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Background: A false sense of reality is a characteristic of schizophrenia spectrum disorders (SSD). Reality confu-
sion may also emanate from posterior orbitofrontal cortex (OFC) lesions, as evident in confabulations that pa-
tients act upon and disorientation. This confusion can be measured by repeated runs of a continuous
recognition task (CRT): patients increase their false positive rate from the second run on, failing to realize that
an item is not a repetition within the current run. Correct handling of these stimuli, a faculty called orbitofrontal
reality filtering (ORFi), induces a distinct frontal potential at 200–300 ms, the “ORFi potential”. Patients with
schizophrenia have been reported to fail in this task, too. Here, we explored the electrophysiology of ORFi in SSD.
Methods: Evoked potentials, source, and connectivity analyses derived fromhigh-density electroencephalograms
of 17 patients with SSD and 15 age-matched healthy controls performing two runs of a CRT.
Results: Although the patients obtained normal performance, they did not normally express the frontal potential
typical of ORFi between 200 and 300ms. Coherence analysis demonstrated virtually absent functional connectiv-
ity in the theta bandwithin thememory network in this period. Source analysis showed increased activity in left
medial temporal and prefrontal regions in patients.
Conclusions: SSD patients appear to invoke compensatory resources to handle the challenges of reality filtering.
An abnormal ORFi potential may be an early biomarker of SSD.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Reality distortion in thinking occurs in multiple diseases. The proto-
typical disorder is schizophrenia, in which hallucinations and delusions
reflect a confusion about what reality is (Cullberg, 2014; Kahn and
Keefe, 2013). Self-generated thoughts may be experienced as sensory
perceptions in the absence of an external stimulus, leading to hallucina-
tions (Grossberg, 2000; Hawco et al., 2015). Reality confusion has been
described as a defect in filtering or gating sensory input (Andreasen
et al., 1994). Schizophrenia is associated with loss of greymatter in pre-
frontal, medial temporal, limbic and parietal regions, and subcortical
structures (Buckley, 2005; Davatzikos et al., 2005; Gur et al., 2000;
Koutsouleris et al., 2008; Pantelis et al., 2003; Patru and Reser, 2015)
and aberrant functional connectivity between these regions (Liu et al.,
2008; Skudlarski et al., 2010). These observations support the old idea,
already proposed by Kraepelin (1919/1971), that schizophrenia reflects
a disconnection syndrome (Davatzikos and Koutsouleris, 2016; Friston
and Frith, 1995), associated with “noisy” information processing within
ion, Hôpitaux Universitaires de
zerland.
r).
networks implied in perception, working memory or attention
(Andreasen et al., 1998; Uhlhaas and Singer, 2010).

Reality confusion may also result from focal brain damage involving
the orbitofrontal cortex (OFC) and areas connected with it. Patients
confabulate their recent experiences and plans for the future, are
disoriented, and act according to their false ideas. We have called this
disorder, which corresponds to the original definition of the Korsakoff
syndrome (Bonhoeffer, 1901), behaviorally spontaneous confabulation
(Schnider, 2008). Its underlying mechanism appears to be an inability
to realize when thoughts do not relate to current reality (Nahum
et al., 2012; Nahum et al., 2009; Schnider et al., 2017). The patients
have a specific failurewhen they perform repeated runs of a continuous
recognition task, each of them composed of the same picture series:
they increase their false positives from the second run on, believing
they have just seen a picture within the “current reality” of the ongoing
run when indeed they have seen it in a previous run (Nahum et al.,
2012; Schnider and Ptak, 1999; Schnider et al., 1996b, a). Healthy sub-
jects performing this task activated the posterior medial OFC and
subcortical connections as observed with H2

150-positron emission to-
mography (Schnider et al., 2000b; Treyer et al., 2003). In evoked poten-
tial studies, correct processing of these stimuli (first appearances within
the second run, “distracters”), induced a frontal potential at 200–300ms
(Schnider et al., 2002). We have called this mechanism Orbitofrontal
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Reality Filtering (ORFi) (Schnider, 2008, 2013). Processing of the other
stimuli induced a negative potential reflecting extended neocortical ac-
tivation (Bouzerda-Wahlen et al., 2015; Schnider, 2003; Wahlen et al.,
2011). Schizophrenic patients having auditory hallucinations have also
been reported to fail in this task: they had an increase of false positives
from the second run on (Badcock et al., 2005; Waters et al., 2003), sug-
gesting that schizophrenia may also be associated with deficient ORFi.

