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21Deciding whether to act or not to act is a fundamental cognitive function. To avoid incorrect responses, both re-
22active and proactivemodes of control have been postulated. Little is known, however, regarding the brain imple-
23mentation of proactive mechanisms, which are deployed prior to an actual need to inhibit a response. Via a
24combination of electrophysiological and neuroimagingmeasures (recorded in 21 and 16 participants, respective-
25ly), we describe the brain localization and timing of neural activity that underlies the anticipatory proactive
26mechanism. From these results, we conclude that proactive control originates in the inferior Frontal gyrus, is
27established well before stimulus perception, and is released concomitantly with stimulus appearance. Stimulus
28perception triggers early activity in the anterior insula and intraparietal cortex contralateral to the responding
29hand; these areas likely mediate the transition from perception to action. The neural activities leading to the de-
30cision to act or not to act are described in the framework of a three-stage model that includes perception, action,
31and anticipatory functions taking place well before stimulus onset.

32 © 2015 Published by Elsevier Inc.
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37 1. Introduction

38 Most life situations require the selection of the right timing for act-
39 ing, or the ability to refrain from inappropriate actions. Motor control
40 is crucial for intelligent behavior and enables the suppression of com-
41 pelling, inopportune, stimulus-driven responses. Most studies have ex-
42 amined reactive inhibition, that is, the blocking response that occurs
43 after stimulus discrimination when nomotor response is needed. How-
44 ever, based on seminal observations (Whitely and Blankfort, 1933), the
45 existence of another form of control that occurs prior to stimulus onset
46 (biasing the subject to not-respond, i.e., proactive inhibition) has been
47 proposed primarily through studies using cue-probe or go/no-go para-
48 digms (for a review, Aron, 2011).
49 Relevant to the issue of proactive inhibition, an event-related func-
50 tional magnetic resonance (fMRI) study (Jaffard et al., 2008) postulated
51 that the prefrontal cortex (PFC) and the inferior parietal cortex may be
52 responsible for proactive inhibition, and the primary (M1), the supple-
53 mentary motor cortex (SMA), and the putamen are likely the target
54 sites of this inhibition; however, the low temporal resolution of fMRI
55 did not enable to evaluate the temporal dynamic of the observed activ-
56 ities. The involvement of the PFC well before stimulus onset and before

