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INTRODUCTION quest to fully elucidate the function of intrinsic brain networks also
The fact that parts of our brain are active even when we arerequires a solid understanding of the link between neuroimaging
overtly engaged with the external world may not appear to be timalings and their electrophysiological underpinnings.
much of a surprisper seThe fact that thoughts and inner mental In this paper we provide perspectives on the necessity, feasibil
processes are ongoing, and that they are certainly more-pratyj and limitations of tackling the electrophysiological properties
nent when we are not processing stimuli from the outside wordd,DMN dynamics. We will discuss the utility and limitations of
makes the concept of ongoing brain activity not only plausible Iman-invasive electrophysiological techniques such as electroen
crucial. By contrast, what is de nitely striking is the signi cardephalography (EEG) and magnetoencephalography (MEG) in
discrepancy between how much we have learned about the spghibendeavor. Most importantly, we will focus on the potential of
characteristics of the so-called “default-mode” of brain functiatirect electrophysiological recordings in humans to unravel the
(Raichle etl., 200) and how little we know about the precisspectral and temporal properties of task-related changes of popula
neural mechanisms underlying its modulations and the ne-scaien activity in DMN structures.
temporal dynamics thereof. A parallel stream of research in humans has revealed that blood-
Over recent years, the default-mode network (DMBl)¢nard oxygenation level-dependent (BOLD) signal increases are tightly
and Raichle, 2001; Raichleakf 200} has been examined in thecoupled with task-related power increases in the high-frequency
light of its putative relationship to self-cognitioBi(snard egl., range (broad-band gamma, 50-5) of the intracranial EEG sig
200) and mind wanderingNlason efal., 200). Deactivation of nal (Mukamel egl., 2005; Lachauxadt, 2007a; Nir etl., 200Y. Itis
the DMN has been implicated in attention and task-engagem#érgrefore tempting to ask whether task-related BOLD deactivations,
(Corbetta and Shulman, 200and its dysfunction has been linkedypical for DMN areas, are in turn associated with suppressions of
to various mental disorder&(eicius, 2008; Broyd et al., 2R high gamma power. While human studies of gamma power increases
steady ow of seminal ndings advancing our understanding afe abundant (e.g.achaux eal., 2005; Crone ali., 2006; Jensen
intrinsic brain activity continues to emerge from neuroimagingf al., 2007; Jerbi ef., 2009} little is known about task-related
studies. Current important topics include the use of functiongamma power suppression. Intracerebral studies from our group
magnetic resonance imaging (fMRI) to investigate intrinsie natere the rstto provide direct evidence in humans for task-related
work dynamics and connectivity patteri@& éicius eél., 2003; Fox decreases of broad-band gammaHz) power during perform
etal., 2005; Uddin etl., 2009and the putative relationship betweerance of attention-demanding cognitive tasksohaux eal., 2005,
DMN deactivations and behavioral performanéé(ssman eil., 200§. More recent studiesV(ainy etal., 2008; Miller edl., 2009;
2006; Shulman ei., 2007; Anticevic ek, 201). Nevertheless, the Jung eal., 201Dprovide further evidence for the co-occurrence of
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task-related increases and decreases of broad-band gamma adti@ty-INVASIVENVESTIGATION OMN WITHEEG
in distinct brain areas during goal-directed behavior. As a matteNain-invasive electrophysiological techniques such as EEG or MEG
fact, because direct recordings from the cortex are not affectegdrbyide whole-head coverage at a high temporal (millisecond-range)
physiological noise (e.g., breathing or cardiac changes), such stuegesution and thus carry the potential to unravel the ne-temporal
are critical to refute claims that DMN observations constitute dgynamics of the brain’s intrinsic activity. Several EEG studies suggest
epiphenomenon not of neuronal origiBifn etal., 2008 Besides, various relationships between resting state networks and multiple
we argue that depth recordings in humans will be key to probspatial and spectral properties of the EEG. In particular, cembin
the temporal properties of DMN deactivation and to unravelirgg EEG and fMRI recordings provides a powerful framework for
the role of gamma activity therein. To further support this clairihie comparison between various electrophysiological components
we present rare human intracerebral stereotactic-EEG (SEEG) datathe BOLD responses during resting statesf§ etl., 2003;
recorded directly from two prominent DMN areas, namely theebener eal., 2005; Mantini etl., 2007; Laufs, 2008; Scheeringa
posterior cingulate cortex (PCC) and the medial prefrontal cortesal., 2008; Jann at., 2009 A rst step toward assessing the EEG
(MPFC). Using time-frequency analysis we computed temporal aiwirelates of DMN is to decipher the way non-invasive surface
spectral pro les of population-level activity depicting task-relatedeasurements relate to the BOLD response. This question has
gamma-band deactivation in these areas during performancéeén addressed by correlating BOLD with EEG power in various
attention-demanding tasks. Finally, we discuss some implicatifresjuency bands. For instance, the BOLD signal has been shown to
of our ndings and we outline directions for future research in thrrelate negatively with EEG power in the alpha b&mddman
challenging and rapidly growing eld. etal., 2002; Moosmannait, 200pand a recent study found positive
correlations between BOLD and MEG high gamma poxwenér
