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Effect size

• Mixed effects models were used to identify relationships between task performance, pupil size, and neural activity.
• Using EEG-ViT2,3 architecture, participant-specific models were trained to predict pupil diameter time courses from SEEG signals. 

Effects of interictal epileptiform discharges on cognitive performance and pupillometry in 
pediatric epilepsy: a multi-modal deep learning approach
Vicki Li1, Simeon M Wong1,2, Hrishikesh Suresh1,2,3, Nebras M Warsi1,2,3, Sebastian Coleman1, Karim Mithani1,2,3, Mark Ebden1, Puneet Jain4, Ayako Ochi4, Hiroshi Otsubo4, Lauren Sham4, 
Shelly Weiss4, Rohit Sharma4, Elizabeth Kerr5, Mary Lou Smith5,6, Elizabeth Donner4,5,  George M Ibrahim1,2,3,7

Introduction

Using intracranial recordings from children with epilepsy, we leverage deep learning to model pupillary time courses 
and explore the relationship between neural activity, pupil dynamics, and cognitive performance. Our findings reveal 
that interictal epileptiform activity disrupts task performance but has a variable impact on the neural-pupil 
relationship across participants.

At-a-glance

• Pupillary response reflects sensory and goal-oriented cognitive processes1, but specific contributions of cognitive processing to 
pupillary dynamics remains unclear.

• Impact of interictal epileptiform discharges (IEDs) on these relationships has not been thoroughly investigated. 

• We leverage deep learning and statistical models to uncover relationships between between pupil size, neural activity, and 
behavioural outcomes in the presence and absence of IEDs.
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Attentional networks that affect pupil size. Adapted from Strauch et. al. (2022)1.

Methods
Attentional Set-Shifting Task

Intracranial electroencephalography and eye-tracking
 simultaneously recorded during cognitive task
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• Smaller pupils associated with faster RT during peri-stimulus period (p < 0.05 corrected, bold line). 

• Larger pupils size associated with faster RT during inter-stimulus period (p < 0.05 corrected, bold line). 

• Pupil size may reflect attention in preparation for a task, but reflect cognitive load during a task.  
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Complex relationship between cognitive processing, pupillary 
dynamics, and IEDs in children with epilepsy.

Pupillometry may serve as a measure of cognitive function in 
pediatric epilepsy.

Further research required to explore the observed variability in 
IED effects on model performance across participants.

Absent Present
IED

40

20

0

20
No

rm
al

ize
d 

RT
 (m

s)

Shift trials (harder)

Absent Present
IED

100

0

100

Reaction time 
Non-shift trials (easier)

Shift trials (harder)

Absent Present
IED

0.01

0.00

0.01

No
rm

al
ize

d 
Si

ze
 (m

m
)

Absent Present
IED

0.06

0.04

0.02

0.00

0.02

Pupil size
Non-shift trials (easier)

p = 0.0002p = 0.02

p = 0.625p = 0.206

1.0 0.5 0.0 0.5 1.0
Time (s)

0.20 0.15 0.10 0.05 0.00 0.05 0.10 0.15
Change in Model Performance (R)

50

0

50

100

C
ha

ng
e 

in
 R

T 
(m

s)

R = 0.69, p = 0.013

5

Relationship between pupil size and reaction time is 
task-stage dependent

Impact of IEDs on deep learning model performance varies across participants

IEDs are significantly associated with increases in re-
action time but not changes in pupil size

Task relevant regions are associated 
with changes in pupil size 

IED impact on model performance is 
associated with change in reaction time
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