In the present study, patients with schizophrenia spectrum disorder
(SSD) performed the continuous recognition task with two runs
employed in the original event-related potential (ERP) study (Schnider
et al., 2002) while high-density EEG was recorded. We hypothesized
that patients with SSD have deficient ORFi, evident in an increase of
false positives in the second run, and that this failure is electrophysiolog-
ically characterized by: (1) abnormality of the frontal 200–300 ms po-
tential associated with normal processing of the “distracters” (first
appearances) of the second run; (2) abnormal network interactions
with reduced functional connectivity during processing of these stimuli.
2. Materials and methods

2.1. Participants

Patients were recruited at the Division of General Psychiatry at the
University Hospitals of Geneva. Inclusion criterion was a diagnosis of
SSD according to the International Statistical Classification of Diseases
and Related Health Problems (ICD-10). Exclusion criteria were unwill-
ingness to participate (e.g. due to fear of EEG recording), or cognitive
or other difficulties in understanding task instructions as estimated by
the treating psychiatrist. Of 20 patients initially recruited, one subse-
quently had to be excluded because of severe memory impairment in-
terfering with comprehension of the task, two because of extreme
noise in the EEG. The remaining 17 patients (4 women; 2 left handed;
age 28.5 ± 9.1 years) had the following diagnoses: paranoid schizo-
phrenia (F20.0; N = 10), undifferentiated schizophrenia (F20.3; N =
3), chronic hallucinatory psychosis (F28.0,N=2), schizoaffective disor-
der (F25.0; N = 1), and unspecified psychosis (F29.0; N = 1). At the
time of the experiment, patients received their usualmedication includ-
ing neuroleptics (n=15patients), antidepressants (n=3), or benzodi-
azepines (n = 4). Five patients consumed cannabis.

In addition, 20 age-matched healthy paid subjects with no history of
neurological or psychiatric illness partook in the study. Fivewere subse-
quently excluded: three because of a noise in the recordings, two be-
cause of technical issues during recording, leaving 15 subjects for
analysis (4women; 1 left handed; age 29.9± 13.1 years). Group demo-
graphics are summarized in Table 1.

All subjects gave written informed consent to participate in the
study, which was approved by the Ethics Committee of the Canton of
Geneva and conducted according to the Declaration of Helsinki.
Table 1
Demographics of controls and patients. Group comparisons are indicated in the right col-
umn. A chi-square test was used to test for differences between groups for sex and
laterality. Other differences were tested with unpaired t-tests. An asterisk marks signifi-
cant results with p b 0.01. and n.a. indicates not applicable.

Description Patients
(n = 17)

Controls
(n = 15)

Comparison

Mean SD± Mean SD± p-Value

Age (years) 28.5 9.1 29.9 13.1 0.73
Sex (M/W) 13/4 n.a. 11/4 n.a. 0.63
Education (years) 12.1 2.2 14.4 2.4 b0.01*
Laterality (L/R) 2/15 n.a. 1/14 n.a. 0.31
Diagnosis (years) 6.7 6.2 n.a n.a n.a
2.2. Psychiatric and neuropsychological testing

Psychosis was scored using the Brief Psychiatric Rating Scale (BPRS)
(Ventura et al., 1993).

All participants underwent the following neuropsychological tests:
Verbal learning using a 12 words test (Wechsler III, 2001), Stroop test
(Bayard et al., 2009), verbal fluency (Thurstone and Thurstone, 1962),
figural fluency (Regard et al., 1982), Color Trail making test (Maj et al.,
1993), digit span (Wechsler, 1945) and orientation (Von Cramon and
Säring, 1982).

2.3. Paradigm

Participants performed the task previously used by Schnider et al.
(2002). It consists of two runs of a continuous recognition task com-
posed of the same set of line drawings, re-arranged in different order
in both runs. The pictures were colored versions (Rossion and
Pourtois, 2001) of the line drawings of Snodgrass and Vanderwart
(1980), presented on a 17-inch monitor, at the size of 8° of visual
angle. Stimuli were presented for 1000 ms; interstimulus interval,
with a fixation cross on the screen, was 2000 ms. Both runs were com-
posed of 48 different pictures, of which 6 reappeared once and 15
reappeared twice as targets during the run. Thus, a run had 48 first ap-
pearances (“distracters”) and 36 repetitions (“targets”), totaling 84 pic-
ture presentations. A run lasted about 8 min. The second run started
about 1 min after the end of the first.

