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Abstract

Introduction: The authors tested the hypothesis that the EEG feature generalized polyspike train 

(GPT) is associated with drug-resistant idiopathic generalized epilepsy (IGE).

Methods: The authors conducted a single-center case–control study of patients with IGE who 

had outpatient EEGs performed between 2016 and 2020. The authors classified patients as drug-

resistant or drug-responsive based on clinical review and in a masked manner reviewed EEG 

data for the presence and timing of GPT (a burst of generalized rhythmic spikes lasting less than 

1 second) and other EEG features. A relationship between GPT and drug resistance was tested 

before and after controlling for EEG duration. The EEG duration needed to observe GPT was also 

calculated.

Results: One hundred three patients were included (70% drug-responsive and 30% drug-resistant 

patients). Generalized polyspike train was more prevalent in drug-resistant IGE (odds ratio, 3.8; 

95% confidence interval, 1.3–11.4; P = 0.02). This finding persisted when controlling for EEG 

duration both with stratification and with survival analysis. A median of 6.5 hours (interquartile 

range, 0.5–12.7 hours) of EEG recording was required to capture the first occurrence of GPT.
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Conclusions: The findings support the hypothesis that GPT is associated with drug-resistant 

IGE. Prolonged EEG recording is required to identify this feature. Thus, >24-hour EEG recording 

early in the evaluation of patients with IGE may facilitate prognostication.
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Although most patients with idiopathic generalized epilepsy (IGE) are well-controlled on 

anti-seizure medications (ASMs), one third of them continue to have refractory seizures.1-5 

Accurately predicting drug resistance would facilitate early aggressive management. The 

newly defined EEG feature generalized polyspike train (GPT) was reported to predict 

drug resistance, although this finding was not confirmed in a subsequent study.6,7 Several 

limitations prevent us from using GPT in clinical practice. First, the association between 

GPT and drug resistance remains unclear given these conflicting results. Second, EEG 

duration may be an unmeasured source of bias if we are more likely to capture GPT 

in patients with longer EEG durations and if clinicians tend to order more frequent or 

long-duration EEGs in drug-resistant patients. Finally, the probability of identifying GPT 

on a routine EEG is low,7 and we do not know the EEG duration required to capture this 

feature.

Given that these unanswered questions limit our understanding of the relationship between 

GPT and drug-resistant IGE and the utility of this biomarker in clinical practice, we 

performed a retrospective study of patients with IGE. We compared the presence and 

timing of several EEG features between drug-resistant and drug-responsive patients. Our 

goals were to (1) determine the relationship between GPT and drug resistance before and 

after controlling for EEG duration—testing the hypothesis that EEG duration confounds the 

apparent relationship between GPT and drug resistance—and (2) identify how long we must 

record EEG to capture GPT.

METHODS

Patients

This study was approved by the institutional review board at the University of Pennsylvania. 

Written informed consent was waived by the institutional review board. We performed 

a single-center retrospective case–control study, enrolling patients who were evaluated at 

University of Pennsylvania for IGE and had outpatient EEGs between January 1, 2016 

and February 28, 2020. We queried our EEG database to include EEGs with either 

generalized spike–wave discharges (GSW) or polyspike-and-wave discharges (PSW). We 

excluded patients with (1) a clinical history inconsistent with IGE (as interpreted by the 

treating epileptologist), (2) cortically based epileptogenic lesions on neuroimaging, (3) 

focal neurologic deficits, (4) intellectual disability, (5) shorter than 1 year of follow-up 

or anti-seizure drug treatment, (6) abnormal EEG background, or (7) no available outpatient 

EEGs.
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Study Procedure and Clinical Chart Review

EEG and clinical charts were reviewed by five clinical epilepsy fellows with at least 6 

months experience in epilepsy and EEG review (E.C.C., N.C., T.G., J.J.G., and E.T.) and one 

board-certified epileptologist (C.A.E.). No reviewer was assigned the same patient’s EEG 

and clinical chart to ensure blinding. Clinical reviewers assessed charts for exclusion criteria 

and determined whether patients were drug resistant at their most recent clinical encounter, 

using the International League Against Epilepsy definition of continued unprovoked seizures 

in the previous 12 months despite adequate trials of two tolerated, appropriately chosen 

ASMs (noting that the longest pretreatment interseizure interval was often unknown).8,9 

Appropriately chosen ASMs included valproic acid, clobazam, clonazepam, ethosuximide, 

felbamate, lamotrigine, levetiracetam, topiramate, zonisamide, and perampanel. Next, 

reviewers determined the IGE syndrome,10-12 age of epilepsy onset, presence or absence 

of family history of epilepsy, number of seizure types, and number of ASMs tried.

