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Recognition Memory (RM) Working Memory (WM)Background: Event-related potentials (ERPs) reflect the hierarchy of regional brain activity Words Faces
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during the information processing sequence Reductions of early ERP components in CIRCLE
Continuous Recognition Memory Tasks

A CB Dduring the information processing sequence. Reductions of early ERP components in
schizophrenia have been inconsistently observed which may stem from differences in patients’
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symptoms. Importantly, N1 reductions to tones over left temporal cortex have been reported for
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reported experiencing auditory hallucinations (n 19/16 for RM/WM) or not (n 32/35) and
healthy adults (n = 44/40) ERPs were transformed into reference free current source density
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SEARCHhealthy adults (n = 44/40). ERPs were transformed into reference-free current source density W-F-F-W-F-W-W-F
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Conclusions: In both paradigms N1 sink was substantially reduced in hallucinators compared /
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ith t l d h ll i t h did t diff f h th Th N1 i k • eight 114-trial blocks
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with controls and non-hallucinators, who did not differ from each other. These N1 sink • eight 114-trial blocks
• each trial:reductions were most robust for words over the left hemisphere, suggesting an interference of • each trial:

gray stimulus frame (= fixation) -N1 i k N1 i kp , gg g
activity in temporoparietal language regions of hallucinators during early visual processing of
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button press
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Introduction
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components in schizophrenia are often considered as evidence of sensory processing TEACHER REPLY VOTE REPLY P9 P10 P9 P10components in schizophrenia are often considered as evidence of sensory processing 
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deficits, which may represent an endophenotype for schizophrenia. forced choice

• Impairments of memory functions are one of the most
forced choice
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Bruder et al, in pressImpairments of memory functions are one of the most 
significant cognitive deficits in schizophrenia and yet few
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• Schizophrenic patients with auditory hallucinationsSchizophrenic patients with auditory hallucinations 

have a greater verbal working memory (WM) deficit on 0 1500 3000 4500 6000 time [ms]have a greater verbal working memory (WM) deficit on 0 1500 3000 4500 6000 time [ms]
the auditory word serial position task (WSPT) when Fig. 2. Grand mean reference-free CSD waveforms for controls, nonhallucinators, and hallucinators during RM and WM paradigms using words (A, C) or faces (B, D). Shown are inferior lateral-parietaly p ( )
compared to non-hallucinators (Bruder et al  in press) Recognition Memory (RM) Working Memory (WM)

Fig. 2. Grand mean reference free CSD waveforms for controls, nonhallucinators, and hallucinators during RM and WM paradigms using words (A, C) or faces (B, D). Shown are inferior lateral parietal
sites where N1 sink (approximate peak latency 150 ms) was most prominent: over the left hemisphere for words (P7 P9) and over the right hemisphere for faces (P8 P10) Whereas virtually no differencecompared to non hallucinators (Bruder et al, in press). Recognition Memory (RM) Working Memory (WM) sites where N1 sink (approximate peak latency 150 ms) was most prominent: over the left hemisphere for words (P7, P9) and over the right hemisphere for faces (P8, P10). Whereas virtually no difference
in N1 sink amplitude was observed between healthy controls and schizophrenic patients not reporting auditory hallucinations visual N1 sink amplitude appeared to be markedly reduced in hallucinatorsin N1 sink amplitude was observed between healthy controls and schizophrenic patients not reporting auditory hallucinations, visual N1 sink amplitude appeared to be markedly reduced in hallucinators.• Using two ERP data sets recorded from a large sample of schizophrenia patients and healthy
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affect component interpretation (e.g., polarity, topography, generator) and statistical analysis (e.g., 
Kayser & Tenke 2003; Tenke & Kayser 2005) B
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0%Kayser & Tenke 2003; Tenke & Kayser 2005).
Th li it ti b b bi i f f t d it (CSD) Word Face 1 2 3 1 2 3• These limitations can be overcome by combining reference-free current source density (CSD)
transformations and temporal principal components analysis (PCA) to identify relevant, data-driven 

Fig. 1. Mean (±SEM) performance accuracy during RM and WM tasks using words or faces. Overall, Controls
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components (Kayser &Tenke 2006a,b). g ( ) p y g g ,
remembering faces was more difficult than remembering words. Patients performed more poorly than Controlscomponents (Kayser &Tenke 2006a,b).

Objecti e
remembering faces was more difficult than remembering words. Patients performed more poorly than
controls but hallucinators did not differ from nonhallucinators except for the WM word serial position taskObjective: controls, but hallucinators did not differ from nonhallucinators, except for the WM word serial position task.

