Supplementary Material

Optimization procedure
To determine the virtual stimulation parameters, we performed a parameter sweep to find which
parameters separated EZ and non-EZ excitability most significantly in Engel 1 patients. The pulse
width, A(t), and duration of simulation were determined through the following optimization
procedure:
1. The pulse width was varied from 1 to 150 time steps
2. The analysis window was varied from 50 to 250 time steps
3. Foreach A(t) and window size pairing, we measured the cortical excitability in EZ
and non-EZ regions in all Engel 1 patients
4. The z-score of the median EZ distribution compared to the non-EZ distribution was
calculated to quantify which virtual input and response duration separated the two
groups most significantly.
In patients with Engel score 1 outcomes, median EZ and non-EZ cortical excitability was the most
significantly different when a unit pulse was applied, and excitability was measured over 50ms
(50 time steps). The determined parameters of 1 ms pulse width and 50 ms simulation duration
were utilized throughout the analysis. Interestingly, the 50 ms time coincides with the duration of

N1 response of CCEP.
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Supplementary Figure 1. Z-score heatmap of pulse duration and window size optimization when
median EZ value was compared to non-EZ disribution.

Excitability separation robust to patient gender, age, number of electrodes, and previous surgery
We found that cortical excitability as measured via virtual stimulation is robust across varying
numbers of electrodes, patient gender, patient age, or if previous surgery had been performed for
the patient. Distributions of excitabilities were not significantly different between category types
(p >>0.05).



>
o)

@ Age of 30 years or below

® Female @ Age of between 30-45 years
® Male 07k @ Age of 45 years or older
¢ EZEZ :
07 | O = ] ez excitability
£ [[] €z:Non-E2 5 o6l ] Non-E2 Excitability
S 06 [] Non-Ez:E2 z
ﬁ [] Non-EZ:Non-EZ g 05 .
Q 05 s I
c N S [
a .
ugf 0.4 - .E] 'E] . ¢ oaf 0’
< v g
& ' o N et 'B = c I H B
c o3 . . . E =] 3 o3l Ldeef ! I . Mae
o . s .
S ook o " . .
- o o o
02 .

Success Failure Success Failure
Patient Outcome Patient Outcome
c @ No previous surgery
® Less than 75 electrodes @ Previous surgery performed
@ Between 75 and 120 electrodes . @ Missing previous surgery data
0.7 |- @ 120 or more electrodes 0.7 - [ €2 Excitability
IS [ ez excitability E [[] Non-EZ Excitability
=
S 06 [] Non-EZ Excitability o 06
b= P4
] ]
2 ost [ ] . 2 05| T
o [}
Q N N Q
0 " $ 0.4
] - . = -
e 04 = @ x O el b
c - - . ,
o . © E A
For 1Y B JLeds Eerslildde L
. o - o H
0.2 02 oo
Success Failure Success Failure
Patient Outcome Patient Outcome

Supplementary Figure 2: Excitability metric is robust to (A) patient gender, (B) patient age, (C)
numbers of electrodes, and (D) previous surgery status. EZ excitability remains higher than non-
EZ excitability for all groups. The elevated excitability of EZ compared to non-EZ is notable in all
patient subgroups and the excitability values between corresponding groups (number of electrodes,
record of previous surgery, etc.) were not significantly different.

CCEP N1 RMS values compared to virtual responses

To evaluate the correlation between virtual stimulation and CCEPs, we identified the top 50%
most responsive channels with the highest CCEP N1 RMS values. Then, we measured the
excitability from virtual stimulation in the same subset of channels. From the 14 patients, we
excluded two with abnormally large CCEPs RMS values. We have plotted the CCEP/virtual
responses in two separate categories, one with more than 115 channels recorded for the patient
(n=4), and one with less than 115 channels recorded (n=8).
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Supplementary Figure 3: There is a significant positive correlation between CCEP NI RMS and
excitability from virtual stimulation for the 50% highest responding channels in the patients with
less than 115 channels recorded. There is a negative correlation for patients with more than 115

channels recorded.



