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Background: Electrocorticography (ECoG) has been utilized in many epilepsy cases
however, the use of this technique for evaluating electrophysiological changes within
tumoral zones is spare. Nonetheless, epileptic activities seem to arise from the neocortex
surrounding the gliomas suggesting a link between epileptogenesis and glioma cell
infiltration in the peritumoral area. The purpose of this study was to implement novel
scale-free measures to assess how cortical physiology is altered by the presence of an
invasive brain tumor.

Methods: Twelve patients undergoing an awake craniotomy for resection of a supratentorial
glioma were included. ECoG data over the main tumor and the exposed surroundings was
acquired intra-operatively just prior to tumor resection. Six of the patients presented with
seizures and had data acquired both in the awake and anesthetic state. The corresponding
anatomical location of each electrode in relation to themacroscopically-detectable tumor was
recorded using the neuronavigation system based on structural anatomical images obtained
pre-operatively. The electrodes were classified into tumoral, healthy or peritumoral based on
the macroscopically detectable tumoral tissue from the pre-operative structural MRI.

Results: The electrodes overlying the tumoral tissue revealed higher power law exponent
(PLE) values across tumoral area compared to the surrounding tissues. The difference
between the awake and anesthetic states was significant in the tumoral and healthy tissue
(p < 0.05) but not in the peritumoral tissue. The absence of a significant PLE reduction in
the peritumoral tissue from the anesthetic to the awake state could be considered as an
index of the presence or absence of infiltration of tumor cells into the peritumoral tissue.

Conclusions: The current study portrays for the first time distinct power law exponent
features in the tumoral tissue,which couldprovide apotential novel electrophysiologicalmarker
in the future. The distinct features seen in the peritumoral tissue of gliomas seem to indicate the
area where both the onset of epileptiform activity and the tumor infiltration take place.
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INTRODUCTION

Although the main presenting symptom of low-grade gliomas are
seizures, the pathophysiological mechanisms and related structural-
functional abnormalities underlying the epileptogenesis in patients
with these tumors remain unclear (1–3).

The recording of electrical changes in the brain by electrodes
placed directly on the cerebral cortex, electrocorticography (ECoG),
has previously been used for delineation of tumors when the non-
invasive imaging techniques were not yet available. Similarly, the
electroencephalogram (EEG) had localizing value in cases of brain
tumor and epilepsy and the occurrence of delta waves was thought
to be a better guide than areas of electrical silence (4). Subcortical
tumors have also been localized by the presence of slow wave
activity over the tumor while the epileptogenic focus could be
determined by focal spontaneous spiking, induction of seizures by
electrical stimulation and occurrence of long-lasting after-discharges
(5). The use of ECoG for cerebral tumors revealed distinct changes
in the setting of infiltrative tumors (6), for instance slow delta-waves
were found in the surrounding edema (7). The origin of these slow
waves was assumed to be related to intracranial hypertension
however, another study analyzing the morphological and
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pathophysiological features of the peritumoral area concluded that
those changes result from direct influence of the tumor on brain
parenchyma, rather than from peritumoral edema or intracranial
hypertension (8). As such, historically, ECoG was not only of
scientific interest but was also of great practical value
for neurosurgery.

Besides delineating the eloquent areas that need to be
preserved during the surgical resection, ECoG use for
assessment of electrophysiological changes occurring in the
setting of glioma is currently a relatively non-explored domain.
It is postulated that the peritumoral neocortex around gliomas
represents a pivotal structure both for the genesis of glioma
related epilepsy (GRE) and for infiltration by glioma cells, which
has significant implications in terms of the treatment
recommended to the patients and their oncological prognosis
(3, 9–12). In a systematic review performed on this subject, using
medical subject headings and text words related to ECoG,
epilepsy and gliomas in MEDLINE (OVID interface, 1946
onward), EMBASE (OVID interface, 1947 onward), and the
Cochrane Central Register of Controlled Trials, we found only
nine articles using EEG or ECoG for assessment of glioma-
related electrophysiological changes (Figure 1). In this paper, we
FIGURE 1 | PRISMA flow diagram.
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outline a novel in vivo electrophysiological investigation of
tumoral tissue in patients undergoing awake craniotomy for
tumor resection. Subsequently, we discuss our findings in the
context of the available literature.
METHODS

Subjects and Recordings
Twelve patients with a newly diagnosed intracranial glioma, out of
which six presenting with multiple seizures, were enrolled after
providing informed consent. Patients were eligible for inclusion if
they were aged ≥18 years, presented with a supratentorial lesion
suggestive of a glioma, and had an indication for surgery as confirmed
by an experienced neurosurgery team (J-S.W., J.L.). Of the patients
sequentially admitted for treatment, we excluded patients not eligible
for awake surgery, patients with other brain pathologies and those
who had undergone previous cranial irradiation or chemotherapy
and/or for whom electrophysiological recordings could not
be obtained.

The patients’ demographics including the presenting
symptoms are presented in Table 1. All patients underwent
awake craniotomy for tumor resection. A monitored anesthesia
care approach was adopted for all patients as per previous
publications (13). After the anesthesiologists administered
premedication by infusing midazolam (0.02–0.03 mg/kg) and 5
mg of tropisetron, intravenous lines, a central venous catheter, an
arterial line, and a urethral catheter were inserted. The supraorbital,
supratrochlear, zygomaticotemporal, auriculotemporal, greater
occipital, and lesser occipital nerves were blocked bilaterally
using a mixture of lidocaine (0.67%) and ropivacaine (0.5%).
Once the patient was brought into moderate sedation with
boluses of intravenous propofol, the head was fixed into its
fitted position using a custom-designed high-field MRI-safe head
holder (DORO Radiolucent Headrest System, Pro Med
Instruments GmbH, Freiburg, Germany), which was integrated
with an intraoperative MR imaging system (IMRIS™). Once the
scalp was prepared and draped, remifentanil (0.01–0.03 lg/kg/
min) or dexmedetomidine (0.1–0.7 lg/kg/h) were administered
for analgesia. To minimize brain swelling, mannitol (1 g/kg) was
infused intravenously before the dura opening. Because of the
Frontiers in Oncology | www.frontiersin.org 3
minimal draping used, no laryngeal mask airway or endotracheal
tubing was applied.

