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Is P50 Suppression a Measure of Sensory Gating in
Schizophrenia?

Yi Jin, William E. Bunney, Jr, Curt A. Sandman, Julie V. Patterson,
Kirsten Fleming, Jeffrey R. Moenter, Amir H. Kalali, William P. Hetrick, and
Steven G. Potkin

Background: Abnormal P50 response has been hypothe-inability to properly filter sensory inputs has been hypoth-
sized to reflect the sensory gating deficit in schizophreniaesized to contribute to abnormalities of perception and
Despite the extensive literature concerning the sensordttention observed in schizophrenia (Venables 1964).
filtering or gating deficit in schizophrenia, no evidence gaseq upon a series of studies of perceptual errors made
has been provided to test the relationship of the PSO?y schizophrenic persons in judgments of size constancy,
phenomenon with patients’ experiences of perceptuayeckowicz and Blewett (1959) suggested that accurate

anomalies. . : )
T ) . perception requires a sensory filter that allows the per-
Methods: Sixteen drug-free DSM-IV diagnosed schizo-qejyer to attend selectively to certain external stimuli

phrenic patients who reported moderate to severe PETCeR hile disregarding irrelevant stimuli. In contrast to normal

tual anomalies in the auditory or visual modality were . . .
examined as compared to 16 schizophrenic patients whBersons, a subgroup of schizophrenic patients were unable
to filter out irrelevant stimuli, resulting in perceptual

did not report perceptual anomalies, and 16 normal v )
Subjects_ Both control groups were age- and gender.abnormalltles. Weckowicz and Blewett reasoned that the

matched with the study group. cognitive defects observed in schizophrenia were second-

Results: Patients reporting perceptual anomalies exhib- &Y 10 the impairment of the sensory filter. In their classic
ited P50 patterns that did not differ from normal subjects. Paper, McGhie and Chapman (1961) described clinical
In contrast, patients who did not report perceptual anom-observations of 26 schizophrenic cases as support for the
alies showed the abnormal P50 ratios previously found tatheory of abnormal filtering of sensory input in schizo-
be associated with schizophrenia. phrenia. They observed that patients with schizophrenia
Conclusions: These paradoxical findings do not support had difficulty concentrating, decreased ability to focus
the hypothetical relationship between the P50 and behaven external sensory stimuli, and a hyperawareness of
ioral measures of sensory gating, suggesting that addibackground noises. The heightened sensory vividness
tional studies are needed to further explore the clinical of irrelevant stimuli reported by schizophrenic persons
correlates of the P50. Biol Psychiatry 1998;43: was theorized to be due to a breakdown in selective
873-878 ©1998 Society of Biological Psychiatry sensory inhibitory function, resulting in the flooding of
) . . an undifferentiated mass of sensory input into con-
Key Words: Schizophrenia, sensory gating, P50, percepsciousness. Venables’ early work (Venables 1964) also
tual anomaly provided evidence that abnormal arousal coupled with
an inability to restrict the range of attention in acute

. schizophrenics caused a flooding of sensory impres-
Introduction sions.

tients with schizophrenia have difficulty in process- Hetrick et al (1995) reported a similar result that more
ing sequentially presented sensory stimuli (Adler et athan 50% of hospitalized schizophrenic patients had ex-
1982; Freedman et al 1983; Nuechtertlein and Dawsoerienced severe perceptual anomalies, primarily in audi-
1985; Braff et al 1995; Shagass 1977). Historically, antory and visual modalities. These findings are consistent
with hypersensitivity to external stimuli as a phenomeno-
logical characteristic of schizophrenia. Recent data from
From the Department of Psychiatry and Human Behavior, University of California neural imaaina studies (Andreasen et al 1994: Buchsbaum
Irvine Medical Center, Orange, California. ging !
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tion and information processing, might play an importantMethods and Materials
role in schizophrenia. .
The biological mechanism of the defective sens;orySUbJeCtS
filtering in schizophrenia has been proposed by FreedmaRBased on structured interviews of consecutive admissions, 16
and colleagues (Freedman et al 1983, 1987; Adler et glrug-free (washout period: 1-3 weeks) DSM-IV diagnosed
1982, 1985, 1988; Siegel et al 1984; Baker et al 1987;schizophrenic patients (4 women apd 12.men; mean.age:137.6
1990; Nagamoto et al 1989). They adopted a physiologica%l y_ears) who reported dlffl_cul_tles mvolv_mg processing percep-
test (Eccles 1969) to assess sensory gating function usir@all information Were. hospltallzedl and included in this study.
auditory evoked potentials. In a dual-click (S1-S2) audi- uring the_structured interview _subjects were asked whetherthgy
tory P50 paradigm, it was found that, in normal subjects had experienced perceptual disturbance in the week preceding

