
208 64Actas Esp Psiquiatr 2007;35(3):208-218

Fallos en el filtraje de información auditiva 
en esquizofrenia: ¿disfunción de cortezas 
uni o heteromodales?

Fallos en la capacidad para filtrar información audi-
tiva redundante constituyen el hallazgo patológico
mejor replicado en pacientes esquizofrénicos. A pesar
de esto, las estructuras cerebrales involucradas en esta
anormalidad no han sido claramente identificadas. Dos
hipótesis han sido propuestas para llenar este vacío: la
primera sostiene que los fallos en filtraje auditivo se
deben a anormalidades en microcircuitos localizados
en el hipocampo y la segunda que estos defectos serían
causados por una disfunción de la corteza prefrontal.
Ambas hipótesis suponen que el filtraje auditivo es un
proceso dependiente de estructuras de integración sen-
sorial multimodal, las cuales al regular el flujo de in-
formación desde áreas unimodales hacia estructuras de
procesamiento más complejo impedirían que informa-
ción auditiva irrelevante interfiriera con procesos men-
tales dependientes de la memoria de trabajo. Basados
en datos obtenidos en nuestro laboratorio usando ma-
genetoencefalografía y los resultados de estudios elec-
troencefalográficos realizados en otros laboratorios se
propone la hipótesis de que una disfunción de la corte-
za auditiva izquierda podría explicar los fallos en fil-
traje auditivo en esquizofrenia. Desde esta perspectiva,
anormalidades en el funcionamiento de estructuras de
procesamiento sensorial unimodal, independientemen-
te del estado funcional de estructuras multimodales,
podrían estar en la base de los defectos en filtraje au-
ditivo en esta enfermedad. Clarificar si anormalidades
en procesos dependientes o independientes de estruc-
turas heteromodales explican los defectos en filtraje
auditivo en esquizofrenia permitirá una mejor compren-
sión de la fisiopatología de esta enfermedad e idealmen-
te el desarrollo de mejores tratamientos para los defectos
cognitivos causados por sobrecarga de información irre-
levante en estos pacientes. 
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Failure filtering out redundant auditory information is
the most replicated neurophysiological abnormality ob-
served in patients with schizophrenia. However, the brain
structures involved in this deficit remains obscure. Two
main hypotheses have been proposed to explain this pheno-
menon. The first maintains that the auditory gating deficit
in schizophrenia is related to abnormal function of micro-
circuits within the hippocampal formation. The second
hypothesis proposes that the deficit may be linked to impai-
red prefrontal cortex function. In both scenarios, auditory
gating is conceptualized as a process dependent on the
functional indemnity of cortical areas that integrate infor-
mation from different sensory modalities. When filtering
out redundant information, heteromodal cortices (hippo-
campal formation or prefrontal cortex), ensure that redun-
dant stimuli do not reach higher-order levels of information
processing in the brain and do not interfere with working
memory performance. Findings from our lab, using
magnetoencephalography (MEG), and data from other labs
using electroencephalography (EEG), suggest an alternative
hypothesis. We hypothesize that auditory gating deficit in
schizophrenia is due to the abnormal function of unimodal
microcircuits within left auditory cortex, independent from
abnormalities in heteromodal cortices. Explaining whether
auditory gating deficit in schizophrenia is determined by a
primary dysfunction of unimodal or multimodal cortices
may help elucidate the mechanisms involved in the sensory
information overload and the characteristic cognitive defi-
cits found in this disorder. 
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INTRODUCTION

The ability to maintain and organize mental representa-
tions for brief intervals during a time period when original
items are no longer available to perception is known as
working memory16,20,36. This ability depends in part on the
number of objects that may be maintained on-line for the
correct performance of the task at hand7,17,82. Most healthy
persons can only maintain a maximum of 7 objects in mind
for a short time period63. In contrast to these working mem-
ory limitations, a variety of stimuli are constantly recor-
ded in the peripheral sensory organs. Consequently, opti-
mum working memory performance curtails simple senso-
rial information from reaching brain structures that control
high-order cognitive processes in the central nervous
system82. 

Failure in sensory gating has been proposed as one of the
main culprits of cognitive dysfunction in schizophrenic pa-
tients1,11,19,28. Failure inhibiting neuronal responses evoked
at latencies of 50 milliseconds post-presentation of the se-
cond of two identical auditory stimuli is the best replicated
neurophysiological abnormality in schizophrenic pa-
tients13,43. First-degree relatives of schizophrenic patients
demonstrate similar abnormalities18,69,74,83,84. The results of
these investigations suggest that the auditory gating deficit
observed in schizophrenic patients is not due to chronic ex-
posure to antipsychotics or secondary schizophrenic psy-
chosis instead, genetic abnormalities may explain this defi-
cit84. Genetic polymorphism affecting the expression of the
gene encoding the α-7 sub-unit of the nicotinic receptor
for acetylcholine is associated to auditory gating deficits in
non-schizophrenic individuals and occurs more frequently
in families with high aggregation of schizophrenia33,55. These
findings are particularly relevant because: a) post mor-
tem studies in patients with schizophrenia have found a de-
crease in the expression of type α-7 nicotinic receptors in
brain regions involved in processing auditory information,
such as hippocampus31, reticular activating system15, pre-
frontal cortex39 and cingulate cortex60. In addition, rats chro-
nically treated with haloperidol do not show these decre-
ments, making it unlikely that chronic exposure to
antipsychotics will account for these abnormalities14; b) to-
bacco consumption or nicotine patches transiently norma-
lize auditory gating deficits in schizophrenic patients and
their first degree relatives3,4; c) drugs that directly or indi-
rectly harness nicotinic receptors’ activity, such as cloza-
pine, ondansetron and tropisetron, also revert these defi-
cits5,54,55,56,75, and d) an increase in the prevalence and
severity of nicotine addiction has been observed in patients
with schizophrenia and in their first degree relatives in mul-
tiple studies23,24,51,58,68,86,88.

Taken together, these findings seem consistent with the
hypothesis that the auditory gating deficit in schizophrenia
could be determined by genetically transmitted abnormali-
ties affecting the expression of nicotinic receptors in brain
areas that are critical for normal auditory gating59. Thus,

the increased tobacco consumption reported in individuals
from families with high aggregation of schizophrenia could
be explained as an attempt to reduce the cognitive deficits
associated with the interference of irrelevant auditory in-
formation in working memory tasks7,17,72,82.

In spite of the heuristic value of this model, two unre-
solved issues question the relevance of auditory gating deficit
in schizophrenic patients as a strategy to understand the
pathophysiology of this disease. First, the anatomical struc-
tures involved in this abnormality remain obscure. Second,
it has not been possible to establish any clear correlation
between extent of the auditory gating deficit, degree of im-
paired performance on neurocognition and severity of
symptoms in schizophrenic patients70. Thus, in the absence
of clearly identified anatomical substrates and functional
consequences, although a well replicated finding, the schi-
zophrenia auditory gating deficit may be irrelevant. In this
review, we will discuss the results of a series of studies con-
ducted in our laboratory that provide significant informa-
tion to explicate the neural substrates or normal and disor-
dered gating and its clinical relevance. 

