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� Analogous intracranial EEG electrodes were selected across patients with similar seizure onset loci.
� Epilepsy networks were defined and compared across patients.
� Even between patients with similar seizure onsets, epilepsy networks were unique.

a b s t r a c t

Objective: Localization related epilepsy (LRE) is increasingly accepted as a network disorder. To better
understand the network specific characteristics of LRE, we defined individual epilepsy networks and
compared them across patients.
Methods: The epilepsy network was defined in the slow cortical potential frequency band in 10 patients
using intracranial EEG data obtained during interictal periods. Cortical regions were included in the epi-
lepsy network if their connectivity pattern was similar to the connectivity pattern of the seizure onset
electrode contact. Patients were subdivided into frontal, temporal, and posterior quadrant cohorts
according to the anatomic location of seizure onset. Jaccard similarity was calculated within each cohort
to assess for similarity of the epilepsy network between patients within each cohort.
Results: All patients exhibited an epilepsy network in the slow cortical potential frequency band. The
topographic distribution of this correlated network activity was found to be unique at the single subject
level.
Conclusions: The epilepsy network was unique at the single patient level, even between patients with
similar seizure onset locations.
Significance: We demonstrated that the epilepsy network is patient-specific. This is in keeping with our
current understanding of brain networks and identifies the patient-specific epilepsy network as a possi-
ble biomarker in LRE.

� 2018 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. All rights
reserved.
1. Introduction

Contrary to its historical roots, localization related epilepsy
(LRE) is now increasingly recognized as a network disorder
(Bartolomei et al., 2001; Spencer, 2002; van Diessen et al., 2013).
With this paradigm shift in our understanding comes the need to
reconsider all aspects of how we evaluate and manage patients
afflicted with this burdensome disease. Clinicians have historically
been trained to identify the seizure ‘‘focus”, sometimes at the
expense of considering the more diffuse pathology implicated in
many epileptogenic substrates. However, with increasing recogni-
tion of the significance of epilepsy networks, clinicians have the
opportunity to reconsider how we care for patients, especially
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those with refractory LRE. The epilepsy network itself may prove to
be a previously unrecognized therapeutic target which can be cap-
italized upon as a potential alternative (or additional) option to
consider in the treatment of patients with epilepsy.

Many lessons have been learned regarding the epilepsy net-
work, stemming largely from connectivity analysis using intracra-
nial EEG (Bartolomei et al., 2001; van Dellen et al., 2009; Bandt
et al., 2014; Fuertinger et al., 2016), resting state fMRI (reviewed
in Waites et al., 2006; Bettus et al., 2009; Liao et al., 2010;
Maneshi et al., 2014; Fan et al., 2016; Vaughan et al., 2016;
Wirsich et al., 2016; Liu et al., 2017; Xiao et al., 2017), scalp EEG
(Vecchio et al., 2015; Balter et al., 2016; Storti et al., 2017), and
combined EEG/fMRI (Shamshiri et al., 2017), as well as MEG
(Englot et al., 2015; Hsiao et al., 2015; Wang and Meng, 2016)
and DTI (Bonilha et al., 2012, 2015; Munsell et al., 2015; Taylor
et al., 2015; Fang et al., 2017). However, the majority of this work
has investigated the network connectivity of mesial temporal lobe
epilepsy (MTLE), with few studies focusing on network interactions
related to neocortical epilepsy (Bartolomei et al., 2001; Bandt et al.,
2014; Pedersen et al., 2015; Vecchio et al., 2015; Fuertinger et al.,
2016; Storti et al., 2017). Further, the bulk of this work has inves-
tigated group-level differences between either epileptic brains
compared to nonepileptic brains or right versus left MTLE with lit-
tle consideration of the connectivity profile at the individual level.

