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Objective: Current knowledge of the relationship between epilepsy and schizophrenia-like
psychosis is examined, and the proposed pathogenetic mechanisms are evaluated. Method: The
author provides an overview of the published literature on epilepsy and schizophrenia-like
psychosis. Results: The schizophrenia-like psychoses of epilepsy are inadequately categorized
by the current classifications. Their categorization into ictal, postictal, and interictal psychoses
is clinically useful, but it does not imply distinct pathophysiology for each. The recent interest
in postictal psychoses has opened an important avenue for research. Brief interictal psychoses,
involving alternation between epilepsy and psychosis and accompanied by forced normaliza-
tion, are uncommon. Many aspects of the relationship with chronic interictal psychosis remain
controversial. The majority of investigators support a special but not exclusive relationship
with mediobasal temporal lobe epilepsy, and left temporal bias receives only limited support.
The chronic psychosis resembles schizophrenia phenomenologically. Some suggested risk fac-
tors are severe and intractable epilepsy, epilepsy of early onset, secondary generalization of
seizures, certain anticonvulsant drugs, and temporal lobectomy. Different neuropathological
studies suggest the presence of cortical dysgenesis or diffuse brain damage. Conclusions: There
are many mechanisms by which epilepsy may be associated with schizophrenia-like psychosis.
It is likely that structural brain abnormalities, e.g., cortical dysgenesis or diffuse brain lesions,
underlie both epilepsy and psychosis, and that the seizures modify the presentation of the
psychosis, and vice versa, thus producing a clinical picture of both an affinity and an antago-
nism between the two disorders.
 (Am J Psychiatry 1998; 155:325–336)

T he association between epilepsy and schizophre-
nia-like psychosis has attracted the attention of

psychiatrists since the nineteenth century, but many
aspects of this relationship still remain controver-
sial (1–5). Recent developments in the understanding
of the neurobiology of epilepsy and schizophrenia
prompted a reexamination of the association. In the
past, such an examination has been constrained by

data and conceptual limitations, some of which are
beginning to be remedied.

LIMITATIONS OF PREVIOUS ANALYSES

First, the definitions of “psychosis” and “schizophre-
nia” used in many studies have lacked standardization.
Clearly, the significance of a confusional postictal psy-
chosis is different from that of a postictal manic psycho-
sis or an interictal schizophreniform psychosis. In this
review, I restrict myself to the examination of psychoses
that phenomenologically resemble a schizophreniform
illness.

Second, both epilepsy and schizophrenia are hetero-
geneous disorders, and their categorization should be
systematically studied before any association is de-
scribed. For example, estimates of the proportion of
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epilepsy patients who have a temporal lobe focus vary
from 30% to as much as 76% (6), and studies have
differed in the rigor with which a temporal lobe onset
was investigated. The 6-month criterion for schizophre-
nia used in DSM-III and subsequent classifications had
a major impact on the prevalence rates for this disorder,
with implications for associations based on previous
epidemiological data.

Third, the similarity between temporal lobe phenom-
ena and psychotic symptoms does not necessarily imply
a common origin for the two sets. Similar brain phe-
nomena may be produced by pathology in different
brain regions (7). The exclusive focus on seizures in the
epileptic patient may also be in error as the epileptic
brain is not normal between seizures. Even when neuro-
imaging or interictal EEG abnormalities are lacking,
some abnormality at the cellular or molecular level is
likely to be present (8), and the psychosis may be related
to that underlying abnormality. Furthermore, epilepsy
is not a static process, and the brain of the epileptic
patient is undergoing structural and neurochemical
change before and after the development of seizures, to
which ictal events actually contribute (9).

Fourth, the “affinity” and “antagonism” hypotheses
of epilepsy and schizophrenia-like psychosis, which
may seem mutually inconsistent on the surface, have
to be reconciled in any analysis. The two themes that
have dominated psychiatric thought on the association
between schizophrenia-like psychosis and epilepsy are
1) they occur together more often than by chance (10),
and 2) they are antagonistic to each other (11). The lat-
ter was the primary motivation for the introduction of
convulsive therapy for the treatment of schizophrenia.
Since the evidence suggests that both associations are
possible, at least in a modified form, the paradox must
be addressed if not resolved.

CATEGORIZATION

A consensus on the classification of psychotic syn-
dromes associated with epilepsy is lacking, and neither
DSM-IV nor ICD-10 has addressed this issue specifi-
cally. Application of DSM-IV criteria results in an am-
biguous situation in which one can make the diagnosis
of a secondary (due to a general medical condition) or
primary psychotic syndrome depending on whether the
nature of the evidence prompts one to deduce that the
psychotic disturbance is etiologically related to the epi-
lepsy “through a physiological mechanism” (p. 307).
Most often, separate diagnoses of epilepsy and the par-
ticular psychotic syndrome are appropriate. In such cir-
cumstances, note should be made of the relationship of
the psychosis with the onset of epilepsy, seizure fre-
quency, recent seizure episodes, current anticonvulsant
medication, EEG abnormalities, and the underlying
neurological lesion, if known.

Since clinical seizures are the outstanding feature of
epilepsy, psychotic syndromes have traditionally been
classified according to their temporal relationship to

these events, as ictal, postictal (or peri-ictal), and in-
terictal, with the last type being either brief or chronic.
For this review, I will retain this classification without
implying that these categories are distinct in their
pathophysiology.