In the first part, the hypothesis that hippocampus or pre-
frontal cortex is responsible for the auditory gating deficits
in schizophrenia is critically evaluated. In the second part,
we present data indicating that the generators of the audi-
tory gating deficits at latencies of 50 milliseconds in schi-
zophrenic patients are located in the superior temporal
gyrus, within the left auditory cortex. In the third part, we
present data indicating that the better temporal and spatial
resolution of magnetoelectroencephalographic (MEG) tech-
niques make it possible to better explicate the relationships
between auditory gating deficits and failures in working
memory observed in schizophrenic patients. Finally, in the
last section of this review, we pose questions to be an-
swered and propose future research. 

Dysfunction of heteromodal cortices and gating
deficit: role of the hippocampus?

The hypothesis that dysfunctional hippocampal microcir-
cuits may be responsible for auditory gating deficits in schi-
zophrenic patients is based on electrophysiological studies
conducted in rats2,32. In these animals, extracellular re-
cording made it possible to show that neuronal responses 
evoked at 40 post-milliseconds post-auditory stimulation can
be detected in the hippocampal formation. Interestingly, it
is at similar latencies of 50 milliseconds that the suppres-
sion of neuronal responses evoked by the second of two
identical auditory stimuli has been demonstrated by elec-
troencephalographic (EEG) recordings in the cranial vertex
of healthy volunteers and schizophrenic patients1. More-
over, a decrease in the amplitude of the electrical activity
evoked by the second of two identical auditory stimuli,
using the paired click paradigm, has also been demonstra-
ted by electrodes implanted in the hippocampal formation
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of laboratory rats2. Based upon these observations, it has
been proposed that localized microcircuits in the hippo-
campal formation could be the generators of electrical acti-
vity recorded at 50 milliseconds in the scalp of healthy sub-
jects and schizophrenic patients, using the paired click
paradigm32. In support of this hypothesis, pharmacological
manipulations that enhance cholinergic neurotransmission
mediated by nicotinic receptors improve the capacity to re-
duce the neuronal responses evoked by the second stimulus
in the hippocampal formation of these animals. These re-
sults concur with what happens in schizophrenic patients
receiving drugs that stimulate nicotinic receptors75. Like-
wise, lesions of the cholinergic pathways innervating the hip-
pocampal formation are associated with auditory gating
deficits in laboratory rats similar to those observed in schi-
zophrenic patients6. Furthermore, electrophysiological stu-
dies have revealed that a subtype of gabaergic interneurons
in hippocampal formation of the rat express α-7 type nico-
tinic receptors. Thus, drugs enhancing α provide further 
α-7 nicotinic receptor activity could increase the activity of
these interneurons, which in turn may lead to a better ca-
pacity to inhibit neuronal responses evoked by redundant
auditory information29,44. The reported abnormalities found
in the hippocampal structure and function of schizophrenic
patients21,47,81,89 and in their first degree relatives73,80 pro-
vide further evidence to this hypothesis. 

Two studies that failed to establish a relationship between
the extent of auditory gating deficits in schizophrenic patients
and impaired performance on hippocampal dependent19,45, ar-
gue against the hippocampal hypothesis of auditory gating 
deficit in schizophrenia. In addition, no correlation has been re-
ported between the magnitude of structural abnormalities
in hippocampal formation and the magnitude of auditory
gating deficits in these patients. Finally, preliminary studies
conducted in our laboratory have not found any correlation
between auditory gating deficit and failure in the capacity
to learn a version of the Virtual Morris Water Maze test or
perform on the Weschler’s logical memory test, two tasks
dependent on hippocampal function. 

To understand these inconsistent findings between ani-
mal models and human studies, it seems necessary to keep
in mind that neuronal activity evoked during the paired
click paradigm at 40 millisecond latencies can be recorded
in the hippocampal formation of the rat does not necessa-
rily mean that the same latency corresponds with equiva-
lent brain regions in the human brain, since human auditory
tracts are much longer. Given that the evolution of the cen-
tral nervous system in mammals has entailed an increase in
the number of synapses separating primary sensory from
heteromodal cortices62, and that the distance between these
areas is considerably greater in the human brain, it seems
unlikely that evoked responses at 40 millisecond latencies in
the rat brain correspond with the same brain regions acti-
vated at these latencies in the human brain. Consistent with
this tenet, two studies of epileptic patients prior to surgery
for refractory epilepsy that recorded electrical activity di-

rectly at the hippocampal formation found that neural re-
sponses were evoked at latencies of 250 to 300 millisecond
latencies10,38. Thus, these intracerebral recording findings in
epileptic patients support the hypothesis that, given the
existence of longer nervous tracts and a greater distance to
cover between the auditory cortices and hippocampus in
the human brain, much more time would be necessary for
recruiting hippocampus during auditory processing in hu-
mans than in rats. Likewise, preliminary investigations con-
ducted in our laboratory using new strategies of data
analysis generated by magnetoencephalography have not
found evidence of activation of hippocampal formations at
50 to 100 millisecond latencies in schizophrenic patients or
healthy controls during the paired click paradigm. More-
over, we found that the parahippocampal cortex is recruited
at latencies of 75 ms. These findings seem to be especially
interesting if we consider that activation of the endorhinal
cortex, a brain region communicating the parahippocampus
with the hippocampus, has been recently found at 150 ms
latencies during the paired click paradigm10.

Taken together, the data gathered so far seem inconsis-
tent with the hypothesis that abnormalities in the hippo-
campal formation of patients with schizophrenia play a re-
levant role in auditory gating deficit observed at 50 or 100
millisecond latencies. Since mounting evidence suggests
that parahippocampal structures could play a key role in
the detection of novel versus familiar sensorial stimuli37,76,
it is possible that while detection of novelty events in rats
occur at the level of the hippocampal formation, it occurs
at the parahippocampus level in human and nonhuman pri-
mates. Thus, it is possible that abnormalities in the structure
and function of the parahippocampus play a relevant role in
the auditory gating processes occurring later, at latencies of
100 milliseconds or more in humans. 

Thus, if the hippocampus plays a role in auditory gating,
this role is probably restricted to events occurring at laten-
cies of 200 or more milliseconds after the 1st or 2nd click in
the paired click paradigm. Using MEG in normal controls
and patients with schizophrenia, our group has reported
hippocampal activation at latencies of 250 to 400 ms while
subjects were engaged in hippocampal dependents tasks41.
These findings indicate that hippocampal activation can be
detected using MEG. Thus, the absence of activation ob-
served at latencies of 50 to 100 milliseconds during the paired
click paradigm is not likely due to a lack of sensitivity of
MEG techniques as has been argued in the past32. The next
step to further support this hypothesis is to demonstrate
that hippocampal activity can be reliably detected at 250 to
300 ms latencies during the paired click paradigm. 

