as age at onset of epilepsy, types of seizures, frequency of
seizures, therapeutic details and seizure control were documented from medical records that were maintained in the
medical records department. All details pertaining to drugs
and seizure control were recorded when patients visited
the outpatient department (OPD) after 10 years of epilepsy
onset (used for comparison among patients to maintain
temporal uniformity) and also at last follow-up. Patients
were considered to have controlled seizures when they
had <1 generalized tonic–clonic seizure (GTCS)/year and
no/very rare non-disabling myoclonia. Diagnosis of psychiatric co-morbidities, if present, were based on the opinion
of a qualified psychiatrist based on Diagnostic and Statistical
Manual IV/V. Statistical analysis was performed using IBM
SPSS Statistics for MacOS version 24 (IBM Corp.; Armonk,
New York, United States). Descriptive statistics like mean,
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standard deviation, and frequency were used for continuous
variables. The relationship between different nominal variable was assessed using Fisher’s exact test. Independent sample t-test was used to test the significance between nominal
and continuous variables.

Results
Clinical Features

The demographic details of patients enrolled in the study same
have been enlisted in ►Table 1. Women constituted 53.6% of
the group. All the patients were recorded to have myoclonic
jerks and 44 patients (78.5%) had more frequent myoclonic
jerks in the morning and after sleep deprivation. Four women
(13.3%) reported more myoclonia during the perimenstrual
period. Eighteen patients (32.1%) had almost daily myoclonus (daily to once every 2–3 days—frequent myoclonus) and
38 (67.9%) had occasional myoclonus (1/week–1/month). We
found that those with frequent myoclonia fared better at the
end of 10 years (p = 0.02). Myoclonus in combination with
GTCS was seen in up to 94% of cases. However, only 7% (n =
4) of subjects had absence seizures. Barring one patient who
had absence seizures at onset of epilepsy (which was later
Table 1 Demographics of the patients enrolled
Male N (%)

Female N (%)

Total (n = 56)

26 (46.4%)

30 (53.6%)

Myoclonus (n = 56)

26 (100%)

30 (100%)

GTCS (n = 53) (94.6%)

24

29

Absence (n = 4) (7.1%)

2

2

Mean ± SD (y)

Range (y)

Age at onset

14.5 ± 5.1

6 to 26

Mean duration of illness

15 ± 5.8

10 to 37

Duration of follow-up

8.1 ± 7.3

1 to 33

Age at last follow-up

29.7 ± 7.2

16–54

First seizure type

N (%)

Abnormal first EEG

34 (60.7)

Family history of epilepsy

9 (16.0)

Myoclonus

21 (37.5)

GTCS with heralding
myoclonus

5 (8.9)

GTCS

29 (51.8)

Absence

1 (1.8)

Control of seizures at end of

1 year

31 (55.3)

5 years

38 (67.8)

10 years

34 (60.7)

Treatment at the end of 10 years of illness

Monotherapy

37 (66.1)

Two drugs

15 (26.8)

Three or more drugs

4 (7.1)

Abbreviations: EEG, electroencephalogram; GTCS, generalized tonic–
clonic seizure; SD, standard deviation.
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dominated by myoclonia), all other individuals suffered from
either GTCS or myoclonus as their first seizure. Five patients
had heralding myoclonus with GTCS and were included in
the GTCS group. Nine individuals (16.1%) had a positive family history of epilepsy in first-degree relatives, none of whom
had history of parental consanguinity. Four patients (7.1%)
had a concomitant psychiatric co-morbidity (two suffered
from depression, one from anxiety and one had adjustment
disorder).

Electroencephalogram

Electroencephalography data was available for all patients.
The first EEG (done at onset of epilepsy/at first visit to the
OPD) was abnormal in 34 patients (60.7%). Abnormalities
were in the form in generalized frontally dominant 3 to 4Hz
spike/polyspike wave discharges in all patients. Four patients
in addition also had focal spikes (right/left frontal). None of
the patients had photosensitivity. Hyperventilation did not
obviously accentuate interictal epileptiform discharge incidence in any of the EEGs. There was no difference in control of seizures between those who had first abnormal EEG
compared with those who had a normal EEG (p = 0.58).

Imaging

All patients had undergone either computed tomography
(n = 10) or magnetic resonance imaging (n = 46). Imaging was
normal in all patients.