Previous work by our group investigated the role of patient-
specific resting state networks in neocortical epilepsy. Results from
this prior work demonstrate that initial seizure propagation occurs
preferentially along the epilepsy network which is defined as cor-
tical regions which are correlated with the seizure onset area in the
interictal state using intracranial EEG data. This implicates the
interictal connectivity profile in the pathophysiology of epilepsy
(Bandt et al., 2014). The work presented here expands on those
previous findings. Here, we develop a method of electrode selec-
tion to compare networks across patients undergoing intracranial
EEG for assessment of nonlesional epilepsy. We group patients into
cohorts with anatomically restricted seizure onset locations and
evaluate a set of common electrode locations within each cohort.
The purpose of this is to assess for topographic similarities and dif-
ferences in interictal connectivity patterns in order to determine
whether the distribution of connectivity is guided by similar ana-
tomic location of seizure onset or rather is unique to each individ-
ual patient. This work suggests that the epilepsy network for
individual patients is often unique even when seizure onsets occur
in similar locations across individuals. As a result each patient can
be considered fundamentally unique in clinical practice and the
composite features of their disease burden considered on a case-
by-case basis in order to optimize their treatment plan. In this con-
text, the resting state epilepsy network emerges as an additional
variable with which to evaluate and potentially manage patients
with refractory epilepsy.
2. Methods

2.1. Subjects

Ten patients undergoing intracranial monitoring for characteri-
zation of their seizure foci and whose seizure etiology could not be
determined from MRI imaging (i.e. nonlesional epilepsy patients)
were included in this study with IRB approval (Yale HIC
#0605001482). Patients were selected retrospectively from a sin-
gle surgeon’s clinical experience (DDS). Study subjects were segre-
gated into three cohorts based on the anatomic location of seizure
onset. These three cohorts included four patients with seizure
onset in the left frontal lobe, four with seizure onset in the left lat-
eral temporal lobe and two with seizure onset in the right posterior
quadrant (parietal and occipital lobes). Demographics and clinical
information for each subject are outlined in Table 1. Each patient
underwent craniotomy for implantation of subdural and depth
electrodes. Intracranial electrode placement was guided solely by
clinical indications. Following localization and characterization of
seizure onset, the patients were brought back to the operating
room for removal of intracranial electrodes. Eight patients under-
went subsequent resection of their seizure foci. Two patients were
not candidates for surgical resection. One of these patient’s seizure
onset co-localized with expressive speech cortex; extra-operative
stimulation mapping identified speech arrest at the seizure onset
electrode contact. This patient underwent subsequent responsive
neurostimulator implantation. The second patient’s seizure onset
was located within supplementary motor cortex, but his seizures
demonstrated rapid generalization throughout the bilateral hemi-
spheres within milliseconds following onset. This patient awaits
thalamic stimulation pending its final approval by the Food and
Drug Administration.

2.2. Data collection and seizure onset localization

Following 24–48 h of post-operative recovery in the neuro-
surgery intensive care unit, seizure monitoring was initiated. Unin-
terrupted EEG recording and video monitoring proceeded for a
period ranging from 6 to 14 days to allow for optimal characteri-
zation of patients’ seizure onset and initial propagation dynamics.
During this period, all anti-epileptic medications were tapered and
subsequently discontinued. Intracranial EEG signals were acquired
from the implanted electrode array (Ad-Tech Medical Instrument
Corporation, Racine, WI, USA) at a sampling frequency of
1024 Hz using a differential amplifier (Natus Medical Incorporated,
San Carlos, CA, USA). Signals were referenced to skull facing ground
and reference electrodes. The implanted electrodes were com-
prised of 2.3 mm diameter platinum electrode contacts spaced
10 mm apart embedded in silastic in a grid or strip orientation
placed over the cortical surface. Implanted depth electrodes were
comprised of 1.1 mm diameter platinum electrode contacts spaced
5 mm apart embedded in silastic placed stereotactically into corti-
cal or subcortical structures. To identify seizure onset locations, the
intracranial EEG was reviewed separately, blind to other clinical
information, by 2 expert neurologists using traditional intracranial
EEG visual analysis. If the reviewers disagreed, they discussed the
case to reach a final consensus. Patients were then assigned to
cohorts based on the anatomical region of seizure onset zone, with
4 patients with seizure onset in the frontal lobe, 4 patients with
seizure onset in the temporal lobe, and 2 patients with seizure
onset in the posterior region consisting of parietal and occipital
lobes.

2.3. Epoch selection

For each patient, five 10-minute awake but resting (i.e. patient
was refraining from purposeful activities), interictal epochs of
intracranial EEG data were randomly selected for analysis. These
intervals were removed from seizure activity by at least 60 min-
utes in either direction and did not co-occur with extra-operative
cortical stimulation mapping.