The ECoG grid was placed over the exposed brain surface as
indicated by the needs of the patient. ECoG signals were recorded
with a 20, 32 or 48-channel grid of 4.0 mm diameter electrodes with
2.3mm exposure (Ad-tech, Germany) connected to a BP amplifier
(Brain Product, Germany). The reference electrode was placed on
the contralateral earlobe to avoid any potential increase in
coherence due to the reference electrode location.

5 min of recording in the awake state were acquired prior to
the tumor resection. For the six patients presenting with seizures,
the ECoG signal was also acquired in the anesthetic state. The
signals were sampled at 1,000 Hz with a hardware filter between
0.01 and 1,000 Hz. The ECoG electrodes for each patient were
classified in TT (tumoral tissue), HT (macroscopically healthy-
tissue) and PT (peritumoral tissue) according to the radiological
defined boundaries as per the conventional structural MRI.

ECoG Localization Method via
Intra-Operative Photography
An intra-operative picture was taken after the electrode grid was
placed over the exposed brain. Intra-operative location of each
electrode were recorded with the neuro-navigation system
(Medtronic, Inc., Minneapolis, MN, USA). Image guided
localization of the electrode location were performed as soon
as possible after the craniotomy was completed in order to
minimize potential brain shift. The electrode location was
recorded using the intra-operative Medtronic neuronavigation
system (Figure 2). The accuracy of the neuronavigation
approach used is well established and represents the standard
method for image-guided resection of brain tumors (14, 15). The
electrodes were classified as overlying the tumoral, peritumoral
or macroscopically healthy tissue. This was performed for each
patient according to the radiological defined boundaries as per
the conventional structural MRI: FLAIR for non-enhancing
diffuse low-grade gliomas and the T1 MPRAGE with contrast
for contrast enhancing tumors (16) (Figures 2 and S2). The
peritumoral tissue was defined as an area within a two cmmargin
from tumor borders according to the RANO criteria (16). All MR
brain images were acquired one or two days preoperatively in the
diagnostic room of an iMRI-integrated neurosurgical suite using
TABLE 1 | Patient’s demographics and clinical data.

Patient # Age, gender AED prior to admission Tumor Location WHO Grade IDH 1 status Presenting Symptoms

1 50, F None Frontal III Wild-type Focal aware seizure, non-motor onset-sensory
2 40, M Oxycarbazepine Frontal & insular III Wild-type Focal aware seizure, motor onset-epileptic spasm
3 39, M VPA Temporal & insular IV Wild-type Focal aware seizure, non-motor onset-autonomic
4 34, M VPA Fronto-temporal II Mutant Generalized seizure, motor – tonic-clonic
5 29, F VPA Parietal II Mutant Generalized seizure, motor – tonic-clonic
6 35, F None Frontal II Mutant Generalized seizure, motor – tonic-clonic
7 52, F None Frontal IV Wild-type Contralateral weakness
8 49, F None Frontal II Mutant Incidental
9 42, M None Frontal II Mutant Incidental
10 48, M None Frontal II Mutant Contralateral sensory changes
11 33, F None Frontal II Mutant Headaches
12 41, F None Frontal & parietal II Mutant Headaches
AED, anti-epileptic drugs; IDH, Isocitrate Dehydrogenase; WHO, World Health Organisation; VPA, Valproic Acid.
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a 3T Siemens MRI scanner (Siemens MAGNETOM Verio 3.0 T,
Germany) with a standard 32-channel head coil. The cortical
surface was segmented from the pre-operative MRI using the
Analysis of Functional NeuroImages software (http://afni.nimh.
nih.gov/afni). Intra-operative photograph was superposed on the
segmented cortical surface in order to confirm the electrode
location in respect to the tumor with the help of visible sulcal
patterns on the cortical surface obtained from the pre-op MRI
(Figure 3). A total of 351 ECoG channels from 12 subjects were
recorded for this study. The total channels per tissue type were as
follows: 112 macroscopically healthy, 106 peritumoral, and 133
tumoral electrodes.

ECoG Signal Analysis
ECoG signals were manually inspected for quality using
EEGLAB for full-length data visualization. Data for electrodes,
or channels, were deemed to be of untrustworthy quality if
obvious artifacts were present in at least ¼ of the full length of
channel data. The entire set of data for these bad channels was
removed from further analysis. We calculated the power law
exponent (PLE) using an in-house MATLAB script as per
Frontiers in Oncology | www.frontiersin.org 4
previous publications (17–21) using an uninterrupted 5
minutes resting-state signal. Coarse-graining spectral analysis
(CGSA) (22) was applied to the uninterrupted 5 min resting-
state data to separate harmonic activity from the non-harmonic
or scale-free activity of interest. The power spectral density of the
uninterrupted 5 min resting-state data was then calculated using
Welch’s averaged, modified periodogram method of spectral
estimation (23) with 50% windowed segment overlap, eight
window segments , and a Hamming window type .
Subsequently, power spectrums of each channel were then
averaged for each tissue type and this averaged spectrum was
log-log transformed according to previous studies (19, 24, 25). A
notch filter was applied in software to the 45–55 Hz band to
eliminate mains electricity noise, and for PLE-fitting continuity a
linear interpolation replaced the spectrum across this bandwidth.
MATLAB’s fit function was then used to fit a linear polynomial
curve to the log-log spectrum, and the slope of this line was
extracted as the PLE value. One PLE value was extracted for each
tissue type, i.e., tumoral, peritumoral and respectively tumoral,
and all PLEs were compared using a paired T-test. A p value <
0.05 was considered statistically significant.
FIGURE 3 | ECoG localization method via intra-operative photograph merged with the cortical surface segmented from the pre-operative MRI.
FIGURE 2 | ECoG localization method via intra-operative neuronavigation.
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RESULTS