• use CSD-PCA approach to quantify neuronal generator patterns underlying visual ERPs pp q y g p y g
(i e N1 sink activity over lateral inferior-parietal regions) ERP Recording and Data Analysis Nose(i.e., N1 sink activity over lateral inferior-parietal regions)
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2 6 1 8• compare N1 sink amplitude for schizophrenia patients with and without auditory 
Continuous DC (24 bit A/D 256 Hz) EEGs using an electrode cap 2 3 1 5-2.6 -1.8hallucinations to healthy controls • Continuous DC (24-bit A/D, 256 Hz) EEGs using an electrode cap,
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• Bipolar horizontal and vertical EOG; spatial SVD blink reduction;Participants Non- 0 0 0 00.0 0.0Bipolar horizontal and vertical EOG; spatial SVD blink reduction;

horizontal eye artifact reduction (epoched EEG linear regression)Participants hallucinators
0.0 0.0

Means and Standard Deviations (SD) for Demographic and Clinical Variables horizontal eye artifact reduction (epoched EEG, linear regression)
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p hallucinatorsMeans and Standard Deviations (SD) for Demographic and Clinical Variables

• 1,500 ms epochs, 100 ms pre-stimulus baseline, ERP averagesHallucinators Nonhallucinators Healthy Controls

+2 6 +1 8(artifact-free trials, correct responses only) low pass (12.5 Hz, -24 dB/oct)DSM-IV Criteria +2 3 +1 5Recognition Memory n = 19, 9 female n = 32, 14 female n = 44, 26 female +2.6 +1.8• reference-free current source densities (CSD; spherical splines surfaceSchizophrenia
+2.3 +1.5

Working Memory n = 16, 8 female n = 35, 15 female n = 40, 22 female ( ; p p
Laplacian; Perrin et al 1989) to sharpen ERP topographies and to eliminate

Schizophrenia g y , , ,

V i bl M SD M SD M SD Laplacian; Perrin et al., 1989) to sharpen ERP topographies and to eliminate
volume conducted activity from distant regions

Paranoid 18 18 Variable Mean SD Mean SD Mean SD
volume-conducted activity from distant regions
CSD t ll dj t d f N1 k l t f h t k i it P7 d P9 ( d) P7/8Undifferentiated 14 16 A ( ) 29.8 10.2 28.6 8.0 26.2 6.2

• CSDs temporally adjusted for N1 peak latency for each task, using sites P7 and P9 (word) or P7/8 Undifferentiated 14 16

1ldiR
Age (years)

32.1 11.2 28.9 8.2 26.7 6.9
and P9/10 (face), to create optimized epochs (-50 .. 400 ms) focused on N1 sink activity1laudiseR

32.1 11.2 28.9 8.2 26.7 6.9
14 2 2 6 14 3 2 4 16 3 2 1 ( ) p p ( ) y

• for each paradigm (RM, WM), CSD epochs focused on N1 (-50 .. 400 ms = 116 samples) submitted toSchizoaffective Hallucinators
Education (years) 14.2 2.6 14.3 2.4 16.3 2.1

14 0 2 5 14 0 2 7 16 3 2 2 for each paradigm (RM, WM), CSD epochs focused on N1 ( 50 .. 400 ms  116 samples) submitted to 
unrestricted temporal principal components analysis (PCA) derived from the covariance matrixD d 8 5

Hallucinators14.0 2.5 14.0 2.7 16.3 2.2
72 8 27 7 75 0 20 2 75 3 20 0 unrestricted temporal principal components analysis (PCA) derived from the covariance matrix, 

followed by Varimax rotation of covariance loadings (Kayser & Tenke 2003 2006a 2006b) to quantify
Depressed 8 5 Handedness (EHI-LQ) 72.8 27.7 75.0 20.2 75.3 20.0

77 9 25 0 78 3 18 3 74 7 19 7 followed by Varimax rotation of covariance loadings (Kayser & Tenke, 2003, 2006a, 2006b), to quantify 
l t tt d l i N1

Bipolar 7 8
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77.9 25.0 78.3 18.3 74.7 19.7
102 16 0 102 9 14 9 neuronal generator patterns underlying N1

 hi  f  Psychosis NOS 4 3 Verbal IQ (WAIS) 102.7 16.0 102.9 14.9
• CSD data: identify PCA components corresponding to visual N1 sink activity and submit factor scores at • no history of any 

h th l   
Psychosis NOS 4 3 Verbal IQ (WAIS)

103.3 17.8 99.2 16.7 y p p g y
representative inferior lateral-parietal recording sites to repeated measures ANOVA with Grouppsychopathology or 

l  di dOnset age (years) 22.4 6.6 20.8 5.1 representative inferior lateral parietal recording sites to repeated measures ANOVA with Group
(hallucinators nonhallucinators controls) Task (word face) Condition (RM: new old filler; WM:

neurology disorderMedication Status Onset age (years)
24.2 6.3 20.4 5.4 (hallucinators, nonhallucinators, controls), Task (word, face), Condition (RM: new, old, filler; WM: 

encode probe) Hemisphere (LH RH) and Site (P7/8 P9/10) as between and within subjects factors• matched to patients Unmedicated > 14 days 20 22 Fig. 3. Unrestricted PCA solutions using CSD subepochs optimized for N1 sink extraction. For each paradigm, one PCA factor uniquely corresponded to prominent N1 sinks over inferior lateral-parietal7.5 7.6 7.8 9.0 encode, probe), Hemisphere (LH, RH) and Site (P7/8, P9/10) as between- and within-subjects factors
B h i l d t f (RM iti it [d ] WM t t h

