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ABSTRACT 

Introduction: A considerable proportion of patients with genetic/idiopathic generalized epilepsy 

(IGE) suffer from persistent seizures. We here questioned if generalized polyspike trains (GPT) or 

prolonged epileptiform EEG runs allow identification of difficult to treat patients in a first seizure 

clinic setting or after recurrent seizures. 

Methods: The first routine outpatient EEGs from untreated patients (later diagnosed with IGE) and 

routine EEGs from IGE patients with persistent seizures despite medical treatment were analyzed. 

Seizure outcome and clinical characteristics were retrospectively assessed based on the patients’ 

records. 

Results: In routine EEGs recorded after first seizure in untreated patients (n=79), the prevalence of 

GPT (n=1/1.3%) and prolonged epileptiform EEG runs (n=13/16.5%) was low. At follow up, 24 

(30.4%) patients were not seizure-free, three (3.8%) of them developed drug-resistant IGE. None of 

the interictal discharges studied was associated with long-term seizure outcome. Treated IGE 

patients with recurrent seizures (n=69) had a similar prevalence of GPT (n=3/4.3%) and prolonged 

epileptiform EEG runs (n=7/10.1%). At follow-up, 42 (60.8%) patients suffered persistent seizures, 

18 (26%) were drug-resistant. GPT and prolonged epileptiform EEG runs had a higher prevalence 

in patients with drug-resistant epilepsy (GPT: 11.1% vs. 2%, p=0.1; prolonged epileptiform EEG 

runs: 27.8% vs. 3.9%, p=0.004) and persistent seizures (GPT: 7.1% vs. 0%, p=0.16; prolonged 

epileptiform EEG runs: 16.7% vs. 0%, p=0.03) as compared to non-resistant patients.  

Conclusion:  GPT and prolonged epileptiform EEG runs were associated with persistent seizures 

and drug-resistant IGE but the overall prevalence was low. In a first seizure clinic setting, the 

diagnostic value of these biomarkers was limited. 
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INTRODUCTION 

Although the overall prognosis of idiopathic generalized epilepsy (IGE), also referred to as genetic 

generalized epilepsy is favorable (1), a considerable proportion of patients do not achieve seizure-

freedom despite correct anti-epileptic treatment (2-6). In adults, IGE comprises different syndromes 

(1, 7) including juvenile myoclonic epilepsy (JME), juvenile absence epilepsy (JAE), and epilepsy 

with generalized tonic-clonic seizures alone (EGTCS). Although these syndromes are broadly 

accepted, diagnostic criteria for all IGE syndromes are lacking (1, 8). The characteristic EEG 

changes with bilateral, synchronous, symmetric spike-wave complexes are typically seen in IGE, 

but not required to establish the diagnosis (9, 10). However, the spectrum of EEG changes seen in 

IGE is broader, including focal discharges, asymmetries and irregular discharges (reviewed in: 

(10)). Biomarkers predicting treatment response and the clinical course of IGE at an early stage 

(e.g. after the first seizure) are needed but not yet established (6, 11-14).  

Several EEG-based biomarkers have been proposed. The clinical importance of focal changes and 

focal seizures has been most thoroughly studied in recent years but remains controversial (15-19). 

Recently, two new EEG-based biomarkers for treatment response and long-term outcome have been 

proposed. Arntsen et al. described an association of prolonged epileptiform (≥3 s) EEG runs in a 

selected cohort of 40 JME patients with a total of 396 EEGs as biomarker for persistent seizures 

(11). In a less selected cohort of 85 patients with routine outpatient EEGs and prolonged inpatient 

video-EEG monitoring, Sun et al. identified generalized polyspike trains (GPT, a burst of at least 5 

generalized rhythmic spikes lasting less than 1 s) as a new putative biomarker for drug-resistance, 

and confirmed the results in a second, more selected cohort of patients referred to 24 h ambulatory 

EEG (20).  