EEG Acquisition and Classification

We acquired EEG by 21-channel electrodes according to the international 10 to 20 system 

of placement with a sampling rate of 256 Hz. We reviewed EEG data using Natus Database 

Version 8.5. We manually reviewed the entire duration of all available outpatient EEGs for 

each patient. Following the protocol from the original report on GPT,6 we recorded the 

presence of GSW, PSW, GPT, generalized paroxysmal fast activity (GPFA), generalized 

low-voltage fast activity, focal slowing, and focal discharges. We defined PSW as two or 

more generalized discharges in a row followed by a surface-negative slow wave. Generalized 

polyspike train was defined as a high-amplitude burst of at least five generalized rhythmic 

discharges with frontal predominance lasting less than 1 second (Fig. 1). Generalized 

paroxysmal fast activity was defined as a high-amplitude burst of generalized rhythmic 

discharges with frontal predominance lasting more than 1 second. We defined generalized 

low-voltage fast activity as a noticeable generalized decrease of voltage with a marked 

increase of signal frequency. We marked whether each feature was present during sleep 

and/or wakefulness. Next, a second reviewer (E.C.C. or C.A.E.) reviewed EEGs again to 

confirm EEG markings, to identify the time to the first occurrence of each feature, and 

to determine whether instances of GPT occurred during periods of hyperventilation or 

photic stimulation. Cases of disagreement between the first and second EEG reviewer or 

ambiguous EEG features were adjudicated by a board-certified epileptologist (C.A.E.).

Statistical Analysis

We compared clinical factors between drug-responsive and drug-resistant patients. We 

used a Fisher exact test to compare categorical variables with two levels, a χ2 test of 

independence to compare categorical variables with more than two levels, and a Wilcoxon 

rank sum test to compare continuous variables.

We next examined the association between GPT and drug resistance, ignoring EEG duration. 

We performed univariate analyses comparing the prevalence of EEG features in drug-

resistant and drug-responsive patients using Fisher exact tests. We then performed the same 

analyses stratifying EEG features by whether they occurred during sleep or wakefulness. 

We next tested for an association between GPT and drug resistance after redefining 
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drug resistance to require a trial of valproic acid.6 We also compared the prevalence of 

GPT across different IGE syndromes using a χ2 test of independence. Finally, we used 

logistic regression to test for an independent relationship between GPT and drug resistance, 

controlling for clinical variables (sex, age of epilepsy onset, age at EEG, number of seizure 

types, and whether valproic acid was tried). We excluded family history and IGE syndrome 

so as not to exclude patients with missing data for these variables. We also excluded the 

number of ASMs tried as this variable was thought to closely reflect the definition of drug 

resistance.

Next, we used two methods—stratification and survival analysis—to test for a relationship 

between GPT and drug responsiveness controlling for EEG duration. We first performed 

separate Fisher exact tests to compare the presence of GPT amongst drug-responsive and 

drug-resistant patients in those with EEG <1 hour (N = 57) and those with EEG >1 

hour (N = 46). We used a Cochran–Mantel–Haenszel test to combine odds ratios (ORs) 

across strata.13 Separately, we performed a survival analysis comparing the time to the 

first occurrence of GPT between drug-responsive and drug-resistant patients. We used a 

right-censored log-rank test with the end of EEG recording taken as censoring time.

Finally, we determined the recording duration needed to capture different EEG features. We 

compared the time to the first occurrence of the four most common EEG features (GSW, 

PSW, GPT, and GPFA) in subjects who experienced these events. We used a Kruskal–Wallis 

test with post-hoc Dunn–Sidak tests to test for individual significant intergroup differences. 