Dysfunction of heteromodal cortices and gating
deficit: role of prefrontal cortex

The hypothesis that auditory gating deficit in schizo-
phrenia could be related to prefrontal cortex dysfunction is
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based on two sources. The first, based on studies of the neu-
ropyschological basis of the selective attention needed to
exclusively focus on the necessary clues to obtain the final
goal, has provided increasing support for the role of pre-
frontal cortex in modulating the capacity to filter stimu-
li22,65. The second stems from studies of auditory gating
evoked auditory responses in patients with frontal lobe le-
sions and suggests that patients with lesions involving the
dorsolateral prefrontal cortex have auditory gating deficits
during the performance of a variant of the paired click pa-
radigm53. 

As with the hippocampal hypothesis, the hypothesis that
dysfunctional prefrontal cortex structures underlie auditory
gating deficits in schizophrenia finds circumstantial support
in the existence of well-known structural and functional ab-
normalities in the prefrontal cortex in schizophrenia pa-
tients47 and their first degree relatives61. In contrast, stronger
support is provided by evidence of auditory gating deficit in
patients with lesions of the dorsolateral prefrontal53. A more
careful evaluation of the experimental paradigm used in these
studies reveals, however, an important difference in the 
conditions under which these experiments were performed
compared with the conditions under which the paired click
paradigm is usually conducted in other studies with schi-
zophrenic patients. In the investigation of patients with fron-
tal lesions, subjects were asked to observe a silent movie dur-
ing the paired click paradigm53. This is in sharp contrast with
the usual way in which this test is conducted in other studies,
since experimental subjects are asked to remain comfortably
seated without performing any cognitive task during all the
time that they exclusively attend to the stimuli from the paired
click paradigm1. These experimental differences make 
problematic the interpretation of these results. Thus, al-
though Knight et al. 1999 study leaves no doubts about the
role that the dorsolateral cortex may play in auditory gating
processes under conditions in which selective attention is re-
cruited, it is not clear that the prefrontal cortex necessarily
plays the same role under conditions in which experimental
subjects are not performing an activity requiring the engage-
ment of selective attention. One way to clarify this confusion
would have been to measure if auditory gating deficits in pa-
tients with dorsolateral prefrontal lesions persist with the
conventional version of the paired click paradigm. Unfortu-
nately, in the Knight et al. 1999 study, only the version asso-
ciated to the silent movie was used. 

Auditory gating studies conducted while experimental
subjects are sleeping suggest that prefrontal cortex pro-
bably does not play any relevant role in the neurophysiolo-
gical processes involved in the auditory gating under condi-
tions that do not require the engagement of selective
attention52. These studies have shown that neuronal re-
sponses evoked by redundant auditory stimuli are effecti-
vely reduced even in stages of sleep during which prefrontal
cortex is deactivated46. These results seem consistent with
the study of the psychophysiology of auditory gating in
schizophrenia that has described these abnormalities as

«pre-attentive» or neural events occurring at sensory pro-
cessing stages in which the effect of attention is minimum
or absent8,9,12. Accordingly, most studies that have evaluated
the effect of directing the attention of experimental subjects
to auditory stimuli generated during the paired click paradigm
have found minimal or no effect on the auditory gating at 
50 millisecond latencies40,49,87. Conversely, these same mani-
pulations revealed increasing amplitude of the potentials evo-
ked at 100 millisecond latencies when the attention of experi-
mental subjects is directed to auditory stimuli40,87. Likewise,
auditory gating studies conducted while subjects were asleep
found that, in opposition to what happened with auditory 
gating at 50 ms, gating at 100 millisecond latencies was pro-
foundly affected during sleep52.

Taken together, the results of these studies seem consis-
tent with the hypothesis that potentials evoked at 50 millise-
cond latencies are generated by brain structures that have a
reduced capacity to exert modulatory influences or perform
selective attention tasks. Neuroanatomic studies have dem-
onstrated that, conversely to secondary auditory cortices, 
primary auditory cortices do not connect directly with the
prefrontal cortex. Thus, it is possible that manipulations of
attention that affect the amplitude of neural responses e-
voked at 100 milliseconds modulate the excitability of cortical
areas of secondary auditory processing. On the other hand,
auditory gating at 50 milliseconds latencies may occur in pri-
mary auditory cortices, with no direct connection to prefron-
tal cortex. In agreement with this model, the corticography
study conducted in epileptic patients prior to surgery found
activation of prefrontal cortex structures only at latencies of
86 milliseconds38. Thus, auditory gating at latencies of 50 mil-
liseconds may be a physiological process occurring indepen-
dently of prefrontal cortex activation. 

In summary, the analysis of the available evidence does
not seem consistent with prefrontal cortex being a player in
auditory gating deficits occurring at latencies of 50 millise-
conds under conditions in which selective attention is not
recruited. Conversely, auditory gating deficits at latencies
of 100 or more milliseconds could be determined by abnor-
malities in the function of the prefrontal cortex or other
brain structures involved in selective attention tasks such as
the parietal cortex or anterior cingulate. 

Thus, although available evidence does not support the
hypothesis that abnormalities in prefrontal cortex function
or hippocampal formation underlie auditory gating deficits
at latencies of 50 ms in schizophrenic patients, other heter-
modal processing structures such as parietal cortex or cin-
gulate cortex may still be involved in these deficits. 

Dysfunction of heteromodal cortices 
and auditory gating: testing the hypothesis

Investigations aimed at evaluating whether auditory gat-
ing deficits in schizophrenia involve other sensory modali-
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ties were developed in our laboratory as an strategy for
evaluating the validity of the heteromodal dysfunction
hypothesis as cause of these abnormalities. The rational be-
hind this strategy was that if auditory gating deficits are
caused by abnormalities in the structure or function of he-
teromodal brain areas, then it would be expected that these
deficits may include other sensory modalities26. A paradigm
to assess the capacity of filtering redundant somatosenso-
rial information was developed. The median nerve was stim-
ulated electrically in a manner intensive enough to be 
perceived consciously by the subjects in a non-painful way.
Then, paired stimuli separated by 75 milliseconds were pre-
sented every 5 seconds in a similar way to the paired click
paradigm. These studies were conducted using combined
MEG and MRI techniques similar to those used in our audi-
tory gating studies. Electromagnetic activity evoked at la-
tencies of 20 milliseconds post-stimulation was localized in
the primary somatosensory cortex without finding deficits
in the capacity to reduce the amplitude of neural responses
evoked by redundant somatosensory stimuli in schizophre-
nic patients. However, bilateral deficits were found at 100
milliseconds latencies in cortical areas corresponding con-
sistent with the secondary somatosensory cortex26. 

Overall, these studies suggest that sensory gating at la-
tencies of 20 milliseconds in the somatosensorial pathway
and 50 milliseconds in the auditory pathway are probably
not dependent on dysfunctional multimodal structures
because if this were the case, it would have been expected
that deficits in both modalities would be present in schi-
zophrenia patients. Gating deficits at 100 milliseconds in
the somatosensory modality raise the possibility that later
deficits in sensory processing in schizophrenic patients are
caused by multimodal structure dysfunction. If this hypo-
thesis were correct, it would be expected that sensory gat-
ing deficits at short latencies are specific of the auditory
modality and that gating deficits at latencies of 100 milli-
seconds are common to several sensorial modalities. Con-
sistent with this hypothesis, auditory information gating
deficits at 50 milliseconds seem specific of the left audi-
tory cortex, while bilateral deficits at 100 milliseconds 
were detectable by our group in both auditory cortices in
cortical regions consistent with the location of the secon-
dary auditory cortices42. 