In both runs, subjects were required to indicate by button press
(index of the right hand for “yes”, middle finger for “no”) whether
they had already seen the presented picture “within, and only within”,
the ongoing run.

To obtain enough evoked responses, participants performed a sec-
ond block of the same task, composed of a completely new set of pic-
tures, which started 10 min after completion of the first block. Data of
the two blocks were pooled, yielding a total of 96 distracters (first
within-run presentations) and 72 targets (repetitions) for the combined
first runs and a similar number for the combined second runs. In the fol-
lowing, Dis1 and Dis2 denote distracters of run 1 and 2; Tar1 and Tar2
denote targets (within-run repetitions) of run 1 and 2.

The critical stimuli are the distracters of the second run (Dis2),
which require the feeling that the memory of a stimulus, albeit familiar
from presentation in the preceding run, is currently irrelevant; the
memory does not pertain to the current reality of the ongoing run
(Schnider, 2003; Schnider and Ptak, 1999). Confabulating patients spe-
cifically failed on these stimuli, resulting in an increase of false positives
in the second run (Nahum et al., 2012; Schnider and Ptak, 1999;
Schnider et al., 1996a). Recovery from reality confusion was accompa-
nied by a decrease (normalization) of the number of false positives in
the second run (Schnider et al., 2000a).

2.4. Behavioral analysis

Demographic and neuropsychological data in the two groups were
compared using unpaired Student t-tests. Patients' neuropsychological
test scores, which significantly differed from the controls, were tested
for correlation with five measures of the BPRS considered particularly
relevant for reality distortion (hallucinations, unusual thoughts content,
bizarre behavior, disorientation and conceptual disorganization) using
Pearson's tests with Bonferroni correction.

To analyze performance in the experimental task, the per-
centages of correct responses and reaction times were subjected
to 2 × 2 × 2 mixed model repeated measure ANOVA (rmANOVA)
with Stimulus (Distracter, Target) and Run (1 or 2) as within subject
factors and Group (Patient, Control) as between-subjects factor. Per-
centages of correct responses were further correlated with the five se-
lected measures of the BPRS.



Table 2
Results from the neuropsychological evaluation of controls and patients. Group compari-
sons (right column) were performed with unpaired t-tests. An asterisk marks significant
results with p b 0.01.

Description Patients
(n = 17)

Controls
(n = 15)

Comparison

Mean SD Mean SD p-Value

12 words (Wechsler III, 2001)
Total immediate recall 32.6 8.3 37.1 3.7 0.055
Delayed recall 7.0 3.0 8.7 2.2 0.072

Stroop (Bayard et al., 2009)
Errors 0.4 1.1 0.3 0.8 0.095
Time (sec) 25.9 11.1 23.2 23.2 0.53

Fluency
Categorical 25.6 9.8 35.2 9.2 b0.01*
Phonological (Thurstone and Thurstone,
1962)

21.8 6.2 25.3 9.5 0.23

Five points (Regard et al., 1982) 29.4 7.2 33.2 8.1 0.17
Color Trail 1 (sec) (Maj et al., 1993) 36.4 18.4 34.3 13.8 0.72
Color Trail 2 (sec) (Maj et al., 1993) 86.3 44.7 75.5 49.2 0.52
Digit span (Wechsler, 1945) 9.6 2.2 10.5 2.5 0.38
Orientation (Von Cramon and Säring, 1982) 19.6 0.9 19.9 0.4 0.34
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2.5. Data acquisition and pre-processing

Electroencephalography (EEG) recordings were conducted on the
PyCorder software with a 156-channel Brain Products machine
equipped with BrainVision actiCHamp amplifier and actiCAP active
electrodes (Brain Products GmbH, Germany) at a sampling rate of
500 Hz. Pre-processing and inverse solutions were done with the
Cartool software developed by Denis Brunet (https://sites.google.com/
site/cartoolcommunity/home). Epochs were defined 400 ms pre-
stimulus onset to 600 ms post-stimulus onset. Data were band-pass fil-
tered (3–45 Hz). Epochs with substantial eye blinks, eye movements,
muscular contractions, or electrodes artefacts were excluded by visual
inspection.

