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Abstract
Objective—Patients with schizophrenia demonstrate significant impairments of early visual
processing, potentially implicating dysfunction of the magnocellular visual pathway. The present
study evaluates transient visual evoked potential (tVEP) responses to stimuli biased toward the
magnocellular (M) or parvocellular (P) systems in patients with schizophrenia vs. normal volunteers
first to evaluate relative contributions of M and P systems to specific tVEP components in
schizophrenia and, second, to evaluate integrity of early M and P processing in schizophrenia.

Methods—Seventy-four patients with schizophrenia and schizoaffective disorder were compared
with 59 control subjects using separate stimuli to assess the tVEP response to M, P and mixed M/P
conditions. Stimuli were biased toward M vs. P processing by manipulation of chromatic and
achromatic contrast. C1, P1, N1 and P2 components were compared between patients and controls.
All subjects showed 20/32 vision or better.

Results—Waveforms were obtained to low contrast (M), chromatic contrast (P) and high contrast
(mixed M/P) stimuli in both patients and controls. C1 was present to P and mixed M/P stimuli.
Patients showed a significant reduction in amplitude and an increase in latency of the C1 component.
P1 was elicited primarily by M and mixed M/P stimuli, whereas N1 was elicited primarily by P and
mixed M/P stimuli. Patients showed reductions in both P1 and N1 amplitudes across conditions.
However, only reductions in P1 amplitude survived covariation for between group differences in
visual acuity. Further, P1 amplitude reductions in the M condition correlated with a proxy measure
of global outcome.

Conclusions—M- and P-selective stimuli elicit differential components of the tVEP. Patients with
schizophrenia show significant reductions in response even to simple visual stimuli. Deficits,
particularly within the M system, may correlate significantly with global outcome and level of
community functioning.

Significance—Whereas deficits in high-order cognitive processing have been extensively
documented in schizophrenia, integrity of early-stage sensory processing has been studied to a lesser
degree. The present findings suggest that deficits in early-stage visual processing are significantly
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related to overall clinical outcome in schizophrenia. Further, between-group differences in visual
acuity may influence VEP results, even for subjects with ‘normal’ vision (20/32 or better).
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1. Introduction
Patients with schizophrenia demonstrate severe neurocognitive deficits that affect not only
higher-order cognitive function (Goldberg and Gold, 1995; Goldman-Rakic, 1994; Green and
Nuechterlein, 1999b; Jaeger et al., 2003; Saykin et al., 1994) but also early levels of perceptual
processing (Braff et al., 1991; Javitt et al., 1999; Turetsky et al., 2003). In the visual system,
deficits have been shown to include increased visual thresholds (Cadenhead et al., 1997;
Schechter et al., 2003), greater sensitivity to backward masking (Braff et al., 1991; Butler et
al., 1996; Green and Nuechterlein, 1999a; Schechter et al., 2003), and decreased contrast
sensitivity (Butler et al., 2005; Keri et al., 2002; Slaghuis and Curran, 1999), as well as motion
perception (Chen et al., 1999; Li, 2002; Schwartz et al., 1999) and eye tracking deficits
(Holzman et al., 1974; Levy et al., 1993; Trillenberg et al., 2004). Further, it has been suggested
that these impairments may contribute to ‘upstream’ cognitive and social impairments (Brenner
et al., 2002; Bruder et al., 1998; Kee et al., 1998; Ohno et al., 2000; Perry and Braff, 1994;
Sergi and Green, 2003) and overall functional outcome of patients (Green et al., 2000). The
exact nature of the deficits, while having been described behaviorally, have not been well
characterized in relation to their neurophysiological substrate.

Traditional models of visual processing subdivide the visual system into distinct ‘transient’ vs.
‘sustained’ psychophysical channels, with apparent hyperactivity being noted particularly in
visual backward masking paradigms (Green et al., 1994; Schechter et al., 2003). In contrast,
more recent models subdivide into distinct magnocellular (M) vs. parvocellular (P) pathways
defined based on neuroanatomy and response properties of underlying neurons with
schizophrenia associated with M system underactivity on the basis of contrast sensitivity
(Butler et al., 2005; Keri et al., 2002,1998; Slaghuis, 1998) and steady state VEPs (Butler et
al., 2001, 2005). Properties of M neurons correspond closely to those of the ‘transient’ pathway,
whereas properties of the P neurons correspond to those of the sustained pathway. M and P
neurons respond differentially to specific stimulus types. The present study takes advantage of
the differential response properties of M vs. P neurons to investigate functioning of these
discrete systems, along with contributions of these systems to overall clinical outcome in
schizophrenia.