ICTAL PSYCHOSIS

A nonconvulsive status epilepticus can result in symp-
toms resembling psychosis, even though the appropri-
ate DSM-IV diagnosis would usually be delirium. The
psychosis is necessarily brief, usually hours to days.
When prolonged into days, it is likely to be ictal behav-
ior that extends postictally. The most common associa-
tion is with partial complex (or psychomotor) status,
and patients may present a wide range of perceptual,
behavioral, cognitive, and affective symptoms, often in
association with automatisms involving oral activity,
picking at clothes, and paucity of speech or mutism (12,
13). Consciousness is altered during the episode but
may be difficult to test, and patients are amnesic for the
episode. Simple partial status may produce affective,
autonomic, and psychic symptoms that may include
hallucinations and thought disorder in clear conscious-
ness. Insight is usually maintained, and the manifesta-
tion is not that of a true psychosis, but the symptoms
may be misinterpreted or embellished by the patient
and behavioral disturbance may result (14). Petit mal
status (absence or spike-wave status) results in altered
consciousness and such motor symptoms as eyelid flut-
tering and myoclonic jerks, and it may superficially re-
semble psychosis with disorganized behavior, but delu-
sions and hallucinations are lacking (13). Patients with
ictal psychosis usually have a history of epilepsy.

By definition, ictal psychosis is concurrently associ-
ated with epileptic discharges in the brain, and except
in some patients with simple partial status (15), scalp
EEG abnormalities are detectable. The majority of dis-
charges have a focus in the limbic and isocortical com-
ponents of the temporal lobe, but the focus is extratem-
poral in about 30% of patients (16), usually in the
frontal or cingulate cortex. Since the scalp EEG may be
normal in simple partial seizures, the behavioral dis-
turbance may be mistaken to be interictal, and a high
index of suspicion is necessary. Resolution of the dis-
turbance with intravenous diazepam is not diagnosti-
cally foolproof as many nonepileptic behaviors may so
resolve (14).

Symptoms may reflect one of two mechanisms (17):
1) a positive effect of the seizure discharge, i.e., the epi-
leptic discharge activates a behavioral mechanism rep-
resented in the area subjected to the discharge, and 2) a
negative effect, i.e., either a) the individual is unable to
engage in a certain behavior owing to the temporary
paralysis of the anatomical substrate of that behavior
or b) some behaviors are released by the inactivation of
structures that normally suppress them. Behavioral dis-
turbance due to a negative effect may occur in other
situations, e.g., when the whole cerebral cortex is sub-
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jected to a relatively mild form of seizure activity repre-
sented by generalized spike and wave discharges. This
negative effect may continue postictally, or it may initi-
ate then. Experiential phenomena in ictal psychosis are
likely to be due to positive effects, whereas automatisms
may be caused by positive or negative effects.

The question of whether chronic psychoses in clear
consciousness can be a direct consequence of continuous
seizure activity restricted to deep brain structures has
generated much controversy. Most epileptologists con-
sider this to be extremely unlikely (14), but this long-held
idea remains current (2). Kendrick and Gibbs (18) first
used implanted electrodes to study the electrophysiologi-
cal disturbance in schizophrenia and in the psychoses of
psychomotor epilepsy, and spike discharges in medial
temporal and frontal structures were demonstrated in
both patient groups. Kendrick and Gibbs reported that
surgery on medial temporal structures was nearly always
beneficial for schizophrenia. Sem-Jacobsen (19) and
Heath (20) noted similar abnormal discharges that did
not spread beyond the amygdala, hippocampus, and sep-
tal regions, again in both schizophrenic and “epileptic
psychosis” patients. Scalp EEGs were normal or only
mildly abnormal. These findings have not been further
examined, perhaps owing to ethical constraints against
using depth recordings for research purposes. A noninva-
sive neurophysiological technique that may be able to de-
tect deep limbic discharges is magnetoencephalography,
arguably an important tool for future attempts to address
this issue (21).

Even if continuous ictal activity in depth recordings
can be demonstrated, appropriate longitudinal and
controlled studies are necessary to establish its signifi-
cance. First, epileptiform activity in deep structures
may be common in nonpsychotic patients with focal
epilepsy, especially in the postictal period (22). Second,
rapid synchronized neuronal discharges, which form
the basis of epileptic discharges, occur normally in the
limbic structures, hypothalamus, and brainstem in as-
sociation with vital functions such as parturition, milk
ejection, growth hormone release, and orgasm (4).

POSTICTAL PSYCHOSIS

That brief psychotic episodes may follow a bout of
seizures has received much attention in the last decade
(23–29). Since they are brief and occur in close proxim-
ity with seizures, they are ideal for the investigation of
some pathogenetic mechanisms. They usually follow
seizure clusters or a recent exacerbation in seizure
frequency (23) that may be related to withdrawal of
anticonvulsants, often as a part of the video-EEG moni-
toring of patients (25, 27). Postictal psychoses are com-
mon in epilepsy-monitoring facilities; 6.4% of the pa-
tients in one study developed this syndrome (27), and
nearly 10% did so in another study (28). If the psycho-
sis develops gradually and in parallel with increasing
seizure frequency, it may be referred to as peri-ictal
rather than postictal, but there is no reason to believe

that this distinction is meaningful clinically or for its
pathophysiology.