In summary, the results of these investigations seem con-
sistent with the hypothesis that deficits in early sensory gat-
ing in schizophrenic patients affect unimodal brain struc-
tures only in the left auditory pathway, while deficits in
information gating at later latencies affect bilaterally both
the auditory and somatosensory modalities. These later de-
ficits could be caused by dysfunction of a heteromodal in-
tegration structure such as prefrontal cortex, hippocampal
formation or parietal cortex, just to mention some possible
candidates. This model would predict that in schizophrenic
patients bilateral abnormalities in visual, gustatory or olfac-
tory information gating could be demonstrated at latencies
of 100 or more milliseconds but not at shorter latencies.

Dysfunction of unimodal cortices and auditory
gating: primary auditory cortex

Difficulties determining the brain structures involved in
auditory gating observed in schizophrenic patients origi-
nate in the limited spatial resolution that characterizes EEG
techniques25. Thus, the electrical activity recorded at laten-
cies of 50 milliseconds in the cranial vertex can, in principle,
be generated by practically any brain structure involved in
the auditory information processing. During the last five
years our laboratory has been studying sensory gating with
high density EEG, MEG and sMRI. carrying out investiga-
tions combining the high temporal resolution characteristic
of combined MEG and MRI. Through this approach have es-
tablished that the neural generators of M50 (the magnetic
counterpart of P50) localizes to the superior temporal gyrus
bilaterally, consistent with the auditory cortex. The MEG
signal accounts for 97% of the variance in the electrical ac-
tivity recorded by the electrode located in the cranial vertex
in control subjects, in contrast to 86% of the variance in
subjects wit schizophrenia48. These studies suggest that in
normal control subjects at latencies of 50 milliseconds, mi-
crocircuits located in the auditory cortex may be processing
and filtering redundant auditory information without in-
volving heteromodal structures such as hippocampal or pre-
frontal cortex formation. In patients with schizophrenia, on
the other hand, although most of the electrical activity re-
corded in the vertex is originated in the auditory cortices,
one or several additional brain regions may be undergoing
activation48. Confirming the validity of these findings, re-
cent preliminary studies applying a new data analysis tech-
nique for MEG (Huang et al., 2006) that permits better loca-
lization of electromagnetic activity generators located in
the prefrontal cortex and temporal lobe have shown neural
activity evoked at latencies of 50 milliseconds is mostly re-
stricted to the auditory cortex in control subjects. Converse-
ly, in schizophrenia patients additional foci of activation
have been observed in the left and right lateral prefrontal
cortex. If these preliminary findings are confirmed, these
studies will provide even stronger support to the hypothesis
than under normal conditions, redundant auditory informa-
tion gating at latencies of 50 ms is performed in unimodal
auditory structures independent of activation of heteromo-
dal structures. From this perspective, the hypothesis that
the deficit in auditory gating at latencies of 50 milliseconds
in schizophrenia is determined by abnormalities in auditory
cortices becomes more certain. Consistent with this hypo-
thesis, auditory gating deficits were demonstrated only in
the left auditory cortex77 and the intensity of these deficits
was found to be directly correlated with the magnitude of
cortical thickness decrements observed in this brain region
in patients with schizophrenia78. These findings seem con-
sistent with the fact that selective abnormalities in the
structure of the left auditory cortex have been reported in
schizophrenic patients in several independent studies34,47,50. 

A different picture was found at latencies of 100 ms. At
these latencies, auditory gating deficits were found bilater-
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ally in both auditory cortices. This finding seems consistent
with the hypothesis that auditory filtering processes at long-
er latencies in cortical areas probably corresponding with
secondary auditory cortices could be determined by func-
tional abnormalities in heteromodal structures which con-
trol the flow of information top-down. Consistent with this
idea, bilateral deficits in somatosensory information gating
were also observed at latencies of 100 milliseconds in corti-
cal regions consistent with the secondary somatosensory
cortex25. Likewise, no abnormalities were found in the so-
matosensory gating at shorter latencies, consistent with the
fact that structural abnormalities affecting primary sensory
cortices are specific to the left auditory cortex in schizo-
phrenic patients77,78.

Cognitive dysfunction and auditory gating
deficits in schizophrenia

The hypothesis that the sensory gating deficit may un-
derlie cognitive dysfunction in schizophrenia has been sug-
gested by several investigators1,11. We would expect that
patients with more pronounced deficits gating redundant
auditory information would show more prominent cogni-
tive abnormalities. At least five studies have aimed at estab-
lishing a relationship between auditory gating deficit and
cognitive impairments in schizophrenic patients. One study
found a weak correlation between auditory gating deficit
and the scores on the attention subscale of the Sale for the
Assessment of Negative Symptoms (SANS)28. These findings
were not confirmed in our patient population78. Similar ne-
gative results were recently reported by another group57. In
another study, a weak correlation was found between audi-
tory gating deficit and increases in response latency in the
digit cancellation test, a test of sustained attention19, how-
ever there is no replication of this study result thus far. 
Two studies assessing the relationship between auditory 
gating deficit and abnormalities in hippocampal dependent
tests found no correlation19,45.

Overall, the results of these studies question the predic-
tive validity of auditory gating deficit in schizophrenia’s cog-
nitive dysfunction. An alternative interpretation would be
that the lack of correlation between auditory gating deficit
and cognitive impairment may be accounted for by lack of
accuracy of the techniques used to measure auditory gat-
ing25. Until recently, this phenomenon has been measured
mostly using an EEG electrode preferably implanted in the
cranial vertex. The electrical activity thus recorded corres-
ponds to the sum of events potentially occurring in any
brain region recruited, normally or pathologically, during
the performance of this test. 

On the other hand, findings from our studies with com-
bined MEG and sMRI demonstrate that the auditory gating
deficit in schizophrenia is localized in the left but not right
auditory cortex schizophrenia77. Furthermore, studies com-
bining MEG/MRI with conventional EEG show that addition-

al brain structures are recruited during this test only in
schizophrenic patients48. Moreover, preliminary data using
new data analysis techniques developed in our laboratory
suggest that dorsolateral prefrontal cortex may be one of
the additional structures recruited in schizophrenic patients
during the paired click paradigm. Thus, the electrical activ-
ity recorded at latencies of 50 milliseconds at the vertex of
the schizophrenic patients could represent the sum of activ-
ities generated in the left and right auditory cortices plus
the pathological activity generated in the dorsolateral pre-
frontal cortex. It is possible that the effect of abnormal ac-
tivity at left auditory cortex on cognition is not detected by
techniques in which this dysfunctional activity is analyzed
along with activity generated in other brain regions. Consis-
tent with this hypothesis, inter and intra-individual reliabil-
ity studies of auditory gating using conventional EEG show
that the test-retest reliability of these measurements is low,
when compared to gating measurements obtained via MEG.
Likewise, measures of auditory gating using MEG/MRI showed
a significant correlation between auditory gating defi-
cits in the left auditory cortex and deficits in working mem-
ory tasks in schizophrenic patients77. More recently, these
results have been replicated with a larger patient sample
and extended the findings to include other cognitive tests.
We found strong correlation between the magnitude of 
auditory gating deficit of left auditory cortex and impair-
ments in the Wisconsin card test and the Rey Auditory word
list learning test, two neurocognitive tasks dependent on
left prefrontal activity. On the other hand, no correlations
were evident when cognitive performances on working mem-
ory tasks were correlated with auditory gating measures
using EEG recordings obtained at the vertex77. Similarly, no
correlations between auditory gating deficit measured at
the vertex (Cz) and performance on the Wisconsin test have
been reported by two other groups28,57.