. O’and including the day of the interview in either visual or auditory
the amplitude of P50 to S2 was reduced by more than 50 /H1odalities according to the following six items: 1) real sounds

compared to the S1 response. This relative suppression @kem more intense or loud: 2) feelings of being flooded/
response to the second click (S2) was interpreted agundated by real sounds; 3) cannot focus attention on one real
evidence of auditory sensory gating, in which the firstsound or voice to the exclusion of others; 4) real sights or colors
stimulus (S1) activates an inhibitory system, reducing theseem unusually intense; 5) feelings of being flooded/inundated
amplitude of the response to S2 (Adler et al 1982). Inby sights or colors; and 6) cannot focus attention on one visual
contrast to normal subjects, schizophrenic patients argerception to the exclusion of others. A distinction was made
reported often to show an S2/S1 ratio of greater than 80%getween responses to “real,” external stimuli versus imagined,
indicating impaired sensory gating (Adler et al 1982; internally derived stimuli (i.e., hallucinations). The 16 hospital-
Freedman et al 1983, 1987; Nagamoto et al 1989). Thiézed patients who reported_positively on one or more “of thes”e
increased S2/S1 ratio has been proposed as a biologicf™s More than half the time on a five-point scale (‘never,
marker (Freedman et al 1983) of a fixed (Waldo and rarely,” “half the time,” “often,” and “always”) were included in

the perceptual anomaly group. The structured interview for the

Freedman 1986) and genetic trait (Waldo et al 1991) M ssessment of perceptual anomalies took between 15 and 30 min

sch'lz'ophrenla apd suggested to reflect the primary Sensoy complete. Table 1 lists examples of patients’ reported experi-
deficit of the disease process (Freedman et al 1987)nces. Another 16 hospitalized patients who did not report
Following a description of the filtering theory of schizo- perceptual anomalies during the interview (or who reported
phrenia of McGhie and Chapman (1961) and a review olnomalies less than 20% of the time) and 16 normal controls
their own studies, Freedman and colleagues (Freedman @fiso given the interview) were matched with the perceptual
al 1987; Waldo et al 1991) concluded that the deficit inanomaly group based on age and gender. The patients’ clinical
P50 sensory gating might reflect a neuronal substrate ofeverity of iliness was assessed by Brief Psychiatric Rating Scale
the inability to filter sensory information in schizophrenia. (BPRS) total score. The perceptual anomaly group had a slightly
This important conceptualization has provided an impetugtigher BPRS rating (38.3- 18.9) than the intact perception
for other P50 investigations that have, for example, com9roup (30.7+ 15.5), but the difference was not statistically
pared different diagnostic groups (Franks et al 1983),S'gn'.f".:am¢= 1'02’p.> '.l)' There was no S'gn'f'camd'ﬁeren_ce
described gender effects (Hetrick et al 1996), and studie8f clinical subtype distribution (perceptual anomaly group: 11

. . ) . . . paranoid, 5 nonparanoid; intact group: 7 paranoid, 9 nonpara-
thg mfluence.of attention distraction in normal subjectsnoid_ 2 = 1.14,p > .1) or duration of illness (perceptual
(Jin and Potkin 1996).