Between the last seizure and the psychosis there is
usually a nonpsychotic period, which ranges from a few
hours to a few days. It was 12–72 hours in the Kanner
et al. study (27) and up to 1 week according to Logsdail
and Toone (23). Some clouding of consciousness is
often present in this period, and it may extend to the
initial period of psychosis or even the whole episode.
The psychotic symptoms are pleomorphic (persecutory,
grandiose, referential, somatic, and religious delusions,
catatonia, hallucinations, etc.), and affective symptoms
(manic or depressive) are often prominent (23, 29).
First-rank symptoms of Schneider can occur but are
rare (27). Postictal psychoses resolve within a few days,
with the mean duration in the study by Kanner et al.
(27) being about 70 hours (range=24–144), and all re-
solving within 1 month in the study by Savard et al.
(25). Resolution is aided by neuroleptic medication,
usually in small doses. A further seizure may exacerbate
the psychosis, and anticonvulsant treatment should be
carefully monitored. The brief psychosis may recur, at
a frequency of 2–3 episodes per year in two studies (27,
30), and in some patients—15% in one study (23)—
these episodes may become chronic.

The predisposing factors are poorly understood. The
majority of patients suffer from partial complex sei-
zures that are secondarily generalized. Epilepsy has
often been present for more than 10 years before the
onset of psychosis (23, 27, 28). EEG abnormalities per-
sist in the majority during the psychosis (23). In a case
report by So et al. (24), the patient with postictal psy-
chosis demonstrated frequent bitemporal independent
epileptiform discharges on depth recording that were
maximal in the mesial limbic regions. While Kanner et
al. (27) found no specific predisposing factors that dif-
ferentiated their psychotic group from a comparable
nonpsychotic epilepsy group, Savard et al. (25) were
impressed with a high rate of ictal fear, bilateral inde-
pendent discharges, and gross structural lesions (six out
of nine patients), including the presence of alien tissue
tumors. Kanemoto et al. (29) also noted frequent psy-
chic auras, and Umbricht et al. (31) noted frequent
bitemporal foci in their subjects. Five of the 14 patients
studied by Logsdail and Toone (23) had abnormalities
on brain computerized tomography (CT). In the mag-
netic resonance imaging (MRI) study of Kanemoto et
al. (28), postictal psychosis was most likely to occur in
patients with resistant temporal lobe epilepsy stemming
from mesial temporal sclerosis, especially on the left
side. These patients with left-side mesial temporal scle-
rosis were also likely to have atrophy of the temporal
neocortex.

The pathogenetic mechanisms are poorly under-
stood. The finding of chronic frequent subictal dis-
charges suggests that ictal activity in the temporal lobe
is directly related to this kind of psychosis. Changes in
monoamines, particularly postsynaptic dopamine re-
ceptor sensitivity, have been suggested as the mediat-
ing mechanism (24). Some support for the dopamine
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mechanism came from a single photon emission com-
puted tomography (SPECT) study using [123I]iodoben-
zamide that demonstrated low levels of striatal dopa-
mine D2 receptors in patients with peri-ictal psychosis
(32). Seizures also lead to a number of other neuro-
chemical changes, as part of homeostatic mechanisms,
which may play a role in the pathogenesis of the psy-
chosis: increase in turnover of γ-aminobutyric acid
(GABA), reduction in cerebral concentrations of aspar-
tate and glutamate, and changes in endorphins, pep-
tides, brain adenosine, and the second messenger sys-
tem (33). Low folic acid levels may have a role (34), but
firm evidence is lacking. The significance of a report of
hyponatremia in these patients is also unknown (27).
Postictal psychosis has also been conceptualized as a
phenomenon akin to Todd’s paralysis, indicating the
postictal inactivation of cortical regions involved in the
ictal event, which usually include bilateral medial tem-
poral structures (14). A SPECT study of four patients
with temporal lobe epilepsy and postictal psychosis
demonstrated mesial frontal hyperperfusion during the
psychosis (26). Patients with such psychoses would be
ideal candidates for longitudinal studies.

BRIEF INTERICTAL PSYCHOSIS

Brief psychotic episodes can also develop when sei-
zures are infrequent or fully controlled. These psycho-
ses last from days to weeks, they are usually self-limit-
ing, and their separation from postictal psychoses
may be difficult. The favored description is of an alter-
nating psychosis (35), i.e., a brief psychosis alternating
with periods of increased seizure activity such that the
seizures and psychosis appear antagonistic. The phe-
nomenology is characterized by paranoid delusions and
auditory hallucinations, but multiple other features, in-
cluding affective symptoms, may occur (35–38). Tellen-
bach (35) pointed out the presence of premonitory
symptoms such as insomnia, anxiety, feelings of op-
pression, and withdrawal as heralding the psychosis,
and Wolf (39) suggested that treatment with anxiolytics
at this stage may prevent development of the psychosis.
Unlike postictal psychosis, this psychosis can be ame-
liorated by the occurrence of one or more seizures (39).

The concept of forced normalization (forcierte Nor-
malisierung) was introduced by Landolt (40) for the
puzzling observation that the EEGs of epilepsy patients
often looked less pathological when their behavior had
deteriorated. This phenomenon, also called “paradoxi-
cal” or “spurious” normalization (39), has been docu-
mented by a number of authors (38, 39, 41) with the
additional observations that 1) the EEG may become
more, rather than entirely, normal; 2) the manifesta-
tion is not always of psychosis, and other disturbances,
such as affective symptoms, an anxiety or dissociative
state, and behavioral disturbance, may be present; and
3) not all brief interictal psychoses manifest this phe-
nomenon (36). Alternating psychoses are uncommon,
and Schmitz and Wolf (42) reported three cases of al-

ternating psychosis in 697 epilepsy patients. Ramani
and Gumnit (36) observed forced normalization in only
one of nine epilepsy patients who became psychotic
while being treated in the hospital for their epilepsy.
Patients with brief interictal psychosis have been re-
ported to suffer from either partial complex epilepsy or
primary generalized epilepsy. While a temporal lobe
onset is common, Wolf (39) argued that all of these pa-
tients also had generalized seizures. Kanemoto et al.
(28) reported the frequent presence of mesial temporal
sclerosis in patients with interictal psychosis, who also
were likely to have experienced the onset of epilepsy
before the age of 10 years.