Taken together, the results of these studies suggest that
schizophrenia’s left auditory gating deficit is localized to
the left auditory cortex and could be a good predictor of
working memory impairment in schizophrenic patients. EEG
techniques used so far may lack the appropriate spatial re-
solution to clearly detect these relationships. 

From the pathophysiological point of view, these find-
ings provide the empirical basis to hypothesize that sen-
sory gating deficit in schizophrenia patients may play a ma-
jor role on their impaired performance on working memory
tasks. Thus, left auditory gating deficit predicts working
memory impairments only in patients and not in the con-
trols77. This interpretation seems to make sense if irrelevant
auditory information have a negative impact on cognition
only under conditions in which the brain structures in charge
of supporting and organizing mental representations are 
already dysfunctional and thus more vulnerable to the
harmful effects of an overload of sensory information. From
this point of view, a healthier prefrontal cortex would have
a larger functional reserve to tolerate the overload of infor-
mation caused by the auditory gating deficit. From this
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perspective, the fact that up to now we have observed activ-
ity of the prefrontal cortex only in schizophrenic patients
and not in the controls during the performance of the 
paired click paradigm seems particularly relevant. These 
findings are consistent with the hypothesis that abnormal
activation of the prefrontal cortex caused by overload of
redundant auditory information could affect the capacity
of this structure to store and reorganize information during
working memory tasks or during tasks in which learning
word lists, as in the Rey Auditory Verbal Learning test, is re-
quired. 

On the other hand, it has not been possible to detect any
correlation between auditory information gating deficit
and performance on hippocampal dependent cognitive
tasks, such as Weschler’s logical memory test or Virtual Mor-
ris Water Maze task. These negative findings seem consis-
tent with the idea that only tasks directly dependent on
short term memory systems activity are vulnerable to the
harmful effect of information overload provoked by audi-
tory gating deficit in schizophrenia. From this point of view,
it is possible that brain systems (such as the hippocampus),
that normally process and store large amounts of informa-
tion, are less vulnerable to the harmful effect of sensory in-
formation overload from unimodal auditory cortices. 

An alternative interpretation would be that the correla-
tion between the magnitude of the deficit observed in audi-
tory gating and the deficits in working memory dependent
tasks in schizophrenic patients would be the result of pre-
frontal cortex dysfunction. From this point of view, the au-
ditory gating deficit observed in the left auditory cortex
would be the consequence and not the cause of the abnor-
malities in prefrontal cortex dependent cognitive tasks. In
comparison with this interpretation, however, neuroanatom-
ical and electrophysiological data reviewed in the pre-
vious section do not seem to support a dominant role of the
prefrontal cortex on the activity of primary auditory cortex
at latencies of 50 milliseconds. Consistent with this hypo-
thesis, genetic studies performed in our laboratory using
polymorphism of the gene that encodes catecol-o-methyl-
transferase (COMT), a key enzyme in the regulation of the
prefrontal function and structure27,35,67,71, as a marker of
prefrontal function has not demonstrated up to now any
correlation with the auditory gating deficit at latencies of
50 milliseconds in the left auditory cortex. However, a signi-
ficant correlation has been found with the gating magni-
tude at latencies of 100 milliseconds in this same cortical re-
gion. These genetic-functional correlations seem to add
solid support to the idea that gating at latencies of 50 milli-
seconds is, in fact, a process which is independent of pre-
frontal function under conditions in which selective atten-
tion is not engaged. 

A third interpretation for the correlation between left
auditory gating deficit and working memory impairment
would be that these two variables are associated and de-
pend on a third factor. From this point of view, no direct

causal association would exist between auditory gating de-
ficit and working memory deficits in schizophrenia since
both phenomena would be determined by a third factor not
included in the analysis up to now. For example, a global
deficit in the development of left brain hemisphere in schi-
zophrenia that leads to a defective neurodevelopment of
the prefrontal cortex and the left auditory cortex. In this
way, auditory gating deficits and prefrontal cortex depen-
dent cognitive impairment would appear falsely correlated
without any causal relationship between both phenomena.
Although this explanation is certainly possible, it would also
have to explain why a deficit in the development of the left
hemisphere does not affect the hippocampus so that a rela-
tionship between left auditory gating deficit and impaired
left hippocampal dependent tasks could be established. 

Based on the data available, we believe that the simplest
interpretation is that auditory gating deficit, determined by
abnormalities in the function and structure of microcircuits
located in the left auditory cortex, lead to redundant infor-
mation overload in left prefrontal cortex of schizophrenic
patients significantly interfering in the performance of
tasks dependent on the capacity to support and organize
mental representations during the short time intervals dur-
ing which the objects represented are inaccessible to per-
ception. A new generation of studies combining MEG/MRI
during the performance of working memory dependent
tasks in the presence or absence of redundant auditory in-
formation may experimentally evaluate this hypothesis more
directly.

Cognitive dysfunction and gating deficit 
in schizophrenia: new questions

In the previous sections, we have tried to show how grow-
ing empirical evidence supports the hypothesis that re-
dundant auditory information gating deficit in left primary
auditory cortex could contribute to the abnormalities in
working memory seen in schizophrenic patients. At the same
time, we have tried to establish the hypothesis that later
deficits, at latencies of 100 milliseconds, could depend on
abnormalities in higher processing structures in the pre-
frontal, parahippocampal and/or parietal cortex. To evalu-
ate this hypothesis more directly, studies are needed that di-
rectly show the mechanism through which auditory gating
deficit at latencies of 50 milliseconds could disturb prefront-
al function. Preliminary observations using new techniques
of data analysis of MEG elaborated by one of our collabora-
tors, Dr. Minxiong Huang, show that the lateral prefrontal
cortex is pathologically activated during the performance
of paired click paradigm in schizophrenic patients but not
in the controls. Thus, pathological activation of prefrontal
cortex while listening to the paired clicks could possibly im-
pair the capacity of this structure to take charge of more
relevant information. Recent studies show that subjects
with better performance in working memory tests are those
who activate fewer brain regions during the performance of
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these tasks2. These findings have been interpreted as evi-
dence in favor of the hypothesis that the capacity to con-
tain activation to specific brain areas during the represen-
tation of relevant sensory information is a key condition for
optimal intellectual functioning7,17. In sum, our preliminary
findings suggest means of testing interesting hypotheses to
further elucidate the neural basis of sensory gating deficit
in schizophrenia. 

