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Changes in the pattern of seizure progression can 
differentiate responders and non-responders 
treated using closed-loop brain stimulation

(Kokkinos et al., JAMA Neurology, 2019)

Two important effects correlated with patient response: 
indirect frequency modulation and fragmentation

Need computational tools to quantitatively evaluate 
the evolution of seizures: this requires automated 

segmentation and characterization

Fragmentation

Frequency Modulation
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progression

pattern 
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1)  Select channel and compute spectrogram

3) Frequency bins & Change detection sliding windows

Threshold:
50% of max 
within 1-sec 

window

Channel 4

Spectrogram
(STFT)

2)  Threshold the spectrogram using a sliding window

Freq. bins 
10Hz each;
6 bins from 

0-60 Hz

4) Compute 2-sample KS test on spectrogram power
before and after change point, for each frequency bin

Colored lines 
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6) Result

Aggregate (log) 
p-value shown 

in white; 
Negative peak-

detection to 
identify 

segments

5) Combine p-values across freq. bins using Fisher’s method

Segments 
with 

different 
frequency 

components 
clearly 

separated

Capturing different stages of Frequency Modulation

Capturing Fragmentation

Ongoing and future work
The ultimate goal is to use this segmentation tool to 
quantify biomarkers of the long-term effects of RNS

We are currently working on using features of the 
extracted segments to quantify the extent of 

frequency modulation and fragmentation
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𝑝 = 1

𝑝 = 10−10

𝑝 = 1

0 – 10 Hz
10 – 20 Hz
20 – 30 Hz
30 – 40 Hz
40 – 50 Hz
50 – 60 Hz

Detect changes 
between equal-

sized 2-sec 
windows

p-value for 50-60Hz
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Combined p-value
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Baseline

Segmenting 
frequency signatures 

allows for distance 
metrics to quantify 

extent of modulation
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Month 17

Segments corresponding 
to modulated frequency 

signatures identified

Difference from baseline can help quantify extent of modulation
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Stimulation artifact detected and removed

Segments corresponding to 
seizure differentiated from 

background

Example 1
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Edges of fragments 
accurately detected

Example 2