. / . . anomaly group: 9.4 11.2 years; intact group: 11 9.7 years.
Desplte the extensive literature concerning the Sensory — 0.69,p > .1) between the two groups.

filtering or gating deficit in schizophrenia, no evidence has

been provided that tested the relationship of the P5(e:)50 Procedure
phenomenon with patients’ experiences of hypersensitiv-
ity to external stimuli. The goal of this study was to use theDuring the test, subjects were supine on an adjustable testing bed
paired click sensory gating paradigm to measure the P50 & dark room. They were .instructed to relax with their eyes
responses in schizophrenic patients who report experi¢/0sed. A series of paired clicks (S1 and S2) separated by 500
ences of severe perceptual difficulties similar to thosd"sec were presgnted at 10-sec interpair intervals through a set of
described by McGhie and Chapman (1961), and Cc)mpargeadphones. Clicks were produced by rectangular pulses of

. . . -usec duration and amplified to reach the intensity of 100 dB
the P50 responses of these patients with patients a L (Baker et al 1987: Kathmann and Engel 1990).

normal lcontrOIS who do n,Ot report experiencing S_ens_ory Evoked potential signals were collected from Ag—Ag C1 cup
anomalies. If the P50 ratio reflects the sensory filteringejectrodes placed using adhesive paste at the vertex (Cz) and
deficits hypothesized to characterize schizophrenia, & poseferenced to linked mastoids. Forty 180-msec electroencepha-
itive relationship between patients’ perceptual anomalylographic (EEG) epochs, band-pass filtered at 0.56-500 Hz,
experiences and the auditory evoked potential measur&gere sampled by a 16-bit analog-to-digital converter at the rate
should be revealed. of 2756 point/sec for each trial. Electro-oculographic (EOG) data
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Table 1. P50 Values and Quotes from Patients Subgroup Who Experienced External Sensory Anomalies

Patients # Quotes S1 S2 S2/S
1 “When | am talking to someone and | hear other sounds, they all mix together and | 8.9 3.4 0.38
lose the whole thig. . .”
2 “I couldn’t understand what people were saying, all the noise would get in tle wa 3.4 1.2 0.35
| have too much peripheral vision, things in the side of my eye were too much.”
3 “When more than one person was talking, all the words would come together into one 5.0 1.6 0.32

sentence and | couldn’t understand. There was always too much going on and |
couldn’t make any sense out of it.”
4 “Noises distract my thoughts, so | like to stay in quiet ptace. When people around 2.3 1.9 0.83
me are talking, | can’t understand what anyone is saying, it needs to be quiet so |
can understand.”

5 “I get confused when | am in a busy place. | react to one thing, then | react to another, 4.0 3.1 0.77
the sounds mix together and | get confused. | get out of orientation, | can’t put
together all the sounds that are comimg. i . | get overwhelmed and confused, all
the sounds come in at the same time.”

6 “Cars and noises distract my thoughts. It angers me that cars are allowed to be so 3.6 0 0

loud. Cars and noises take my concentration away from the TV or reading or
whatever | am doing. The noises mix with the other noises and it's hard to
understand. | get distracted by other people’s conversations, my mind wants to listen
to other people all at the same &m. . People talking, birds, cars, and other sounds
are all too loud. My eyes dart around to look at things in the periphery.”
7 “I have difficulty attending to one voice when in a group of people. TV is loud, other 5.4 1.0 0.19
people’s conversations are loud, louder than normal since | came to the hospital. All
sounds come to me at once. Things in my peripheral vision catch my eye.”
8 “Tuning sound of the radio is disturbing, makes my ears ring. | can’t concentrate. TV 5.6 1.6 0.29
is too loud. My sense of smell is more sensitive now. The cleaning man uses strong
chemicals, | want to get a fan to blow it out.”
9 “Sometimes | hear too loud. My ears are sensitive. Door, TV, people talking seem 5.3 0 0
loud. I'd rather just plug my ears. | get too distracted, scattered. | can't focus on one
conversation, it's overwhelming. | try to get away, but I'm just sensitive to sounds.”

10 “Sounds like TV feels like it is knocking and keys rattling my brain. | cannot tune out 3.5 1.2 0.34
environmental sounds.”