Special relationships between brief interictal psycho-
sis and two drug classes should be highlighted.

Psychosis and Anticonvulsant Drugs

Anticonvulsant drugs have been reported to precipi-
tate psychosis, although the published literature is con-
founded by the inclusion of affective and confusional
psychoses in this category. The facts that the control of
seizures may induce psychosis in a few patients and that
neuroleptic drugs, which are proconvulsant, are useful
in treating such a psychosis are consistent with the con-
cept of alternating psychosis and forced normalization.
Gibbs (43) first drew attention to this in relation to
phenacetylurea, and Landolt (44) implicated the succin-
imides. Wolf (39) further emphasized the relationship
with ethosuximide and reported that valproate did not
produce the same result. Others have reported psycho-
sis in association with clobazam, phenytoin, carba-
mazepine, barbiturates, and benzodiazepines (1). Psy-
chosis related to vigabatrin, a new antiepileptic drug
that is an irreversible inhibitor of GABA aminotrans-
ferase, has excited much interest (45). Another group of
drugs that are potent anticonvulsants in animal models
is the N-methyl-D-aspartic acid (NMDA) antagonists,
e.g., MK-801, ketamine, and phencyclidine, but these
drugs are potent psychotogens (46), which limits their
clinical utility.

Antipsychotic Drugs and Epilepsy

All antipsychotic drugs have the propensity to cause
paroxysmal EEG abnormalities and induce seizures,
and the effect is related to drug type and dose (47). The
newer antipsychotics are not free of this effect, and in
fact, clozapine is the most epileptogenic of the antipsy-
chotics, with myoclonus or frank seizures reported in
0.3%–5% of patients treated with therapeutic doses (4).

CHRONIC INTERICTAL PSYCHOSIS

The investigation of the relationship between epi-
lepsy and chronic schizophrenia-like psychosis was
brought into the modern era by Slater et al. (10). De-
spite a great deal of further work, many aspects of this
relationship remain controversial.
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Evidence for Association

The epidemiological evidence for the association be-
tween epilepsy and chronic schizophrenia-like psycho-
sis is summarized in table 1. The rates must be inter-
preted in light of the general prevalences of psychosis,
schizophrenia, and epilepsy in the general population.
Schizophrenia is estimated to have a prevalence of
0.5%–1% in the general population, but if we use a
broad concept of psychosis, the prevalence is likely to
be much higher (58). Epilepsy has a point prevalence of
0.4%–1% in the general population, and the lifetime
risk of having at least one unprovoked seizure is 2%–
5% (59, 60). The prevalence is low in the first decade
of life, increases to a plateau in the adult years, and
increases further in the elderly (60). Methodological
difficulties in the studies should also be taken into ac-
count in the interpretation of the prevalence data. For
example, the classic study by Slater et al. (10) drew its
subjects from tertiary centers in two major London hos-
pitals. The overall evidence suggests that schizophrenia-
like psychosis is 6–12 times more likely to occur in epi-
leptic patients than in the general population.

Is Greater Risk of Psychosis Particular to Temporal
Lobe Epilepsy?

Suggestions that psychosis in epilepsy might be exclu-
sively or preferentially associated with temporal lobe
epilepsy are supported by the majority of investigations
(10, 43, 61–63). Mendez et al. (3) reported a higher rate
of partial complex seizures, but not temporal lobe foci,
in their group with schizophrenia-like psychosis plus
epilepsy than in their nonschizophrenic epilepsy com-
parison subjects. In studies that compared patients with
temporal lobe epilepsy and those with generalized epi-

lepsy (64, 65), the patients with temporal lobe epilepsy
were more likely to be psychotic, but the subject groups
in these studies were small. The major challenge has
come from Stevens (58), who argued that the propor-
tion of temporal lobe epilepsy in epilepsy-psychosis pa-
tients is no different from that in the adult epileptic popu-
lation in general, the latter being estimated to be about
60% (59, 60). This debate, therefore, has not resolved
but continues to be in favor of a special but not exclu-
sive relationship between schizophrenia-like psychosis
and temporal lobe epilepsy. Additionally, there are neuro-
imaging and neuropathological data linking the tempo-
ral lobe with psychosis (discussed in later sections).

Mediobasal or Neocortical Temporal Lobe Epilepsy?

Kristensen and Sindrup (41) reported that psychotic
patients had a substantial preponderance of temporal
mediobasal spike foci, recorded on sphenoidal elec-
trodes, and an excess of epigastric auras. Hermann et
al. (66) reported a higher frequency of schizophrenia
and other psychopathology in patients with an aura
of fear. Mendez et al. (3) reported more psychic and
autonomic auras in the psychotic patients. The neuro-
pathological literature (see later section) has supported
a predominant abnormality in the medial temporal
structures, although more widespread damage has also
been reported (67, 68). The majority of the evidence,
therefore, points to a mediobasal rather than neocorti-
cal temporal lobe abnormality underpinning psychosis.

Laterality of Epileptic Focus?