2.4. Electrode localization & conversion to atlas space

Pre- and post-operative axial T1 MPRAGE magnetic resonance
imaging (MRI) sequences were combined with post-implantation
volumetric computerized axial tomography (CT) scan for localizing
intracranial electrode contacts using the Bioimage Suite software
package (Papademetris et al., 2006). Each electrode contact was
localized on post-implantation CT and then co-registered to the



Table 1
Demographics & clinical information.

Patient Age Sex Handedness Location of seizure onset Pathology Duration of epilepsy Outcome, engel
class Engel (1993)

Frontal cohort
F1 18 F R L orbito-frontal Non-specific gliosis 13 years IIIA
F2 34 M R L frontal n/a 22 years IVA
F3 21 M Ambidextrous L frontal Non-specific gliosis 16 years IIC
F4 23 M R L orbito-frontal n/a 13 years IIIA

Temporal cohort
T1 34 M R L temporal Non-specific gliosis 11 years IVA
T2 34 M R L temporal Non-specific gliosis 5 years IIIA
T3 30 M R L temporal Non-specific gliosis 10 years IIIA
T4 53 F R L temporal Non-specific gliosis 14 years IIB

Posterior quadrant cohort
PQ1 31 F R R Posterior Parietal FCD Type IIB 16 years IA
PQ2 31 F R R Occipital FCD Type IIB 23 years IIB

F = Female; M = Male; L = Left; R = Right; FCD = Focal Cortical Dysplasia.
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patients’ post- and pre-operative MRI using a two-step co-
registration paradigm to optimize accuracy. Co-registered images
were manually verified for accuracy by confirming anatomic con-
cordance of brain structures between the different imaging modal-
ities. Following electrode contact localization and image co-
registration, all implanted electrode contacts were visualized on
subject specific cortical MRI surfaces (Fig. 1). Next, the MNI stan-
dard brain (Collins et al., 1994) was co-registered to each
subject-specific brain to enable inter-subject comparison. The
three-dimensional MNI coordinates for all implanted electrode
contacts were then converted into Talairach space for inter-
subject comparison.
2.5. Electrode contact selection for inclusion in analysis

Noisy electrode contacts for individual patients were excluded
based on visual inspection (1 for patient F3, 1 for patient F4, and
2 for patient PQ1). The location of each remaining implanted elec-
trode contact was transformed into Talairach coordinates in com-
mon atlas space. Next, for each cohort of patients (frontal,
temporal, and posterior quadrant seizure onset), a data-driven
algorithm was used to select electrode contacts in analogous loca-
tions across patients within a given cohort. First the patient in the
cohort with the fewest number of electrode contacts was chosen as
the ‘‘reference” patient. Then, for each electrode contact belonging
to this reference patient, all electrode contacts within 20 units of
Talairach space were found for the remaining patients in the
cohort. If all patients had at least one electrode contact available
within these parameters, then a cluster was designated. In other
words, given a reference patient’s electrode contact at (x0, y0,
z0) in Talairach space, a cluster would be designated if all other
patients had an electrode contact at location (x1, y1, z1) such thatffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x1� x0ð Þ2 þ y1� y0ð Þ2 þ z1� z0ð Þ2
q

< 20: Electrodes that were

members of clusters found in this manner were included in the
set of electrode contacts shared across patients within that cohort.
In cases where more than one electrode contact was within 20
units of the reference location, a random choice among possible
candidates was made. Finally, clusters were examined manually
by a single neurosurgeon (SKB) and clusters that spanned sulci
were excluded. In this way, 27 clusters of electrode contacts were
designated within the frontal cohort, with each patient having one
unique electrode contact assigned to each of these 27 clusters
(Fig. 2a). Data from these shared electrode contacts was then used
to allow for between-subject comparisons, matched for anatomical
region. The same technique was used to identify clusters of simi-
larly located electrode contacts across the temporal (34 clusters)
and posterior quadrant (59 clusters) cohorts (Fig. 2b and c). Finally,
the seizure onset electrode contact was designated for each
patient. In cases where seizure onset was simultaneously localized
to more than one electrode contact, a centrally located electrode
contact among all identified seizure onset electrode contacts was
selected for seed-based analysis.
2.6. Pre-processing

