
Methods

Background

We selected 16 consecutive patients with pharmaco-resistant epilepsy that were explored in the SEEG
method during their presurgical evaluation. No constraints were put on their SOZ’s location or extent, to
best mimic the clinical reality. Single pulse electrical stimulations (SPES) (biphasic, 3ms, 0.25-5mA) were
applied to adjacent contacts while recording responses from the rest. (Valentin et al. 2002) We calculated
the early responses in the 10-110ms interval and considered only connections between contacts having a
RMS value within the 3 rd quartile (Q3) of all the responses in an individual patient, correlated with the
stimulation current (Spearman's rho> 0.5, p <0.05). (Donos et al, 2015)

Sublobar anatomical structures projecting to SOZ (inbound connections), as well as SOZ’s projections to
other structures (outbound connections) were systematically assessed. These were classified as either
pathologic (containing at least one contact with epileptic interictal activity) or physiologic. (Kahane P et al
2006) We thus defined SOZ’s connectome in each patient , naming it generically “epileptome”, and listed
it’s nodes before and after tailored resections. Postsurgical outcome was evaluated after >6 months
interval (mean 9) firstly in respect to seizure freedom (10 yes vs. 6 no) and then as Engel class. Non-
parametric statistical tests (Mann-Whitney U and Spearmann) were employed to asses the correlation and
monotony between different characteristics of these identified networks and clinical evolution.

Focal epilepsy is regarded increasingly as a network disease. In this conceptual frame, standardized tools that define the
effective connectivity of the seizure onset zone (SOZ) are needed (Yaffe et al 2014). Enatsu et al. demonstrated that low
frequency, asymptomatic electric pulses applied to the contacts with ictal debut partially revealed the epileptic propagation
areas. This proof of principle stands for the fact that a detailed neurophysiological mapping of the epileptogenic network can be
obtained interictally with limited resources. Our objective is to characterize the individual SOZ networks of a heterogeneous
group of pharmaco-resistant epilepsies and investigate its properties’ in relation with the post-surgical outcome.
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Conclusions
The balance between pathologic and physiologic structures projecting to SOZ is associated with post-

surgery outcome in our lot and can be assessed preoperatively. An ictal generator receiving mainly
projections from cortex displaying epileptiform activity appears to be a risk factor for a negative result,
supplementary to its incomplete resection. As these networks are multi-lobary extended, they can rarely
be interfered via lesional surgery, but might be addressed with post-surgical neuro-modulatory chronic
protocols in relapsed patients.
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Results
A large range of structures 8-100% (mean 55%, SD=25%), sampled for the SEEG exploration, were 

part of each patient’s epileptome. SOZ’s outbound projections were on average more numerous than the 
inbound ones (10.7 +/- 5.4 vs. 8.2 +/- 4.9, average ratio 0.76). Figures 2-7 demonstrate that the number of 
inbound or outbound connections per se are not of prognostic value (for example both Pat 3 with a small 
epileptomeand Pat 5 with a large one experienced a relapse post-operatively).          

However, postsurgical outcome was highly correlated with the proportion of pathologic structures in 
the inbound connections, both pre and post-surgery (62% in seizure free lot vs. 88% in not seizure free 
lot, MannWhitney-U p=0.02, Spearmann for Engel score rho=0.654, p=0.006), on the same order of  
magnitude as it was to the ratio of unresected to total SOZ contacts (p=0.03). The initial extent of the SOZ,  
or its outbound connections were not associated with seizure relapse, neither were the implantation’s 
extent, the total number or the ratio of pathological structures from those sampled. (please see Tabel 3.) 