Since the suggestion by Flor-Henry (69) of a prepon-
derance of left-sided pathology in patients with schizo-
phrenia-like psychosis, many studies have examined

TABLE 1. Epidemiological Evidence for the Association Between Epilepsy and Schizophrenia-Like Psychosis

Measure and Authors N % Comment

Prevalence of schizophrenia-like psychosis in
epilepsy clinic groups
Gibbs and Gibbs (48) 11,612  2.8 Reliability of psychiatric diagnosis uncertain; majority of

subjects young
Currie et al. (49) 666  1.8 No criteria described; only patients with temporal lobe

epilepsy included
Standage and Fenton (50) 37  8 Temporal lobe epilepsy not different from other epilepsies
Mendez et al. (3) 1,611  9.25 1.06% of migraine (comparison) subjects had schizophrenia-

like psychosis; comprehensive assessment used DSM-III-R
criteria

Schmitz and Wolf (42) 697  4 Both generalized and focal epilepsies represented
Onuma et al. (51) 1,285  9.1 Point prevalence, 4.0%

Prevalence of schizophrenia-like psychosis in
epileptic patients in community-based studies
Krohn (52) —  2 Additional 9% had incapacitating behavioral disorder
Gudmundsson (53) 987  8.1 Entire epileptic population of Iceland studied

Prevalence of epilepsy in psychotic patients
Kat (54) 50,000  0.33
Davison and Bagley (55) 1–10 Estimates from published data
Betts (56) 1,950  2.1 Hospitalized patients

Annual incidence of psychosis in epileptic patients
Lindsay et al. (57) 87 10 Temporal lobe epilepsy subjects followed up for 39 years
Onuma et al. (51) 1,285  0.3
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this issue. In the EEG studies, the majority opinion fa-
vors an excess of left temporal foci in the patients with
temporal lobe epilepsy and schizophreniform psychosis
(62, 70), although there have been some negative later-
ality studies (41, 65, 71). There are many problems
with the available data. First, the rigor with which lat-
erality was established differs across studies, and the
use of surface EEG recordings to establish laterality is
open to question. Second, the presence of an epileptic
focus on one side does not mean that pathology is re-
stricted to that side. Third, left-sided preponderance of
temporal lobe foci may not be restricted to psychotic
individuals, as the evidence supports a left-sided bias
for temporal lobe epilepsy in general (49). Fourth, there
is emerging evidence that epilepsy patients with schizo-
phrenia have generalized seizures even when they have
a temporal focus (3, 39). Fifth, the instruments and di-
agnostic criteria used for psychosis are language depen-
dent, thus introducing a left-side bias (58).

The neuroimaging studies that examined laterality
were inconclusive. The CT (63, 72) and MRI (73) stud-
ies failed to demonstrate lateralized lesions, although
the patients with hallucinations had higher T1 values in
the left temporal lobe. Two small functional imaging
studies (74, 75) provided preliminary evidence of
greater left medial temporal lobe dysfunction in schizo-
phrenia-like psychosis with epilepsy. A proton mag-
netic resonance spectroscopy study (76) showed meta-
bolic abnormalities in the left temporal lobe of patients
with schizophrenia-like psychosis and epilepsy. The
neuropathological studies (68, 77) have not supported
lateralization of pathology.

The laterality issue therefore remains undecided, but
the importance of a left-sided focus is not striking. It is
possible that the structural abnormality in epileptic psy-
chosis is not lateralized, and is possibly bilateral, but
that the functional abnormality is predominantly left-
sided. However, right-sided abnormality seems to be
sufficient, and generalization of the epileptic distur-
bance is commonly present.

Clinical Presentation of Chronic Interictal Psychosis

Slater et al. (10) reported that they had found a
mean age at onset of about 30 years and that the symp-
toms were largely paranoid-hallucinatory, commonly
associated with catatonia, affective blunting, and voli-
tional symptoms. Phenomenologically, the disorder
was indistinguishable from schizophrenia, although
the authors reported a better preservation of affect,
mood swings, mystical experiences, and visual hallu-
cinations. Investigators in two controlled studies
from London (62, 63) also noted the largely paranoid-
hallucinatory characteristics of the disorder, but they
stressed the greater frequency of “organicity.” In the
study by Mendez et al. (3), the epilepsy-with-schizo-
phrenia group did not differ from the nonepileptic
schizophrenic comparison subjects on any psychosis
item except increased suicidal behavior. In conclusion,
except for minor reported differences, which may be

accounted for by selection biases in the comparison
group, the chronic psychoses of epilepsy are similar to
schizophrenia.

Many authors have commented on the relative lack
of negative symptoms and a more benign course for epi-
leptic schizophrenia (10, 72), but supportive controlled
studies are lacking. Nearly one-half (45%) of the pa-
tients of Slater et al. (10) had chronic courses. In a 10-
year follow-up study in Japan (78), 64% of the patients
had chronic courses. This outcome may not be too dif-
ferent from that in schizophrenia with a relatively later
age at onset.

Age at Onset, Duration, and Severity of Epilepsy

Epilepsy beginning at an early age (77) and enduring
through puberty (57, 68, 79) has been associated with
schizophrenia-like psychosis. Many years (usually 10–
14) are said to intervene between the onsets of epilepsy
and schizophrenia-like psychosis (10, 63, 72), but this
period is highly variable and patients who develop epi-
lepsy after the psychosis are usually excluded from such
analyses. Moreover, the peak age at onset for epilepsy
is in any case earlier than that for schizophrenia (59),
thus making the relevance of this observation some-
what ambiguous.

It is often noted that the patients who develop psy-
chosis have a severe form of epilepsy involving multiple
seizure types (50), a history of status epilepticus (10),
and resistance to drug treatment (5). The frequency of
seizures at the time of development of the psychosis is
variable; some authors report an improvement (57),
whereas others report a worsening (3). Most often, it is
not possible to relate the onset of the psychosis to any
change in seizure frequency (10).