For each shared electrode contact in each patient, we concate-
nated five 10-minute epochs of raw recorded activity. This con-
catenation was deemed acceptable because the typical variability
of the signal in each epoch far exceeded any differences in the sig-
nal average between concatenated segments. This composite time
series was then lowpass filtered for frequencies <0.5 Hz to isolate
slow cortical potential signals using a sixth order Butterworth fil-
ter. After lowpass filtering, time-series data were re-referenced to
the common mean by computing the average time-series across
electrode contacts selected for inclusion and subtracting this com-
mon signal from each electrode contact’s time-series.
2.7. Seed-based correlation analysis

Seed-based correlation values for each electrode contact were
created by computing Pearson correlation values across all pairs
of included electrode contacts (the shared electrode contacts, plus
the seizure onset electrode contact) in each patient using bandpass
filtered data selecting for the slow cortical potential frequency
band. Seed-based correlation values corresponded to a single row
(or column) of the final n � n symmetric correlation matrix (where
n = number of shared electrode contacts + 1 seizure onset location),
with the specific row/column indicating the seed identity (Fig. 3).
2.8. Epilepsy network determination

To designate each patient’s epilepsy network, a two-sample
Kolmogorov-Smirnov test was performed comparing seed-based
connectivity of the seizure onset electrode contact to each of the
other included electrode contacts. Those electrode contacts
demonstrating a significant difference in correlation compared to
the seizure onset electrode were not included in the epilepsy net-
work while those found to be similar were included in the epilepsy
network. Results were corrected for multiple comparisons using
false discovery rate control, with alpha = 0.05.



Fig. 1. Patient specific cortical surface reconstructions with implanted electrodes localized in radiographic space. (A) frontal cohort, (B) temporal cohort, (C) posterior
quadrant cohort. Note that only surface electrode contacts, not depth electrode contacts, are pictured.
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2.9. Between patient comparison

To compare similarity of epilepsy networks between patients
within the same cohort, we represented each patient as a vector
of m Boolean values, where m is the number of electrode contact
loci shared across all patients within each cohort. Each entry in
the vector was 1 if the locus belonged to the epilepsy network or
0 if the electrode contact did not belong to the epilepsy network.
We then computed the Jaccard similarity index between vectors
of different patients within each cohort. In order to assess the sig-
nificance of the similarity measures, we generated a null distribu-
tion for Jaccard similarity, which was dependent on the number of
shared electrode contacts and the raw number of in-network elec-
trode contacts that each patient possessed. Specifically, for each
patient pair that was compared, the patients’ vectors were shuffled
(element order re-arranged within each vector) randomly 100,000
times and Jaccard similarity index was re-computed to establish
the similarity expected by chance. If the Jaccard similarity index



Fig. 2. Topographical distribution of common electrode contact clusters across all patients within each cohort. Each large circle denotes the geometric mean of 1 cluster, and
the smaller surrounding circles of the same color show the location of the electrode contacts from each patient that were included in the cluster. Clusters that are comprised
of depth electrodes have been projected to the cortical surface. Note that due to the large number of clusters, colors for distinct clusters are repeated. (A) frontal cohort, (B)
temporal cohort, (C) posterior quadrant (PQ) cohort.
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obtained prior to shuffling fell above the 97.5th percentile or below
the 2.5th percentile in the null distribution, then the experimental
value was considered significantly similar or dissimilar,
respectively.

3. Results

3.1. Resting state network connectivity in epilepsy

Within each cohort, a subset of electrode contacts in analogous
locations was selected using a data-driven algorithm as described
in Methods. The frontal cohort included 27 shared electrode con-
tacts across four subjects, the temporal cohort included 34 shared
electrode contacts across four subjects, and the posterior cohort
included 59 shared electrode contacts across two subjects. Fig. 2
depicts these shared electrode contact clusters. Fig. 3 shows
seed-based correlation matrices across the shared electrode
contacts from each patient. Fig. 4 depicts the in- versus
out-of-network assignment for each electrode contact in each
patient with in-network assignments indicating inclusion in the
epilepsy network.

