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Abstract
This research investigates how Interictal Epileptiform Dis-
charges (IEDs) affect cognitive control and decision-
making in epileptic patients. Using the Balloon Analog
Risk Task (BART) to examine decisions made under risk,
our study suggests that IEDs lengthen both response
times and balloon inflation times and indicates that these
discharges disrupt cognitive functions associated with
the prefrontal cortex. The results emphasize the need
for customized interventions to mitigate these effects and
improve cognitive efficiency and decision-making quality
in individuals with epilepsy.

Keywords: Interictal epileptiform discharge; Human prefrontal
cortex; Decision making; Cognitive control; Response time.

Introduction
Epilepsy is a neurological disorder defined by recurrent
seizures made up of repetitive, spatio-temporally evolving
paroxysmal bursts of neural activity. Interictal Epileptiform
Discharges (IEDs) are large amplitude pathological bursts
of activity that occur between seizures (Engel, 1984; Reed
et al., 2020). IEDs have a detrimental impact on memory
and cognitive processes (Nair, Morse, Mott, Burroughs, &
Holmes, 2014; Henin et al., 2021; Warsi et al., 2022), and
significantly impact response time in decision-making tasks
(Browne, Penry, Poter, & Dreifuss, 1974; Holmes, McKeever,
& Adamson, 1987; Krestel et al., 2023). In this study we
sought to understand how these endogenous neural disrup-
tions affected behavior and brain activity during value-based
decisions under risk. We show that IEDs affect neural com-
putations in neural circuits associated with decision-making,
leading to slower response times (RTs) and prolonged balloon
inflation times (ITs) in Balloon Analog Risk Task (BART).
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Figure 1: BART trial timeline: In each trial, a balloon is dis-
played on screen. Patients use a video game controller to
inflate the balloon, pressing the same button to halt inflation
and accumulate points based on the balloon’s size. If the bal-
loon pops before inflation is stopped, no points are awarded.
RT represents response time; IT represents the inflation time;
and r represents the radius of balloon during the inflation time
while rmax is the maximum radius capacity of the balloon. The
balloon will pop after when r gets larger than the maximum
radius capacity (rmax) for that trial.
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Figure 2: A. A subset of brain regions where electrodes
were implanted in patients: A medial view of relevant brain
areas. PRCU: precuneus, Cing: cingulate gyrus, PFC: pre-
frontal cortex, OFC: orbitofrontal cortex, AMY: amygdala,
PUT: putamen, HIPP: hippocampus. B. Example IEDs: A
patient’s multi-trial neural activity is depicted for right Superior
Temporal Gyrus (STG). The plot shows the amplitude of neu-
ral signals over time for different trials, with trials containing
IEDs highlighted in red. The x-axis represents time (s), and
the y-axis represents the LFP signal in different trials.

Methods
BART (Lejuez et al., 2002) is used to assess decision-making
under risk by simulating the inflation of a balloon, which in-
creases potential rewards but also the risk of popping and
losing all gains (Figure 1). In this work, we investigated
the influence of IEDs on RT and IT during BART. We ex-
amined a previously collected dataset of neural recordings
from 43 participants (21 female, mean age = 36 ± 10 years)
who completed an average of 233.2 ± 23.8 trials of BART
while undergoing invasive neuromonitoring for drug-resistant
epilepsy. Local field potentials (LFPs) were recorded from
3,259 stereo-electroencephalography (sEEG) and electrocor-
ticography (ECoG) contacts (M= 72.42 ± 17.17 electrodes per
participant). Numerous brain regions, such as anterior cingu-
late cortex (ACC), medial frontal cortex (MFC), orbitofrontal
cortex (OFC), medial frontal lobe (MFL), basal ganglia, me-
dial temporal lobe (MTL), occipital lobe, entorhinal cortex, and
insula that are relevant to cognitive control were implanted.
Figure 2A displays a subset of the relevant regions of the brain
where electrodes were placed. Electrodes were recorded bi-
laterally.