Other Risk Factors

A female sex bias was reported by one group (79) but
is not generally supported (10, 63, 72). Patients who
have schizophrenia-like psychosis with epilepsy gener-
ally have been reported not to have a greater than nor-
mal familial aggregation of schizophreniform disorders
(10, 63, 72). Their premorbid personalities were nor-
mal in one study (10).

Postlobectomy Psychosis

Schizophrenia-like psychosis may develop de novo
many months or years after temporal lobectomy for the
treatment of intractable epilepsy. Rates from 3% to
28% have been reported, as summarized in table 2. The
psychosis is usually a paranoid-hallucinatory state with
depressive features (57, 71, 79), the neuropathology is
diverse, the patients additionally have had generalized
seizures, and there is an overrepresentation of right
lobectomy (82–84). Roberts et al. (77) argued that the
postoperative onset of psychosis may be an artifact of
an earlier age at operation. There are some reports of
improvement of schizophrenic symptoms with tempo-
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ral lobectomy; it is interesting that these cases were as-
sociated with left-sided surgery (77, 83).

Neuroimaging Studies

A few neuroimaging studies must be highlighted in
relation to chronic schizophrenia-like psychosis of epi-
lepsy. An MRI study (73) already referred to did not
show any difference in T1 relaxation times between epi-
lepsy-psychosis patients and schizophrenic comparison
subjects. There is an extensive literature on MRI brain
morphometry of schizophrenia and temporal lobe epi-
lepsy, and some of the morphological abnormalities
described (large ventricles, small hippocampus) are
common to the disorders (85). A positron emission to-
mography (PET) study using [15O]H2O demonstrated
lower oxygen extraction ratios in the frontal, temporal,
and basal ganglia regions of psychotic patients with epi-
lepsy than in nonpsychotic epileptic patients (74), and
a small study using SPECT showed lower left medial
temporal blood flow in psychotic than nonpsychotic
epileptic patients (75). The PET study of patients with
psychosis by Reith et al. (86), which included two pa-
tients with chronic and two with postictal schizophre-
nia-like psychosis, showed higher than normal levels of
dopa decarboxylase activity in schizophrenia-like psy-
chosis and schizophrenia, and it was suggested to be
due to suppressed tonic release of dopamine in striatum
because of low corticostriatal glutamatergic input.

Neuropathological Studies

Neuropathological studies of schizophrenia-like psy-
chosis with epilepsy have been limited. A large series
from London, drawing on subjects with histories of
temporal lobectomies, has been reported (77, 79). Tay-
lor (79) commented that epilepsy patients with schizo-
phrenia-like psychosis were less likely to have mesial
temporal sclerosis and more likely to have alien tissue
lesions (small tumors, hamartomas, and focal dys-
plasias). In the report by Roberts et al. (77), 40% of
patients with schizophrenia-like psychosis and epilepsy
had mesial temporal sclerosis, 20% had alien tissue
gangliomas, and 20% had no lesions (49%, 4%, and
15% of the total epileptic group, respectively). Histo-

ries of birth injury, head injury, and febrile convulsions
were not overrepresented in the group with schizophre-
nia-like psychosis, but the frequency of alien tissue tu-
mors and early onset of seizures suggested a develop-
mental lesion in the medial temporal structures that had
been physiologically active from an early age. Stevens
(67), on the other hand, reported widespread pathology
in six cases of epilepsy and psychosis; the pathology
included the hippocampus, hypothalamus, thalamus,
pallidum, and cerebellum. In a study by Bruton et al.
(68), epileptic patients with schizophrenia-like psycho-
sis had larger ventricles, more periventricular gliosis,
more focal damage, and more periventricular white
matter softenings than nonpsychotic epileptic compari-
son subjects, but similar rates of mesial sclerosis, sug-
gesting greater nonspecific neuropathology.

Possible Pathophysiological Mechanisms
for Psychosis in Epilepsy

Discussion has centered broadly on two mechanisms:
1) the psychosis is due to the repeated electrical dis-
charges, either directly or through the development of
neurophysiological or neurochemical abnormalities, or
2) the epilepsy and psychosis share a common neuropa-
thology that may be localized (emphasis on temporal
lobe but also frontal lobe and the cerebellum) or wide-
spread in the brain. Both mechanisms may be operative,
the latter being primary and the former modifying the
presentation, determining exacerbations and remis-
sions, or being the proximate cause. The possible roles
of psychological factors, neurotoxicity of anticonvul-
sant drugs, deficiencies (e.g., folic acid), and abnormal
experiences seem to be of secondary importance.

Psychosis is a direct consequence of the epileptiform
disturbance. I have previously referred to mechanisms
by which seizures may directly result in ictal, postictal,
and brief interictal psychoses: continuous subictal ac-
tivity, homeostatic mechanisms that help reduce epilep-
tic excitability, and neurochemical and neuroendocrine
changes produced by the seizures. These explanations
are inadequate for chronic schizophrenia-like psychosis
even though they may account for some fluctuation of
symptoms.