We here studied, if the two new postulated biomarkers, GPT and prolonged epileptiform (≥3 s) 

EEG runs, allow identifying patients at risk of suffering from drug-resistant seizures already in a 
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first seizure clinic setting, i.e. at the time of diagnosis, or in patients with recurrent seizures despite 

of anti-epileptic treatment.   
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METHODS 

Study Population 

In a cohort of 440 adult patients with established IGE, we retrospectively examined all patients with 

available first time EEG performed at the Department of Neurophysiology, Odense University 

Hospital. Patients without available first time EEG were excluded from the study. All patients gave 

written informed consent; the study was approved by the local authorities for data security. 

Approval by the local ethic committee was not required due to the pure observational nature of the 

study. In total, we identified 278 IGE patients with an EEG performed between 2010 and 2018 at 

the Department of Neurophysiology. Of these, first time EEG without concurrent anti-epileptic 

treatment was available for 79 patients. An EEG after sleep deprivation was performed in 14 

untreated patients with normal first time EEG. In addition, we identified additional 69 patients that 

were diagnosed with and treated for IGE and had persistent seizures or ictal phenomena that made 

the treating neurologist request a new standard EEG.   

 

The diagnosis of IGE was made as proposed by the International League Against Epilepsy 

(ILAE)(1, 9). Patient recruitment and identification was previously described in detail (2, 3). In 

brief, patients reporting focal seizures, patients with epileptogenic foci in the EEG (defined as focal 

slowing AND focal interictal discharges), clinical signs of epileptic encephalopathy or patients with 

more than mild cognitive impairment were excluded. All patients had an EEG with normal 

background activity. Discrete, intermittent focal slowing or focal epileptiform discharges were 

accepted if typical generalized epileptiform discharges were also present. All patients were 17 years 

or older at the time of inclusion in the study, however, EEGs were often performed at younger age. 

 

Study Procedure 
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EEG examiners (CDJ, TK) were aware of the IGE diagnosis but blinded for all other clinical details 

(e.g. patient’s medical history, medication, seizures types and previous hospital admissions). The 

patients’ routine EEGs (30 min including intermittent photostimulation and hyperventilation) or 

EEGs after sleep deprivation (30-60 min) were analyzed. EEGs had been recorded on a NicoletOne 

Neurodiagnostic system (Natus Neurology, Middleton, USA) according to the international 10–20 

system using an average reference (all active electrodes) and a ground electrode on the forehead. To 

increase the comparability of our data, we used the definition of GPT and other interictal elements 

as described by Sun et al. (20). Prolonged (>3 s) epileptiform EEG runs were identified based on 

the definition provided by Arntsen et al. (11).  A spike-wave complex was defined as a surface-

negative spike with duration of 20-80 ms followed by a surface-negative slow wave. Polyspike-

wave complexes were defined as a polyspike followed by a surface-negative slow wave. GPT, 

introduced by Sun et al., was defined as a high amplitude burst of at least five generalized rhythmic 

spikes with frontal predominance, lasting less than 1 s, while generalized paroxysmal fast activity 

(GPFA) is a high amplitude burst of generalized rhythmic spikes with frontal predominance, lasting 

at least 1 s (20). Epileptiform abnormality was primarily evaluated using common average 

referential montage. All detected discharges were registered. 

 

In an additional analysis, long-term seizure outcome and clinical characteristics were 

retrospectively, independently assessed based on the patients’ records (JG). Seizure types, treatment 

trials with relevant antiepileptic drugs in relevant dosages and treatment outcome, as well as data on 

imaging performed were registered. Patients were categorized as JAE, JME or EGTCS according to 

their most prominent seizure type (21). Treatment outcome was assessed at every visit at the clinic. 

At last follow-up, patients were categorized as being seizure-free (>1 year) or not seizure-free (i.e. 

suffering from persisting seizures). The group of patients with persistent seizures was further 
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classified as drug-resistant or non-resistant according to ILAE guidelines (22). A patient was 

classified as pseudo-resistant when having persisting seizures due to incompliance to antiepileptic 

therapy or avoidance of seizure provoking factors. 