• matched to patients 
for core 

Unmedicated > 14 days 20 22

Cl i 2 3
sites (RM: 141 ms peak latency, 16.4% explained variance; WM: 148 ms, 14.4%). Across paradigms, N1 sinks were strongly left-lateralized for words (columns 1 and 3), and slightly right-lateralized forIllness duration (years) 7.5 7.6 7.8 9.0

7 9 9 0 8 5 8 9 • Behavioral data: performance accuracy measures (RM: sensitivity [dL]; WM: percent correct, chance for core 
demographics

Clozapine 2 3
( p y, p ; , ) p g , g y ( ), g y g

faces (columns 2 and 4) In contrast to controls (top row) and nonhallucinators (middle row) hallucinators had markedly reduced N1 sinks with attenuated hemispheric asymmetries
7.9 9.0 8.5 8.9

45 7 15 8 31 0 10 4 levels linearly scaled to 50% correct) submitted to repeated measures ANOVA with Group (hallucinators, 
demographics

Risperidone 6 7
faces (columns 2 and 4). In contrast to controls (top row) and nonhallucinators (middle row), hallucinators had markedly reduced N1 sinks with attenuated hemispheric asymmetries.

Total BPRS a 45.7 15.8 31.0 10.4
43 4 13 2 33 3 10 6 y ) p p ( ,

nonhallucinators controls) and Task (word face) Condition (RM: lag [short long]; WM: serial position
p

Ol i 3 3
43.4 13.2 33.3 10.6

PANSS l a 37 4 13 8 26 9 8 7 nonhallucinators, controls), and Task (word, face), Condition (RM: lag [short, long]; WM: serial position 
[1 2 3]) as between and within subjects factors

Olanzapine 3 3
ANOVA Means

PANSS general a 37.4 13.8 26.9 8.7
[1, 2, 3]) as between- and within-subjects factors

Quetiapine 4 3 ANOVA Means141 14835.3 9.3 29.1 8.8

Ziprasidone 8 7
141 148

PANSS positive a 19.2 7.4 12.2 5.4

Summary and ConclusionsZiprasidone 8 7 PANSS positive
18.8 7.9 13.7 5.3 Summary and ConclusionsAripriprazole 8 6 Hallucinators (n=19) Hallucinators (n=16)

PANSS ti a 16.6 6.4 12.2 5.2
• Patients and controls revealed highly comparable N1 sink peaks and topographies (Figs  2-3). -2.4

( )
Nonhallucinators (n=32) -2.4

( )
Nonhallucinators (n=35)

PANSS negative a

15.9 5.5 12.4 5.3 Patients and controls revealed highly comparable N1 sink peaks and topographies (Figs. 2 3).
i  1 0  k l

Nonhallucinators (n=32)
C t l ( 44)

Nonhallucinators (n=35)
C t l ( 40)

15.9 5.5 12.4 5.3
Note a Hallucinators differ significantly from Nonhallucinators(p # 02) • approximate 150 ms peak latency Word: LH >> RH Controls (n=44) Controls (n=40)Note. Hallucinators differ significantly from Nonhallucinators(p # .02).
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effects of auditory and visual word recognition memory: joint extraction of stimulus-
(2006). Early visual sensory deficits as endophenotypes for schizophrenia: high-
density electrical mapping in clinically unaffected first-degree relatives. Arch. Gen.

each task and hemisphere. For both paradigms, overall main effects of Group (RM: F[1,92] = 3.20, p = .04; WM: F[1,88] = 2.95, p = .06) originated from reduced N1 sinks in hallucinators compared to
t l (RM 02 WM 02) d h ll i t (RM 06 WM 04) h t l d h ll i t did t diff i N1 i k lit d

• While these findings support the value of a symptom-based approach for dealing with the heterogeneity of 
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and response-locked neuronal generator patterns. Psychophysiology 44(6):949-967.
density electrical mapping in clinically unaffected first degree relatives. Arch. Gen.
Psychiatry 63(11):1180-1188. controls (RM: p = .02; WM: p = .02) and nonhallucinators (RM: p = .06; WM: p = .04), whereas controls and nonhallucinators did not differ in N1 sink amplitude.schizophrenia, visual N1 reductions may not represent a biological marker for schizophrenia per se.