Artefact-free epochs were averaged as a function of Run (1 or 2) and
Stimulus (Distracter or Target) for each subject individually. Bad chan-
nels containing artefacts persistent across epochs were interpolated
from neighboring electrodes using a 3D spline interpolation (b5% inter-
polated electrodes; (Perrin et al., 1987)) and recalculated against the av-
erage reference. ERPswere then grand-averaged between all subjects of
the two groups separately with a baseline correction using the 400 ms
pre-stimulus period.

2.6. Cluster waveform analysis

The main interest of this analysis was the ORFi frontal potential. We
selected a frontal cluster of electrodes among 14 clusters defined in a
global waveform analysis (see supplemental information) and for
which all the electrodes displayed significant interaction between fac-
tors Stimulus (Distracter and Target) and Run (1 and 2). These elec-
trodes corresponded to the Fz, F2, FFC2h, FFC4h, FCz, FC2, FC4, FCC2h
and FCC4h electrodes position of the 160Ch Standard Electrode Layout
for actiCHamp based on the 10/20 system. Data from these electrodes
were exported to Matlab (TheMathWorks Inc., Natick, USA) for further
analysis.

Average amplitudes of the cluster electrodes were compared be-
tween stimuli for significant interaction over the post-stimulus onset
period from 0 to 600 ms with 2 × 2 rmANOVAs with factors Stimulus
(Distracter and Target) and Run (1 and 2) for both groups separately.
In the case of significant interactions, paired t-tests were conducted.

2.6.1. Group comparison
To compare the frontal ERPs induced by our main stimulus of inter-

est (Dis2) in the two groups, we determined themean amplitudes in re-
sponse to each stimulus in the time windows in which the two groups
had a significant Stimulus (Dis, Tar) × Run (1 and 2) interaction in the
cluster analysis. For each group, we then subtracted the mean ampli-
tudes evoked by Dis1, Tar1 and Tar2 stimuli from the amplitudes
evoked by Dis2 in the two groups. The ensuing relative amplitude of
Dis2 was then compared between the groups with paired t-test.

To verify that ERP differenceswere notmerely due tomedication, we
additionally performed a multivariate logistic regression including in-
take of psychoactive substances as binary confounding covariate for
each class (antidepressants, neuroleptics, benzodiazepine and cannabis).

2.7. Source analysis

To compare activity in response to Dis2 stimuli between the two
groups, we used a distributed linear inverse solution based on Local
Auto-Regressive Average (LAURA) to estimate the generators of electri-
cal potentials in both groups from 0 to 600 ms (Grave de Peralta
Menendez et al., 2001; Grave de Peralta Menendez et al., 2004; Michel
and Murray, 2012). The solution space is based on a 3D realistic head
model comprising 4146 nodes distributed within the grey matter of
the average brain provided by the Montreal Neurological Institute. The
resulting local electrical current densities at each nodewere statistically
compared between controls and patients for Dis2 stimuli with time-
point wise paired t-tests using Cartool. To correct for temporal autocor-
relation and multiple testing, only periods with p b 0.05 for at least
20 ms were retained (Guthrie and Buchwald, 1991; Manuel and
Schnider, 2016; Toepel et al., 2014).
2.8. Functional connectivity

Network dynamics underlying ORFiwere exploredwith a functional
connectivity analysis performed inMatlab using the Functional Connec-
tivity Mapping (FCM) toolbox (Guggisberg et al., 2011) in NUTMEG
(Dalal et al., 2011)

http://www.nitrc.org/plugins/mwiki/index.php/nutmeg:MainPage.
Event-related coherence changes (ERCoh) during the task (Andrew

and Pfurtscheller, 1996) were assessed as described previously (Thézé
et al., 2016) and in the supplemental information. ERCohwas computed
for each condition as themagnitude squared coherence between all grey
matter voxel pairs, in each time window and through theta (3–7.5 Hz),
alpha (7.5–12 Hz), beta (12–30Hz) and gamma (30–45Hz) frequencies.
Global functional connectivity (FC)was calculated as the average ERCoh
of a given voxel with all other voxels. This corresponds to the graph the-
oreticalmeasure ofweighted node degree and can be seen as an index of
the overall importance of a brain area in the network (Newman, 2004;
Stam and Van Straaten, 2012).
2.8.1. Seed analysis
ROIs with enhanced global connectivity (i.e, weighted node degree),

were then selected as seed regions in order to find their main areas of
interaction.
3. Results

3.1. Psychiatric and neuropsychological testing

Patients had a BPRS score of 49.25 ± 13.87 on average, correspond-
ing to “moderately” to “markedly” severe psychosis (Leucht et al.,
2005).