Both the M and P systems begin in the retina and project via the lateral geniculate nucleus
(LGN) to primary visual cortex (striate cortex, V1). The systems, however, are distinguished
by response properties to simple visual stimuli, as well as by functional role. M cells are
particularly sensitive to low luminance contrast stimuli, and respond to stimuli with luminance
contrast levels as low as 1%, whereas cortical neurons that receive P input do not respond
below ∼8% contrast (Derrington and Lennie, 1984; Kaplan et al., 1988; Merigan and Maunsell,
1993; Tootell et al., 1988). In addition, M cells are relatively insensitive to chromatic contrast
in the absence of luminance contrast, whereas the P cells are highly responsive to color contrast
alone(Logothetis et al., 1990). Differences in responsivity can be used to bias processing
towards the M vs. P pathways. Both M and P neurons within LGN project initially to striate
cortex (V1), which is located in the vicinity of the calcarine fissure and generates activity in
the midline occipital region relative to frontocentral electrodes. Integrity of the early visual
pathways can thus be investigated using M-vs. P-selective stimuli, together with recordings
sensitive to V1 activation.
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Transient visual stimuli elicit a sequence of visual evoked potentials referred to as the transient
VEP (tVEP). The earliest readily detectable cortical response to visual stimuli occurs at ∼80
ms. This component has alternatively been termed C1 (Jeffreys, 1971), N1 or N80 (Regan,
1989). Consistent with contemporary nomenclature, the term C1 is used in the present study.
C1 inverts for upper vs. lower-field stimuli, consistent with a primary generator in V1 (Di
Russo et al., 2001; Vanni et al., 2004). Both P-(Ellemberg et al., 2001; Previc, 1988) and M-
(Di Russo et al., 2001; Ellemberg et al., 2001; Maier et al., 1987; Schroeder et al., 1991) system
contributions to C1 subcomponent generation have been described. P1, a positive component
that generally peaks about 100 ms following stimulus onset, also reflects early activation of
visual cortex (Di Russo et al., 2001; Ellemberg et al., 2001; Schroeder et al., 1991), particularly
via the M system (Ellemberg et al., 2001; Previc, 1988). Multiple P1 generators have been
identified, with the largest activity observed over dorsal stream sites, with extrastriate (V3,
V3a and middle occipital gyrus) (Di Russo et al., 2001; Vanni et al., 2004) as well as striate
contributions (Aine et al., 1995; Maier et al., 1987; Vanni et al., 2004). P1 is followed by N1,
a negative deflection peaking at approximately 150 ms with multiple generators that may
represent P-mediated activation of ventral stream structures such as lateral occipital complex
(Bentin et al., 1999; Doniger et al., 2000, 2001, 2002).

Although behavioral (Butler et al., 2005; Keri et al., 2002, 2004; O'Donnell et al., 1996,
2002; Slaghuis, 1998, 2004) and steady state VEP (Butler et al., 2001, 2005) studies suggest
deficits in early-stage visual processing in schizophrenia particularly involving underactivity
of the M system, previous studies of transient VEP (tVEP) in schizophrenia have been
conflicting. Initial, as well as current, studies of the tVEP (Shagass et al., 1977; Straumanis et
al., 1982; van der Stelt et al., 2004) have found no impairment in the early components of the
waveform, reporting a deficit only at 200 ms (Shagass, 1980) or later (van der Stelt et al.,
2004). In other studies, however, significant P1 deficits have been observed (Basinska, 1998;
Doniger et al., 2002; Foxe et al., 2001; Matsuoka et al., 1996; Romani et al., 1986; Spencer et
al., 2003). Stimulus types, recording characteristics (e.g., filter frequencies) and patient types
have varied considerably across studies, leaving the basis for the divergence in results
unresolved.

The present study takes advantage of the differential properties of M vs. P systems to analyze
mechanisms underlying impaired early visual processing in schizophrenia. tVEPs were biased
towards M vs. P processing through manipulation of luminance and color contrast. This method
of segregating pathways has been effective in previous electrophysiological (Butler et al.,
2001; Ellemberg et al., 2001; Greenstein et al., 1998) and psychophysical studies (Livingstone
and Hubel, 1987, 1988; Schechter et al., 2003). Three stimulus conditions were utilized. Stimuli
were shown at either high contrast (100% achromatic contrast), low contrast (4% achromatic
contrast) or chromatic contrast (100% chromatic contrast at isoluminance). The high contrast
is a mixed condition, eliciting both an M and P pathway response. The low contrast condition
biases processing towards the M pathway, since the P pathway does not respond below ∼8%
luminance contrast (Kaplan et al., 1988; Merigan and Maunsell, 1993; Tootell et al., 1988).
The chromatic condition biases processing towards the color-sensitive P pathway because the
M pathway does not respond to chromatic contrast where there is no difference in luminance
between stimulus elements (i.e. presentation at isoluminance) (Logothetis et al., 1990).