When assessing scale-free measures, we noticed that the
electrodes over the tumoral tissue were found to have a higher
PLE value than the electrodes over the macroscopically healthy
tissue for the twelve patients (Figure 4). Furthermore, the
peritumoral tissue displayed significantly higher values than
the macroscopically normal tissue (p = 0.02), which we
hypothesized is due to the different nature of that tissue. The
difference between PT and TT did not reach statistical
significance (p = 0.10). The higher PLE values observed in the
peritumoral tissue was in concordance with the observed lack of
reaction to anesthesia in the peritumoral tissue (Figure 5), which
we hypothesized that it is related to a different tissue type which
maintains the already high PLE values. This can entail that the
peritumoral tissue displays a higher level of entropy than the
surrounding tissue. When comparing the PLE results according
to the presenting symptoms (respectively with or without
seizures) or according to previous antiepileptic drug use, no
significant differences were observed (Figures S3–S5).

For the six patients presenting with multiple seizures for which
ECoG recordings were obtained in the two anesthetic states (i.e.,
awake and anesthesia), we observed that the electrodes overlying
the peritumoral tissue displayed smaller changes between the
anesthesia and awake state than the changes observed across the
adjacent tissues, respectively over the TT and macroscopically HT
(Figure 5). Furthermore, we observed distinct features of the PT’s
power spectrum when comparing with the power spectrum of the
HT and TT as showed in the individual results (Figure 6). For
instance, patient #1 displayed a higher power spectrum of the
peritumoral tissue in the lower frequencies in respect to the
healthy and tumoral tissue. Nonetheless, the peritumoral tissue
shows the opposite pattern in the higher frequencies of the power
spectrum; the patient had a WHO Grade III tumor. Patients #2
and #3 showed a different pattern where the power spectrum of
Frontiers in Oncology | www.frontiersin.org 5
the peritumoral tissue was similar to that of the tumoral tissue;
those patients had a grade III and, respectively, grade IV tumor.
The three patients with a WHO grade II tumor showed an
intermediate PT power spectrum (patient #5) and respectively a
higher peritumoral power spectrum than the other tissues (patient
# 4 and # 6). The same power spectrum pattern remained in the
anesthetic state. Further genetic analysis would be required to
assess whether there is any correlation between the tissue
infiltration and the different electrophysiological features.

In addition, given that the glial tumor can displace otherwise
healthy non-glioma neural tissue and that this mass effect can cause
electrophysiological changes in the intraoperative ECoG, we
performed a subgroup analysis according to the presence of mass
effect. Two subjects included in this study presented with
intracranial mass effect, as identified on the preoperative MRI.
The PLE of these subjects (sample size = 61, m = 3.218, s² =
0.179) was not found to be different from the PLE of the subjects
presenting without a mass effect (sample size = 290, m = 3.306, s² =
0.486, P = 0.231). Based on these results, the intracranial mass effect
was not considered to influence the PLE in this study. It should be
noted however, that only two subjects presented with glioma-related
mass effect. Also, given the limited time available for intra-operative
recordings during the awake procedures, we, unfortunately, could
not perform post-resection ECoG recordings.

Furthermore, the distance between tumor and the brain
surface is also important and to further explore this factor we
looked at the influence of the cortical/subcortical tumor location.
To study the effect that glioma’s proximity to the cortex has on
the PLE results, we compared the PLE of patients with gliomas
predominantly involving the cortical surface with the PLE of
patients having a more extensive subcortical involvement. The
PLE of patients with predominant cortical involvement (sample
size = 233, m = 3.238, s² = 0.540) was lower than the PLE of
patients with both cortical and subcortical glioma (sample size =
118, m = 3.416, s² = 0.207, P = 0.0067, a = 0.0167). The PLE of
FIGURE 4 | Power law exponent in the awake resting-state activity for distinguishing healthy, peritumoral and tumoral tissue (*significant at p < 0.05).
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patients with both cortical and subcortical glioma was less
variant than the PLE of patients with only cortical glioma. This
suggests that further analysis should focus on studying the
subcortical glioma involvement, and a continuous representation
of glioma depth from the cortical surface could be incorporated in
the future to study the effect that glioma depth has on the PLE of
the surrounding neural tissue.

Lastly, the importance of the glioma’s molecular and
histological characteristics cannot be overemphasized given the
known strong correlation with clinical outcomes. Although we
have a small sample of subjects, in order to study the effect that
this mechanism could have on the PLE results, all channels for
each subject were labeled as low-grade (grade II) or high-grade
(grade III & IV) which coincided with an IDH-mutant and
respectively an IDH wild-type status. The PLE of low-grade
glioma-associated channels (sample size = 236, m = 3.266, s² =
0.505) was not found to be different from the PLE of high-grade
associated channels (sample size = 115, m = 3.348, s² = 0.318, P =
0.248). From this analysis, it was concluded that there was not
enough evidence to suggest that an unbalanced representation of
glioma graded tissue in this study would bias the PLE
results presented.