Table 2 summarizes neuropsychological test scores of patients and
controls. Patients obtained lower scores only on categorical verbal flu-
ency; all other measures were similar between the groups.

Correlations between the neuropsychological measure of verbal
fluency and the “reality distortion”measures from the BPRS (hallucina-
tions, unusual thoughts content, bizarre behavior, disorientation, con-
ceptual disorganization) were not significant.

https://sites.google.com/site/cartoolcommunity/home
https://sites.google.com/site/cartoolcommunity/home
http://www.nitrc.org/plugins/mwiki/index.php/nutmeg:MainPage


Fig. 1. Frontal cluster waveform analysis. (A) Controls, (B) patients. The extent of the
frontal cluster of electrodes is represented at the top of the figure. Waveforms are
reported with standard error of the mean between 0 and 600 ms for each stimulus type.
Grey columns indicate periods of significant amplitude differences; the whole-scalp
layout on top shows the electrical field configuration for the duration of the effect with
red indicating electrodes with significant interaction effect.

217R. Thézé et al. / Schizophrenia Research 204 (2019) 214–221
3.2. Behavioral analysis

Table 3 summarizes the behavioral results on the task. A rmANOVA
on accuracy (% hits) revealed a main effect of Run and Stimulus in
both groups (Run: F(2,30) = 28.5, p b 0.01; Stimulus: F(2,30) = 13.6, p b

0.01): subjects were more accurate on distracters and on stimuli of
run1 in general, but therewas no significant difference between groups.
Therewere no “missed” stimuli, and thus accuracy is inversely related to
false responses.

A rmANOVA on reaction times revealed that target stimuli were
processed faster than distracters (F(2,30) = 8.1, p b 0.01) in general,
but there was no significant difference between the groups.

Of thefive “reality distortion”measures retained from the BPRS, only
unusual thought content correlated with the accuracy of Dis1 (r =
−0.53, p = 0.027).

3.3. Cluster waveform analysis

Evoked potential analysis was based on a similar number of retained
responses in both groups. In the patient group, the number of retained
epochs was: 54 ± 17 for Dis1, 42 ± 13 for Tar1, 56 ± 16 for Dis2 and
40 ± 11 for Tar 2. In the control group, it was: 55 ± 17 for Dis1, 43 ±
13 for Tar1, 57 ± 17 for Dis2 and 41 ± 12 for Tar2. A 2 × 2 rmANOVA
(Run x Stimulus) indicated no effect of group or run (p N 0.05). How-
ever, there were more epochs for the Distracter items than Targets (Pa-
tients: F(1,14)= 65, p b 0.01; Control: F(1,14)= 14.5, p b 0.01), which
reflects the design of the experiment (96 Distracters presented in each
run, 72 Targets).

Fig. 1 shows the waveform analysis on the frontal cluster.
In the control group (Fig. 1A), time-wise rmANOVA on the wave-

form amplitude revealed a Stimulus x Run interaction between 240
and 320 ms (F(1,14) = 7.1, p = 0.018; Fig. 1A) due to Dis2 inducing a
less negative amplitude than all other stimuli. There were additional ef-
fects in the frontal cluster in the 450–550ms time-windowwith amain
effect of stimulus, where target stimuli were more positive than
distracters (F(1,14) = 14.9, p b 0.01; Fig. 1A).

In the patient group (Fig. 1B), time-wise rmANOVAon thewaveform
amplitude at the same frontal cluster revealed a Stimulus x Run interac-
tion (F(1,16) = 7.1, p= 0.017; Fig. 1B) from 270 to 300 ms. Additional
main effects of Stimulus (F(1,16)= 7.2, p=0.016) and Run (F(1,16)=
12.2, p b 0.01) were observable for the time period from 500 to 550 ms
(Fig. 1B) with Tar1 being more positive and Dis2 being more negative
than the other two stimuli.

3.3.1. Group comparison
Relative amplitudes of Dis2 stimuli, as described in Section 2.6.1,

were compared between groups. The average waveform amplitude at
the right frontal cluster was significantly more negative in the patient
group between 270 and 300 ms than in the control group over
240–320 ms (t(16) = 2.52, p = 0.017).
Table 3
Performance in the experimental task. Average correct answers (Hits), in percentage, and
reaction times (RT), inmilliseconds, with standard deviation, for distracters and targets of
both runs of the task and for both the control and the patient groups. The right column re-
ports the result from the direct comparison.