We hypothesized that these different stimulus conditions would differentially affect generation
of the discrete C1, P1 and N1 components, to the extent that these components depend
differentially on M vs. P pathway input. Furthermore, we expected that components dependent
upon M pathway input would be preferentially affected in schizophrenia. In particular, we
hypothesized that P1 would be reduced in amplitude in schizophrenia, in accord with our earlier
findings (Butler et al., 2001; Doniger et al., 2002; Foxe et al., 2001), and that the reduction
would be most pronounced in the M-biased (low luminance contrast) condition.
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This study also examined the relationship between early perceptual deficits and clinical features
of schizophrenia, including symptoms and functional outcome. Symptoms were measured by
the Brief Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1962) and Scale for the
Assessment of Negative Symptoms (SANS)(Andreasen, 1984). Functional outcome was
measured by the problem-solving factor subscale of the Independent Living Scales (ILS-PS)
(Loeb, 1996). The ILS-PS predicts more strongly the capacity of individuals with schizophrenia
or other neuropsychiatric disorders to function independently in the community than measures
of verbal memory or Global Assessment of Functioning (GAF) scores (Revheim and Medalia,
2004a,b) and is therefore used as a proxy measure for functional outcome. A large sample of
patients and controls was utilized to more thoroughly investigate the tVEP deficits and
associated impairments in schizophrenia.

2. Methods
2.1. Subjects

Seventy-four patients (58 male, 16 females) meeting the criteria for DSM-IV diagnosis of
schizophrenia (n=58) or schizoaffective disorder (n=16) provided written informed consent
and participated in the study. Patients were recruited from the Clinical Research and Evaluation
Facility (CREF) at the Nathan Kline Institute (NKI), an inpatient and outpatient state
psychiatric facility. Diagnosis was obtained by means of chart review, consultation with
physicians and the Structured Clinical Interview for DSM-IV (SCID; (First et al., 1997)).
Patients were excluded if they had any neurological or ophthalmologic disorders that may affect
performance or met criteria for alcohol or substance dependence within the last six months or
abuse within the last month. Seventy-four patients were taking atypical antipsychotic
medication at the time of testing. Two were also taking typical antipsychotics and one was
taking aripiprizol, a new medication, which does not yet have an established chlorpromazine
equivalence. Mean±SEM chlorpromazine equivalence was 1185.7±65.15 mg/day (range: 334–
3417 mg/day).

Fifty-nine healthy volunteers (33 men, 26 women) also participated in the study. Controls with
a history of SCID-defined psychiatric disorder, neurological or ophthalmologic disorders, or
subjects who met criteria for alcohol or substance dependence within the last six months or
abuse within the last month were excluded.

Patients and controls did not differ significantly in age (patients: 38.4±1.2; controls: 35.9±1.3
years), though they differed in gender composition [χ2=18.66, df=1, P<.001] and
socioeconomic status as measured by the four-factor Hollingshead scale (patients: 22.8±1.0;
controls: 51.6±1.6; [t= −15.23, df=124, P<.001]). In initial analysis patients with schizophrenia
and schizoaffective disorder were compared using t-tests and showed no significant difference
in response on any of the tVEP measures, thus allowing the groups to be combined. Brief
Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1962) total score (mean±SEM) was
36.0±1.3 and scale for the assessment of negative symptoms (SANS)(Andreasen, 1984) total
score (mean±SEM; including global scores) was 30.4±1.4.

Patients were rated using the ILS-PS (Loeb, 1996). The ILS-PS is a semi-structured interview
designed to assess the likelihood of successful independent community living by utilizing
effective strategies, abstract reasoning and judgment (Revheim and Medalia, 2004a,b).
Questions on the ILS-PS include items such as ‘tell me two reasons why it is important to pay
your bills’ and ‘what might you do if both your lights and your TV went off at the same time.’
Raw scores on the ILS-PS are converted to a standard score. Mean±SEM ILS-PS scaled score
was 32.8±1.4. Cut-off scores were determined based on published norms of a normative sample
(Loeb, 1996). Two categories of patients, low and high functioning, were subsequently
differentiated (low function ≤ 39 and high functioning ≧40). Mean±SEM for the low
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functioning and high functioning groups were 26.7±.1.0 (n=51) and 48.3±1.2 (n=20),
respectively.