REFERENCES

1. Adler LE, Pachtman E, Franks R, Pecevich M, Waldo MC, Freed-

man R. Neurophysiological evidence for a deficit in inhibitory

mechanisms involved in sensory gating in schizophrenia. Biol

Psychiatry 1982;17:639–54.

2. Adler LE, Rose G, Freedman R. Neurophysiological studies of

sensory gating in rats: effects of amphetamine, phencyclidine,

and haloperidol. Biol Psychiatry 1986;21:787-98.

3. Adler LE, Hoffer LD, Griffith J, Waldo MC, Freedman R. Normali-

zation by nicotine of deficient auditory sensory gating in the

relatives of schizophrenics. Biol Psychiatry 1992;32:607–16.

4. Adler LE, Hoffer LD, Wiser A, Freedman R. Normalization of 

auditory physiology by cigarette smoking in schizophrenic pa-

tients. Am J Psychiatry 1993;150:1856–61.

5. Adler LE, Cawthra EM, Donovan KA, Harris JG, Nagamoto HT,

Olincy A, et al. Improved p50 auditory gating with ondansetron

in medicated schizophrenia patients. Am J Psychiatry 2005;162:

386-8.

6. Bickford PC, Wear KD. Restoration of sensory gating of auditory

evoked response by nicotine in fimbria-fornix lesioned rats.

Brain Res 1995;705:235–40.

7. Bor D, Owen AM. Working memory: linking capacity with selec-

tivity. Curr Biol 2006;16:R136-8.

8. Boutros NN, Belger A, Campbell D, D'Souza C, Krystal J. Compa-

rison of four components of sensory gating in schizophrenia

and normal subjects: a preliminary report. Psychiatry Res 1999;

88:119–30.

9. Boutros NN, Korzyukov O, Jansen B, Feingold A, Bell M. Sensory

gating deficits during the mid-latency phase of information

processing in medicated schizophrenia patients. Psychiatry Res

2004;126:203-15.

10. Boutros NN, Trautner P, Rosburg T, Korzyukov O, Grunwald T,

Schaller C, et al. Sensory gating in the human hippocampal and

rhinal regions. Clin Neurophysiol 2005;116:1967-74.

11. Braff DL, Geyer MA. Sensorimotor gating and schizophrenia.

Human and animal model studies. Arch Gen Psychiatry 1990;

47:181–8.

12. Braff DL, Light GA. Preattentional and attentional cognitive de-

ficits as targets for treating schizophrenia. Psychopharmaco-

logy (Berl) 2004;174:75-85.

13. Bramon E, Rabe-Hesketh S, Sham P, Murray RM, Frangou S. Me-

ta-analysis of the P300 and P50 waveforms in schizophrenia.

Schizophr Res 2004;70:315-29.

14. Breese CR, Lee MJ, Adams CE, Sullivan B, Logel J, Gillen KM, et

al. Abnormal regulation of high affinity nicotine receptors in

subjects with schizophrenia. Neuropsychopharmacology 2000;

23:351–64.

15. Court J, Spurden D, Lloyd S, McKeith I, Ballard C, Cairns N, et al.

Neuronal nicotinic receptors in dementia with Lewy bodies and

schizophrenia: alpha-bungarotoxin and nicotine binding in

thalamus. J Neurochem 1999;73:1590–7.

16. Courtney SM. Attention and cognitive control as emergent pro-

perties of information representation in working memory. Cogn

Affect Behav Neurosci 2004;4:501-16.

17. Cowan N, Morey CC. Visual working memory depends on atten-

tional filtering. Trends Cogn Sci 2006;10:139-41.

18. Clementz BA Psychophysiological measures of (dis)inhibition as

liability indicators for schizophrenia. Psychophysiology 1998;

35:648–68.

19. Cullum CM, Harris JG, Waldo MC, Smernoff E, Madison A, Naga-

moto HT, et al. Neurophysiological and neuropsychological evi-

dence for attention dysfunction in schizophrenia. Schizophr Res

1993;10:131–41.

20. Curtis CE, D'Esposito M. The effects of prefrontal lesions on

working memory performance and theory. Cogn Affect Behav

Neurosci 2004;4:528-39.

21. Davatzikos C, Shen D, Gur RC, Wu X, Liu D, Fan Y, et al. Whole-

brain morphometric study of schizophrenia revealing a spatially

complex set of focal abnormalities. Arch Gen Psychiatry 2005;

62:1218-27.

22. Desimone R, Duncan J. Neural mechanisms of selective visual

attention. Ann Rev Neurosci 1995;18:193-222.

23. De León J, Díaz FJ. A meta-analysis of worldwide studies dem-

onstrates an association between schizophrenia and tobacco

smoking behaviors. Schizophr Res 2005;76:135-57.

24. Diwan A, Castine M, Pomerleau CS, Meador-Woodruff JH, Da-

lack GW. Differential prevalence of cigarette smoking in pa-

tients with schizophrenia vs mood disorders. Schizophr Res

1998;33:113–8.

25. Edgar JC, Huang MX, Weisend MP, Sherwood A, Miller GA, Adler

LE, et al. Interpreting abnormality: an EEG and MEG study of

P50 and the auditory paired-stimulus paradigm. Biol Psychol

2003;65:1-20.

26. Edgar JC, Miller GA, Moses SN, Thoma RJ, Huang MX, Hanlon

FM, et al. Cross-modal generality of the gating deficit.

Psychophysiology 2005;42:318-27.

27. Egan MF, Goldberg TE, Kolachana BS, Callicott JH, Mazzanti CM,

Straub RE, et al. Effect of Comt Val(108/158). Met genotype on

frontal lobe function and risk for schizophrenia. Proc Natl Acad

Sci USA 2001;98:6917–22.

Auditory gating deficits in schizophrenia: unimodal or heteromodal dysfunction?R. D. Paz, et al.

71 215Actas Esp Psiquiatr 2007;35(3):208-218

208-218(I).qxd  9/5/07  11:50  Página 215



28. Erwin RJ, Turetsky BI, Moberg P, Gur RC, Gur RE. P50 abnormal-

ities in schizophrenia: relationship to clinical and neurophysio-

logical indices of attention. Schizophr Res 1998;33:157–67.

29. Frazier CJ, Rollins YD, Breese CR, Leonard S, Freedman R, Dun-

widdle TV. Acetylcholine activates an alpha-bungarotoxin-sen-

sitive nicotinic current in rat hippocampal interneurons, but not

pyramidal cells. J Neurosci 1998;18:1187–95.

30. Freedman R, Wetmore C, Stromberg I, Leonard S, Olson L. 

α-bungarotoxin binding to hippocampal interneurons: immun-

ocytochemical characterization and effects on growth factor

expression. J Neurosci 1993;13:1965–75.

31. Freedman R, Hall M, Adler LE, Leonard S. Evidence in postmor-

tem brain tissue for decreased numbers of hippocampal nico-

tinic receptors in schizophrenia. Biol Psychiatry 1995;38:

22–33.