INVESTIGATINGMN WITH ANIMAL ELECTROPHYSIOLOGYal., 2010 Numerous studies found correlations between DMN
Unfortunately, our knowledge of the neural correlates of DMattivity patterns and the power in traditional EEG frequency bands
remains elusive. This is in part due to the fact that investigatinguding theta (4—Hz), alpha (8—124z), beta (13—-30Hz), and
the electrophysiological correlates of the BOLD signal is a téotv-gamma (30-561z) bands ((aufs efal., 2003; Mantini eal.,
nically challenging endeavor and acquiring electrophysiologizaD7; Chen et al., 2008; Scheeringh,&1008; Jann at, 200). In
signals from human DMN structures faces multiple challengesntrast, putative links between BOLD responses and components
So what have electrophysiological approaches taught us abouinttiee lower end of the EEG frequency spectrum, namely delta oscil
neural correlates of DMN and what are their current limitationgions (1-4Hz), slow cortical potentials (SCPs), and infra-slow
Let us address this question rst of all from the perspective wétuations (0.01-0.Hz) have proven harder to establistngder
animal studies. A highly interesting studyHmyden etl. (2009) etal., 200 Infra-slow EEG uctuations (e.dvjonto etal., 2003
has reported signi cant task-related suppression of neuroral and SCPs have been proposed to re ect slow uctuations in fMRI
ing rate in macaque PCC a region considered to be a promirgptantaneous activityHe and Raichle, 2009
component of DMN. As in previous reports of task-related BOLD More generally, attempts to use non-invasive electrophysiological
deactivation, the reduction in neuronal ring in macaque PC@ethods such as EEG or MEG to elucidate the neural mechanisms
occurred during task performance and was followed by a returrofantrinsic brain networks are challenged by two main limitations:
higher baseline levels between trials. Most importantly, the rinpe poor spatial resolution of MEG/EEG and the relatively lim
rate suppression reported byayden etal. (2009)was predictive ited signal-to-noise ratio of surface measurements especially with
of performance (errors and reaction times). Despite the fact thegards to detecting higher frequency components of the signal,
the BOLD signal was not recorded in this study, the authors argamely the high gamma-band0-20Mz). Advanced MEG/EEG
that the relationship to fMRI ndings is strengthened by the fasburce reconstruction techniques yield cortical activation maps
that the activity of lateral intraparietal (LIP) neurons was enhandédt are physiologically easier to interpret than sensor-level-topog
during the task, i.e., LIP showed the inverse effect observed in P&hies (e.gBalllet etal., 2001; Dalal eil., 2008 Nevertheless,
Such non-human primate studies hold the potential to advance the estimation of deeper sources in MEG/EEG is less reliable than
understanding of the neural correlates of the DMN. The degre¢tte localization of activity from sources close to the sensors. This
which animal data can be generalized to humans may be restrictedd be a severe limitation when it comes to detecting activity
by the limits of anatomo-functional cross-species comparisérom deep regions of the default-mode such as the PCC. Moreover,
However, a more serious limitation to the study of DMN functiotine fact that high-frequency activity in the gamma-range is less
with animal recordings arises if we want to test speci ¢ hypotmsily detected with surface recordirigfsi(tscheller and Cooper,
eses about its putative role in mediating internally oriented mental75; Jerbi etl., 2009pmight also be considered a further obsta
processes (e.g., self-cognition, episodic and prospective menuteyin this endeavor. As mentioned earlier, high gamma activity is
covert speech, etc.). Nevertheless, by contrast to electrophysioéoginportant target signal for DMN investigations because of its
imaging studies in anesthetized animal can provide insights iptdative coupling with the BOLD signalggothetis eal., 2001;
the large-scale functional architecture of the DMN. As a matteMdéssing edl., 2005; Nir etl., 2007; Lachauxait, 200% Recently
fact, the detection of spontaneous BOLD correlations (typicaleohumber of studies have shown that MEG and EEG can, under
resting state networks) in anesthetized monk&yiscént etal., certain circumstances, be used to detect task-related activity above
2007 has direct implications on the ongoing debate on the c@&0Hz (e.g.Ball etal., 2008; Cheyne &it, 2008; Dalal ei., 2008,
relations between DMN connectivity and levels of consciousn2889; Tecchio etl., 2008; Waldert ei., 2008; Van Der Werf &it,
(Greicius et al., 2008 2010; Zumer et al., 20110
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INTRACEREBRAL REARE&BCINICAL SETNG AND Figure 1A). This represents a major advantage when it comes to
TECHNICAL FEATURES the investigation of DMN structures such as PCC, MPFC that are
Fortunately, access to high resolution spatial and temporal sigresisly probed by other electrophysiological techniques. Nevertheless,
through direct recordings from the human brain is sometimes pd&&CoG does occasionally involve placement of electrode strips on
sible in some clinical settings. Various types of invasive recordthgssurface of the medial wall and could in these cases be used for
from cortical and subcortical structures are used in conjunction witMN investigations. Previous ECoG ndings point toward SCP
several clinical conditiong(igel eal., 200k The surgical treatment and gamma-range power as two types of electrical signals that dis
of drug-resistant epilepsy requires intracranial recordings in-mulplay correlation patterns that mirror those observed in spontaneous
ple brain areas in order to localize the epileptic tigsalezne eal., fMRI BOLD signalsHe et al., 2008; He and Raichle, 2009