2.2 Procedure
2.2.1. Apparatus—Stimuli were presented using a VENUS system (Neuroscientific Corp.,
Farmingdale, NY) and RGB monitor with a frame rate of ∼119 Hz (noninterlaced). Use of the
VENUS system allows precise control over luminance and chromatic contrast. Viewing
distance was 114 cm and the stimulus field subtended 8°×8° of visual angle. Luminance of the
monitor was set at ∼100 cd/m2.

VEPs were recorded at Oz relative to a frontal reference. The EEG was amplified 20,000x
(bandpass, 0.1 to 100 Hz) and averaged online using the VENUS system. Averaged transient
waveform was then filtered through a lowpass filter with a corner frequency of 50 Hz and all
odd harmonics were extracted.

2.2.2. Stimuli—Three conditions were presented; a 100% achromatic contrast condition, a
4% achromatic contrast condition and a 100% chromatic contrast condition. All stimuli were
simple checkerboards consisting of 16×16 checks (check size=30 minarc) and were presented
with 1 Hz square-wave modulation to evoke a transient response (60 s duration with two
reversals per cycle=120 pattern reversals). In the achromatic conditions (100% and 4%),
contrast was defined by Michelson's contrast: contrast= (Lmax−Lmin)/(Lmax+Lmin), where
Lmax is maximal luminance (i.e. bright checks) and Lmin is minimal luminance (i.e. dark
checks).

The chromatic condition was presented at isoluminance to null the response of the M system.
Isoluminance refers to the condition when there is no difference in luminance across a spatial
pattern that is defined in terms of chromatic contrast. To determine the isoluminant point for
each participant, the electrophysiological technique of Zemon et al. (1991) was used, and
isoluminance was estimated through manipulation of the ratio of red and green guns of the
RGB display monitor. Signals from the two guns were modulated in counterphase (i.e. 180°
out of phase with respect to one another). The red–green ratio at which a minimum of the
amplitude and an inflection of the phase of the fundamental frequency component were seen
was used as the isoluminant point (for detailed methodology see Greenstein et al., 1998). Ten
repetitions of each stimuli were used to confirm the isoluminant point.

Each individual's isoluminant point was used in presenting chromatic contrast stimuli.
Presentation of chromatic contrast stimuli involved a similar counterphase modulation of the
red and green guns with the blue gun set to zero. Chromatic contrast was defined by the depth
of modulation of the red gun. The green gun was always modulated in counterphase with the
red gun at a depth of modulation used to yield isoluminance for each participant.

2.2.3. General procedure—Prior to VEP testing, visual acuity was assessed for all
participants using the ETDRS charts. Only participants with vision of 20/32 or better were
included in the study, consistent with ICD-9-CM criteria for ‘normal’ vision (International
Classification of Diseases, 9th Revision, Clinical Modification). A small but significant
between-group difference in visual acuity was found between patients (acuity mean±SEM:
0.88±.03) and controls (acuity mean±SEM: 1.07±.03) [t=−5.125, df=105, P<.001], however,
acuity did not correlate with component amplitude or latencies in either group other than N1
amplitude [r=−.36, P=.007, n=57], P2 amplitude [r=.31, P=.02, n=57] and P1 latency [r=−.31,
P=.02, n=57] in the high contrast (mixed M/P) condition for patients alone. Nevertheless, acuity
was used as a covariate for all conditions. While all participants had acuities of 20/32or better
(i.e. were able to read 20/32 line on the ETDRS chart), numerical acuity values were recorded
for only 57 patients and 49 controls.
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All participants sat in a dimly lit room and light adapted to the mean luminance of the display
for several minutes. Participants were than instructed to fixate on the center of the display
during each run. The experimenters (A.S. and M.J.) monitored the gaze of each participant
during each run to ensure steady fixation. Any runs in which gaze was unsteady (the participant
looked away from center or blinked excessively) were rejected and repeated. In addition, if the
EEG trace contained sizable deflections from baseline or other noise activity, the run was
rejected and repeated. Brief rest periods were provided between runs while data were stored.
Testing was performed in one session, with the 100% achromatic condition presented first and
the two other conditions then presented in counter-balanced order. All VEP testing was
performed binocularly.