In summary, ECoG recordings performed prior to glioma
resection allowed us to investigate scale-free related changes in
the resting state activity of tumor tissue and its reactivity to
anesthesia. We observed an increased PLE in the anesthetic state
for all types of tissues (with a larger extent within the tumoral
tissue) and additionally, a different behavior of the PT when
comparing PLE in the two anesthetic states (smaller PLE changes
than in the adjacent tissues). We thus noticed a lack of reaction
to anesthesia in the peritumoral tissue and hypothesized that it is
related to a different tissue type which maintain the already high
PLE values.
Frontiers in Oncology | www.frontiersin.org 6
DISCUSSION

Extrapolating our group’s previous work in functional MRI, for the
first time to our knowledge, the analysis of the signal from ECoG
electrodes in this study concentrated on power law exponent. Power
laws have been reported in many distinct scientific, geographical
and social phenomena and have been associated with long memory
behavior, self-similarity and fractal structures (26). Power law was
initially utilized to characterize the distribution of wealth in a society
being known as the Pareto principle, where a small percentage of the
population has a large proportion of wealth. Similarly, our
investigation of the cortical electrophysiological changes occurring
in the setting of twelve patients undergoing craniotomy for resection
of glioma revealed distinct electrophysiological features across the
tumoral area compared to the surrounding tissues, namely a higher
PLE value over the tumoral tissue than for the surrounding areas.
The tumoral tissue PLE difference between the two anesthetic states
resembled to the one observed in macroscopically healthy tissue
which could imply a functionally independent state of the tumoral
tissue. This has been previously suggested in recent articles, which
demonstrated that gliomas develop functional multicellular network
structures where tumor cells “communicate and cooperate with
each other in a complex but ordered manner that is by itself
reminiscent of a functional organ” (27, 28). Therefore, as a
correlate, the tumor could be seen like the tall trees that continue
to grow using more resources from the ecosystem on the expense of
smaller trees (29), for instance surrounding cells, that do not have
access anymore to the scarce resources.

Furthermore, the tumor’s surrounding tissue showed specific
features. A universal definition of the peritumoral area in glioma is
lacking and its complex features are not yet elucidated (30, 31).
Nonetheless, current guidelines recommend the radiation therapy
target volume to be delineated on the surgical cavity with the
FIGURE 5 | Power law exponent results in the anesthetic and awake states (*significant at p < 0.05).
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FIGURE 6 | Power law exponent results in individual cases. (1A) Subject 1 in awake state, (1B) Subject 1 in anesthetic state; (2A) Subject 2 in awake state,
(2B) Subject 2 in anesthetic state; (3A) Subject 3 in awake state, (3B) Subject 3 in anesthetic state; (4A) Subject 4 in awake state, (4B) Subject 4 in anesthetic state.
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addition of a 20-mm margin, which represents the most common
site of recurrence (30–32). Gliomas are well known to infiltrate the
brain tissue well beyond the radiological boundaries of the tumor
(33, 34) and thus, our HT electrodes should be perceived as
macroscopically healthy tissue. For instance, in Figures 5 and 6,
the PT tissue displays an intermediate feature between the TT or
macroscopically HT-electrodes as well as a smaller PLE change
when investigating the difference between the two anesthetic states.
We suspect that these features are related to tumor cell infiltration.
Further studies with prolonged recordings and combined genetic
analysis could test our hypothesis. Also, the loss of PLE change in
the PT between the awake and anesthesia states in patients
presenting with seizures could suggest a distinctive state of the
peritumoral area. As such, PT could represent an interlaid area
between the brain and the functional tumor with specific
characteristics favoring the generation and propagation of
seizures. Being characterized as an interface between the tumoral
and healthy brain, the peritumoral tissue could thus represent an
area requiring a higher energy expenditure as it represents the
invasion front of tumor cells into the neighboring tissue (33).
Hatcher et al. recently reported spontaneous episodes of cortical
spreading depolarization that arose frequently from the peritumoral
region (35). This depolarizing phenomenon occurs in the setting of
a variety of pathological states and represents a spreading loss of ion
homeostasis, altered vascular response while in healthy tissue an
increased electrical activity is coupled with the release of
vasodilatory factors such as nitric oxide to increase local blood
flow to meet increased energy expenditure (36). Although in GBM,
the peritumoral tissue was found to contain cancer stem cells,
Cubillos et al. reported that the concentration of taurine, an amino
acid that may have a protective effect or be involved in cell
proliferation, was found to be higher in the peritumoral tissue of
gliomas (37). The large histological and molecular heterogeneity of
gliomas highlights the need for a better understanding of the
underlying biomolecular characterization and biochemical
reorganization occurring in this important region. This could give
more insights in terms of the resulting electrophysiological changes
recorded over these regions in order to allow the development of
personalized therapies.

The origins and mechanisms of GRE are multifactorial (3)
and the current evidence suggests that there is a link between
epileptogenesis and glioma cell infiltration in the peritumoral
area since epileptic activities seem to arise from the neocortex
surrounding the gliomas (31–33). Also, glioma cell infiltration
seems to promote growth and recurrence of tumors at sites
around their core (34, 35). In a recent study performed by Pallud
et al., it was demonstrated that in slices of human tissue, the
peritumoral neocortex infiltrated by glioma cells generates
spontaneous interictal discharges that depend on both
glutamatergic and GABAergic signaling (36). This link may
explain both the anti-epileptic effects of oncological treatments
(38, 39) and the increase in seizure frequency as tumors progress
(9, 40, 41). Early operative intervention and gross-total resection
contributes strongly to seizure freedom and improving quality-
of-life (1, 42, 43). Emerging evidence advocates an aggressive and
early surgical approach and suggests that the opportune time to
Frontiers in Oncology | www.frontiersin.org 9
perform epilepsy surgery may be when the patient is already
undergoing oncosurgery in the same area (10). As such, proper
seizure diagnosis and therapy requires accurate identification
and management of the infiltrated peritumoral tissue.