3.2. Topographic distribution of resting state connectivity within
same-lobe foci

Although cohorts included seizure onset locations within the
same lobar anatomical region, there was variability in the topo-
graphic distribution of the epilepsy network across patients. To
quantify this variability, Jaccard similarity was calculated to com-
pare the similarity of the epilepsy network within each cohort
and a permutation test was conducted to assess the significance
of the similarity between patients. Notably, subjects T1 and T2
both showed an epilepsy network that included all electrode con-
tacts assessed and therefore, a null distribution of similarity
indices was not able to be calculated. However, with the exception
of these two patients with broadly inclusive epilepsy networks, no
two patients within any given cohort demonstrated more overlap
in network membership than would be expected by chance. Net-
work membership patterns also differed subjectively across
patients, even when patients showed anatomically similar seizure
onset locations (for example, subjects T2 and T3 and subjects F2
and F4).
4. Discussion

Using intracranial EEG data acquired during the interictal per-
iod from patients undergoing intracranial evaluations for seizure
onset localization, we define patient-specific epilepsy networks.
We demonstrate that the topographic distribution of functional
connectivity in the epilepsy network is unique at the single subject
level regardless of the anatomic location of patients’ seizure onset.
Notably, we also find unique patterns of epilepsy network connec-
tivity even when comparing subjects with nearly identical ana-
tomic locations of seizure onset.

Previous work investigating network connectivity in epilepsy
has explored several related but distinct questions. A large number
of studies have examined network connectivity features in epi-
lepsy in well-known physiologic resting state networks such as
the default mode, perceptual, face processing, and language net-
works, among others (Zhang et al., 2009; Song et al., 2011;
Haneef et al., 2012; Hsiao et al., 2015; Riley et al., 2015; Coito
et al., 2016; Liu et al., 2017). Other work has investigated resting
state functional connectivity in epilepsy patients using intracranial
EEG (Bartolomei et al., 2001; van Dellen et al., 2009; Zaveri et al.,
2009; Duncan et al., 2013; Bandt et al., 2014; Fuertinger et al.,
2016; Joshi et al., 2016), while others have studied functional con-
nectivity non-invasively using scalp EEG (Vecchio et al., 2015;
Balter et al., 2016; Storti et al., 2017), MEG (Englot et al., 2015;
Hsiao et al., 2015; Wang and Meng, 2016) or BOLD data acquired
via fMRI (reviewed in Waites et al., 2006; Bettus et al., 2009; Liao
et al., 2010; Maneshi et al., 2014; Fan et al., 2016; Vaughan et al.,
2016; Wirsich et al., 2016; Liu et al., 2017; Xiao et al., 2017). These
studies have largely explored temporal lobe epilepsy exclusively,
(reviewed in Waites et al., 2006; Bettus et al., 2009; van Dellen
et al., 2009; Liao et al., 2010; Cataldi et al., 2013; Maneshi et al.,
2014; Hsiao et al., 2015; Vega-Zelaya et al., 2015; Bernhardt
et al., 2016; Fan et al., 2016; Vaughan et al., 2016; Wirsich et al.,
2016) with many fewer studies exploring other subtypes of epi-
lepsy including neocortical epilepsy (Bartolomei et al., 2001;
Vecchio et al., 2015; Storti et al., 2017). Furthermore, the bulk of
this prior work has compared connectivity findings in epilepsy
against connectivity in healthy controls rather than between
patients. A small amount of prior work has examined fMRI func-
tional connectivity and found patient-specific networks in patients
with frontal lobe epilepsy, consistent with the results presented



Fig. 3. Correlation matrices for shared electrode contacts across patient cohorts. Each row or column in individual panels depicts the correlation coefficient of one electrode
contact with each other electrode contact. The correlation coefficients associated with each electrode contact were compared with the correlation coefficients associated with
the seizure focus electrode contact using a Kolmogorov-Smirnov test to determine which electrode contacts fell within the seizure network. The seizure onset electrode
contact is number 1 in each patient. Electrodes that were excluded due excessive noise are shown in dark blue. (A) frontal cohort, (B) temporal cohort, (C) posterior quadrant
(PQ) cohort.
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here using intracranial EEG (Luo et al., 2014). Our findings are also
consistent with a previous study using intracranial EEG suggesting
that connectivity is patient specific (Maharathi et al., 2016).