32. Freedman R, Adler LE, Myles-Worsley M, Nagamoto HT, Miller C,

Kisley M, et al. Inhibitory gating of an evoked response to re-

peated auditory stimuli in schizophrenic and normal subjects.

Human recordings, computer simulation, and an animal model.

Arch Gen Psychiatry 1996;53:1114-21.

33. Freedman R, Coon H, Myles-Worsley M, Orr-Urtreger A, Olincy

A, Davis A, et al. Linkage of a neurophysiological deficit in schi-

zophrenia to a chromosome 15 locus. Proc Natl Acad Sci USA

1997;94:587–92.

34. Gaser C, Nenadic I, Volz HP, Buchel C, Sauer H. Neuroanatomy

of «hearing voices»: a frontotemporal brain structural abnor-

mality associated with auditory hallucinations in schizophrenia.

Cereb Cortex 2004;14:91-6.

35. Goldberg TE, Egan MF, Gscheidle T, Coppola R, Weickert T, Kola-

chana BS. Executive subprocesses in working memory: rela-

tionship to catechol-O-methyltransferase Val158Met genotype

and schizophrenia. Arch Gen Psychiatry 2003;60:889-96.

36. Goldman-Rakic PS. The physiological approach: functional ar-

chitecture of working memory and disordered cognition in

schizophrenia. Biol Psychiatry 1999;46:650-61.

37. Gonsalves BD, Kahn I, Curran T, Norman KA, Wagner AD. Mem-

ory strength and repetition suppression: multimodal imaging 

of medial temporal cortical contributions to recognition. Neu-

ron 2005;47:751-61.

38. Grunwald T, Boutros NN, Pezer N, von Oertzen J, Fernández G,

Schaller C, et al. Neuronal substrates of sensory gating within

the human brain. Biol Psychiatry 2003;53:511-9.

39. Guan Z-Z, Zhang X, Blennow K, Nordberg A. Decreased protein

level of nicotinic receptor alpha 7 subunit in the frontal cortex

from schizophrenic brain. Neuroreport 1999;10:1779–82.

40. Guterman Y, Josiassen RC, Bashore TR. Attentional influence on

the P50 component of the auditory event-related brain potential.

Intern J Psychophysiol 1992;12;197–209.

41. Hanlon FM, Miller GA, Thoma RJ, Irwin J, Jones A, Moses SN, et

al. Distinct M50 and M100 auditory gating deficits in schizo-

phrenia. Psychophysiology 2005;42:417-27.

42. Hanlon FM, Weisend MP, Yeo RA, Huang M, Lee RR, Thoma RJ,

et al. A specific test of hippocampal deficit in schizophrenia.

Behav Neurosci 2005;119:863-75.

43. Heinrichs RW. Meta-analysis and the science of schizophrenia:

variant evidence or evidence of variants? Neurosci Biobehav

Rev 2004;28:379-94.

44. Hershman KM, Freedman R, Bickford PC. GABA-B antagonists

diminish the inhibitory gating of auditory response in the rat

hippocampus. Neuroscience Letters 1995;190:133–6.

45. Hsieh MH, Liu K, Liu SK, Chiu MJ, Hwu HG, Chen AC. Memory

impairment and auditory evoked potential gating deficit in

schizophrenia. Psychiatry Res 2004;130:161-9.

46. Hobson JA, Pace-Schott EF. The cognitive neuroscience of sleep:

neuronal systems, consciousness and learning. Nat Rev Neurosci

2002;3:679-93.

47. Honea R, Crow TJ, Passingham D, Mackay CE. Regional deficits

in brain volume in schizophrenia: a meta-analysis of voxel-based

morphometry studies. Am J Psychiatry 2005;162:2233-45.

48. Huang MX, Edgar JC, Thoma RJ, Hanlon FM, Moses SN, Lee RR,

et al. Predicting EEG responses using MEG sources in superior

temporal gyrus reveals source asynchrony in patients with schi-

zophrenia. Clin Neurophysiol 2003;114:835-50.

49. Jerger K, Biggins C, Fein G. P50 suppression is not affected by

attentional manipulation. Biol Psychiatry 1992;31:365–77.

50. Kasai K, Shenton ME, Salisbury DF, Hirayasu Y, Onitsuka T, Spen-

cer MH, et al. Progressive decrease of left Heschl gyrus and pla-

num temporale gray matter volume in first-episode schizophre-

nia: a longitudinal magnetic resonance imaging study. Arch

Gen Psychiatry 2003;60:766-75.

51. Kelly C, McCreadie RG. Smoking habits, current symptoms, and

premorbid characteristics of schizophrenic patients in Nithsda-

le, Scotland. Am J Psychiatry 1999;156:1751–7.

52. Kisley MA, Olincy A, Freedman R. The effect of state on sensory

gating: comparison of waking, REM and non-REM sleep. Clin

Neurophysiol 2001;112:1154-65

53. Knight RT, Staines WR, Swick D, Chao LL. Prefrontal cortex re-

gulates inhibition and excitation in distributed neural networks.

Acta Psychol (Amst) 1999;101:159-78.

54. Koike K, Hashimoto K, Takai N, Shimizu E, Komatsu N, Watanabe H,

et al. Tropisetron improves deficits in auditory P50 suppression

in schizophrenia. Schizophr Res 2005;76:67-72.

55. Leonard S, Gault J, Hopkins J, Logel J, Vianzon R, Short M, et al.

Association of promoter variants in the alpha7 nicotinic acetyl-

choline receptor subunit gene with an inhibitory deficit found

in schizophrenia. Arch Gen Psychiatry 2002;59:1085–96.

Auditory gating deficits in schizophrenia: unimodal or heteromodal dysfunction?R. D. Paz, et al.

216 72Actas Esp Psiquiatr 2007;35(3):208-218

208-218(I).qxd  9/5/07  11:50  Página 216



56. Light GA, Geyer MA, Clementz BA, Cadenhead KS, Braff DL.

Normal P50 suppression in schizophrenia patients treated with

atypical antipsychotic medications. Am J Psychiatry 2000;

157:767–71.

57. Louchart-de la Chapelle S, Nkam I, Houy E, Belmont A, Menard JF,

Roussignol AC, et al. A concordance study of three electrophy-

siological measures in schizophrenia. Am J Psychiatry 2005;162:

466-74.

58. Lyons MJ, Bar JL, Kremen WS, Toomey R, Eisen SA, Goldberg J, et

al. Nicotine and familial vulnerability to schizophrenia: a dis-

cordant twin study.J Abnorm Psychol 2002;111:687-93.

59. Martín LF, Kem WR, Freedman R. Alpha-7 nicotinic receptor

agonists: potential new candidates for the treatment of schi-

zophrenia. Psychopharmacology (Berl) 2004;174:54-64.

60. Marutle A, Zhang X, Court J, Piggot M, Johnson M, Perry R, et al.

Laminar distribution of nicotinic receptor subtypes in cortical

regions in schizophrenia. J Chem Neuroanat 2001;22:115–26.