Electrocorticography plays an important role in the
localization of epileptogenic foci and evaluation of the effects
of microsurgical procedures intraoperatively. An accurate
estimation of the epileptogenic cortex and its removal requires
the estimation of spatial spread of ECoG. Recent studies
estimating the spatial spread of ECoG suggested that although
brains’ signals capture different features of the neural network,
ECoG records a local signal (diameter of ∼3 mm) confirming the
precision required for its use in determining the epileptogenic
focus (44). Furthermore, Berger et al. previously proposed that
electrocorticography-guided epilepsy surgery for pediatric
patients with brain tumors is highly effective (45). Given that
some patient populations cannot participate during awake
craniotomies (for example with severe neurological deficits),
several investigators have utilized high-gamma ECoG changes
during language and motor tasks to localize eloquent cortex and
have reported good concordance with cortical stimulation
mapping (46–50). High gamma activity (HGA) between 80
and 140 Hz on electrocorticography is assumed to reflect
localized cortical processing, whereas the cortico-cortical
evoked potential (CCEP) can reflect bidirectional responses
evoked by monophasic pulse stimuli to the language cortices
when there is no patient cooperation. The use of “passive”
mapping was thus proposed by combining HGA mapping and
CCEP recording without active tasks during conscious resections
of brain tumors (51). In terms of localizing the ECoG electrodes
in relation to the tumor, an approach using solely the intra-
operative photography might be prone to errors given that areas
invaded by the tumor might not be clearly delineated and the
sulcal patterns may not be easily segmented. However, as the
neuronavigation is used clinically to decide the extent of
resection, we confirmed the electrode locations using the
neuronavigation probe thus reducing the risk of error in
electrode localization. Furthermore, the ECoG recording was
performed as soon as the craniotomy was completed in order to
minimize the effect of the brain shift.

In tumoral epilepsy surgery, the first aim is to maximize the
extent of tumor resection while minimizing postsurgical
morbidity, in order to increase the median survival as well as
to preserve the quality of life (52). Gross-total resection of
tumors is also a critical factor in achieving seizure freedom
(40) in infiltrating tumors such as gliomas, where these lesions
migrate along white matter tracts. A significantly higher
resection volume was associated with a higher chance of
favorable seizure outcome in multiple studies, especially in
long-term epilepsy-associated with glial tumors (53).
Extraoperative mapping by strips/grids is often not sufficient in
tumoral surgery, since in essence, it allows the study of the cortex
but cannot map subcortical pathways (52). Although, recent
research demonstrated that awake craniotomy can be performed
safely without ECoG, even in patients with preoperative
intractable epilepsy (54), some studies showed that when
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complete ECoG-guided resection is performed there is a greater
likelihood of long-term seizure freedom (55). Awake functional
mapping allows surgeons to maximize tumor resection while
minimizing neurological deficits, thus improving patient’s
survival and quality of life (56, 57). This approach has allowed
an improvement of both oncologic and neurological outcomes
however, many patients do not reach the complete postsurgical
control of seizures. Therefore, the use of more precise
preoperative evaluation and adequate surgical techniques is
desirable for those patients. Recently, Ius et al. outlined the
importance of the EOR on postoperative seizure outcome as the
EOR was independent of the molecular class of the tumor (58).
Similarly, Xu et al. showed that an EOR threshold of more than
80% was associated with a long-term seizure freedom (59). In a
larger multicenter investigation, Still and colleagues
demonstrated that for patients with a supratentorial DLGG,
postoperative seizure control was more likely to occur when
the EOR was ≥ 91% and/or when the residual tumor volume was
≤ 19 cc (60). Our findings of progressive PLE changes from the
tumor core could be used to further delineate the
electrophysiological changes induced by the tumor (Figure
S6). However, these preliminary findings need to be first
correlated with genetic/histological data. Future prospective
studies integrating direct electrical stimulation and ECoG
could refine the supramarginal resection technique when
functionally possible. A multidisciplinary approach including
epileptologists for a comprehensive assessment and accurate
localization of the epileptogenic focus are primordial for a
better understanding of the potential clinical applications of our
findings. The correlation of the intra-operative electrophysiologic
changes with clinical markers and outcome measures is an
important aspect that should be explored in the future with
well-designed prospective studies.

The concept of individualized surgery for managing glial tumors
is based on the goal of achieving a maximal tumor resection and
seizure freedomwithout inducing new neurological deficits (61–64).
We already dispose of ample information in terms of the clinical
and biological behavior of gliomas. Nonetheless, the persistent
challenge remains integrating the information obtained from
various analyses in a way that provides a comprehensive view of
the alterations underlying the interplay between epileptogenesis and
oncology. Scale-free measures such as PLE are ubiquitously present
in many scientific topics and this research represents the first
confirmation of its relevance to the tumoral tissue. Further
research including in-vivo neural recording could help improve
our insight into latent sources of PLE changes.
CONCLUSION

In summary, we present for the first time distinct power law
exponent features in the tumoral and peritumoral tissue of
gliomas that seems to represent a critical structure both for the
onset and propagation of epileptiform activity and for infiltration by
glioma cells. Although neuro-oncology and epilepsy surgery have
traditionally been separate disciplines, we postulate that the analysis
Frontiers in Oncology | www.frontiersin.org 10
of the mechanisms underlying the tumor related epilepsy might
equally yield significant insight into tumorigenesis. We expect that
the contributions made from a multidisciplinary approach to
unravel the complex pathways underlying the clinical features of
gliomas related epilepsy will lead to meaningful progress for the
patients affected by these devastating tumors.
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18. Wolff A, Di Giovanni DA, Gómez-Pilar J, Nakao T, Huang Z, Longtin A,
et al. The temporal signature of self: Temporal measures of resting-state EEG
predict self-consciousness.Hum Brain Mapp (2019) 40:789–803. doi: 10.1002/
hbm.24412