11 “| feel like | can hear the traffic loudly. | am really distracted by the TV and noises 6.8 0 0
around me. It is hard to concentrate. Things in peripheral vision catch my eye.”

12 “People talking too loud. I'm more distractible than other people. It really gets on my 7.7 2.0 0.26
nerves. | just want to tell everybody to shut off the noise and the TV.”

13 “When TV is on or people are talking, | get up and move away. | can’'t concentrate 5.6 1.4 0.25
when watching TV. | can hear what other people are saying.”

14 “Things are much louder than usual right now. | get very dizzy and my hearing gets 9.9 3.8 0.38
mixed up. My ears are so full. Others’ voices distract me. | can hardly focus.”

15 “The fluorescent light is too bright. When it's on | can’t watch TV. Whenever I'm out 4.4 0.5 0.11
on the street, things get to my eyes.”

16 “| try to get away, but I'm sensitive to sounds. Doors clink, people talk loud. I'm 6.7 2.2 0.33

easily distracted, | can’t focus on one conversation, it's overwhelming. Things in the
corner of my eyes often catch my attention. | feel like | see everything at the same
time. It makes me feel flooded.”

were recorded to help eliminate interference of spontaneous eyResults

movement or potential startle response. Trials contaminated by

major artifacts £75 V) were routinely rejected by a threshold  gjyteen study patients reported perceptual anomalies
filter. These artifact-free epochs were then averaged on-line byghereafter called the perceptual anomaly group). Examples

computer (Neurodata, Inc.). The peak of the PSO wave WAt patients’ reports of perceptual anomalies and their P50
selected as the most positive averaged deflection within the range P P P P

of 40—-80 msec after click onset (Cardenas et al 1993). ThdN€asures are listed in Table 1. These quotes |IIus_trate
amplitude was defined as the maximal difference between th&haracteristics of the type of perceptual abnormalities
positive peak and the preceding negative trough. The latency wa&corded while conducting the structured interview, and
measured as the time delay to peak onset after the stimulus. are consistent with those reported by McGie and Chapman
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(1961). Additionally, 16 age- and gender-matched schizo- 20
phrenics who did not report severe or moderate perceptual
anomalies were included in the intact perception group as
study controls. Some of these intact perception patients
reported minor perceptual anomalies on rare occasions,
such as during physical exhaustion; however, the qualitya
of these reports were in sharp contrast to those given by
patients in the perceptual anomaly group in both severit)é 10|
and frequency. For example, the intact perception groups
reported such experiences as 1) “The sound of firex
crackers on New Years Eve hurt my ears. Not many other
sounds hurt my ears. People honking their horns some-
times hurts my ears t0o.” “My vision is good. The only

thing that hurts my eyes is looking into the sun. | can't

think of anything else that hurts my eyes”; 2) “l was at a 0 -

concert one time and it was pretty annoying. The music st = st st

was loud and hurt my ears. Cars sometimes, but mostly Intact Perceptual Normal
Perception Anomaly Control