Stimuli Hits (%) SD RT (ms) SD

Patients Dis1 98.9 1.6 1099.7 327.9
Tar1 92.2 7.7 987.8 291.5
Dis2 96.4 3.7 1066.8 350.4
Tar2 88.6 9.8 988.8 222.8

Controls Dis1 98.9 1.1 871.6 250.0
Tar1 94.8 5.9 830.4 265.1
Dis2 94.2 6.7 969.9 359.0
Tar2 93.1 8.7 882.2 288.9
To verify that group differences were not just due to medication
intake, we performed a multivariate logistic regression analysis
with the relative ERP amplitude of Dis2 stimuli and including medi-
cation intake as binary confounding covariate for each category of
substance (antidepressants, neuroleptics, benzodiazepine and can-
nabis). Under this condition, ERP amplitude differences remained
significant (beta = −1.5, t = −2.76, p = 0.01) and independent of
medication intake (beta = 0.12, t = 2.87, p b 0.01; Final model: F
(5,26) = 4.8; R2 = 0.48; p b 0.01).
3.4. Source analysis

Dis2 stimuli evoked stronger current density in patients than con-
trols in diverse regions in four periods (Fig. 2): (1) right medial tempo-
ral (MTL) area at about 200–240 ms; (2) left fronto-temporal region at
about 270–290 ms; (3) left MTL and left ventrolateral prefrontal cortex
at about 400–430 ms; (4) right MTL at about 525–550 ms. There were
also significant early differences (0–100 ms) with diffuse localization.



Fig. 2. Inverse solution. Unpaired comparison between controls and patients from 0 to 600 ms. Solution points in the template are represented on the y-axis. Significant effects are
illustrated with black lines for time periods when p b 0.05 for at least N20 ms. Brain slices on top illustrate in red the corresponding brain activations. All effects were stronger in the
patient group.
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3.5. Functional connectivity

Fig. 3A shows that, in controls, Dis2 stimuli triggered a significant in-
crease of coherence from baseline in the theta-band frequency between
100 and 300 ms (p b 0.05, cluster corrected). There was no significant
coherence change in response to Dis1, Tar1, or Tar2. Regions with a sig-
nificant increase of coherencewere centered on the OFC, left hippocam-
pus (LHC), anterior cingulate cortex (ACC) and left fusiformgyrus (LFG).
Fig. 3B shows that the ROIs corresponding to these regions increased
their global theta ERCoh from baseline specifically in response to Dis2
stimuli at 100–300 ms.

There was no significant coherence change specific for Dis2 in the
alpha, beta and gamma frequencies.

The patient group displayed no significant increase of coherence in
the theta frequency throughout the brain at any point in time.

Fig. 3C shows the direct comparison between the groups at
100–300 ms: Dis2 stimuli induced significantly more coherence in the
theta frequency in the control group than in the patient group in OFC,
LHC, ACC and LFG.
3.5.1. Seed analysis
Fig. 4 shows coherence magnitude between the four ROIs as a

function of time in controls (Fig. 4A) and patients (Fig. 4B). Statisti-
cal results here refer to the average ERCoh being significantly dif-
ferent from baseline in response to Dis2, with t(14) N 2.15, p b

0.05 for the controls and t(16) N 2.12, p b 0.05 for the patients
(Fig. 4) and are marked with an asterisk for each time window on
the figure.

In the control group (Fig. 4A), the OFC had increased coherence (t
(16) N 2.12, p b 0.05) with the LHC between 100 and 300 ms. The LFG
had increased coherence with the OFC and LHC between about 100
and 300 ms. The ACC had increased coherence with the OFC at
100–150 ms and the LHC between 150 and 350 ms. In total there
were 5 pairs of significant interactions.

In the patient group (Fig. 4B), there was no significant increase of
ERCoh (all t(14) b 2.15, p N 0.05) between any of the ROIs at any time.
The theta-band ERCoh between the LFG and LHC, but not the other
ROIs, inversely correlated at 100–300mswith the level of hallucinations
(r = −0.58; p = 0.015 uncorrected). However, when corrected for
multiple comparisons, this correlation was not significant (p = 0.075,
Bonferroni corrected).