 

Statistics 

Anonymized data was analyzed using SPSS 24. Data were stored using REDCap provided by the 

University of Southern Denmark and Microsoft Sharepoint provided by the Region of Southern 

Denmark. We used the Mann-Whitney Test for numerical data and the Chi-squared test and 

Fisher’s exact test for categorical data. We used a 0.05 significance level.  
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RESULTS 

Patient cohort 

The patients’ demographics and characteristics are given in Table 1. The population with available 

first time EEG was slightly less severely affected (e.g. fewer anti-epileptic drugs tried, lower 

proportion of patients with drug-resistant epilepsy) as compared to the near population-based cohort 

of 455 patients (Table 1) described previously (2). In contrast, the patients in the cohort with 

recurrent seizures were older and more severely affected with a higher proportion of drug-resistant 

patients and patients needing polytherapy (Table 1). The prevalence of interictal epileptiform 

elements in the first EEG of untreated patients later diagnosed with IGE and treated patients with 

IGE and recurrent seizures is given in Table 2. In untreated patients with normal first EEG and 

clinical suspicion of IGE, an EEG after sleep deprivation was performed in 14 patients, 13 of them 

showed interictal discharges (Table 2).  

 

Interictal epileptiform elements in untreated patients and seizure outcome 

Table 3 gives an overview of the interictal elements identified in the first routine EEG performed 

after first seizure and seizure outcome. The prevalence of GPT (n=1, 1.3%) and prolonged 

epileptiform EEG runs (n=13, 16.5%) was low, the only patient with GPT was pseudo-resistant at 

last follow-up. Both interictal epileptiform elements were not significantly associated with seizure 

outcome or drug-resistance. 

 

Interictal epileptiform elements in the patients with recurrent seizures and seizures outcome 

In routine EEGs from patients receiving anti-epileptic treatment and suffering from recurrent 

seizures, GPT were found in three patients, two of them later developed drug-resistant IGE (22). 

The difference did not reach statistical significance. Prolonged epileptiform EEG runs were found 
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in seven patients, five of them became drug-resistant (p=0.004). Also other interictal epileptiform 

elements, like GPFA were significantly associated with drug-resistant epilepsy (Table 4). In this 

cohort, the sensitivity of prolonged epileptiform EEG for the detection of drug-resistant epilepsy 

was 0.28, the specificity was 0.79 (Youden’s index: 0.1 (23)), similar calculations with GPT were 

not meaningful due to the low prevalence.   
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DISCUSSION 

In clinical practice, information about the expected clinical course and treatment response after a 

diagnosis of IGE would improve and accelerate treatment by avoiding futile treatment efforts with 

less effective drugs like lamotrigine. We therefore studied the diagnostic accuracy of two described 

EEG biomarkers (GPT, prolonged epileptiform EEG runs) for drug-resistant IGE in a real-life first 

seizure clinic setting. In this cohort, none of the two biomarkers was significantly associated with 

long-term outcome. 

The first seizure cohort was not substantially biased as indicated by the comparison with our large, 

near-population-based cohort (2, 3) and is therefore likely to be representative. The rate of normal 

EEGs in our cohort was in line with other studies (24). If referred for sleep deprivation EEG, most 

patients showed the typical interictal discharges associated with IGE. We chose to analyze the 

initial EEGs only because we aimed at evaluating the diagnostic yield of the described biomarkers 

based on the standard EEGs available at the first consultation in an Epilepsy Clinic in a real-life 

first seizure clinic setting. The analysis of selected patients only (e.g. with clinical need for sleep 

EEG) or a mixed population with patients with and without sleep deprivation EEGs would have 

substantially biased this analysis.  

Although we could confirm the initial reports (describing an association of GPT and prolonged 

epileptiform EEG runs with drug-resistant epilepsy) in patients with recurrent seizures under anti-

epileptic treatment, the clinical relevance of these changes remained limited. The main reason for 

the low accuracy was the very low prevalence of both EEG abnormalities. This is in line with the 

observations by Sun et al. (20) that found GPT mainly associated with sleep, which is hardly ever 

achieved in a standard routine EEG (<20% in our cohort). Conversely, only few patients of the first 

seizure cohort actually developed drug-resistant IGE at last follow-up, which indicate that a larger 

cohort might have allowed detecting a minor association. If the analysis of additional sleep 
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deprivation EEGs would have increased the diagnostic yield of the two interictal patterns to some 

extent, remains unclear. In our cohort, the 14 EEGs after sleep deprivation unveiled only a single 

patient with prolonged epileptiform EEG runs.  