Kindling has been proposed as one possible mecha-

TABLE 2. Schizophrenia-Like Psychosis in Patients With Drug-Resistant Temporal Lobe Epilepsy Before and After Temporal Lobectomy

Authors N

Duration of
Follow-Up

(years)

Schizophrenia-Like Psychosis

Before
Lobectomy

After
Lobectomy

New
Occurrence

After Lobectomy

N % N % N %

Bailey et al. (80)  63 2–6 12 19 19 30 7 11
Taylor (81) 100 >5 16 16 19 19 3  3
Jensen and Larsen (71)  74 2–5 11 15 20 27 9 12
Polkey (82)  40 2–5  0  0  3  8 3  8
Stevens (83)  14 20–30  0  0  4 28 4 28
Roberts et al. (77) 249 —a 16  6 25 10 9  4

aNot stated.
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nism for the occurrence of chronicity. Studies of behav-
ioral and pharmacological kindling in animals, and the
development of mirror foci, suggest that the potential
exists for repetitive epileptiform discharges to facilitate
subsequent propagation along specific pathways that
may cause interictal disturbance. Electrical and phar-
macological kindling of the ventral tegmentum and
amygdaloid kindling by cocaine and apomorphine in
the cat (87) have been suggested as model psychoses.
The long duration of epilepsy before the onset of psy-
chosis, the frequency of the partial seizures, and the lim-
bic origin of the seizures provide evidence for this hy-
pothesis. Kindling may thus explain some aspects of the
relationship between epilepsy and psychosis, especially
the antagonism (88), but there are limitations to the hy-
pothesis: the relationship of the psychosis to seizures is
variable in terms of age at onset, duration, and fre-
quency; it is uncertain whether kindling can be perma-
nent; patients usually have generalized seizures and
widespread pathology; and kindling currently imputes
the dopamine hypothesis of psychosis, support for
which is inconsistent. Postlobectomy psychosis has
been suggested to be a result of downstream kindling
due to persistent ictal activity and perhaps decreased
seizure frequency (83). Delayed psychosis after right
temporoparietal stroke has been reported in one series
of eight patients, seven of whom developed seizures be-
fore the psychosis (89).

Another mechanism by which frequent seizures may
bring about chronic behavioral disturbance is the pro-
duction of plastic regenerative changes affecting, in par-
ticular, the medial temporal lobes. It has been shown
that stimulation of the hippocampus leads to an anoma-
lous axonal sprouting from dentate granule cells before
the development of seizures (90). Expansion of gluta-
matergic presynaptic mossy fibers and an increase in
perforated postsynaptic densities on granule cell den-
drites have been demonstrated in temporal lobectomy
specimens (91), changes possibly produced by increased
expression of messenger RNA for c-fos and NGF by
recurrent limbic seizures. The aberrant regeneration
and the resultant “miswiring,” alone or in combination
with the underlying neuropathology, may be the under-
lying basis for chronic schizophrenia-like psychosis (see
following section).

Both psychosis and epilepsy are symptomatic of an un-
derlying neuropathological or physiological dysfunction.
Two major possibilities have been suggested: 1) neuro-
developmental abnormalities leading to cortical dys-
genesis as the common factor and 2) diffuse brain dam-
age causing both epilepsy and psychosis.

1. Cortical dysgenesis hypothesis. Neuropathological
studies of temporal lobe epilepsy suggest that about
two-thirds of the patients show hippocampal cell loss
and sclerosis, particularly in the prosubiculum and CA1
regions, and a substantial proportion of temporal lobe
epilepsy patients (92) have other pathologies, in par-
ticular gliomas, hamartomas, and heterotopias. The
presence of these alien tissue lesions suggests defective
neuroembryogenesis. Patients with mesial sclerosis

commonly have heterotopias, hippocampal neuronal
loss of about 20%–50% (92), and synaptic reorganiza-
tion in the hippocampus. Veith (93) reported hetero-
topias in 37% of temporal lobe epilepsy patients but
only 4% of nonepileptic comparison subjects. Hetero-
topic abnormalities have also been described in primary
generalized epilepsies (94, 95). Cryptic insults such as
childhood viruses, fever, or minor hypoxia may lead to
synaptic reorganization in vulnerable brains, exacer-
bating the problem.

There is now considerable evidence that schizophre-
nia is associated with cortical maldevelopment (96).
More than a decade ago it was demonstrated that
schizophrenic patients had a disorganization of the py-
ramidal cell layer (97), which was thought to represent
a problem in the migration of primitive neurons into the
presumptive hippocampal plate. Heterotopias have
been demonstrated in the brains of schizophrenic per-
sons (98), and there is also evidence for synaptic reor-
ganization (99). These disturbances either have a ge-
netic basis or may be due to prenatal, perinatal, or early
developmental insults.

If similar developmental abnormalities underlie both
epilepsy and schizophrenia, it is not surprising that
some epilepsy patients develop schizophrenia-like psy-
chosis. The evidence that schizophrenia-like psychosis
is more likely to develop in epileptic patients with de-
velopmental brain abnormalities (77, 79) is consistent
with this suggestion. That epilepsy and psychosis have
different ages at onset may be due to different func-
tional consequences of the abnormalities, depending on
the stage of neurodevelopment. Epileptic activity may,
in addition, exacerbate an underlying dysgenesis, set-
ting the stage for psychosis.

2. Diffuse brain damage hypothesis. While there has
been extensive neuropathological interest in the tempo-
ral lobe, there is evidence that brain abnormalities in
the brains of schizophrenic subjects are widespread
(96). Most neuropathological studies of epilepsy and
psychosis have been limited to the examination of re-
sected temporal lobes. The studies by Stevens (83) and
Bruton et al. (68) are exceptions, revealing excess pa-
thology that was widespread and not dissimilar to some
of the pathology reported for schizophrenia. These
findings argue that schizophrenia-like psychosis may
be related to degenerative or regenerative changes in
the brain not directly related to the classic epileptic pa-
thology.