2004, 2006 During this pre-surgical evaluation period, electrical

cortical stimulation and task-related functional mappitgcne DETECIDN OFASK-RELATENEURAIDEACTVATON

etal., 2006; Jerbi ei., 2009pare used to map out healthy andVITHSEEG

eloquent cortex that should be spared during surgery. The two m@inen that a de ning property of DMN is its task-related deactiva
invasive recording techniques used in the eld of epilepsy consw (i.e., negative BOLD response) during exteroceptive goal-di
of grid electrode placement over the cortex, a procedure knowmeted behavior, the natural question that comes to mind is whether
Electrocorticography (ECoG) and of multi-lead depth electrotlee DMN also displays task-related deactivations detectable in the
implantation known as SEEG (reviewedanbi etl., 2009a From  electrophysiological signal. Robust SEEG deactivations in such
the point of view of functional mapping, a major advantage of tregions may represent a putative neural correlate of task-related
multi-lead depth electrode implantation used in SEEG is the fBQLD deactivations.

that the recordings are not limited to the cortical surface. An SEEGn the following, we further make the case for SEEG recordings
electrode consists of upto 15 contacts that probe multiple sites fiasra particularly promising approach to study DMN deactivation,
lateral structures all the way through to medial wall regions (bgeproviding samples of direct recordings from two regions of the