We noted that almost all interictal abnormalities were associated with drug-resistant IGE, when 

analyzing patients with a follow-up EEG due to recurrent seizures despite of anti-epileptic 

treatment. In contrast, the same interictal abnormalities hardly showed any association with long-

term outcome in patients at diagnosis without anti-epileptic treatment despite a similar prevalence 

of e.g. GPT and prolonged epileptiform EEG runs. Given that a substantial proportion of our 

patients in the cohort under ongoing anti-epileptic treatment suffered from provoked seizures (e.g. 

due to incompliance to medication), one might speculate that lack of suppression of interictal 

discharges by anti-epileptic treatment (i.e. normalization of the EEG) rather than specific interictal 

abnormalities might partly explain the association of GPT and epileptiform EEG runs with drug-

resistant IGE. 

The low prevalence of GPT in our and other cohorts (11, 12, 20) may suggest that these patients 

differ from “normal IGE” patients. It would be tempting to perform an advanced imaging and 

genetic screening of these patients to further understand, if and how these patients otherwise differ 

from the vast majority of IGE patients. However, based on the clinical characteristics available in 

this study, we did not find obvious differences in the GPT group. Normal development and normal 

EEG certainly argues against clinical misdiagnosis of these patients (25). Due to the low absolute 

number of patients, further studies on these patients are needed to confirm or refute this assumption. 

 

CONCLUSION 
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GPT and prolonged epileptiform EEG runs were associated with persistent seizures and drug-

resistant IGE but the overall prevalence was low. In a first seizure clinic setting using the patients’ 

first standard outpatient EEG, the diagnostic value of these biomarkers was limited. 
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TABLES 
 
Table 1: Patient population  
    
Characteristics Population-

based cohort 
n=455 

First-time 
seizure 
n=79 

P-value 
(alle vs. 

first-time 
seizure) 

 

Persistent 
seizure 
cohort 
N=69 

P-value 
(first-time 

vs. 
persistent 
seizures) 

 
Gender, n (%)       
     Male 188 (41.3%) 35 (44.3%) NS* 45 (65.2%) NS* 
     Female 267 (58.7%) 44 (55.6%)  24 (34.8%)  
Age at diagnosis, years (mean± 
SD) 

16 (±8) 19 (±9) <0.001 15 (±7) 0.01 

Age at inclusion, years (mean ± 
SD) 

36 (±16) 27 (±14) <0.001 40 (±17) <0.001 

Number of AEDs tried 
    1 
    2 
    3 
    >4 

 
170 (37.4%) 
138 (30.3%) 
112 (24.6%) 

35 (7.7% 

 
40 (50.6%) 
22 (27.8%) 
13 (16.5%) 
4 (5.1%) 

 
0.01 

 
13 (18.8%) 
24 (34.8%) 
22 (31.9%) 
10 (14.5%) 

 
<0.001* 

Currently seizure free, n (%) 298 (66.5%) 53 (67.1%) NS* 27 (39.1%) 0.001* 
Pseudo-resistant/ undetermined, 
n (%) 

58 (12.9%) 12 (15.2%) NS* 18 (26.1%)  

Currently not seizure free 92 (20.5%) 12 (15.2%) NS* 24 (34.8%) 0.005* 
Drug resistant, n (%) 48 (10.6%) 3 (3.8%) 0.03# 18 (26.1%) <0.001* 
MRI/CTC available, n (%) 349 (79.2%) 72 (91.2%) NS* 59 (85.5%) NS* 
Seizure types      
     Myoclonus only, n (%) 10 (2.2%) 4 (5.1%) NS* 0 (0%) <0.001* 
     Absences only, n (%) 29 (6.4%) 8 (10.1%)  4 (5.8%)  
     GTC only, n (%) 125 (27.7%) 28 (35.4%)  15 (21.7%)  
     Myoclonus and GTC, n (%) 89 (19.7%) 18 (22.8%)  7 (10.1%)  
     Absences and GTC, n (%) 98 (21.7%) 13 (16.5%)  22 (32.0%)  
     All 3 seizure type, n (%) 97 (21.7) 9 (10.1%)  21 (30.4)  
 