57the typical SMA activity associated with movement preparation was
58shown by some electrophysiological studies of our group using discrim-
59inative reaction task with go/no-go paradigm; this PFC pre-stimulus ac-
60tivity increased as a function of age, was positively correlated with the
61response time (RT), and likely represented age-related increments of
62inhibitory control that compensate for general cognitive decline
63(Berchicci et al., 2012). Links between pre-stimulus PFC activity and be-
64havioral characteristics such as response speed, accuracy or false alarms
65has also been found in other studies using a similar task (Perri et al.,
662014, 2015a,2015b). These data reinforce the idea that the PFC is the
67neural basis of proactive inhibitory control (Bogacz et al., 2010). In sup-
68port to the existence of an interplay of proactive and reactive inhibitory
69control mechanisms during cognitive tasks, see Chikazoe et al., 2009;
70Sætrevik et al., 2013.
71Despite proposals that proactive control should be a critical compo-
72nent of the response inhibition system (Criaud et al., 2012), current
73models of inhibitory control are predominately based on studies that
74have investigated reactive mechanisms. Two main factors may have
75masked the detection of proactive control: first, in neuroimaging stud-
76ies, proactive inhibition does not emerge in standard contrasts such as
77no-go versus go trials because it is present in both conditions
78(i.e., both when motor execution or inhibition is required) (Criaud and
79Boulinguez, 2013; Jaffard et al., 2007; Swick et al., 2011); second,
80many event-related potential (ERP) (and event-related fMRI) studies
81have used the pre-stimulus period as a baseline to measure stimulus-
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82 related activity, whichmakes it problematic to examine the activity that
83 precedes stimulus onset and thus overlaps with the baseline period
84 (Raichle and Snyder, 2007). Our knowledge about pre-stimulus antici-
85 patory activities is mostly based on electrophysiological studies of the
86 contingent negative variation (CNV), which is typically recorded when
87 the preparation for an imperative stimulus (S2) is induced by awarning
88 stimulus (S1). The CNV can be described as a gradually rising negative
89 wave that precedes the S2 and has a maximal amplitude at the Cz elec-
90 trode (Walter et al., 1964). The early phase of the CNV reflects attention,
91 expectancy, stimulus processing, and categorical description, while the
92 late phase of the CNV has been also related to the motor preparation
93 for the action required by the imperative stimulus (Rohrbaugh et al.,
94 1980; van Boxtel and Böcker, 2004). The main cortical sources of the
95 CNV are reported to be locatedwithin themedial frontal lobe; however,
96 when the S1 conveys specific information about the features of the S2,
97 additional posterior sensory and fronto-parietal (including thedorsolat-
98 eral prefrontal cortex; DLPFC) networks may contribute to the CNV
99 (Gómez et al., 2003, 2007; van Boxtel and Böcker, 2004). The CNV par-
100 adigm has enabled the investigation of cortical anticipatory activities in
101 a variety of tasks; however, a limited number of CNV studies have
102 employed go/no-go tasks, but these did not focus on proactive control
103 mechanisms (for a review, see van Boxtel and Böcker, 2004). Another
104 anticipatory brain wave is the stimulus preceding negativity (SPN),
105 which is a sustained negativity over parietal and frontal cortex during
106 the waiting period for a feedback stimulus after a time estimation task
107 (e.g., Hillyard, 1973; Brunia and Damen, 1988).
108 In addition to studies based on the CNV and other pre-stimulus ERPs
109 (e.g., Everling et al., 1997, 1998), cortical anticipatorymechanisms have
110 been investigated in a growing number of studies that have linked pre-
111 stimulus EEG oscillatory activity with behavioral performance, either in
112 terms of perceptual accuracy or reaction times (e.g., Busch et al., 2009;
113 Mathewson et al., 2009; Drewes and Van Rullen, 2011; Bompas et al.,
114 2015; in the monkey, see Zhang et al., 2008). However, in these studies
115 as well, there was not a specific emphasis on evaluating proactive
116 control.
117 To advance the study of proactive control, the present study investi-
118 gated the spatiotemporal dynamics of cortical activities taking place in a
119 wide timewindow using a go/no-go task performance that involved the
120 discrimination of stimulus category and, according to this information
121 responding as fast as possible, or refraining from responding while
122 avoiding false alarms. To this aim, we combined the high temporal res-
123 olution of event-related potentials (ERPs) with the high spatial resolu-
124 tion of event-related functional magnetic resonance imaging (fMRI) to
125 evaluate the temporal dynamics of neural activity in the different
126 brain areas activated on go and no-go trials. As a control condition, we
127 used a simple response task (SRT) where no stimulus discrimination
128 was needed, and there was no risk of false alarms. To obtain a spatio-
129 temporalmodel of the involved brain activities, the ERP datawere seed-
130 ed to the fMRI activations to allow the measurement of the time course
131 for each brain area. This method can be designated as fMRI-informed
132 EEG analysis because it aims to reduce the spatial EEG inverse problem
133 by guiding electromagnetic source imagingwith anatomical constraints
134 obtained from fMRI (Di Russo and Pitzalis, 2013; Huster et al., 2012).
135 Therefore, the present combined ERP/fMRI study offers a novel descrip-
136 tion of the neural substrates and the temporal dynamics of brain activa-
137 tions “before” and “in the course of” perceptual decision and action.

138 2. Materials and methods

139 2.1. Participants

140 Twenty-one participants volunteered for the ERP experiment (10
141 females, mean age 26.7 years, SD= 6.2). Structural MRI and fMRI scan-
142 ning were executed in an age- and gender-matched sub-group of 16
143 volunteers (eight females, mean age 26.0 years, SD = 4.4), which
144 participated in both the ERP and fMRI experiments.

145All participants were healthy having no history of neurological, psy-
146chiatric, or chronic somatic problems. The participants did not take
147medication during the experimental sessions and had normal or
148corrected-to-normal vision. All participants were right-handed (aver-
149age handedness score: +0.87; SD: 0.12 on the Edinburgh Handedness
150Inventory; Oldfield, 1971). Consent was obtained from all participants
151according to the Declaration of Helsinki after being approved by the
152Santa Lucia Foundation Ethical Committee.