Reading Task Navon Task
SSg
i:xan_cx Sss
. adiv P— oS
chair Sgss
XXXXX S S
S S

FIGURE 1 | Intracerebral stereotactic-EEG (SEEG) setting and cognitive
paradigms. (A) SEEG recording procedure showing a typical implantation
sketch based on a post-implantation X-ray scan (left panel) and a typical SEEG
depth electrode array (right panel). See Materials and Methods in
Supplementary Material for a detailed description of SEEG data acquisition.

(B) Reading task (left panel): subjects were presented with stimuli that
consisted of words and pseudowords. To ensure both categories were read, the
subjects had to indicate whether the word represented a living or non-living item
and, in the case of a pseudoword, whether it was made up of two syllables or

not. Navon task (right panel): subjects were presented with a large letter ( “global
letter”), which was itself composed of repeated smaller letters ( “local letter”).
The global and local letters could be either the letter “H” or the letter “S,” leading
to four types of global-to-local stimulus con gurations. At the beginning of a trial
the subjects were cued to focus either on the global or the local level of the
upcoming stimulus. The task consisted in identifying, as fast as possible, the
stimulus letter at the level indicated by the cue. In both experiments the stimuli
were presented for a maximum of 3 s and disappeared as soon as the

subject responded.
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human DMN: the posterior cingulate cortex (PCC) and the MPFgarticipated in routine localizer experiments including a series of
We then report, for the sake of comparison, electrode data acquatention-demanding tasks such as a classical “global versus local’
in the same subjects but from sites not assumed to be part ofattention task{lavon, 197yand a“word versus pseudoword” read
DMN. The data presented here were acquired from subjects withtask Figure1B). Subsequent data analysis was strictly restricted
SEEG depth electrodes implanted at multiple locations of the brmimecording sites that showed no pathological activigures2

as part of their pre-surgical evaluation period (see supplementanyg 3show results obtained with data recorded directly in PCC
material for details of the experimental procedures). The subjetd MPFC respectively. Using time-frequency analysis of bipolar

FIGURE 2 | Task-related gamma-band power suppressions in posterior found (indicated by negative Z values). (C) Time pro le of percent power
cingulate cortex (PCC). (A) Anatomical location of the SEEG recording site in decreases (below baseline levels) at this electrode site for the conditions of each
PCC of subject 1 (Talairach coordinatesx = 10,y = 38, z= 35). (B) Time- task (Left: Reading, Right: Navon). All conditions show signi cant gamma

frequency representations of PCC activity for the reading (left panel) and Navon suppression in this region of DMN. The red/blue horizontal lines indicate
(right panel) tasks. Values represent task-related power modulations across time  statistical signi cance (p 0.05) based on a Wilcoxon signed rank test and
and frequency, compared with average baseline activity during xation con dence intervals represent ps.e.m. (See Materials and Methods in
(Wilcoxon test). In both tasks strong decreases in PCC gamma power were Supplementary Material for more details).
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FIGURE 3 | Task-related gamma-band power suppressions in Medial found in both tasks. (C)Time pro le of percent power decreases (below
Prefrontal Cortex (MPFC). (A) Anatomical location of the SEEG recording site baseline levels) at this electrode site for the conditions of each task (Left:

in MPFC of subject 2 (Talairach coordinates:x= 4,y= 46,z= 3). Reading, Right: Navon). As for PCC Figure 2), gamma activity in MPFC is
(B) Time-frequency representations of MPFC activity for the reading (left panel) signi cantly suppressed for all conditions. Display conventions and methods
and Navon (right panel) tasks. Strong decreases in MPFC gamma power were used are identical to those of Figure.2.