61. McDonald C, Bullmore ET, Sham PC, Chitnis X, Wickham H, Bra-

mon E, et al. Association of genetic risks for schizophrenia and

bipolar disorder with specific and generic brain structural endo-

phenotypes. Arch Gen Psychiatry 2004;61:974-84.

62. Mesulam MM. From sensation to cognition. Brain 1998;121:

1013-52.

63. Miller GA. The magical number seven plus or minus two: some

limits on our capacity for processing information. Psychol Rev

1956;63:81-97.

64. Miller CL, Freedman R. The activity of hippocampal interneurons

and pyramidal cells during the response of the hippocampus to

repeated auditory stimuli. Neuroscience 1995;69:371–81.

65. Miller EK, Cohen JD. An integrative theory of prefrontal cortex

function. Annu Rev Neurosci 2001;24:167-202.

66. Nagamoto HT, Adler LE, McRae KA, Huettl P, Cawthra E, Ger-

hardt G, et al. Auditory P50 in schizophrenics on clozapine: im-

proved gating parallels clinical improvement and changes in

plasma 3-methoxy-4-hydroxyphenylglycol. Neuropsychobio-

logy 1999;39:10–7.

67. Nolan KA, Bilder RM, Lachman HM, Volavka J. Catechol-O-

methyltransferase Val158Met polymorphism in schizophrenia:

differential effects of Val and Met alleles on cognitive stability

and flexibility. Am J Psychiatry 2004;161:359–61.

68. Olincy A, Young DA, Freedman R. Increased levels of the nico-

tine metabolite cotinine in schizophrenic smokers compared to

other smokers. Biol Psychiatry 1997;42:1–5.

69. Ross RG, Olincy A, Harris JG, Radant A, Hawkins M, Adler LE,

Freedman R. Evidence for bilineal inheritance of physiological

indicators of risk in childhood-onset schizophrenia. Am J Med

Genet 1999;88:188-99.

70. Potter D, Summerfelt A, Gold J, Buchanan RW. Review of Clini-

cal Correlates of P50 Sensory Gating Abnormalities in Patients

with Schizophrenia. Schizophr Bull 1996;32:692-700.

71. Rosa A, Peralta V, Cuesta MJ, Zarzuela A, Serrano F, Martínez-

Larrea A, et al. New evidence of association between COMT gene

and prefrontal neurocognitive function in healthy individuals

from sibling pairs discordant for psychosis. Am J Psychiatry

2004;161:1110–2.

72. Sacco KA, Termine A, Seyal A, Dudas MM, Vessicchio JC, Kris-

hnan-Sarin S, et al. Effects of cigarette smoking on spatial

working memory and attentional deficits in schizophrenia: in-

volvement of nicotinic receptor mechanisms. Arch Gen

Psychiatry 2005;62:649-59.

73. Seidman LJ, Faraone SV, Goldstein JM, Kremen WS, Horton NJ,

Makris N, et al. Left hippocampal volume as a vulnerability indi-

cator for schizophrenia: a magnetic resonance imaging mor-

phometric study of nonpsychotic first-degree relatives. Arch

Gen Psychiatry 2002;59:839-49.

74. Siegal C, Waldo MC, Mizner G, Adler LE, Freedman R. Deficits in

sensory gating in schizophrenic patients and their relatives.

Arch Gen Psychiatry 1984;41:607–12.

75. Simosky JK, Stevens KE, Adler LE, Freedman R. Clozapine im-

proves deficient inhibitory auditory processing in DBA/2 mice, via

a nicotinic cholinergic mechanism. Psychopharmacology 2003;

165:386–96.

76. Stern CE, Hasselmo ME. Less is more: how reduced activity re-

flects stronger recognition. Neuron 2005;47:625-7.

77. Thoma RJ, Hanlon FM, Moses SN, Edgar JC, Huang M, Weisend

MP, et al. Lateralization of auditory sensory gating and neu-

ropsychological dysfunction in schizophrenia. Am J Psychiatry

2003;160:1595-605.

78. Thoma RJ, Hanlon FM, Sánchez N, Weisend MP, Huang M, Jones

A, et al. Auditory sensory gating deficit and cortical thickness in

schizophrenia. Neurol Clin Neurophysiol 2004;21:62-6.

79. Thoma RJ, Hanlon FM, Moses SN, Ricker D, Huang M, Edgar C, et

al. M50 sensory gating predicts negative symptoms in schizo-

phrenia. Schizophr Res 2005;73:311-8.

80. Van Erp TG, Saleh PA, Huttunen M, Lonnqvist J, Kaprio J, Salo-

nen O, et al. Hippocampal volumes in schizophrenic twins. Arch

Gen Psychiatry 2004;61:346-53.

81. Velakoulis D, Wood SJ, Wong MT, McGorry PD, Yung A, Phillips L,

et al. Hippocampal and amygdala volumes according to psycho-

sis stage and diagnosis: a magnetic resonance imaging study of

chronic schizophrenia, first-episode psychosis, and ultra-high-

risk individuals. Arch Gen Psychiatry 2006;63:139-49.

82. Vogel EK, McCollough AW, Machizawa MG. Neural measures re-

veal individual differences in controlling access to working mem-

ory. Nature 2005;438:500-3.

83. Waldo MC, Carey G, Myles-Worsley M, Cawthra E, Adler LE, Na-

gamoto HT, et al. Codistribution of a sensory gating deficit and

schizophrenia in multi-affected families. Psychiatry Res 1991;

39:257–68.

Auditory gating deficits in schizophrenia: unimodal or heteromodal dysfunction?R. D. Paz, et al.

73 217Actas Esp Psiquiatr 2007;35(3):208-218

208-218(I).qxd  9/5/07  11:50  Página 217



86. White PM, Yee CM. Effects of attentional and stressor manipulations

on the P50 gating response. Psychophysiology 1997;34:703–11.

87. Williams JM, Ziedonis DM, Abanyie F, Steinberg ML, Foulds J,

Benowitz NL. Increased nicotine and cotinine levels in smokers

with schizophrenia and schizoaffective disorder is not a meta-

bolic effect. Schizophr Res 2005;79:323-35. 

88. Wright IC, Rabe-Hesketh S, Woodruff PW, David AS, Murray

RM, Bullmore ET. Meta-analysis of regional brain volumes in

schizophrenia. Am J Psychiatry 2000;157:16-25.

Auditory gating deficits in schizophrenia: unimodal or heteromodal dysfunction?R. D. Paz, et al.

218 74Actas Esp Psiquiatr 2007;35(3):208-218

84. Waldo MC, Cawthra E, Adler LE, Dubester S, Staunton M, Naga-

moto HT, et al. Auditory sensory gating, hippocampal volume,

and catecholamine metabolism in schizophrenics and their sib-

lings. Schizophr Res 1994;12:93–106.

85. Weiser M, Reichenberg A, Grotto I, Yasvitzky R, Rabinowitz J,

Lubin G, et al. Higher rates of cigarette smoking in male

adolescents before the onset of schizophrenia: a histori-

cal prospective cohort study. Am J Psychiatry 2004;161:

1219–23.

208-218(I).qxd  9/5/07  11:50  Página 218