some motorcycles when they go, that sound hurts my ) ) ) ) ) )
ears”; and 3) “Down at the beach the Dumpsters smelle(lj:'g“re 1. Paired click P50 responses in §ch|zophren|c patients
- . ] who reported perceptual anomalies, patients who had intact
like they had a rancid odor; th‘f‘t smell real!y bothered me erceptions, and normal controls. The perceptual anomaly group
That smell almost made me ill because it was so bad.exhibited a P50 pattern nearly identical to the normal group’s,
These statements were similar to those reported in thevhile the intact perception group had significantly lower re-
normal group of 16. sponse to the conditioning stimulus (S1) and a greater test-to-
P50 amplitude ratio measures (S2/S1) were normalize§onditioning ratio (S2/S1).
by cubic root transformation due to the skewness of the
distribution in the perceptual anomaly group. Analysis ofwere greater in normals than schizophrenic patients in
variance (ANOVA) showed that the mean S2/S1 ratio washoth the intact perception and the perceptual anomaly
significantly different among the perceptual anomaly,groups £ = 3.45, df = 2,45,p < .05). There were no
intact perception, and normal control groups € 8.45,  significant group differences in P50 latencies (S1 latency:
df = 2,45,p < .01). Post hod tests revealed that the perceptual anomaly= 57.4 = 5.1; intact perception=
significant differences were located between the intac65.6 = 8.4; normal= 58.3 * 3.6; F = 1.09, df = 2,45,
perception group and normal controts< 3.11, df= 15, p > .1. S2 latency: perceptual anomaty 56.6 = 6.6;
p = .01), and between the intact perception group and théntact perception= 54.7 = 10.4; normal= 54.0 = 4.5;
perceptual anomaly group € 3.56, df= 15,p < .01). F = 1.17,df= 2,45,p > .1).
The intact perception group had higher S2/S1 ratios than
both the perceptual anomaly and normal control groupsy: .
There was no significant difference in S2/S1 ratio betweenDISCUSSIon
the perceptual anomaly group and the normal conttcis ( Contrary to expectations, schizophrenic patients who re-
1.85, df= 15, p > .05). P50 amplitude at S1 and S2 for ported perceptual anomalies exhibited P50 ratios that did
each subject is displayed in Figure 1. not differ from normal controls. Patients who did not
Analyses also showed that the S2/S1 ratio differenceexperience perceptual anomalies, however, had P50 ratios
among the three study groups was mainly attributed to théhat were significantly different from normal controls and
initial conditioning (S1) P50 amplitude. The intact percep-similar to responses previously observed in groups of
tion group had the lowest amplitudé (= 13.35, df = schizophrenics (Adler et al 1982; Freedman 1983, 1987;
2,45, p < .01) compared with the perceptual anomaly Baker et al 1990). The apparent mismatch between the P50
group and normal controls. Post hdctests showed evoked potential and the reported perceptual experiences
significant differences in S1 P50 amplitude between theobserved in the current study suggests that further studies
perceptual anomaly group and the intact perception groupf the behavioral implications of the P50 gating measure
(t = 5.56, df = 15, p < .001), and between the intact are needed.
group and normal control$ & 4.57, df= 15,p < .001). Consistent with our previous reports (Jin and Potkin
There was no significant difference between the percepl996; Jin et al 1997), the difference of P50 suppression
tual anomaly group and normal controls in S1 amplituderatio among the groups was primarily due to the differ-
(t = 1.20, df= 15,p > 1.0). Amplitudes of S2 responses ences in the amplitude of S1 response. Other studies have
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found that the amplitude of the P50 response to SIP50 ratios. Our paradoxical findings that the perceptual
contributes importantly to differences between schizo-anomaly patients demonstrated normal P50 patterns, while
phrenics and normals in the S2/S1 ratio (Adler et al 1982those not reporting perceptual anomalies showed the
1985, 1988; Freedman et al 1987; Schwartzkopf et ahbnormal P50 ratios previously reported to be associated
1993; Cullum et al 1993; Judd et al 1992). We havewith schizophrenia (Adler et al 1982; Freedman et al
suggested (Jin et al 1997) that temporal variability in the1987), do not support this relationship between the P50
P50 response to incoming stimuli, possibly also a reflecand behavioral measures of sensory gating. These findings
tion of a sensory filtering abnormality, may contribute to may provide an important clue to advance future investi-
a diminished P50 amplitude in time-locked averaging.gations into the sensory gating phenomenon, although no
After finding a diminished S1 response in schizophrenicconclusive statement regarding the normal or abnormal
patients, Adler et al (1982) suggested that the constargensory processing mechanisms is warranted by the cur-
background discharge of a hyperactive neuronal popularent study. The present data suggest that additional studies
tion may reduce the number of neurons that will respondare needed to further explore the behavioral correlates of
synchronously to a stimulus, leading to an attenuatedhe P50 (Jin and Potkin 1996; Jin et al 1997) and its
response. These results stress the importance of comparinglationships with other clinical factors, including the
S1 and S2 absolute amplitude measures between groupssabtype (Boutros et al 1993), length, and severity of illness
addition to S2/S1 ratio, which by itself can mask the (Baker et al 1987).
relative contribution of each peak.