2.3. Statistical analysis
EEG signals were amplified and recorded. Successive responses to 60 presentations (cycles of
contrast-reversal) were averaged online and the subsequent waveform was stored for analysis.
The averaged transient waveform was then filtered in the frequency domain by means of a
discrete Fourier transform with a corner frequency of the lowpass filter set at 50 Hz and all
odd harmonics removed. A running t-test was used across the range of time to compare the
two groups (control and schizophrenia). To avoid artifacts due to autocorrelation, a range of
points were described as significantly different only when at least 11 contiguous time points
were significant at the P<.05 level (Guthrie and Buchwald, 1991).

The waveform was then analyzed for amplitude and latency of its constituent components.
Amplitude was derived as the peak voltage within a 24 ms window around the group's average
peak amplitude. Latency was defined as the timepoint of the individual's peak. Amplitude and
latencies were calculated for C1 (∼80 ms), P1 (∼100 ms), N1 (∼150 ms) and P2 (∼200 ms)
components, where applicable. Amplitudes and latencies of each condition were averaged and
then compared by ANOVA, each with two between-group factors (group and gender). Gender
differences in waveform components were analyzed with follow-up t-tests between patients
and controls and gender when a significant group by gender effect was found. Given the
significant correlation between visual acuity and several of the VEP components in patients
(P1 latency, N1 amplitude and P2 amplitude of the high contrast condition), acuity was included
as a covariate in the analysis of all components.

Pearson product–moment correlation coefficients were used to examine relationships between
significantly different waveform components between groups and clinical variables (BPRS
and SANS scores), ILS-PS rating scores, and medication. ANOVA with follow-up t-tests for
significant components were used to discern differences between low and high-functioning
patients (as defined above) and controls where waveform components significantly correlated
with ILS-PS.

All participants received the high contrast (mixed M/P) condition (74 patients and 59 controls).
60 patients and 49 controls received the low contrast (M) condition and 30 patients and 18
controls received the chromatic contrast (P) condition.

3. Results
Figs. 1–3 show the averaged waveform, running t-test results and component amplitude of the
three conditions for patients and controls. As expected, the morphology of the waveforms
differs as a function of stimulus type.
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3.1. Analysis of tVEP waveforms and component analysis
3.1.1. C1 Component—The earliest negative deflection, C1 occurred at ∼80 ms in the high
contrast (mixed M/P) condition (Fig. 1). A slight deflection occurred at this latency as well in
the chromatic contrast (P) condition (Fig. 3). No discernable component was present in the low
contrast (M) condition (Fig. 2).

A significant between-group difference was observed in C1 amplitude in the high contrast
(mixed M/P) condition [F=4.17, df=1/129, P=.04] but not in the chromatic contrast (P)
conditions [F=2.23, df=1/44, P=.14]. While the running t-test revealed several consecutive
timepoints with P<.05 between patients and controls in the high contrast (mixed M/P)
condition, the number of consecutive points did not meet predetermined criteria for
significance (11 consecutive points).

The between-group differences in C1 amplitude in the high contrast (mixed M/P) condition
did not remain statistically significant following covariation for acuity [F=2.42, df=1/105,
P=.12].

A significant group by gender interaction [F=4.06, df= 1/129, P=.05], but no gender effect
[F=.70, df=1/129, P=.40] was observed for the C1 latency component in the high contrast
(mixed M/P) condition. Follow-up t-tests demonstrated that while the C1 amplitude of male
patients and controls were virtually the same (control males= −4.95±.59 μV; patient male=
−4.93±.96 μV; t=−.02, df=1/89, P=.98), amplitudes for the female patients (3. 81±.63 μV) were
significantly lower than for the female controls (−7.67±1.2 μV; t=2.41, df=1/36.1, P<.007).
Upon covariation for acuity, however, the group by gender interaction was no longer significant
[F=.71, df=1/105, P=.40]. No significant interaction or main effects for gender were observed
for the other conditions.

Significant increases in C1 latency (P<.01) were observed for patients relative to controls in
both the high contrast and chromatic contrast conditions (Table 1). No significant group by
gender interaction or main effect for gender was observed for any of the conditions. The
between-group difference in C1 latency remained significant following covariation for visual
acuity in both high contrast (mixed M/P) [F=11.93, df=1/105, P=.001], and chromatic contrast
(P) [F=4.25, df=1/35, P=.05] conditions.