4. Discussion

This study used a paradigm with confirmed clinical validity for
the reality confusion characterizing behaviorally spontaneous con-
fabulation and disorientation after orbitofrontal damage or discon-
nection (Schnider, 2003, 2008; Schnider and Ptak, 1999). In the
present study, the successful performance of the task by healthy sub-
jects again induced a distinct frontal potential at about 200–300 ms
in response to the stimuli on which reality confusing patients had
failed in the clinical studies: first appearances in the second run, or
“distracters” of run 2 (Dis2). This result confirms previous evoked-
potential studies (Bouzerda-Wahlen et al., 2015; Schnider et al.,
2002; Wahlen et al., 2011). The new finding of this study is that, sub-
jects with SSD did not normally express this potential (the “ORFi po-
tential”) in response to the critical stimuli. Indeed, the attenuation of
this potential was predictive of having SSD.

The finding complements a list of electrophysiological biomarkers of
schizophrenia. The P50, an early reaction to redundant auditory stimuli
is decreased in schizophrenia (Bramon et al., 2004). So are the P300
(Bramon et al., 2004;Mathalon et al., 2000;Winterer et al., 2001), a cen-
tral positivity normally occurring from about 250 to 500 ms, and the
Mismatch Negativity (MMN) (Kremláček et al., 2016), a bilateral poste-
rior negativity, which – with visual stimuli – is normally expressed be-
tween 200 and 350 ms, depending on the precise stimulus parameters
(MMN is more often tested in the auditory modality).

TheORFi potential reflects a cognitive process that is clearly different
from the P300 and MMN, which arise in response to infrequent, unex-
pected stimuli. In our task, the Dis2 stimuli are familiar to the subject
(from the first run) and slightly more frequent than the stimulus repe-
titions (targets). Of note, although the first and second run of the task
have exactly the same design, only Dis2 stimuli are falsely recognized
as within-run repetitions by reality confusing patients (Nahum et al.,
2012; Schnider and Ptak, 1999; Schnider et al., 1996a) and only these
stimuli induce the ORFi potential (Bouzerda-Wahlen et al., 2015;
Schnider et al., 2002; Wahlen et al., 2011). Patients recovering from re-
ality confusion specifically recover the ability to handle these stimuli
(Schnider et al., 2000a). Being unable to process these stimuli signals a



Fig. 3. Event-Related Coherence changes. In both groups the Event-Related Coherence
(ERCoh) was measured for every voxel of the brain to every other voxels of the brain.
(A) Voxels from the control group with significant increase of coherence (p b 0.05) in
response to Dis2 stimuli at 100–300 ms are displayed on a template. Voxels correspond
to (from left to right) anterior cingulate (2 slices), the left hippocampus and the left
fusiform gyrus, and orbitofrontal cortex. (B) Coherence in these four regions, indicated
as ROIs, over 600 ms. The curves indicate theta coherence fluctuations with standard
error of the mean for each stimulus type. In all regions, significant theta coherence
differences are limited in time (around 100–300 ms) and specific for responses to Dis2
stimuli. (C) Areas with stronger coherence in control subjects than patients in the
period 100–300 ms.
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failure to sense that an upcoming memory does not pertain to current
reality (Schnider, 2018). Although this paradigm has been applied
here only for the first time in a psychiatric population with EEG record-
ings, it might serve as a novel biomarker of SSD with a cognitive back-
ground closer to the nature of the disease than the P300 and MMN.

Coherence analysis provided a possible explanation for the abnor-
mally weak ORFi potential. As healthy subjects responded to the Dis2
stimuli, their OFC, ACC, LHC and LFG specifically increased their coher-
ence with the rest of the brain in the theta frequency (Fig. 3). These
global coherence changes correspond to an increase in weighted node
degree in graph theory and can be interpreted as increased importance
of these areas in the brain network (Newman, 2004; Stam and Van
Straaten, 2012). This occurred in the same period in which the ORFi po-
tential was expressed (coherence analysis has much lower temporal
precision than waveform analysis). In the SSD patients, this increase of
theta coherence was virtually absent.

Communication between these four regions was not normal, either.
As the seed analysis showed (Fig. 4), coherence between them was en-
hanced in the theta frequency from 100 to 300 ms in control subjects,
but not in SSD patients. We may speculate that this decreased coher-
ence was at the basis of the practically absent ORFi potential in the
patients.