19. Huang Z, Wang Z, Zhang J, Dai R, Wu J, Li Y, et al. Altered temporal variance
and neural synchronization of spontaneous brain activity in anesthesia. Hum
Brain Mapp (2014) 35:5368–78. doi: 10.1002/hbm.22556

20. He BJ. Scale-free properties of the functional magnetic resonance imaging
signal during rest and task. J Neurosci (2011) 31:13786–95. doi: 10.1523/
JNEUROSCI.2111-11.2011

21. He BJ. Scale-free brain activity: Past, present, and future. Trends Cognit Sci
(2014) 18:480–7. doi: 10.1016/j.tics.2014.04.003

22. Yamamoto Y, Hughson RL. Coarse-graining spectral analysis: new method for
studying heart rate variability. J Appl Physiol (1991) 71:1143–50. doi: 10.1152/
jappl.1991.71.3.1143
Frontiers in Oncology | www.frontiersin.org 11
23. Welch P. The use of fast Fourier transform for the estimation of power spectra:
a method based on time averaging over short, modified periodograms. IEEE
Trans Audio Electroacoust (1967) 15:70–3. doi: 10.1109/TAU.1967.1161901

24. Bullmore E, Sporns O. Complex brain networks: graph theoretical analysis of
structural and functional systems. Nat Rev Neurosci (2009) 10:186–98.
doi: 10.1038/nrn2575

25. He BJ, Zempel JM, Snyder AZ, Raichle ME. The temporal structures and
functional significance of scale-free brain activity. Neuron (2010) 66(3):353–
69. doi: 10.1016/j.neuron.2010.04.020

26. Tenreiro Machado JA, Pinto CMA, Lopes AM. Power Law and Entropy
Analysis of Catastrophic Phenomena. Math Probl Eng (2013) 2013:1–10.
doi: 10.1155/2013/562320

27. Osswald M, Jung E, Sahm F, Solecki G, Venkataramani V, Blaes J, et al. Brain
tumour cells interconnect to a functional and resistant network. Nature (2015)
528:93–8. doi: 10.1038/nature16071

28. Osswald M, Solecki G, Wick W, Winkler F. A malignant cellular network in
gliomas: Potential clinical implications. Neuro Oncol (2016) 18:479–85.
doi: 10.1093/neuonc/now014

29. Scanlon TM, Caylor KK, Levin SA, Rodriguez-Iturbe I. Positive feedbacks
promote power-law clustering of Kalahari vegetation. Nature (2007) 449:209–
12. doi: 10.1038/nature06060

30. Leao DJ, Craig PG, Godoy LF, Leite CC, Policeni B. Response Assessment in
Neuro-Oncology Criteria for Gliomas: Practical Approach Using
Conventional and Advanced Techniques. Am J Neuroradiol (2020) 41:10–
20. doi: 10.3174/ajnr.A6358

31. Ghinda DC, Yang Y, Wu S, Lu J, Su L, Damiani S, et al. Personalized
Multimodal Demarcation of Peritumoral Tissue in Glioma. JCO Precis Oncol
(2020) 4:1128–40. doi: 10.1200/PO.20.00115

32. Cabrera AR, Kirkpatrick JP, Fiveash JB, Shih HA, Koay EJ, Lutz S, et al.
Radiation therapy for glioblastoma: Executive summary of an American
Society for Radiation Oncology Evidence-Based Clinical Practice Guideline.
Pract Radiat Oncol (2016) 6(4):217–25. doi: 10.1016/j.prro.2016.03.007

33. D’Alessio A, Proietti G, Sica G, Scicchitano BM. Pathological and Molecular
Features of Glioblastoma and Its Peritumoral Tissue. Cancers (Basel) (2019)
11:469. doi: 10.3390/cancers11040469

34. Lemée J-M, Clavreul A, Menei P. Intratumoral heterogeneity in glioblastoma:
don’t forget the peritumoral brain zone. Neuro Oncol (2015) 17:1322–32.
doi: 10.1093/neuonc/nov119

35. Hatcher A, Yu K, Meyer J, Aiba I, Deneen B, Noebels JL. Pathogenesis of
peritumoral hyperexcitability in an immunocompetent CRISPR-based
glioblastoma model. J Clin Invest (2020) 130:2286–300. doi: 10.1172/JCI133316

36. Kramer DR, Fujii T, Ohiorhenuan I, Liu CY. Cortical spreading
depolarization: Pathophysiology, implications, and future directions. J Clin
Neurosci (2016) 24:22–7. doi: 10.1016/j.jocn.2015.08.004

37. Cubillos S, Obregón F, Vargas MF, Salazar LA, Lima L. Taurine concentration in
human gliomas and meningiomas: Tumoral, peritumoral, and extratumoral
tissue.Adv ExpMed Biol. (2005) 583:419–22. doi: 10.1007/978-0-387-33504-9_47

38. Koekkoek JAF, Kerkhof M, Dirven L, Heimans JJ, Reijneveld JC, Taphoorn
MJB. Seizure outcome after radiotherapy and chemotherapy in low-grade
glioma patients: A systematic review. Neuro Oncol (2015) 17:924–34.
doi: 10.1093/neuonc/nov032

39. Koekkoek JAF, Dirven L, Heimans JJ, Postma TJ, Vos MJ, Reijneveld JC, et al.
Seizure reduction is a prognostic marker in low-grade glioma patients treated
with temozolomide. J Neurooncol (2015) 126:347–54. doi: 10.1007/s11060-
015-1975-y

40. Englot DJ, Berger MS, Barbaro NM, Chang EF, Francisco S. Predictors of
seizure freedom after resection of supratentorial low-grade gliomas. A review.
J Neurosurg (2011) 115:240–4. doi: 10.3171/2011.3.JNS1153