ASMs Used and Adverse Effects in Women

All patients were on ASMs. The first drug that was initiated
in 50% (n = 28) was SVA. Sodium channel blockers were the
next most commonly used ASMs (carbamazepine [CBZ] and
phenytoin; 7 each). None of the patients on CBZ had good
seizure control. On the contrary, one patient on phenytoin
did have good seizure control and continued taking the same
for the next 10 years without adverse effects. At the end of
10 years of epilepsy, 38 patients (67.9%) were on SVA, 24 of
whom were on monotherapy. The next most used antiseizure medications after a decade of epilepsy were lamotrigine
(LTG) and LEV. A small subset of patients was also on other
ASMs (►Fig. 1).
Nineteen patients (33.9%) required more than one drug, a
decade after onset of the first seizure. Notably, four patients
(7.1%) needed three or more medications to control seizures.
Three of them had occasional myoclonia and uncontrolled

Fig. 1 Drug profile of patients with 10 years duration of illness.
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GTCS. At the end of 10 years of epilepsy, 19 women had controlled seizures, of whom 12 (63%) were on SVA. Comparatively,
only 4 women out of 11 (36%) who had uncontrolled seizures
were on SVA. However, this difference did not reach statistical
significance (p = 0.25). Three of the subjects had conceived,
while on SVA, two while on LEV and one woman was administered CBZ during pregnancy. All women on SVA (n = 3)
and CBZ (n = 1) had an uneventful pregnancy and delivered normal children. One subject was noncompliant with
SVA during pregnancy and had a generalized seizure in the
eighth month of gestation. While on LEV during gestation,
one woman had to undergo medical termination of pregnancy as fetal cardiac activity was absent at seventh week
of gestation. Unfortunately, another young lady was on
treatment with LTG (100 mg/day) had two abortions while
on medication. She also had comorbid PCOS. Her epilepsy,
however, remained controlled while on LTG. Two other women
suffered from PCOS after being treated with SVA, one of whom
underwent hysterectomy at the age of 31 due to uterine
fibroids. One young lady in her twenties had recurrent seizures when SVA taper was attempted, which required her
to continue with low-dose SVA+LTG. She had deferred conception as she was on two antiseizure medications. Another
patient was switched over to oxcarbazepine with zonisamide
but continued to have uncontrolled seizures. Alternative
medications such as LEV and LTG could not be reinstated due
to intolerable adverse effects (suicidal ideations and skin rash
respectively). She is yet to start a family as she still requires
multiple medications. Two married women who were on SVA
have separated from their spouses and are yet to conceive.
None of the patients were off medications, neither at the end
of 10 years nor at the last follow-up.

Control of Seizures at the End of 10 Years Duration of
Epilepsy

Ten years into epilepsy 60.7% (n = 34) of the individuals had
well controlled seizures. Among the 22 who had uncontrolled
seizures (39.3%), 12 were on SVA or a combination with SVA.
Control of seizures in the first year and after 5 years of epilepsy onset was associated with better control at the end of
10 years (p = 0.03 and 0.007, respectively). It was also noted
that treatment with valproate in the first year of disease was
associated with better control seizures at the end of 10 years
of epilepsy (p = 0.005). Age at onset, gender, type of first
seizure (GTCS/myoclonus), treatment with SVA between
5 and 10 years were not associated with any significant difference with respect to seizure control (►Table 2).
Forty-seven patients (83.9%) had followed up beyond
10 years of disease duration (range: 11–37 years).
Seventy-two percent of patients (n = 34) were seizure free
at their last follow-up (range: 12–37 years of disease duration). There was no significant difference in seizure control
outcomes with respect to baseline seizure frequency, gender,
age at onset, coexisting psychiatric disturbances, EEG findings, and seizure control at 1 year/1 to 5 years of epilepsy.
None of the patients were off medications and attempts to
taper resulted in seizure recurrence (GTCS) in eight out of
eight patients.
International Journal of Epilepsy

Vol. 7

No. 1/2021

© 2021. Indian Society of Epilepsy.

17

18

Outcomes in JME after 10 Years of Illness

Viswanathan et al.