3.1.2. P1 amplitude—A large positive peak, P1, was present at ∼120 ms in both the low
contrast (M) and high contrast (mixed M/P) conditions (Figs. 2 and 1, respectively). In contrast,
only a minor peak at ∼100 ms was present in the chromatic contrast (P) condition (Fig. 3). P1
amplitude was reduced by nearly 50% compared with controls in both the low [F=16.80, df=
1/105, P<.001] and high [F=14.25, df=1/129, P<.001] contrast conditions. No significant
between-group amplitude differences were found in the chromatic contrast (P) condition.
Consistent with these results, the running t-test reveals a significant difference between the
groups (21 points with P<.05; range of p values: P=10−6 to P=.03) from 94.5 ms to 136.5 ms
in the low contrast (M) condition and a significant difference between the groups (11 points
with P<.05; range of p values: P=10−6-P=.013) from 88 ms to 109.2 ms in the high contrast
(mixed M/P) condition.

The between-group differences in P1 amplitude remained significant for both the low
[F=10.14, df= 1/84, P=.002] and high [F=5.17, df=1/105, P=.03] contrast conditions following
covariation for acuity.

A significant increase in latency of the P1 component was obtained for patients relative to
controls of (Table 1) in the high contrast (mixed M/P) condition. This latency difference
remained significant following covariation for visual acuity [F=8.54, df=1/106, P=.004].
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Latencies in the other conditions were not significantly different between patients and controls
(Table 1). No significant group by gender interaction or main effect for gender was observed
for any of the conditions.

3.1.3. N1 Amplitude—A large negative peak, N1, was observed at ∼150 ms in both the high
contrast (mixed M/P) condition and chromatic contrast (P) conditions (Figs. 1 and 3,
respectively). In contrast, only a minor deflection at ∼180 ms was observed in the low contrast
(M) condition (Fig. 2). Between-group ANOVAs demonstrated a significant decrease of N1
amplitude in patients relative to controls in both the high contrast (mixed M/P) [F=9.73,
df=1/129, P=.002] and chromatic contrast (P) [F=8.54, df=1/44, P=.005] conditions. No
significant difference between groups was found in the low contrast (M) condition.

Running t-tests revealed several consecutive timepoints with P<.05 between patients and
controls in both high contrast (mixed M/P) and chromatic contrast (P) conditions. However,
these were fewer than the predetermined criteria for statistical significance in both conditions,
suggesting absent or non-reliable between-group difference. Further, between-group
differences in N1 amplitude did not remain statistically significant following covariation for
acuity in either the high contrast (mixed M/P) [F=2.93, df=1/105, P=.09] or chromatic (P)
[F=3.47, df=1/35, P=.07] conditions. In the high contrast (mixed M/P) condition a significant
correlations between N1 amplitude and acuity was observed for patients only (r=−.36, P=.007,
n=57).

A significant increase of latency of the N1 component was obtained for patients relative to
controls in the high contrast (mixed M/P) condition, but not in any other condition (Table 1).
When acuity was used as a covariate for the latency of the N1 component in the high contrast
(mixed M/P) condition, however, no significant between group difference was observed
[F=3.46, df=1/106, P=.07].

A significant group by gender interaction [F=9.40, df= 1/129, P=.003], but no gender effect
[F=1.91, df=1/129, P=.17] was observed for the N1 latency component in the high contrast
(mixed M/P) condition. Similar findings were obtained even after using acuity as a covariate
(significant group by gender interaction [F=9.65, df=1/106, P=.002] and no gender effect
[F=.74, df=1/106, P=.39]). Follow-up t-tests demonstrated that while the latencies of male
patients and controls were virtually the same (control males=146.9±1.8 ms; patient male=146.8
±1.5 ms; t=−.51, df=1/89, P=.96), latencies for the female patients (150.3±2.7 ms) were
significantly longer than for the female controls (137.8±2.0; t=5.20, df=1/40, P<.001). No
significant interaction or main effects for gender were observed for the other conditions.

3.1.4. P2 Amplitude—A large positive peak, P2, was present at ∼200 ms in the high contrast
(mixed M/P) condition only (Fig. 1). No similar peak was found in either the low contrast (M)
condition or chromatic contrast (P) condition (Figs. 2 and 3, respectively). Between-group
ANOVAs demonstrate a significant nearly 50% reduction in P2 amplitude in patients relative
to controls [F=9.22, df=1/129, P=.003]. Consistent with the group differences, the running t-
test demonstrated a significant difference between the waveforms of patients and controls in
the high contrast (mixed M/P) condition (27 points with P<.05; range of p values: P=.0008−.
05) from 176–231 ms.

While there was a significant between-group effect for the P2 amplitude in the high contrast
(mixed M/P), when acuity was used as a covariate, no significant between group-difference in
amplitude was observed [F=1.39, df= 1/105, P=.24].
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No significant latency differences were found between patients and controls (Table 1). No
significant group by gender interaction or main effect for gender was observed for any of the
conditions.