To detect IEDs, we found trials with outlying voltage ranges
using Inter-Percentile Range (IPR) method (Olver, 2010) (Fig-
ure 2B). We then found the approximate time of IED occur-
rence in each trial on each electrode. To do this, LFP signals
were first band pass-filtered with a 4th-order, Butterworth fil-
ter with a bandwidth of 5–25 Hz. Then the Hilbert transform
was applied to the filtered data to obtain the analytic signal,
from which the magnitude of the analytic signal was extracted.
Then, we found the the peak of the resulting signal, setting the
minimum peak height at 50% of the signal maximum value to
ensure only prominent peaks in each trial were considered.
These peaks were further refined to ensure a minimum tem-
poral separation of 100 ms, consistent with physiological limits
on IED duration.



We tested for differences in RT and IT across three time
windows relative to the stimulus onset (pre: 500 ms before
balloon onset to balloon onset; peri: 250 ms before and 250
ms after balloon onset; post: 500 ms after balloon onset) us-
ing Wilcoxon rank sum test (also known as the Mann-Whitney
U test). Using permutation test with 10,000 permutations, we
then examined where in the human brain IEDs affected the
decision-making computations that led to changed RTs and
ITs. Some channels in some brain areas where IEDs were de-
tected, demonstrates that their RTs and ITs significantly var-
ied (p<0.001) from channels without IED detection.

Results

We first examined the effect of IEDs occurring in three time
windows, coinciding with the appearance of the balloon, on
behavioral measures during BART. We found both signifi-
cantly longer aggregated RTs and ITs in trials in which IEDs
occurred (*p<0.001; Figure 3). These results show that IEDs
alter response behavior and risk assessment during BART.
Our next analysis focused on understanding how endogenous
disruptions of electrical brain activity in specific regions af-
fected behavior. Figure 4 shows the brain regions where IEDs
were detected that led to significantly altered RTs (Figure 4A)
and ITs (Figure 4B). We found that IEDs in parietal, prefrontal,
and thalamic regions had the largest effect on RT and IT dur-
ing BART.

Discussion

Our findings indicate that IEDs in brain regions associated
with cognitive functions are correlated with increased re-
sponse times and prolonged balloon inflation times in BART.
Variance in these behavioral measures increased markedly
across patients suggesting the potential for idiosyncratic ef-
fects of IEDs on neural computation during decision making.
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Figure 3: Comparing A. RTs and B. ITs in IED and non-IED
trials. X-axes show different time periods relative to balloon
onset. Y-axes show mean RT (A) and mean IT (B). Asterisks
show statistical significance between IED and non-IED trials in
terms of RT and IT. Each gray circle represents the mean RT
or IT across channels with significant IEDs for each patient.
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Figure 4: Percentage of channels by brain region showing
differences in IED vs. non-IED A. RTs and B. ITs. X-axes
highlight brain regions, sorted by decreasing percentage. Y-
axes show the percentage of electrodes, aggregated across
patients, whose ITs and RTs differed significantly in the pres-
ence of IEDs. This percentage of channels is calculated by
dividing the number of significant channels in a specific brain
area by the number of all channels in that brain area. The
number inside each bar shows number of significant channels
in a brain region across all patients. Each row shows the re-
sult of analysis in different time periods relative to stimulus
onset. These panels are color coded as in Figure 3. L: left
hemisphere, R: right hemisphere.

While all of the patients exhibited significantly increased
RTs, some patients interestingly exhibited decreased mean
ITs, suggesting that IEDs in some brain areas may increase
patients propensity to stop balloon inflation earlier, thereby
receiving a smaller reward. The specific brain regions high-
lighted here are important for decision-making and surpris-
ingly overlap with brain areas that encode reward prediction
and prediction error during BART (Cowan et al., 2024). Future
research will explore the impact of IEDs on specific features
of brain activity such as spectral representations and neural
firing rates associated with BART performance.
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