Coherence in the theta frequency has been related to cortico-
hippocampal feedback loops implied in memory processing (Buzsáki,
2002;Miller, 2013) aswell as to long distance synchronization between
large neuronal assemblies (Von Stein and Sarnthein, 2000). Innumera-
ble studies have documented greymatter reductions in frontal and tem-
poral regions, including HC and OFC (Davatzikos et al., 2005; Gur et al.,
2000; Koutsouleris et al., 2008; Zhang et al., 2015) aswell aswidespread
alterations of white matter tracts in schizophrenic subjects (Kubicki
et al., 2002; van den Heuvel et al., 2010; Wheeler and Voineskos,
2014; Zalesky et al., 2011). However, while these studies documented
abnormalities under static conditions (e.g. resting state), our observa-
tions demonstrate that abnormal connectivity in SSD may surface in a
task and time specific fashion – in our case in a finite period of time
(around 200 ms) during the processing of a specific type of stimulus
(Dis2).

The surprising result of the studywas that, despite a virtually absent
ORFi potential and abnormally weak coherence, our patients with SSD
still succeeded in performing the task. This result is at odds with at
least two studies using a similar paradigm with four runs (Badcock
et al., 2005; Waters et al., 2003), similar to the one used in one of our
studies (Schnider and Ptak, 1999). Schizophrenic patients having
auditory hallucinations had more false positives than healthy controls
and non-hallucinating patients from run 2 on (Badcock et al., 2005;
Waters et al., 2003). The different results may be due to their patients
being in a more active phase of the disease; patients in our study were
not experiencing hallucinations at the time they performed the task.
In addition, their patients had substantial cognitive disturbances,
while our patient group obtained essentially normal neuropsychologi-
cal results. These observations suggest that, as the disease worsens,
even temporarily, patients may fail on repeated runs of a continuous
recognition task, similar to behaviorally spontaneous confabulators.

Source estimation, which allows one to localize the brain activa-
tions underlying the waveforms (Michel et al., 2004), gave a hint at
how SSD patients maintained normal performance despite abnormal
connectivity: Processing of the critical stimuli (Dis2) by patients in-
duced stronger activation in left prefrontal cortex and MTL regions
than in healthy subjects (Fig. 2) as well as widespread very early ac-
tivations. This occurred not only during the period in which healthy
subjects expressed the ORFi potential (right MTL at 200–240 ms; left
fronto-temporal at 270–290 ms), but also afterwards (left MTL at
400–430 ms; right MTL at 525–550 ms). In the very early phase of
processing (b100 ms), SSD patients had diffuse, not clearly localized
activity, possibly consistent with previously demonstrated abnormal
early visual processing, e.g. in illusory contour processing (Foxe



Fig. 4. Theta coherence increase between ROIs. (A) Control group, (B) SSD patients. The four ROIs are indicated along the y-axis by color-codes. The x-axis covers overlapping time
windows of 300 ms every 50 ms between 0 and 600 ms (the axis stops at 450 ms because the time windows cannot overlap beyond that point). Asterisks indicate significant
coherence increases from baseline.
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et al., 2005). A caveat concerning these localizations is, however, that
the sample size in our study was relatively small. It is possible that
large groups of patients would allow one to sort out different activa-
tion patterns corresponding to precise symptomatology.

While the precise role of these relative local hyperactivities is un-
clear, they might indicate attempts at – obviously successful – compen-
sation of abnormal brain function, comparable to the abnormal brain
activations in patients with Alzheimer's disease performing a memory
task; these activations, too, have been suggested to reflect compensa-
tion mechanisms (Desgranges et al., 1998; Erk et al., 2011; Gould
et al., 2006). In schizophrenia, abnormal, presumably partly compensa-
tory activations have previously been described during working mem-
ory (Quintana et al., 2003) and executive tasks (Minzenberg et al.,
2009). From this perspective, the additional brain activations observed
in our group of SSD patients might suggest increased efforts to solve
the continuous recognition task. However, patients' reaction times
were not significantly longer. More importantly, increased effort
would neither explain themain ERPfindings relating to the early period
of 200–300ms (absence of theORFi potential, different activation in this
period) nor the strikingly weaker coherence in the patient group.

In conclusion, cognitively intact subjects with SSD, who still succeed
in the orbitofrontal reality filtering task, do not express the typical
200–300ms frontal potential normally associatedwith the task and dis-
play defective brain connectivity in this period. It seems that SSD pa-
tients have to invoke more neural resources than healthy controls to
maintain performance, possibly indicating a compensation strategy.
The evoked potential response to the challenges of ORFimay be a useful,
cognitively defined biomarker for SSD.
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