We confirmed significant pairwise differences from this analysis with an additional test 

for partially overlapping samples.14-16 For each pair of EEG features with a significant 

difference in time to capture the feature with the above analysis, we separated patients into 

those with both features present and those with just one of the features present. For patients 

with both features, we performed a Wilcoxon signed rank test to compare the time to first 

occurrence. For patients with only one feature, we performed a Wilcoxon rank sum test. 

We combined the paired and unpaired P-values from the two tests using Fisher17 combined 

probability test.

All analyses were performed in Matlab R2019a (The Mathworks, Natick, MA) except 

for the log-rank test, which was performed using the Survival package in R.18,19 All 

de-identified data, along with Matlab and R scripts to perform the analysis, are available 

on GitHub (https://github.com/erinconrad/ige_project).

RESULTS

One hundred ninety-five EEGs from 152 patients were reviewed, representing 2,532 hours 

of EEG data. Forty-nine patients were excluded: 38 met clinical exclusion criteria (10 for 

less than 1 year of follow-up or ASM treatment, 27 for clinical phenotype inconsistent with 

IGE, and 1 for abnormal neurologic examination) and an additional 11 met EEG exclusion 

criteria (two for abnormal EEG backgrounds and nine for inaccessible outpatient EEGs). 

This resulted in 103 included patients. Table 1 shows summary clinical characteristics.
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Relationship Between GPT and Drug Responsiveness

Figure 1 shows an example of a single time point of EEG from one patient with both 

GPT and GPFA on a single page, demonstrating that these features sometimes had similar 

morphology. Table 2 shows the prevalence of EEG features. Generalized polyspike train 

was associated with drug resistance (P = 0.02), although this finding was nonsignificant 

when correcting for testing multiple EEG features (α = 0.006). The association between 

GPT and drug resistance persisted when we required a trial of valproic acid to meet criteria 

for drug resistance, as in the original report on GPT.6 Seven of 22 (31.8%) drug-resistant 

patients who had tried valproic acid had GPT, and 9 of 81 (11.1%) remaining patients 

had GPT (Fisher exact test: OR, 3.7; 95% confidence interval [CI], 1.2–11.6; P = 0.04). 

The association between GPT and drug resistance remained when controlling for clinical 

variables using a logistic regression model (adjusted OR, 3.6; 95% CI, 1.0–13.0; P = 0.04).

We also compared the prevalence of GPT across IGE syndromes. Two patients were 

excluded because of incomplete documentation precluding determination of IGE syndrome. 

Generalized polyspike train was present in 1 of 14 (7.1%) patient with childhood absence 

epilepsy, 3 of 16 (18.8%) patients with juvenile absence epilepsy, 5 of 41 (12.2%) patients 

with juvenile myoclonic epilepsy, 3 of 24 (12.5%) patients with epilepsy with generalized 

tonic–clonic seizures alone, and 3 of 6 (50%) patients with unclassified IGE. There was no 

significant association between the presence of GPT and IGE syndrome (χ4
2 = 7.0, P = 0.13).

Table 3 shows the relationship between EEG features and drug responsiveness in sleep 

versus wakefulness. There was no significant relationship between any EEG feature and 

drug resistance when stratifying by sleep and wakefulness. There were nonsignificant 

associations (P < 0.05, α = 0.003) of more frequent GPT during sleep, GPFA during sleep, 

GPT or GPFA during sleep, and focal discharges during wakefulness among drug-resistant 

patients. The ORs for the relationship between GPT and drug resistance were similar during 

sleep (3.8) and wakefulness (4.4). Of the eight patients who had GPT while awake, five 

(62.5%) had EEGs including hyperventilation and six (75%) had EEGs including photic 

stimulation. None of these patients had GPT during hyperventilation or photic stimulation.

Relationship Between GPT and Drug Responsiveness, Controlling for Duration

Figure 2A shows a histogram of EEG durations across patients. This highlights that most 

patients (N = 57) had less than 1 hour of recording and the remainder (N = 46) had a broad 

distribution of longer studies.