INBOUND OUTBOUND

Abbreviation Structure's Name Abbreviation Structure’s name

A Amygdala OpR Operculum Rolandis

ACC Anterior Cingulate Cortex OpT Operculum Temporalis

aI Anterior Insula PCC Posterior Cingulate Cortex

BG Basal Ganglia PCL Paracentral Lobule

C Cuneus PHG Parahippocampal Gyrus

DLPFC Dorso-Lateral Prefrontal Cortex pI Posterior Insula

DMPFC Dorso-Mesial Prefrontal Cortex PMC Premotor Cortex

E Entorhinal PrC Precuneus

F Fusyform preSMA Pre-Supplementary Motor Area

Hc Hyppocampus R Precentral Gyrus

IPL Inferior Parietal Lobule S Postcentral Gyrus

ITG Inferior Temporal Gyrus SMA Supplementary Motor Area

LG Lingual Gyrus SPL Superior Parietal Lobule

MCC Middle Cingulate Gyrus STG Superior Temporal Gyrus

MOFC Mesial Orbito-Frontal Cortex Th Thalamus

MTG Middle Temporal Gyrus TP Temporal Pole

O Lateral Occipital TPO Temporo-Parieto-Occipital Junction

OF Orbito-Frontal V1 Primary Visual Cortex

OpF Operculum Frontalis VMPFC Ventro-Mesial Prefrontal Cortex

OpP Operculum Parietalis VLPFC Ventro-Lateral Prefrontal Cortex

Fig 1. Methodology outline exemplif ied in Pat 2 while stimulating on a SOZ –contact a nd recording in the PM C cortex (a) 20 SEEG traces, sorted by current intensity. 0.25-5mA. The time window for
calculating connectivity is emphas ized with a grey rectangle (b) – Stimulus response curve in the window of interest; The dotted line emphasizes the intens ity at which the RMS of the response surpasses
the globa l Q3 in this patient (c) - T ime-frequency map (d) Inbound epileptome is the sum of all structures projecting to the SOZ (d) Outbound epileptome is the sum of all structures tha t receive projections
from SOZ contacts

[M1]Explica de ce fereastra la DR-uri e 500ms si nu 1 s ca in definitie

Tabel 1. Acronyms used throughout the poster  for reffering to mapped sublobar  
anatomycal structures. An added    < ‘ > to the name symbolizes the left 
hemisphere.

Fig 2-7 The inbound (right) and outbound ( left) epileptomes of 5 representa tive epilepsy types selected from our lot, projected on their MRI. The structures’ point locations are obtained by mediating the Talairach
coordinates of the implanted contacts for that patient. The tip of the arrow dimensions is proportional with the connection’s strength (RMS value). Color code was used accordingly: PURPLE-contralateral connections,
ELSE-ipsilateral connections with RED: Inbound connections, BLUE-Frontal Outbound, GREEN-Temporal, YELLOW-Parietal, CYAN-Operculo-Insular.

Tabel 3. The SOZ dimensions, number of pathological structures implanted and epileptomes’ characteris tics in our 16 patients, ordered by surgery outcome. Statistical ana lysis performed between the
seizure free subgroup and non-seizure-free subgroup.

Epilepsy type
No. of 

patients
No. of S 
implant.

SOZ/T PAT/T
INB/T

(S)
patINB

(S)
INB/T

(L)
OUT/T

(S)
patOUT

(S)
OUT/T

(L)
OUT
/INB

FRONTAL
5 16 20% 69% 70% 63% 95%* 61% 80% 81% 0.9

TEMPORAL
8 17 21% 71% 41% 74% 60%* 68% 69% 89% 0.63

POSTERIOR
3 17 23% 85% 45% 78% 71% 59% 86%* 75% 1.4

ALL LOT
16 17 20% 76% 47% 72% 63% 61% 78% 84% 1.04

Tabel 4. Implantation characteris tics and epileptomes’ properties segregated by the lobar location of the SOZ. * marks significant differences (p<0.05, assessed with Mann-Whitney U test) between the
respective subgroup and the rest of the population. S-sublobar structures, L-loba r structures, SOZ-seizure onset zone, T-total structures/lobes implanted INB-inbound epileptome connections, OUT-
outbound epileptome connections, PAT-pathological.
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1 M 39 Occipito-
temporal L 11 104 Polimicrogyria Basal Occipito-