recordings in these areas we derive task-related maps that ddfiohs in both tasks. In addition to this task non-speci city, the
modulations of power across time and frequency, as comparethti that these intracranially recorded gamma suppressions occur
baseline levels (methods agdémbi etl., 2009r Strikingly, com in two regions known to be part of the DMN is in agreement with a
pared to pre-stimulus baseline levels (during which subject simplyative link between SEEG gamma power deactivation and BOLD
xate a cross), the Reading and the Navon tasks were associatediedtbtivation reported in the human fMRI DMN literatufésichle
strong suppressions of power in the high gami%{150Hz) etal., 200). Importantly, this view is further supported by the fact
observed in both PCC and MPFC siteigres2B and 3B. Most that task-related gamma suppressions were not ubiquitous across
importantly, as shown ifrigures2C and 3Cthe gamma-band recording sites. Applying the same spectral analysis to the data
deactivations were systematically present for all experimental @oquired in the same subjects but at other recording sites which
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are not part of DMN shows the inverse effect, i.e., task-relategt primary visual area (V1limuel etl., 2005 Task-related
increases in the gamma-range and in both experimeigsré4). decreases in high gamma power have also been reported with
This was the case for recording sites in the fusiform gyrus (&ftacerebral recordings in human V1 during processing of complex
and in the insula (S2). Moreover, it is noteworthy that the timwsual stimuli Lachaux edl., 2005 More generally, it is tempting to
course of gamma power suppressiéig(res2C and 3¢ sug ask whether the so-called task-positive networks and task-negative
gests that signi cant gamma-band deactivation starts on averagevorks revealed by the fMRI literatufeok etal., 200}, are
around 250ms in the PCC and then around 506 in MPFC. spatially coincident with task-related gamma power enhancement
The deactivations are sustained in time lasting beyond rh800networks and task-related gamma power suppression networks
post stimulus presentation. However, the data presented hererespectively. This view implies that DMN areas would exhibit less
based only on two subjects. Clearly, more subjects will be neg@dadma power during execution of attention-demanding tasks than
to reliably estimate the temporal dynamics of gamma suppresslaning resting baseline periods. Support for this hypothesis has
and its relationship to behavior. been reported in monkey PCEdyden egl., 2003 However, so

far, equivalent ndings in humans have been scarce. The frequency
DISCUSSION ANIERSPECTIVES range of the high gamma-ban0—-160z) falls beyond the reach
A number of studies have established a tight relationship betweemost EEG studies that have been performed so far with the aim
BOLD activations and task-related increases in the gamma-range assess the neural correlates of the DMN (exgis egl., 2003;
the LFP signal in the same areas)(thetis eal., 2001; Mukamel Mantini etal., 200Y. This limitation, as well as source localization
etal., 2005; Niessing ak, 2005; Lachaux ek, 2007a; Nir l., uncertainty (i.e., limited spatial resolution), can be in part overcome
2007). Such observations lead to the corollary prediction thatnega the high signal-to-noise ratio and spatio-temporal resolution of
tive BOLD activity may also be correlated with gamma-band poweracerebral recordings. Although there have been a few reports of
suppressions. This has been shown to be indeed the case-in msk-related gamma deactivations in some speci ¢ components of

FIGURE 4 | Task-related gamma-band power increases.  (A) Subject 1: panel) and Navon (condition: local) (central panel) tasks for an electrode located

time-frequency representations during Reading (condition: pseudoword) (left
panel) and Navon (condition: local) (central panel) tasks for an electrode located

Strong increases in gamma power were found in both tasks, in contrast to the
decreases found for the same subject in PCC (see Figure 2). (B) Subject 2:
time-frequency representations during Reading (condition: pseudoword) (left

in the fusiform gyrus (right panel, Tailarach coordinates: x = 46,y = 43,z= 13).