41. Chang EF, Potts MB, Keles GE, Lamborn KR, Chang SM, Barbaro NM, et al.
Seizure characteristics and control following resection in 332 patients with
low-grade gliomas. J Neurosurg (2008) 108:227–35. doi: 10.3171/JNS/2008/
108/2/0227

42. Van Breemen MSM, Wilms EB, Vecht CJ. Review Epilepsy in patients with
brain tumours: epidemiology, mechanisms, and management. Lancet Neurol
(2007) 6(5):421–30. doi: 10.1016/S1474-4422(07)70103-5

43. Rudà R, Bello L, Duffau H, Soffietti R. Seizures in low-grade gliomas: natural
history, pathogenesis, and outcome after treatments. NeuroOncol (2012) 14
(4):iv55–64. doi: 10.1093/neuonc/nos199
February 2021 | Volume 10 | Article 625474

https://doi.org/10.1093/brain/awt345
https://doi.org/10.1111/epi.12440
https://doi.org/10.1093/brain/awr310
https://doi.org/10.1007/BF00702671
https://doi.org/10.1227/NEU.0b013e31823c3a30
https://doi.org/10.1227/NEU.0b013e31823c3a30
https://doi.org/10.1038/nrneurol.2016.26
https://doi.org/10.1038/nrneurol.2016.26
https://doi.org/10.1016/j.yebeh.2014.05.009
https://doi.org/10.1016/j.yebeh.2014.05.009
https://doi.org/10.1007/s10143-009-0191-7
https://doi.org/10.3171/2015.12.FOCUS15572
https://doi.org/10.1002/14651858.CD009685.pub2
https://doi.org/10.1002/14651858.CD009685.pub2
https://doi.org/10.1002/14651858.CD012788.pub2
https://doi.org/10.1002/14651858.CD012788.pub2
https://doi.org/10.1007/s13311-016-0507-6
https://doi.org/10.1038/s41598-019-40743-y
https://doi.org/10.1002/hbm.24412
https://doi.org/10.1002/hbm.24412
https://doi.org/10.1002/hbm.22556
https://doi.org/10.1523/JNEUROSCI.2111-11.2011
https://doi.org/10.1523/JNEUROSCI.2111-11.2011
https://doi.org/10.1016/j.tics.2014.04.003
https://doi.org/10.1152/jappl.1991.71.3.1143
https://doi.org/10.1152/jappl.1991.71.3.1143
https://doi.org/10.1109/TAU.1967.1161901
https://doi.org/10.1038/nrn2575
https://doi.org/10.1016/j.neuron.2010.04.020
https://doi.org/10.1155/2013/562320
https://doi.org/10.1038/nature16071
https://doi.org/10.1093/neuonc/now014
https://doi.org/10.1038/nature06060
https://doi.org/10.3174/ajnr.A6358
https://doi.org/10.1200/PO.20.00115
https://doi.org/10.1016/j.prro.2016.03.007
https://doi.org/10.3390/cancers11040469
https://doi.org/10.1093/neuonc/nov119
https://doi.org/10.1172/JCI133316
https://doi.org/10.1016/j.jocn.2015.08.004
https://doi.org/10.1007/978-0-387-33504-9_47
https://doi.org/10.1093/neuonc/nov032
https://doi.org/10.1007/s11060-015-1975-y
https://doi.org/10.1007/s11060-015-1975-y
https://doi.org/10.3171/2011.3.JNS1153
https://doi.org/10.3171/JNS/2008/108/2/0227
https://doi.org/10.3171/JNS/2008/108/2/0227
https://doi.org/10.1016/S1474-4422(07)70103-5
https://doi.org/10.1093/neuonc/nos199
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Ghinda et al. Electrophysiological Signature of Glioma
44. Dubey A, Ray S. Cortical Electrocorticogram (ECoG) Is a Local Signal.
J Neurosci (2019) 39:4299–311. doi: 10.1523/JNEUROSCI.2917-18.2019

45. Berger MS, Ghatan S, Haglund MM, Dobbins J, Ojemann GA. Low-grade
gliomas associated with intractable epilepsy: seizure outcome utilizing
electrocorticography during tumor resection. J Neurosurg (1993) 79:62–9.
doi: 10.3171/jns.1993.79.1.0062

46. Sinai A, Bowers CW, Crainiceanu CM, Boatman D, Gordon B, Lesser RP, et al.
Electrocorticographic high gamma activity versus electrical cortical stimulation
mapping of naming. Brain (2005) 128:1556–70. doi: 10.1093/brain/awh491

47. Qiu B, Ou S, Song T, Hu J, You L, Wang Y, et al. Intraoperative
electrocorticography-guided microsurgical management for patients with
onset of supratentorial neoplasms manifesting as epilepsy: a review of 65
cases. Epileptic Disord (2014) 16:175–84. doi: 10.1684/epd.2014.0662

48. Qian T, Member S, Wu W, Member S, Zhou W, Gao S, et al. ECoG based
cortical function mapping using general linear model. Annual International
Conference of the IEEE Engineering in Medicine and Biology Society (2011),
2347–50. doi: 10.1109/IEMBS.2011.6090656

49. Miller KJ, Weaver KE, Ojemann JG. Direct electrophysiological measurement
of human default network areas. Proc Natl Acad Sci U S A (2009) 106:12174–7.
doi: 10.1073/pnas.0902071106

50. Genetti M, Grouiller F, Vulliemoz S, Spinelli L, Seeck M, Michel CM, et al.
Noninvasive language mapping in patients with epilepsy or brain tumors.
Neurosurgery (2013) 72:555–65. doi: 10.1227/NEU.0b013e318282cdad