3. Composite model. An attempt at a synthesis of the
various hypotheses is presented in figure 1. According
to this view, epilepsy patients who develop chronic
schizophrenia-like psychosis have a brain lesion that
makes them vulnerable to psychosis. This lesion may be
neurodevelopmental, leading to cortical dysgenesis, or
be acquired through trauma, hypoxia, infection, etc.
The abnormality may be widespread but is particularly
likely to involve the limbic structures, leading to abnor-
malities of connectivity of these structures to their af-
ferent and efferent projection regions. Since the devel-
opment of medial temporal structures is asymmetric, it
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may explain some of the laterality data. The
abnormality is likely to cause electrical
storms in the limbic cortex, with seizures oc-
curring at an early age. The occurrence of
frank seizures or microseizures exacerbates
the abnormality owing to kindling mecha-
nisms or the regenerative changes involving
axonal sprouting and synaptic reorganiza-
tion. In due course these result in disruption
of anatomically distributed functional sys-
tems and lead to schizophrenia-like psycho-
sis, accounting for the “affinity” between
epilepsy and schizophrenia-like psychosis.
Seizures, either by the presence of continu-
ous subictal activity or by their modulation
of catecholamine and pre- and postsynaptic
glutamatergic and GABAergic activity,
modulate the expression of the psychosis or
act as brakes, sometimes leading to the im-
pression of antagonism. The picture is fur-
ther complicated by long-term drug therapy,
with its potential for neurotoxicity, and psy-
chosocial factors related to epilepsy, a chroni-
cally disabling and stigmatizing illness.

FUTURE DIRECTIONS

While the relationship between epilepsy and schizo-
phrenia-like psychosis has in itself been an intriguing
clinical issue, it carries within it the potential to pro-
vide understanding of the pathogenesis of the schizo-
phrenias in general. The newer epidemiological studies
have been more sophisticated, but more work remains
to be done. For example, the question of whether
schizophrenia-like psychosis is specific to temporal
lobe epilepsy should be further investigated by using
extratemporal partial epilepsy and generalized epi-
lepsy patients as comparison subjects. The determi-
nants of the interval between the onset of epilepsy and
that of psychosis should be studied in a longitudinal
investigation of temporal lobe epilepsy patients begin-
ning in the first or early second decade of life. It is im-
portant that brief psychoses be distinguished from the
chronic psychoses in such investigations. Longitudinal
studies are also necessary to determine the factors that
lead to chronicity of psychosis in patients with re-
peated postictal and interictal psychoses. Chronic in-
terictal psychoses studied longitudinally will help de-
termine how seizures modulate the expression of
psychotic symptoms. The boundary between postictal
and brief interictal psychoses is poorly defined, and a
comparison of the clinical features of these subgroups,
as currently distinguished, as well as their ictal, EEG,
and neuroimaging correlates, will be instructive.
Methodologically superior family-genetic studies of
schizophrenia-like psychosis will help answer the ques-
tion of whether the epilepsy patients who become psy-
chotic are so predisposed genetically.

Newer neurophysiological and neuroimaging tech-

niques have not yet been sufficiently applied to the psy-
choses of epilepsy. Magnetoencephalography, with its
potential to detect deep limbic discharges noninva-
sively, may help answer the question of whether pro-
longed psychosis can be produced by continuous
subictal activity without abnormalities on scalp EEG.
Because both anticonvulsants and antipsychotics may
confound such studies, drug-free and preferably drug-
naive subjects should be studied. Magnetic source im-
aging is also an excellent technique with which to ex-
amine schizophrenia-like psychosis for anomalous
cerebral lateralization in view of the intriguing but un-
certain literature on laterality of epilepsy and schizo-
phrenia-like psychosis. The application of MRI, with
its ability to image mesial sclerosis, heterotopias, and
other developmental abnormalities and to perform
volumetric assessments, can address a number of ques-
tions: Does mesial temporal sclerosis underlie schizo-
phrenia-like psychosis in epilepsy? Do the patients
who develop schizophrenia-like psychosis also have
abnormalities of the temporal and/or frontal neocor-
tices? Do they have heterotopias, abnormal gyral pat-
terns, or cortical dysgenesis? Are large ventricles and
low volume of the cortex, thalamus, cerebellum, etc.,
commonly reported in schizophrenia, also present in
the chronic schizophrenia-like psychosis of epilepsy?
Functional imaging studies, using PET, SPECT, or
functional MRI, should examine the hypothesis of hy-
pofrontality in schizophrenia-like psychosis if a final
common pathway for the psychoses is hypothesized.
PET and SPECT should be applied to the study of
neurotransmitter function in schizophrenia-like psy-
chosis, in particular to examine post- and presynaptic
dopamine, serotonin, and glutamate functions.

Patients who received temporal lobe surgery and had
a previous history of psychosis, or developed psychosis

FIGURE 1. Possible Pathophysiological Mechanisms for the Association Between
Epilepsy and Schizophrenia-Like Psychosisa

aSee text for detailed explanation.
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subsequently, remain an excellent resource for neuro-
pathological studies. Nonpsychotic patients should be
used for comparison, and surgically excised tissue
should be examined for cell disarray, low numbers of
certain cells (e.g., neurons containing dinucleotide
phosphate diaphorase), small neuronal size, and abnor-
mal cell migration. Newer techniques, such as immuno-
cytochemistry and in situ hybridization for gene expres-
sion of messenger RNA, when applied to surgically
excised tissue may help examine the dopamine hyper-
function, glutamate hypofunction, and other neuro-
transmitter hypotheses of schizophrenia in subjects
with schizophrenia-like psychosis. Several techniques
now available to identify candidate genes for cortical
development could be applied to tissue from patients
with schizophrenia-like psychosis. Finally, since animal
models of epilepsy are well established, they provide a
useful entry point to the development of suitable mod-
els for schizophrenia or psychotic disturbance.
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