The intensity of the stimuli applied in the current study .

. . . 5 Supported by NARSAD award (to Y. Jin), NIMH FIRST award
was higher than other studies where 70—-80-dB SPL clicky, 149537 (1o v. Jin), NIMH grant MH53808-01 (to S.G. Potkin), and
were used. It could be argued that the high-intensitynimH grant MH44188-06 (to W.E. Bunney, Jr.).
stimuli (100 dB) could produce startle responses, which
could have influenced the outcome of the study; however
prior studies (Baker et al 1987) that replicated the findingRefere‘nces
of weak P50 suppression in schizophrenics used an everdler LE, Pachtman E, Franks RD, Pecevich M, Waldo MC,
higher stimulus intensity (110 dB). To minimize the  Freedman R (1982): Neurophysiological evidence for a defect
contaminating effect of startle, a threshold filter was used in neuronal mechanisms involved in sensory gating in schizo-
in the recording, including the EOG channel to reject trials ~ Prenia.Biol Psychiatry17:639-654.
exceecing 75,V Since the anfacts produced by eye- A UE, Yo LG, Seeinen £ L0 Dewepnacedie
blinks in the EEG appear as positive deflectlons (Kath- auditory and visuyalg resgonseBioI F?sychiatry 17:5284—
mann and Engel 1990), the S1 P50 amplitude and S2/S1 {5gg

raFio can be overestimated if bl?nk artifact is.present. INAgler LE, Pang K, Gerhardt G, Rose GM (1988): Modulation of
this study, however, both amplitude and ratio measures the gating of auditory evoked potentials by norepinephrine:
were compatible with those reported in other studies. Pharmacological evidence obtained using a selective neuro-

Additionally, the perceptual anomaly group showed higher toxin. Biol Psychiatry24:179-190.

S1 amplitude than the intact perception patients, but dichndreasen NC, Arndt S, Swayze V II, et al (1994): Thalamic
not differ in S1 amplitude from the normal group. There- abnormalities in schizophrenia visualized through magnetic
fore, it is unlikely that the lack of P50 suppression in the ¢30nance image averag|rt§;:|ence266:294-—298. _
intact patient group and the relatively normal ratio in theBaker NJ, Adler LE, Franks RD, et al (1987): Neurophysiolog-

tual I Id b d by startl ical assessment of sensory gating in psychiatric inpatients:
perceptual anomaly group could be caused by Slartle  comparison between schizophrenia and other diagnBals.

artifacts. Psychiatry22:603—-617.

The sensory filtering deficits hypothesis in schizophre-ggxer NJ, Staunton M, Adler LE, et al (1990): Sensory gating
nia proposed by McGhie and Chapman (1961) has been deficits in psychiatric inpatients: Relation to catecholamine
accepted and widely referenced as phenomenological ev- metabolites in different diagnostic groupBiol Psychiatry
idence for the recent P50 sensory gating studies (Freed- 27:519-528.
man et al 1987; Geyer et al 1990; Baker et al 1987). To ouBOlangaN,TﬁOUfsi%akiS G, RUtSti?tth P%atbody Cf( \(/jVardter tDI
knowledge, no study has been reported to elucidate the - e pol component of the auditory evoked potential
relations%ip betweeri/the clinical pﬁenomenon of percep- and subtypes of schizophrenfasychiatry Re§7'243_254' )
tual anomalies and the physiological measure of P50. praff DL, Swerdlow NR, Geyer MA (1995): Gating and habit-

. . . . . uation deficits in the schizophrenia disorde@din Neurosci
gating abnormalities in schizophrenia measured by P50 3.137_139. P

reflect the sensory filtering difficulty described by g,chshaum ms, Someya T, Teng CY, et al (1996): PET and

McGhie and Chapman, then the patients who report MR of the thalamus in never-medicated patients with schizo-
sensory anomalies would be expected to show abnormal phrenia.Am J Psychiatry153:191-199.
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