
the drug treatment [1-6]. However, patients with JME are espe-
cially prone to seizure relapse after cessation of drug therapy 
[2]. For example, Canevini et al. [7] reported withdrawal sei-
zures (WS) during the first year following drug cessation in all 
eight JME patients who stopped ASMs. One explanation for the 
high prevalence of WS in JME is that this type of epilepsy is 
usually drug responsive and the patients or physicians tend to 
stop the medications after long seizure-free periods [5]. How-
ever, it is not clear whether the relatively high risk for WS is 
limited only to the drug-responsive JME patients. If it is, WS 
prevalence would be similar in drug-resistant JME patients and 
in drug-resistant patients with other epilepsy types. 

The aim of this study was to determine whether both drug-re-
sponsive and drug-resistant JME patients have more WS than 
patients with other types of epilepsy. Thus, we evaluated the 
prevalence of WS in a group of drug-resistant and drug-respon-
sive patients with JME as well as with other epilepsy syndromes.

The study was approved by the institutional review board of 
the Hadassah Medical Organization and Faculty of Medicine, 
Jerusalem, Israel, and conducted in accordance with their guide-
lines (protocol number HMO-0293-11). The approval included 
a waiver of informed consent since the presented data do not 
reveal identifying information of the individual patients. The 
clinical data were retrospectively collected from the patients, 
their family members, and old medical files during the first clin-
ic visit and prospectively collected during the following visits. 
The study included patients treated at the Epilepsy Outpatient 
Clinic at Hadassah Medical Center between August 2010 and 
February 2013. Patients without a clear diagnosis of epilepsy 
or with non-epileptic seizures were excluded. We also excluded 
patients with progressive neurological conditions causing epi-
lepsy, such as malignant tumors. The data were gathered from 
the hospital’s electronic recordings. 

Juvenile myoclonic epilepsy (JME) is a common type of pri-
mary generalized epilepsy. Most patients with JME respond 

well to antiseizure medications (ASMs), and 8–25% of patients 
with JME continue to be seizure free years after termination of 



Epilepsy was classified according to the ILAE classification 
of seizures and epilepsy [8]. In general, drug-resistant epilepsy 
was defined as failure of adequate trials of at least two tolerated 
and appropriately chosen and used ASM schedules to achieve 
sustained seizure freedom [9]. However, patients with JME 
were considered drug-responsive if they had complete control 
of tonic-clonic and absence seizures, even if they still experi-
enced occasional non-debilitating myoclonic jerks. 

WS were defined as seizures that occurred following discon-
tinuation or dose reduction of an ASM, both if the ASM change 
was performed per physician’s recommendation or as non-ad-
herence of the patient to the treatment. In cases of patients with 
more than one event of WS we referred only to the first event. 

A -test was used to compare continuous variables between 
the JME and non-JME epilepsy patients. Chi-square test was 
used to compare proportions and logistic regression to test the 
effect of JME as well as patient sex on the risk of having WS. 
value < 0.05 was considered significant.

Data from 161 epilepsy patients, 23 with JME and 138 with non-
JME epilepsy, were included in the study [Table 1]. Patients with 
JME were younger (mean age 33 years vs. 41 years,  = 0.01) 
and included more females (83% vs. 55% of patients,  = 0.01) 
but were not significantly more responsive to medications than 
patients with other types of epilepsy (  = 0.18). The disease dura-
tion was similar in the two groups (  = 0.44). Among the patients 
with non-JME epilepsy, 36 (26%) had temporal lobe epilepsy, 60 
(43%) had focal extra-temporal epilepsy, 25 (18%) had primary 
generalized epilepsy, and in 17 patients (12%) the type of epilep-
sy was difficult to define. 

Among the patients with JME, more than half (13, 57 %) had 
WS, while less than one-third (42, 30%) of the patients with non-

JME epilepsy had WS [Figure 1A,  = 0.01). A logistic regres-
sion model for WS prediction, with type of epilepsy and sex as 
covariates, was statistically significant (chi-square 7.8 (df = 2), 

 = 0.02). We found that the type of epilepsy predicted WS and 
explained 6.5% (Nagelkerke R square) of the variance in WS. Pa-
tient sex was not found to significantly predict WS in this model. 

Next, we compared the rates of WS in responsive and resistant 
JME patients [Figure 1B]. Of note, 5 of the 8 drug-responsive 
JME patients with WS had occasional myoclonus seizures and 4 
of the 8 patients had no WS. No significant difference was found 
between WS in drug-responsive and drug-resistant JME (  = 0.3). 



We also compared the rates of WS in responsive and resis-
tant non-JME patients [Figure 1C]. No statistically significant 
difference was found in having WS between the drug-respon-
sive patients with JME and with non-JME epilepsy (  = 0.15). 
However, drug-resistant JME patients had significantly more 
WS than their counterparts with non-JME epilepsy (  = 0.02).

Ten patients had more than one event of WS: seven had two 
WS, and one patient each had three, four, and five WS. Only 
two of these patients had drug-resistant (non-JME) epilepsy. All 
other patients had drug-responsive JME (4 out of 9 patients) or 
non-JME (4 out of 24) epilepsy (  = 0.1). The patients who had 
three and five WS were drug-responsive JME patients and the 
patient with four WS was drug-responsive non-JME.

The medications that were discontinued or their dose was reduced 
prior to WS are depicted in Figure 2. Valproic acid (VPA) was dis-
continued in 7 of 13 (54%) of JME patients with WS and in only 
8 of 42 (19%) of non-JME epilepsy patients (  = 0.01). Among 
the 7 JME patients who discontinued VPA, 6 (86%) were females, 
while in the non-JME patient group 4 of 8 (50%) were females.