in the fusiform gyrus (right panel, Tailarach coordinates: x = 26,y = 16, z= 8).
The task-related enhancement of gamma power found here in both tasks is
concurrent with task-related suppression in MPFC in the same subject (see
Figure 3). Note that the full temporal pro le of task-related gamma increases for
the two conditions of each task for both subjects is provided in Figure S1 in
Supplementary Material.
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human DMN using intracerebral recordingsaChaux eal., 2008; networks Debener egl., 2005; Mantini eal., 2007; Scheeringa
Miller etal., 2009; Jung et., 201}, an exhaustive investigation ofet al., 200% The advent of simultaneous fMRI and intracranial
all DMN structures and their ne-temporal dynamics using sudBEG in the near future will move the multimodal investigations in
techniques is hard to achieve and is still lacking. this eld a major step forwardJarmichael eal., 201) However,

The SEEG data presented here provides evidence for supfiiesimportant impact that intracerebral recordings are expected
sion of high-frequency activity in the human PCC and MPFE duo have on the study of the electrophysiological correlates of the
ing task-engagement. This gamma-band deactivation (48450 DMN does not lessen the need for non-invasive electrophysiologi
was task-related and occurred systematically across all experimeatalpproaches for this endeavor. Indeed, the precision of EEG and
conditions. It is noteworthy that the Navon task we implement®EG will continue to improve thanks to the use of advanced source
(local versus global visual processing) induced signi cant gamimealization techniques (e.§aillet efal., 2001; Gross ak, 2001;
power suppressions in PCC, a region that has previously beefal etal., 2008and signal decomposition tools such as independ
shown to display negative BOLD in responses to the same pam&component analysi$/@ntini etal., 200). Besides, given the
digm performed with fMRI\(Veissman eal., 200k Remarkably, putatively prominent role of high-frequency activity, improving the
the high gamma suppression, found in the DMN, co-occurred wiknsitivity of surface recordings to high gamma activity will be a
task-related enhancement outside the DMAg(re 4). Elevated critical issueJerbi etl., 2009gn Results of our recent study using
gamma power in the fusiform gyrus and in the anterior insula msiynultaneously acquired MEG and intracerebral EEG data suggest
re ect visual processing of the stimulus and intrinsic alertness acthat source imaging can indeed enhance our ability to detect the
ity respectively. Interestingly, increases in anterior insular gameoeatical generator of gamma activity with MEG(al etal., 200%.
activity could be related to its role as part of the putative core tdskaddition, several studies have shown that EEG signals can be
set systenT{osenbach «il., 2005 Our observation of concurrent contaminated by signals in the gamma-range that originate from
positive and negative high gamma responses, outside and insideytbemuscles rather than cortical tissdev@a and Aftanas, 2004;
DMN respectively, is in line with the hypothesis that gamma moduuijillo etal., 2005; Yuval-Greenbergét 2008 Therefore, ruling
lations represent an electrical correlate of BOLD signal modulatiang.the effect of such saccade-related artifacts is a prerequisite for
Critically, the population-level deactivation presented here exterdeeliable assessment of cortical gamma-band power using non-
a number of electrophysiological studies of DMN deactivation (eigvasive techniques and constitutes an important topic for future
Hayden egl., 2009; Miller edl., 2009 and strongly argues againstesearch. As a matter of fact, we have recently shown that gamma-
the DMN being an epiphenomenogi(n etal., 200% Further stud range saccadic artifacts might, in some cases, even contaminate
ies across large populations of implanted patients are needeidttacranial EEG recordings€rbi et al., 2009b
strengthen and ne-tune these physiological interpretations. Thelnvestigating the connectivity properties of intrinsic brain net
illustrative data we report in PCC and MPFC highlight the potentiabrks is clearly a topic where the input from electrophysiological
of SEEG recordings as a tool to investigate the neurophysiologgadrdings will be critical. Correlation and anti-correlation phe
DMN, and more generally speaking, of the resting state networksnena appear to be fundamental concepts surrounding resting
Our group is actively pursuing the detection of brain-wide spats&hte networksHox etal., 200% Much still needs to be learned
distributions of gamma power decreases and increases in attenédsout how connectivity properties revealed with fMRI relate to
demanding tasks as well as the investigation of correlation patténagn-wide neural interactions revealed by MEG, EEG, and iEEG.
within the involved networks{ssandon et al., 2009 Slow uctuations in baseline activity observed with fMRI may