51. Tamura Y, Ogawa H, Kapeller C, Prueckl R, Takeuchi F, Anei R, et al. Passive
language mapping combining real-time oscillation analysis with cortico-
cortical evoked potentials for awake craniotomy. J Neurosurg (2016)
125:1580–8. doi: 10.3171/2015.4.JNS15193

52. Duffau H. Brain mapping in tumors: Intraoperative or extraoperative?
Epilepsia (2013) 54:79–83. doi: 10.1111/epi.12449

53. Roessler K, Hofmann A, Sommer B, Grummich P, Coras R, Kasper BS, et al.
Resective surgery for medically refractory epilepsy using intraoperative MRI
and functional neuronavigation: The Erlangen experience of 415 patients.
Neurosurg Focus (2016) 40(3):E15. doi: 10.3171/2015.12.FOCUS15554

54. Boetto J, Bertram L, Moulinie G, Herbet G, Moritz-Gasser S, Duffau H. Low Rate
of Intraoperative Seizures During Awake Craniotomy in a Prospective Cohort with
374 Supratentorial Brain Lesions: Electrocorticography Is Not Mandatory. World
Neurosurg (2015) 84:1838–44. doi: 10.1016/j.wneu.2015.07.075

55. Fallah A, Weil AG, Sur S, Miller I, Jayakar P, Morrison G, et al. Epilepsy surgery
related to pediatric brain tumors: Miami Children’s Hospital experience.
J Neurosurg Pediatr (2015) 16:675–80. doi: 10.3171/2015.4.PEDS14476

56. Zigiotto L, Annicchiarico L, Corsini F, Vitali L, Falchi R, Dalpiaz C, et al.
Effects of supra-total resection in neurocognitive and oncological outcome of
Frontiers in Oncology | www.frontiersin.org 12
high-grade gliomas comparing asleep and awake surgery. J Neurooncol (2020)
148:97–108. doi: 10.1007/s11060-020-03494-9

57. Duffau H, Taillandier L. New concepts in the management of diffuse low-
grade glioma: Proposal of a multistage and individualized therapeutic
approach. Neuro Oncol (2015) 17:332–42. doi: 10.1093/neuonc/nou153

58. Ius T, Pauletto G, Tomasino B, Maieron M, Budai R, Isola M, et al. Predictors
of postoperative seizure outcome in low grade glioma: From volumetric
analysis to molecular stratification. Cancers (Basel) (2020) 12(2):397.
doi: 10.3390/cancers12020397

59. Xu DS, Awad AW, Mehalechko C, Wilson JR, Ashby LS, Coons SW, et al. An
extent of resection threshold for seizure freedom in patients with low-grade
gliomas. J Neurosurg (2018) 128(4):1084–90. doi: 10.3171/2016.12.JNS161682

60. Still MEH, Roux A, Huberfeld G, Bauchet L, Baron M-H, Fontaine D, et al.
Extent of Resection and Residual Tumor Thresholds for Postoperative Total
Seizure Freedom in Epileptic Adult Patients Harboring a Supratentorial
Diffuse Low-Grade Glioma. Neurosurgery (2019) 85:E332–40. doi: 10.1093/
neuros/nyy481

61. Robles SG, Gatignol P, Lehericy S, Duffau H. Long-term brain plasticity
allowing a multistage surgical approach to World Health Organization Grade
II gliomas in eloquent areas: Report of 2 cases. J Neurosurg (2008) 109:615–24.
doi: 10.3171/JNS/2008/109/10/0615

62. Duffau H. Resecting diffuse low-grade gliomas to the boundaries of brain
functions: a new concept in surgical neuro-oncology. J Neurosurg Sci (2015)
59:361–71.

63. Mandonnet E, Duffau H. Understanding entangled cerebral networks: a
prerequisite for restoring brain function with brain-computer interfaces.
Front Syst Neurosci (2014) 8:82. doi: 10.3389/fnsys.2014.00082

64. Duffau H. The challenge to remove diffuse low-grade gliomas while preserving
brain functions. Acta Neurochir (Wien) (2012) 154:569–74. doi: 10.1007/
s00701-012-1275-7

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Ghinda, Lambert, Lu, Jiang, Tsai, Sachs, Wu and Northoff. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
February 2021 | Volume 10 | Article 625474

https://doi.org/10.1523/JNEUROSCI.2917-18.2019
https://doi.org/10.3171/jns.1993.79.1.0062
https://doi.org/10.1093/brain/awh491
https://doi.org/10.1684/epd.2014.0662
https://doi.org/10.1109/IEMBS.2011.6090656
https://doi.org/10.1073/pnas.0902071106
https://doi.org/10.1227/NEU.0b013e318282cdad
https://doi.org/10.3171/2015.4.JNS15193
https://doi.org/10.1111/epi.12449
https://doi.org/10.3171/2015.12.FOCUS15554
https://doi.org/10.1016/j.wneu.2015.07.075
https://doi.org/10.3171/2015.4.PEDS14476
https://doi.org/10.1007/s11060-020-03494-9
https://doi.org/10.1093/neuonc/nou153
https://doi.org/10.3390/cancers12020397
https://doi.org/10.3171/2016.12.JNS161682
https://doi.org/10.1093/neuros/nyy481
https://doi.org/10.1093/neuros/nyy481
https://doi.org/10.3171/JNS/2008/109/10/0615
https://doi.org/10.3389/fnsys.2014.00082
https://doi.org/10.1007/s00701-012-1275-7
https://doi.org/10.1007/s00701-012-1275-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Scale-Free Analysis of Intraoperative ECoG During Awake Craniotomy for Glioma
	Introduction
	Methods
	Subjects and Recordings
	ECoG Localization Method via Intra-Operative Photography
	ECoG Signal Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