3.2. Correlations of VEP components with clinical measures, ILS-PS and medication
No significant correlations between BPRS or SANS scores and any components of any of the
tVEP were found. However, a significant correlation was found between ILS-PS scores and
the P1 amplitude of the low contrast (M) condition [r=.33, n=59, P=.01]. Given this significant
correlation, an ANOVA was performed between controls and ILS-PS groups (high and low
functioning patients) for the P1 amplitude component of the low contrast (M) condition, and
a significant difference between the groups was found [F=7.66, df=2/104, P=.001]. Post hoc
tests revealed that while low functioning patients (mean±SEM: 1.90 μV±0.26) had a significant
decrease of the P1 amplitude relative to controls (mean±SEM: 4.11 μV± 0.51) [Tukey HSD:
P<.001], the high functioning patients (mean±SEM: 3.14 μV±0.57) did not differ significantly
from controls or low functioning patients [Tukey HSD: P=.4, P=.3, respectively]. No other
significant correlations were found between waveform components for any transient conditions
and ILS-PS scores.

No significant correlations were found between medication (chlorpromazine equivalence) and
components of any of the tVEP conditions.

4. Discussion
The aim of the current study was to examine the tVEP profile of patients with schizophrenia
relative to controls in context of M vs. P pathway function as well as the possible relationship
to level of community functioning. We have demonstrated that patients with schizophrenia
exhibit significant deficits in select components of the early tVEP in low contrast (M),
chromatic contrast (P) and high contrast (mixed M/P) conditions relative to controls. These
findings are significant in several ways. First, our findings confirm reported P1 deficits in
patients compared to controls (Basinska, 1998; Doniger et al., 2002; Foxe et al., 2001;
Matsuoka et al., 1996; Romani et al., 1986; Spencer et al., 2003). Furthermore, the fact that
the P1 component was particularly prominent in the low contrast (M) and high contrast (mixed
M/P) conditions but not in the chromatic contrast (P) condition is further indication of the M
genesis of this component (Di Russo et al., 2001; Ellemberg et al., 2001; Previc, 1988). The
decreased P1 in patients in those conditions thus suggests a preferential M impairment.

In addition to P1 deficits, an N1 deficit in patients compared to controls was found. Our findings
of a large N1 component only in the high contrast (mixed M/P) and chromatic contrast (P)
conditions are consistent with the N1 emerging from ventral stream based upon P system input
(Allison et al., 1999; Bentin et al., 1999; Di Russo et al., 2001; Doniger et al., 2000, 2001).
The present findings, however, also provide a potential cautionary note regarding the study of
N1 deficits in schizophrenia. Although all subjects were required to have visual acuity of 20/32
or better, nonetheless in the patient group N1 amplitude and latency in the high contrast (mixed
M/P) condition and N1 amplitude in the chromatic (P) condition correlated significantly with
acuity. Further, when acuity was used as a covariate, no significant group difference remained
for these measures. Deficits in C1 generation also did not survive covariation for visual acuity.
N1 sensitivity to acuity is consistent with the contribution of the parvocellular stream in N1
generation and with the sensitivity of the parvocellular system to small stimulus elements. In
contrast, P1 deficits in the low contrast (M) and high contrast (mixed M/P) conditions persisted
despite covariation.

A limitation of the present study is the use of only a single electrode located at Oz and referenced
to the central midline. Since ERP components are dissociated in space, as well as time, the
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present findings must be considered preliminary, and follow-up with high-density recordings
to isolate C1, P1 and N1 generators is required. Nevertheless, these findings strongly support
the existence of early visual processing deficits in schizophrenia, occurring potentially within
both the M and P visual pathways.

In addition to showing deficits in early visual processing in schizophrenia, the present study
also shows direct correlation between early visual measures and global outcome as measured
by the ILS-PS. The ILS-PS is a problem solving measure that differentiates individuals
requiring continued inpatient hospitalization vs. those who have the capability to function in
supervised outpatient settings (Revheim and Medalia, 2004a). In the present study, despite
amplitude reductions in multiple components, only P1 amplitude in the M-selective (4%
achromatic) condition correlated with ILS-PS score. Furthermore, high functioning patients
did not differ significantly from controls in this measure, potentially accounting for a portion
of the heterogeneity across studies.