Almost two-thirds (32, 58%) of the patients had WS up to one 
week from the discontinuation or dose reduction of the drug, 
while others had WS between 2 weeks to 9 years following the 
ASM cessation (for periods of more than 1–2 weeks, the exact 
duration from discontinuation to WS was usually less precise 
due to incomplete documentation). 

The reason for drug discontinuation was patient non-adherence 
to medications in 39 cases and physician-guided drug changes 
in 16 cases. The distribution of these reasons among the various 
groups of patients is depicted in Figure 3. No significant differ-
ence in the cause of ASM discontinuation was found between 
JME and non-JME patients [Figure 3A] (  = 0.9) or between 
drug-responsive and drug-resistant patients in general [Figure 
3B] (  = 0.8) in the JME (  = 0.8) and non-JME (  = 0.9) groups 
separately. 

We found that the patients with JME had more WS than pa-
tients with other epilepsies. Although there was a trend of pa-
tients with JME being more drug-responsive, our finding cannot 



be explained by discontinuation of antiepileptic medications in 
drug-responsive cases alone, since drug-resistant JME patients 
had significantly more WS than those with other types of drug-re-
sistant epilepsy. However, drug-responsive JME patients may al-
so have a greater tendency for loss of seizure control following 
ASM withdrawal, since there was a trend toward drug-responsive 
JME patients having two or more WS more frequently than their 
non-JME counterparts. This finding could be explained by a high-
er expression of impulsive personality traits in JME patients [10].

The fact that patients with JME were younger than patients 
with other types of epilepsy may explain at least in part the 
higher WS rate in this population, since a greater tendency for 
non-adherence was described in this group [11]. However, an-
other possible explanation for the difference in WS between 
JME and non-JME epilepsy patients may be a greater sensitiv-
ity of JME to drug withdrawal. This suggestion is in line with 
previous clinical observations [12] and may reflect the general 
sensitivity of JME to various factors such as sleep deprivation, 
alcohol use, and flickering lights [13]. The sensitivity of JME to 
WS may be especially pronounced when the discontinued or re-
placed ASM is VPA, which has been reported to be more effica-
cious than other medications in primarily generalized epilepsies 
in general [14] and particularly in JME [15].

Although not significantly affecting the risk for WS, there 
was a larger proportion of females among the JME than among 
the non-JME patients. This finding is particularly important 
since women of childbearing age tend to be non-adherent to 
medications [16]. VPA use by women of childbearing age has 
recently been legally restricted by the EMA [17] due to the tera-
togenicity of this drug. However, withdrawal of VPA was asso-
ciated with loss of seizure control in pregnant women [18], and 
women with JME may present with less seizure control than 
men due to VPA use restriction [14]. Fortunately, it has been 
reported that VPA’s teratogenic effects are dose-dependent [19], 
and that low doses of VPA may be enough to achieve seizure 
freedom in most patients with JME [20]. Taken together, these 
data suggest that a more rational and individualized approach 
to VPA treatment for women of childbearing age with JME is 
warranted rather than an automatic cessation of the drug.

Several cases of sudden unexplained death in epilepsy pa-
tients (SUDEP) were reported in JME [21-23] both in drug-re-
sistant [21] and drug-responsive cases [23]. It is not clear wheth-
er drug withdrawal played a role in these reported SUDEP cases. 
However, this mechanism cannot be excluded.

There are several limitations to this study. First, the whole co-
hort is rather small, especially the group of JME patients and 
among them the drug-resistant patients. However, even in this 
small group we were able to show significant results. Second, 
we had no information about the overall number of patients who 
stopped ASMs or reduced their dosage (with and without WS) 

and therefore we cannot directly assess the risk to have WS 
amongst all patients who withdrew the medications. However, 
the main scope of the present work was to characterize the pa-
tients who had WS. Last, we did not have exact data on the pace 
of drug discontinuation, although it can be speculated that pa-
tient non-adherence was quite abrupt, whereas physician-guid-
ed withdrawal was gradual. However, we found no significant 
effect of the initiator of the discontinuation on the rates of WS 
in the various groups of patients. The implication of the pace of 
drug discontinuation on the induction of WSs and the time when 
no WS is to be expected after ASM discontinuation in different 
types of epilepsy warrant further prospective research.

Both drug-responsive and drug-resistant JME patients are prone 
to WS. Physicians should inform patients with JME about the 
high sensitivity of this epilepsy type to ASM withdrawal and 
emphasize the importance of adherence to treatment, including 
mitigating the possible risk of SUDEP. Special attention should 
be paid to the population of women of childbearing age for 
whom the decision of VPA treatment cessation should be indi-
vidualized to each case, and careful schedules of switch from 
VPA to other ASMs should be implemented.



The use of lipid-formulated RNA vaccines for cancer 

inflammatory responses in humans that were not predicted 
from preclinical studies. Tahtinen and colleagues showed 

inflammation in a host-specific manner. In human immune 

the broad spectrum of pro-inflammatory cytokines (including 

associated innate signaling, an effect that was unexpectedly 
amplified by certain lipids used in vaccine formulations 

reduce activation of Toll-like receptor signaling.

Olson and colleagues used a case-control, test-negative 

resulting in hospitalization, admission to an intensive 
care unit (ICU), the use of life-supporting interventions 
(mechanical ventilation, vasopressors, and extracorporeal 

case patients (4%) and 282 controls (36%) had been 

Only 2 patients in the ICU had been fully vaccinated. The 

(95%CI 89–96) among syndrome-negative controls. The 
effectiveness was 98% against ICU admission and 98% 

All 7 deaths occurred in patients who were unvaccinated. 
The authors conclude that among hospitalized adolescent 

ICU admission or the receipt of life support.