* Chi-square test 
#Fisher’s exact test 
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Table 2: Overview over interictal patterns 
 
Interictal pattern 
 

First seizure 
cohort 
(n=79) 

Sleep EEG 
after normal 

1. EEG 
(n=14) 

Persistant 
seizure 
cohort 
(n=69) 

Spike-wave complex 42 (53.2%) 13 (92.9%) 22 (31.9%) 
Polyspike-wave 
complex 

21 (26.6%) 9 (64.2%) 19 (27.5%) 

Focal spikes 15 (18.9%) 2 (14.3%) 10 (14.5%) 
GPT 1 (1.3%) 0 (0.0%) 3 (4.3%) 
GPFA 15 (18.9%) 1 (7.1%) 9 (13.0%) 
Prolonged epi. EEG 
runs 

13 (16.5%) 1 (7.1%) 7 (10.1%) 

No ictal changes 26 (32.9%) 0 (0.0%) 43 (62.3%) 
Max. sleep stage  
    0 
    I 
    II 
    III/IV 

 
45 (57.0%) 
19 (24.1%) 
14 (17.7%) 

1 (1.3%) 

 
6 (42.8%) 
5 (35.7%) 
3 (21.4%) 
0 (0.0%) 

 
42 (60.9%) 
15 (21.7%) 
8 (11.9%) 
2 (3.0%) 

Normal EEG at all 
time points 

5 (6.3%) n.a. 7 (10.1%) 
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Table 3: Interictal patterns and drug-resistance in the first seizure cohort 
 
Interictal pattern 
 

Seizure free 
>1 year 
(n=53)* 

Persistent 
seizures 
(n=24) 

P-
value  

 

Non-resistant 
(n=76) 

Resistant  
(n=3) 

P-
value  

 

Spike-wave complex 25 (47.2%) 19 (79.2%) 0.009§ 43 (56.6%) 2 (66.7%) 0.73§ 
Polyspike-wave 
complex 

14 (26.4%) 5 (20.8%) 0.59# 19 (25.0%)  0 (0.0%) 0.32# 

Focal spikes 9 (17.0%) 6 (25%) 0.41# 15 (19.7%) 0 (0.0%) 0.39# 
GPT 0 (0%) 1 (4.2%) 0.14# 1 (1.3%) 0 (0.0%) 0.84# 
GPFA 8 (15.1%) 7 (29.2%) 0.15# 14 (18.4) 1 (33.3%) 0.52# 
Prolonged epi. EEG 
runs 

7 (13.2%) 5 (20.8%) 0.39# 12 (15.8%) 0 (0.0%) 0.46# 

 

*two patients have been excluded from the analysis due to follow-up <1 year 
#Fisher’s exact test 
§X2 test 
 
 
 
 
Table 4: Interictal patterns and drug-resistance in patients with recurrent seizures 
 
Interictal pattern 
 

Seizure free 
>1 year 
(n=27) 

Persistent 
seizures 
(n=42) 

P-
value  

 

Non-resistant 
(n=51) 

Drug-
resistant  
(n=18) 

P-
value  

 

Spike-wave complex 8 (29.6%) 15 (35.7%) 0.39§ 13 (25.5%) 10 (55.6%) 0.02§ 
Polyspike-wave 
complex 

4 (14.8%) 14 (33.3%) 0.18# 10 (19.6%) 8 (44.4%) 0.04§ 

Focal spikes 4 (14.8%) 6 (14.3%) 0.95# 5 (9.8%) 5 (27.8%) 0.06# 
GPT 0 (0.0%) 3 (7.1%) 0.16# 1 (2.0%) 2 (11.1%) 0.10# 
GPFA 0 (0.0%) 9 (21.4%) 0.01# 3 (5.9%) 6 (33.3%) 0.03# 
Prolonged epi. EEG 
runs 

0 (0.0%) 7 (16.7%) 0.03# 2 (3.9%) 5 (27.8%) 0.004# 

 
#Fisher’s exact test 
§X2 test 
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