Table 2 Control of seizures after 10 years of illness
Controlled seizures after 10
years of illness (n = 34)
N (%)

Uncontrolled seizures after
10 years of illness (n = 22)
N (%)

p-Value (2-sided)a,b

<18y

23 (41.1)

17 (30.4)

0.55a

>18 years

11 (19.6)

5 (8.9)

15.3 + 4.4y (34)

13.4 + 6.0y (22)

0.19b

GTCS

22 (39.3)

12 (21.4)

0.58a

Myoclonus

12 (21.4)

9 (16.1)

Almost daily

15 (26.8)

3 (5.4)

Occasional/infrequent

19 (33.9)

19 (33.9)

Male

15 (26.8)

11 (19.6)

Female

19 (33.9)

11 (19.6)

Absent

28 (50.0)

19 (33.9)

Present

6 (10.7)

3 (5.4)

Yes

23 (41.1)

8 (14.3)

No

11 (19.6)

14 (25.0)

Yes

28 (50.0)

10 (17.9)

No

6 (10.7)

12 (21.4)

Normal

12 (21.4)

10 (17.9)

Abnormal

22 (39.3)

12 (21.4)

Yes

23 (41.1)

5 (8.9)

No

11 (19.6)

17 (30.4)

Age at onset

Mean age at onset (n)
First seizure type

Frequency of myoclonus
0.02a

Gender
0.79a

Family history of epilepsy
>0.99a

Controlled at 1 year
0.03a

Controlled at 5 years
0.007a

First EEG findings
0.58a

SVA started in first year of illness
0.02a

SVA at the end of 10 years of illness

Yes

26 (46.4)

12 (21.4)

No

8 (14.3)

10 (17.9)

0.14a

Monotherapy at the end of 10 years of illness

Yes

25 (44.6)

12 (21.4)

No

9 (16.1)

10 (17.9)

0.16a

Abbreviations: EEG, electroencephalogram; GTCS, generalized tonic–clonic seizure; SD, standard deviation; SVA, sodium valproate.
a
Fisher’s exact test.
b
Independent t-test.

Discussion
Clinical Profile and Medication Profile

JME requires long-term treatment, possibly even lifelong due
to a persistent risk of recurrence of seizure on stopping medication. We attempted to study the profile of such patients
after 10 years of onset of epilepsy. The age at onset in our
group of patients is comparable to other Indian studies in
published literature.2,3 Men and women were nearly equally
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affected. Notably, the number of patients who had absences
constituted only 7% of the cases. This is surprisingly lower
than other large studies that have reported up to a third of
patients with JME having absences.4-6 This is possibly due to
a smaller sample size and due to the inherent heterogeneity of seizure types in JME. Traditionally, patients with JME
are assumed to have a higher risk of developing personality disorders and psychiatric disturbances. Our cohort had
four individuals with known psychiatric disorders. A study

Outcomes in JME after 10 Years of Illness
comprising of 41 cases of JME followed up over 20 years
surprisingly found good psychosocial outcomes in the long
term but it was found that the presence of psychiatric comorbidities did affect the quality of life.7 For many decades, SVA
has been the go-to drug for neurologists when dealing with
JME. A considerable number of patients maintain good seizure control even with low dosages of SVA.8 In our study, we
found that treatment with SVA in the first year of epilepsy
predicted good seizure control up to 10 years into epilepsy.
Up to 82% of patients who were given SVA initially did well
throughout the course of their epilepsy, which is comparable
to another study wherein seizure control after administration of SVA as the initial drug was reviewed.9 Whether SVA
in some way has a disease modifying effect on the course of
JME is unknown and will require larger prospective studies.
Due to mounting evidence that implicates SVA as a teratogen and due to its ill-effects on the menstrual cycle, it has
slowly lost favor with many worldwide.10-12 In this study,
we found infrequent occurrence of SVA-induced PCOS.
This could be due to nonconsecutive sampling and the retrospective nature of the study. It is to be noted that 63%
(n = 12) of women who had excellent seizure control
were using SVA without side effects in all but one woman.
The use of SVA in women of childbearing age group thus must
be individualized.13 Alternatively, LEV and LTG may be used
but their efficacy is inferior to that of SVA in JME. In this study,
we found that LEV seldom offers complete seizure control as
monotherapy and over the course of the disease; and in most
cases, another ASM may be required to control the seizures.