Those studies that have examined connectivity patterns in indi-
vidual patients using intracranial EEG have often done so with the
goal of using connectivity patterns to better identify seizure onset
locations (Wilke et al., 2009, 2011; van Mierlo et al., 2013), or have
characterized patient network similarities using global metrics
rather than attempting to select analogous electrodes within
patient cohorts (Maharathi et al., 2016). The work presented here
is the first to statistically quantify differences using intracranial
EEG, and the first to consider the effect of anatomical location of
seizure onset on network connectivity patterns. While only exam-
ined interictal data were examined here, previous work has shown
consistency of networks between ictal and inter-ictal epochs
(Wilke et al., 2011; Bandt et al., 2014), and therefore patient speci-
fic networks could reasonably be predicted to persist through
seizures.

We note that the number of patients presented in this study and
within each cohort is small and that dividing patients into cohorts
based on the lobe of seizure onset represents a rudimentary way of
assigning patients. However, given the heterogeneity of electrode
placements, increasing numbers of patients within cohorts neces-
sarily leads to exclusion of electrode contacts, lower numbers of
clusters within cohorts, and a decreased ability to compare net-
works between patients. We believe that the method of electrode
selection presented here represents a useful method that may be
fruitfully applied to small cohorts of patients with very similar
onset locations, such as patients T2 and T3. In addition, brain net-
works have been previously defined from intracranial or scalp EEG
signals using a variety of mathematical methods including calcula-
tion of mutual information or Granger causality (Sohrabpour et al.,
2016; Chapeton et al., 2017) and graph theoretic measures such as
nodal length and clustering coefficients. Lee et al. (2017). However,
there is consistency between various methods used to defined
functional connectivity (Hassan et al., 2017).

The work presented here is also congruent with recent work of
network connectivity in individual healthy subjects. Brain net-
works have long been defined at the group level and only recently
has there been consideration of differences between individual



Fig. 4. Surface distribution of epilepsy network membership as determined by seed-based correlation analysis. Seizure foci are shown in red, in-network electrode contacts
that are included in the epilepsy network are shown in green, and out-of-network electrode contacts not included in the epilepsy network are shown in black. (A) frontal
cohort, (B) temporal cohort, (C) posterior quadrant (PQ) cohort.
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healthy subjects (Mueller et al., 2013; Davison et al., 2016). It is
important to extend the study of individual differences in func-
tional connectivity to a disease state as varied as epilepsy. Some
work in a rhesus monkey model suggests that epileptic networks
can vary even when the same anatomical area serves as a seizure
focus (Cleeren et al., 2015), but individual variability in human epi-
lepsy patients is much less studied. The unique nature of the epi-
lepsy network at the single patient level suggests that it may
play a role in the clinical manifestation of epilepsy either in the
context of cognitive and social performance or in the manifestation
of epilepsy itself via seizure semiology, peri-ictal phenomena and/
or neuropsychological manifestations of the disorder. Furthermore,
the identification of the epilepsy network as a unique feature in
epilepsy supports the notion of it being a potential additional or
alternative therapeutic target. A possible therapeutic strategy for
incorporation of the epilepsy network include potentially modulat-
ing networks (invasively or non-invasively) in order to restore the
epileptic brain to the non-epileptic state using a variety of tech-
nologies which are becoming increasingly available. Additionally,
the epilepsy network could be considered as a possible tool for
patient stratification and prediction of outcomes. This is consistent
with the fact that the profile of network connectivity can be used
to predict surgical outcomes in patients (Negishi et al., 2011;
Antony et al., 2013; Bonilha et al., 2015; Sinha et al., 2017;
Tomlinson et al., 2017). Although this concept remains exploratory
at this point, it does raise many interesting points for consideration
as we evaluate how best to advance the field of epilepsy care in the
context of understanding epilepsy as a network disorder.
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Here we demonstrate that the epilepsy network, defined in the
interictal state, is unique at the single subject level using correla-
tion analysis on human intracranial EEG data. This is in keeping
with our evolving understanding of brain networks and identifies
the epilepsy network as a possible patient-specific biomarker in
LRE. As such, it is conceivable that the epilepsy network may rep-
resent an emerging therapeutic target in the management of
refractory epilepsy.
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