Restricting analysis to patients with less than 1 hour of EEG recording, there was no 

difference in the prevalence of GPT among drug-responsive (N = 2/42, 4.8%) and drug-

resistant patients (N = 1/15, 6.7%; Fisher exact test: OR, 1.4; 95% CI, 0.1–17.0; P = 

1.00). Restricting analysis to patients with more than 1 hour of EEG recording, 5 of 30 

drug-responsive patients (16.7%) and 8 of 16 drug-resistant patients (50.0%) had GPT 

(OR, 5.0; 95% CI, 1.3–19.7; P = 0.04). The combined OR across strata was 3.7 (Cochran–

Mantel–Haenszel test: 95% CI, 1.2–11.8; χ1
2 = 5.0; P = 0.03). This suggests a persistent 

association of higher rates of GPT when controlling for duration.
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We next performed a survival analysis comparing the time to first occurrence of GPT 

amongst drug-responsive versus drug-resistant patients, censoring by the end of EEG. There 

was again an association of earlier time-to-first occurrence of GPT among drug-resistant 

patients (log-rank test: χ1
2 = 4.6, P = 0.03). Figure 2B shows a Kaplan–Meier curve of the 

probability of remaining without occurrence of GPT over time.

Association of EEG Features with EEG Duration

Figure 3 shows the recording duration needed to capture various EEG features. The median 

time to the first occurrence of EEG features among patients with the feature was 12.0 

minutes (interquartile range, 5.0–39.5 minutes) for GSW, 29.0 minutes (12.5–174.2) for 

PSW, 387.0 minutes (27.0–759.0) for GPT, and 175.0 minutes (21.0–489.0) for GPFA. 

Among patients with GPT present, 31.2% of them had GPT in the first hour, and 90% 

had GPT within the first 42.4 hours. EEG features differed in the time to first occurrence 

(Kruskal–Wallis: χ3
2 = 22.8, P < 0.001). The time to first occurrence was higher for GPT than 

for GSW (post-hoc Dunn–Sidak test, P < 0.001) and for PSW than for GSW (P = 0.04). 

These differences remained using our additional test for overlapping samples (GSW-PSW 

comparison: P < 0.001, GSW-GPT comparison: P = 0.005, α = 0.008). Other comparisons 

were nonsignificant (GSW vs. GPFA: P = 0.08, PSW vs. GPT: P = 0.12, PSW vs. GPFA: P 
= 0.85, GPT vs. GPFA: P = 0.99).

DISCUSSION

Our study supports the hypothesis that GPT is a biomarker of drug-resistant IGE and 

offers two additional findings: (1) the relationship between GPT and drug resistance is 

not explained by longer EEG recordings in drug-resistant patients and (2) prolonged EEG 

recordings are needed to capture GPT.

We found a consistent association between GPT and drug resistance (OR, 3.8; 95% CI, 

1.3–11.4; P = 0.02) across several analyses. This finding was significant when taken alone 

as a test of our primary hypothesis, although nonsignificant when correcting for testing 

multiple EEG features. Given the significant association in the original GPT study and 

the nonsignificant association in the 2020 follow-up study, our findings support a true 

association between GPT and drug resistance.

We hypothesized a source of bias whereby GPT may merely signify longer EEG recordings 

rather than independently mark drug resistance. We based this hypothesis on the expectation 

that (1) GPT may be captured more frequently in longer EEG recording and (2) clinicians 

may be more likely to order more or longer EEGs in drug-resistant patients.8 The persistent 

association between GPT and drug resistance controlling for EEG duration oppose this 

hypothesis.

Generalized polyspike train and GPFA demonstrated substantial overlap (about half of 

patients who had either feature had both). These features also had similar associations 

(OR 3.8 for GPT, 4.1 for GPFA) with drug-resistant IGE. Furthermore, we found multiple 

instances (Fig. 1) in which GPFA and GPT occurred in the same patient in close temporal 
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proximity and with similar morphology. These findings, combined with the somewhat 

arbitrary cutoff of >1 second for GPFA and < 1 second for GPT6,20 and the fact that the 

relative frequencies of these features have varied widely across studies,6,7 suggest that GPT 

and GPFA likely represent a continuum of the same electrographic phenomenon and perhaps 

the same underlying pathophysiology.