More generally, if we assume that broad-band gamma power sfugindirectly linked to higher frequency amplitude modulations
pressions observed in the default-mode areas rdeefzictmeural via slow-to-fast cross-frequency interactiofsnsen and Colgin,
disengagement, then we should also expect a concurrent reduciamj. Previous studies have shown that SCP can modulate higher
in local neuronal ring. An assessment of this hypothesis in the liiftgquency EEG activity/énhatalo eal., 200%, but also behavio
of the tight relationship between spiking activity and broad-banal performanceH®irbaumer eal., 1990; He «il., 2008; He and
gamma [ukamel etal., 2005; Niessingalt, 2005; Manning ei., Raichle, 2009Interestingly, in a recent studypnto etal. (2008)

2009; Whittingstall and Logothetis, 2)deads to the hypothesisusednfra-slowEEG to provide evidence for very slow EEG uctua
that default-mode areas may be characterized by task-related saps (”0.01Hz) that were correlated with slow perceptual perform
pression of neuronal ring during attentive states. Although theresisce modulations. The authors reported phase-amplitude coupling
some recent evidence for this in monkey PE&y/(en etl., 200y, between these slow uctuations and patterns of faster cortical oscil
little is known about task-related modulations of spiking activitstions. The use of within and cross-frequency coupling measures
speci cally in default-mode structures of the human brain. This assess local and long-range interactions in scalp-EEG, MEG, and
is primarily due to the rarity of unit recordings in human cortextracranial EEG data is a rapidly growing eld of research, yet its
and may change in the future if microelectrode recordings are ugeténtial contribution to understanding the mechanisms of DMN
more often in clinical settings to probe DMN structures. Until theis still largely underexploited.

various hypotheses about spike ring-rate modulations in human Real-time monitoring of the electrophysiological activity within
DMN may be inferred indirectly from the analysis of the broad-batite DMN may open up the exciting perspective of performing
gamma-range component of the EEG. online monitoring of vigilance or attention. What's more, real-

Furthermore, combining fMRI and EEG in simultaneous recorime monitoring of DMN neuronal populations may allow for
ings will undoubtedly continue to provide unique insights into theovel experimental designs with stimulation parameters that
links between electrophysiological and BOLD signals in resting sddi&pt online to the subjects state. While several challenges still
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need to be dealt with in order to achieve this with non-invasiwmemerous clinical applications. Overall, a better understanding
measurements, real-time monitoring of high gamma activity of the neural underpinnings and correlation dynamics within the
humans is readily achieved using depth SEEG recordings. We bd#d and, more globally, within resting state networks could have
implemented an online system for the estimation and visualizat&tnong implications on the development of novel diagnostic and
of power modulations in various frequency bands (including thehabilitation solutions for numerous neurological impairments.
high gamma-band) in conjunction with depth recording in epilepsy

patients (Lachaux et., 2007b). In addition to performing onlineACKNOWLEDGMENTS

functional mapping, this interface (dubb&tain TV) could be Support provided in part by the Fondation pour la Recherche
seen as a window to the patient’s ongoing and spontaneous bikéédicale (FRM) to Karim Jerbi, BrainSync FP7 European Project
activity. Therefore, with electrodes implanted in DMN areas, tt@@rant HEALTH-F2-2008-200728) to Juan R. Vidal, Marie Curie
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ing of DMN activity could be bene cial to investigations into the

functional role of DMN. For example, it may be possible to de idJPPLEMEMRY MATERIAL

online the timing of target or distractor stimulus presentation the Supplementary Material for this article can be found online
correspond to speci ¢ states of the DMN. Ultimately, performirat http://www.frontiersin.org/neuroscience/systemsneuroscience/
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