Viswanathan et al.

considered by many as a genetically mediated epilepsy
requiring long term, if not lifelong treatment. Nevertheless,
this notion has been challenged by a few studies.15,16 There
are observations alluding to the idea that all JMEs are not the
same and there are some subgroups/endophenotypes that
are likely to do better than others. It has been hypothesized
that the presence of all seizure types (absence, myoclonus and
GTCS) predicts a poorer prognosis in JME and those with only
myoclonia do better.6,17-19 We found that frequent myoclonus
(almost daily) was a good predictor of seizure outcomes.
This group of patients probably belongs to a subsyndrome
of JME who have good response to medication. The number
of patients affected with absences was few; we could not
definitively comment regarding its prognostic significance.
We also did not find any association between age/gender/type
of seizure at onset and seizure control at the end of a decade
or last follow-up.
One of the findings we wish to highlight is that early
control of seizures (within the first 5 years of epilepsy) did
result in better outcomes at the end of 10 years of epilepsy.
This has also been reported previously.20 Intuitively, response
to medications early in the course of epilepsy is a plausible
predictor of better long-term outcomes. There was no difference in long-term seizure control between groups that
were on monotherapy versus those who were on more than
one drug. Addressing factors such as poor compliance and
adherence to treatment and prospectively studying if there
will be a difference between these two groups would be necessary before drawing any further conclusions. Only 60% of
our patients had good seizure control after 10 years that is
lesser than previously reported.21 This is likely due to a selection bias, as the individuals who had good seizure control
likely did not follow-up for longer periods and probably took

Prognostic Indicators for Seizure Control in JME

Certain forms of IGE such as epilepsy with grand-mal
on awakening have good long-term outcomes.14 JME is

Table 3 Prognostic factors in long-term follow-up studies in JME
Author (y)

No. of subjects

Duration of
epilepsy in
years

Follow-up in
years

Observations

Holtkamp et al7 (2014)

41

46.3a (20–69)b

46.3a (20–69) b

Psychiatric comorbidities associated with poor
quality of life

Calleja et al (2001)9

22

–

7.7a (5–17)b

Valproate treatment early in the course of epilepsy portends to better prognosis

Senf et al (2013)6

66

44.6a (20–69) b

44.6a (20–69)b

Presence of absence seizures at onset associated
with poorer seizure control

Stevelink et al (2019)19

3311 (meta-analysis)

–

–

One-third of JME patients have refractory
seizures. Presence of all three seizure types, preexisting childhood absence, and praxis induced
seizures are predictive of poorer outcome

Jain et al (1997)18

15

NA

NA

Patients who have myoclonia alone have good
seizure control and could represent a separate
endophenotype of JME

Guaranha et al (2011)20

65

10.73a

At least 3 years

Presence of all three types of seizures, younger
age at onset, more frequent seizures at onset,
and praxis/language induced myoclonus have
prognostic implications

Abbreviation: JME, juvenile myoclonic epilepsy.
a
Mean.
b
Range.
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further care from local neurologists. A summary of follow-up
studies that have looked into various prognostic factors in
JME has been tabulated in ►Table 3.
EEG signatures have not been found to have any predictive value in JME and we also found no differences between
EEG abnormalities and seizure control.22 We also did not
find spike wave discharges at frequencies above 5 to 6Hz
that is relatively common in JME. This is probably due to
the retrospective nature of the study and nonconsecutive
sampling. Certain findings such as photosensitivity may
have a prognostic value but strong evidence of the same is
lacking. Reflexive components in JME such as photosensitivity could indicate the presence of underlying monogenic abnormalities. Genetics in JME is sure to play a role in
prognostication in the future. Numerous genetic studies have
been conducted in the south Indian population that have
looked into the role of various genes (e.g., EFHC1, BRD2, KCNQ3,
and GABRA1).23-26 A clear genotype–phenotype correlation
has still not been conclusively proven as this is probably
determined by a complex interaction between genetic and
environmental factors. In a study that looked into the effects
of EFHC1 in long-term seizure outcomes in JME, the authors
found that certain single nucleotide polymorphisms were
associated with poorer prognosis, lesser chances of seizure
freedom in the long term, and higher risk of status epilepticus.27 More studies will be needed to ascertain genetic prognostic factors in JME.

Conclusions and Limitations
Our study has many limitations as it’s a retrospective study.
Follow-up was not uniform in patients and hence we had taken
wide intervals (1 year, 5 years, and 10 years of disease duration) for assessing seizure control and a larger study group
may have yielded more information. In addition, follow-up of
longer periods is ideal to know more about seizure control
after the fourth decade. Also, seizure occurrence, especially
myoclonia, was recorded by patient’s recall at hospital visit.
This may be subject to an element of recall bias. The strength
of this study is that we could obtain information regarding
the course of JME for up to 10 years for 56 patients. Long-term
outcome studies in JME in the setting of an Indian population are lacking. Prospective and well-structured follow-up
studies with more numbers are needed to throw more light
on prognosticating patients with JME and identify those who
can be, if at all, withdrawn from ASMs in the long term.
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