At present, the mechanism by which impaired visual processing contributes to poor outcome
is unknown, although the M pathway in particular contributes to processes that may be critical
for real world function, such as object recognition (Doniger et al., 2002), motion processing
(Chen et al., 1999), visual attention (Steinman et al., 1998; Vidyasagar, 1999) or reading
(Cornelissen et al., 1998; Demb et al., 1998; Greatrex and Drasdo, 1995; Livingstone et al.,
1991; Romani et al., 2001; Stein and Walsh, 1997). Alternatively, VEP components may simply
serve as phenotypic markers for poor outcome forms of the disorder. Future studies involving
prodromal and first-episode patients, as well as unaffected family members of schizophrenia
probands, may be needed to disentangle state vs. trait features of visual processing impairments
in schizophrenia.

Another important finding of this study is the apparent lack of a medication effect on the VEP
in schizophrenia. Our finding of no correlation between cpz equivalence and VEP is consistent
with our earlier report of ssVEP in schizophrenia (Butler et al., 2001, 2002), as well as reports
of the absence of medication effects on visual backward masking (Butler et al., 2003;
Cadenhead et al., 1997; Green et al., 1999) and no effect of acute haloperidol application on
the VEP (Jibiki et al., 1993). The dissociation between medication and the VEP further
highlights the utility of the VEP as a measure of the underlying pathological process of
schizophrenia rather than the interfering medication effects.

Finally, an interesting observation of this study is the absence of the expected better VEP
performance for women compared to their male counterparts in the schizophrenia group.
Among the normal population, women's VEP responses are consistently larger and faster than
men's (Celesia et al., 1987; Halliday et al., 1982; Mitchell et al., 1987; Stockard et al., 1979).
In the present study, this advantage was lost and female patients with schizophrenia showed
significantly increased latencies of the N1 component at high contrast (mixed M/P) that were
greater than those of their male counterparts. A similar but less robust pattern was observed
for the C1 amplitude at high contrast (mixed M/P) as well. The group X gender differences
persist, even after using visual acuity as a covariate. Given the role of the N1 component in
object recognition (Doniger et al., 2001), this finding is consistent with an earlier findings of
significantly greater critical stimulus duration required for female vs. male patients in letter
identification (Cadenhead et al., 1997). Similarly, this may relate to lower premorbid cognitive
functioning of female compared to male adolescents who will develop schizophrenia early in
life (Weiser et al., 2000) and other reports of greater neuropsychological impairments in women
who develop schizophrenia relative to men (Lewine et al., 1996).

In summary, sensory processing deficits continue to be relatively understudied in
schizophrenia. In contrast to some recent reports, the present study shows significant
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dysfunction even of early visual processes in schizophrenia. Stimulus manipulations,
particularly luminance and chromatic contrast variations, successfully biased activations
toward M vs. P pathways in the present study. Deficits in M pathway processing, in particular,
correlated significantly with global outcome. These deficits, which may be related to both
structural and functional abnormalities within the early visual pathway in schizophrenia (Butler
et al., 2005), are deserving of further study.
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Fig. 1.
A. Graph showing the group average waveforms for the high contrast (mixed M/P) condition
over time for controls and patients with running t-test. B. Bar graph showing group average
C1, P1, N1 and P2 component amplitudes with SEM for patients and controls. **P<.005,
***P<.001
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Fig. 2.
A. Graph showing the group average waveforms for the low contrast (M) condition over time
for controls and patients with running t-test. B. Bar graph showing group average C1, P1, and
N1 component amplitudes with SEM for patients and controls. ***P<.001
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Fig. 3.
A. Graph showing the group average waveforms for the chromatic contrast (P) condition over
time for controls and patients with running t-test. B. Bar graph showing group average C1, P1,
and N1 component amplitudes with SEM for patients and controls. **P<.005.
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Table 1

Group means and ANOVA (group effect) for latency components

Component Patients (M±SEM) Controls (M±SEM) ANOVA (F, P value)

High contrast (mixed M/P)

C1 Latency 85.4±.72 79.4±.66 29.51, <.001

P1 Latency 109.9±.87 104.0±.85 24.25, <.001

N1 Latency 147.6±1.3 142.9±1.4 9.05, .003

P2 Latency 210.0±1.2 204.5±1.3 10.58, .001

Low contrast (M)

P1 Latency 152.5±18.8 113.2±10.7 1.14, .29

N1 Latency 179.9±1.2 175.4±1.4 1.82, .18

Chromatic contrast (P)

C1 Latency 59.6±1.2 68.3±2.3 11.20, .002

P1 Latency 107.4±2.0 112.0±2.6 1.52, .22

N1 Latency 160.2±1.8 157.5±2.8 .13, .72

All df for high contrast (mixed M/P) condition: 1/129; all df for low contrast (M) condition: 1/105; all df for chromatic contrast (P) condition: 1/44.
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