Temporal Engel I 17 10 12

2 F 40 Prefrontal L 11 141 Type II  B cortical 
dysplasia

Prefrontal Engel I 7 4 9

3 F 25 Temporal R 10 111 Type I  cortical 
dysplasia Amygdala Engel I 7 7 15

4 M 33 Frontal L 17 174 Type I  B cortical 
dysplasia Mesial Prefrontal Engel I 20 10 21

5 F 9 Frontal R 13 180 Type II  A cortical 
dysplasia

Lateral Prefrontal Engel I 10 17 24

6 M 28 Temporal plus R 17 188 Type I  cortical 
dysplasia Temporal Engel I 4 10 21

7 F 25 Bitemporal B 17 219 Type I  cortical 
dysplasia

Bitemporal Engel I 22 10 20

8 F 36 Opercular R 15 205 Type II  B cortical 
dysplasia

Parieto-Temporal 
Post Operculum Engel I 15 14 21

9 F 42 Temporal L 11 147 Not available Temporal Engel I 10 14 19

10 F 37 Temporal L 13 160 Non-specific gliosis
Temporal pole & 
Temporo-mesial Engel I 8 9 19

11 M 47 Temporal L 11 101 DNET Temporal Lateral Engel II 16 8 13

12 F 24 Frontal R 15 138 Type II  B cortical 
dysplasia Rolandic Engel II 19 9 11

13 F 35 Temporal R 12 160 Temporal sclerosis Amygdala Engel III 4 15 20

14 M 24 Occipital R 14 157 Type I  cortical 
dysplasia

Basal Occipito-
Temporal Engel III 16 13 17

15 F 46 Temporal R 9 102 Type II  B cortical 
dysplasia

Temporal pole & 
Temporo-mesial Engel III 16 8 14

16 F 11 Frontal R 9 183 Type II  A cortical 
dysplasia

Mesial and Lateral 
Premotor Engel III 8 11 17

Fig 1. Pat 12. Frontal-Rolandic Epilepsy. Large FCD II B. Engel II

Fig 2. Pat 8. Insulo-Opercular Epilepsy. FCD II B. Engel I

Fig 3. Pat 11. Temporal Lateral Epilepsy. DNET. Engel II

Fig 4. Pat 7. Bitemporal-Mesial Epilepsy. FCD I. Engel I

Fig 5. Pat 14. Occipital Epilepsy. Large FCD I. Engel III

Patient Seizure Free Surgical
Outcome

Nr. of SOZ 
structures

Percentage of SOZ 
contacts from 

total

Percentage of 
unresected SOZ 

contacts from all 
SOZ contacts

Nr. of pathological 
structures

Nr. of unresected 
pathological 

structures

Nr. of inbound 
structures

Percentage of 
pathological 

inbound 
connections

Percentage of 
pathological 

unresected inbound 
connections

Nr. of outbound 
structures

Percentage of 
pathological 
outbound 

connections

Percentage of 
pathological 
unresected
outbound 

connections

Inbound/ 
Outbound

1 Y Engel I 4 26% 29% 10 1 3 70% 70% 1 100% 100% 3.0
2 Y Engel I 1 11% 14% 4 2 5 69% 70% 2 100% 100% 2.5
3 Y Engel I 3 15% 0% 7 2 6 35% 33% 13 54% 54% 0.5
4 Y Engel I 7 31% 10% 10 5 11 50% 50% 14 64% 64% 0.8
5 Y Engel I 2 16% 20% 17 5 12 56% 56% 14 86% 86% 0.9
6 Y Engel I 1 6% 0% 10 7 17 41% 34% 20 50% 47% 0.9
7 Y Engel I 9 34% 86% 10 6 11 74% 70% 11 64% 60% 1.0
8 Y Engel I 4 23% 27% 14 4 8 52% 52% 17 71% 71% 0.5
9 Y Engel I 3 16% 20% 14 13 15 89% 87% 15 87% 87% 1.0

10 Y Engel I 4 13% 23% 9 0 0 6 83% 67% 0.0
11 N Engel II 2 25% 44% 8 1 1 100% 100% 7 71% 71% 0.1
12 N Engel II 3 28% 79% 9 4 7 85% 88% 5 100% 100% 1.4
13 N Engel III 1 6% 50% 15 2 7 68% 69% 12 67% 56% 0.6
14 N Engel III 3 25% 50% 13 9 12 87% 86% 15 87% 85% 0.8
15 N Engel III 3 33% 44% 8 3 4 91% 100% 11 73% 67% 0.4
16 N Engel III 3 13% 25% 11 7 12 84% 82% 9 89% 89% 1.3

MANN-WHITNEY U- 2TAIL 19.5 30 8 29.5 29.5 26 7 6 23 30 30 24.5
Z-SCORE 1.08 0.05 -2.18 0.00 0.00 0.38 -2.30 -2.42 0.80 0.05 0.05 0.54

P-significance 0.28 0.96 0.03 1.00 1.00 0.70 0.02 0.02 0.48 0.96 0.96 0.59
SIGNIFICANT NO NO YES NO NO NO YES YES NO NO NO NO

Tabel 2. Characterisation of the patients included in our study: clinical, implantation design, extent of 
epileptogenic network and postsurgical outcome.

INBOUND

Grouping the subjects based on their SOZ anatomical location, significant differences appear between
the 3 types of lobar epilepsies. The frontal group had received inbound connections from the most of co-
implanted lobes while the temporal one from the least (95% vs 60%). The posterior epilepsies had the
highest ratio of pathological structures in the outbound connections. No significant associations were
demonstrated between the duration of the disease and the properties of the epileptomes.

OUTBOUND