Generalized paroxysmal fast activity is frequently described in patients with Lennox–

Gastaut syndrome, a generalized epilepsy syndrome characterized by intractable seizures 

and encephalopathy.20,21 Generalized paroxysmal fast activity has also been increasingly 

recognized in intractable IGE.22,23 It is hypothesized that the prolonged burst of discharges 

seen in GPFA may reflect a failure of GABAergic inhibition.24,25 This inhibitory breakdown 

may link drug-resistant IGE and Lennox–Gastaut syndrome. If this is true, our findings 

would suggest that both GPT and GPFA represent different points along the continuum of 

failed inhibition.

The median time to first occurrence of GPT was 6.5 hours, and 42.4 hours were needed to 

achieve a 90% sensitivity for GPT in our dataset. This implies that most patients require 

prolonged EEGs—specifically, a >24-hour study—to capture GPT. Generalized polyspike 

train was about twice as common in sleep as in wakefulness, consistent with previous 

studies,6,7 suggesting that a routine EEG including sleep may increase the chance of 

capturing GPT. Because all our prolonged EEG recordings included sleep, we could not 

separate the effect of prolonged recordings from that of sleep recordings on likelihood of 

capturing GPT. We did not replicate the finding in the original report on GPT that GPT 

during sleep in particular was associated with drug resistance.6,7

We determined drug resistance at the time of the most recent clinical encounter; however, 

we reviewed all EEG data since 2016. It is possible that some patients classified as 

drug-responsive would have been classified as drug-resistant at the time their EEGs were 

obtained, and vice versa. This limitation is hard to avoid: attempts to align EEGs to clinical 

assessments are impeded by the fact that EEGs are often obtained several months away from 

patients’ nearest clinical encounters. An additional limitation is that our method of enrolling 

patients according to the reported presence of GSW or PSW on an EEG possibly introduces 

bias. If GSW and PSW are themselves associated with drug-resistant IGE, then we may have 

preferentially selected for a drug-resistant cohort. However, the rate of drug resistance in 

our population (30.1%) is similar to that reported in other studies.3,5-7 Also, other recent 

studies suggest that GSW and PSW do not predict drug resistance.6,7 We believe that our 

patient population is representative of the larger cohort of IGE patients in our health system. 

We also do not know the rate of pseudoresistance in our population, or the rate of seizure 

underreporting, as these are challenging to determine clinically.8 These phenomena would 

both lead to misclassification of some drug-resistant patients as responsive, and vice versa. 

Assuming these phenomena are independent of GPT, we would expect this effect to decrease 

the sensitivity and specificity of GPT for drug resistance, rendering the study less powerful.

Our study suggests that GPT is more common in drug-resistant IGE and that prolonged 

recordings are needed to capture GPT. These combined findings argue for a change in 

practice toward obtaining >24-hour EEGs earlier in IGE management. Earlier recognition 
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of GPT in patients with IGE may facilitate prognostication in IGE and alter future 

management.
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FIG. 1. 
Example of a single patient showing an occurrence of both GPFA (>1 second) and GPT 

(<1 second) in close temporal proximity on a bipolar montage (A) and average referential 

montage (B). In this example, the two electrographic features have similar morphology. 

GPFA, generalized paroxysmal fast activity; GPT, generalized polyspike train.

Conrad et al. Page 10

J Clin Neurophysiol. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIG. 2. 
A, Histogram showing the distribution of total EEG durations across patients. Most patients 

had less than 1 hour of EEG recording. B, Kaplan–Meier curve showing the probability of 

a patient remaining without GPT as a function of recording duration. Check marks indicate 

the end times of EEG recording for each patient, taken as censoring times. GPT, generalized 

polyspike train.
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FIG. 3. 
A, The percentage of patients with each EEG feature whose feature occurred by a given 

time. Only patients who ever had the listed EEG feature are included. B, The percentage of 

patients with each EEG feature whose feature occurred within the first hour of recording. 

This is the proportion of patients in whom a routine outpatient EEG is expected to capture 

a feature, given that it is present in the patient. GPFA, generalized paroxysmal fast activity; 

GPT, generalized polyspike train; GSW, generalized spike-wave; PSW, polyspike-and-wave.
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