1532.2. Stimuli and task

154The fixation point was a cross (0.15 × 0.15° of visual angle) in the
155center of the computer monitor, which never disappeared. Square con-
156figurations consisting of vertical and horizontal bars and subtending
1574° × 4° were presented for 250 ms on a dark grey background
158(Fig. 1a). Each recording was initiated with the white fixation cross
159that lasted 2750–4250ms (inter-trial interval). The entire trial duration
160varied from 5250 to 6750 ms (mean 6000 ms, SD = 536). The trials of
161the go/no-go task initiated with the fixation cross color changing to
162green for 250 ms (called instruction cue, or cue). After a long interval
163(2000 ms), one of the four visual patterns was displayed for 250 ms.
164Also “relax” trials were included as a control condition for evaluating
165the cue-related orienting and perceptual brain activity (this condition
166was especially useful for the analysis of fMRI data); relax trials initiated
167with the fixation cross color changing to red for 250 ms (instruction
168cue); in this case, the participants were informed that no stimulus
169would be presented after the red cross (Fig. 1b). Additionally, null trials
170were inserted in the paradigm, in which nothing appeared except for
171the fixation cross that remained on the screen for other 5250–6750 ms.
172In the go/no-go tasks, participants performed a discriminative re-
173sponse task (DRT) where two configurations were defined as targets
174and two configurations were defined as non-targets. The participants
175had to press a buttonwith their right hand as fast as possiblewhen a tar-
176get appeared on the screen (go stimuli; p = 0.5) and withhold a re-
177sponse when a non-target appeared (no-go stimuli; p = 0.5). The
178four configurations were randomly displayed with equal probability
179(p = 0.25). We chose to use a 50% go/no-go because it has several ad-
180vantages: first, it produces maximum uncertainty regarding the stimu-
181lus probability minimizing differences in response conflict between
182event types (Lavric et al., 2004); second, the number of go and no-go tri-
183als is comparable, which eliminates distributional discrepancy and en-
184ables a clearer comparison between the two conditions; third, the
185equiprobability of go and no-go stimuli allows excluding that some of
186the observed ERP differences between the go and the no-go brain activ-
187ity could be due to the different frequencies of the stimuli (“relative
188novelty” or “oddball effect”) rather than other processes. Many ERP
189studies (Bekker et al., 2005; Bruin and Wijers, 2002; Eimer, 1993;
190Falkenstein et al., 1995; Jodo and Kayama, 1992; Lavric et al., 2004;
191Verleger and Berg, 1991) and also some fMRI studies (Lauren et al.,
1922005; Watanabe et al., 2002) have used this 50% paradigm, although
193studies using larger percentage of go stimuli are much more frequent
194(Swick et al., 2011 for a review of fMRI experiments). The order of pre-
195sentation of go and no-go stimuli and trial typeswere randomizedwith-
196in the run. The duration of each run was 6′12″, including 18 go, and 18
197no-go trials, as well as 18 relax and 8 null trials.
198In the ERP experiment, which required a high number of repetitions
199to obtain reliable data, sixteen runs were executed (with interleaved
200pauses). One shortwarm-up run (3′) preceded the experiment. The ses-
201sion durationwas approximately 2 h. In the fMRI experiment, eight runs
202were executed (with interleaved pauses). One warm-up run preceded
203the experiment. The session duration was approximately 1 h.

2042.3. Analysis of behavioral data

205The median response time (RT) for correct trials was calculated at
206individual level, while we considered the mean value at group level.

2 F. Di Russo et al. / NeuroImage xxx (2015) xxx–xxx

Please cite this article as: Di Russo, F., et al., Spatiotemporal brainmapping during preparation, perception, and action, NeuroImage (2015), http://
dx.doi.org/10.1016/j.neuroimage.2015.11.036

http://dx.doi.org/10.1016/j.neuroimage.2015.11.036
http://dx.doi.org/10.1016/j.neuroimage.2015.11.036


Download English Version:

https://daneshyari.com/en/article/6023882

Download Persian Version:

https://daneshyari.com/article/6023882

Daneshyari.com

https://daneshyari.com/en/article/6023882
https://daneshyari.com/article/6023882
https://daneshyari.com

