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We report a patientwith epilepsywho experienced interictal and postictal psychoses. Her psychiatric symptoms
consisted of grandiose and fantastic delusions during both psychotic states. During remission, electroencephalog-
raphy showed bitemporal epileptiform discharges that were predominant in the right temporal region. Epilepti-
form discharges present during the psychotic stateswere predominant in the left temporal region. Single-photon
emission computed tomography showed hyperperfusion in the left basal ganglia during the interictal psychotic
state and hyperperfusion in the right temporal lobe and left basal ganglia during the postictal psychotic state.
We suggest that the occurrence of postictal and interictal psychotic states in this patient were associated with
a common change in electrographic activity and blood flow.

© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Psychoses in patients with epilepsy are classified as interictal psy-
chosis (IIP) or postictal psychosis (PIP). Postictal psychosis develops
after complex partial seizures, often secondary generalized tonic–clonic
seizures, and often after a cluster of these seizures [1].

Previous studies have described the characteristics of IIP and PIP and
suggested a difference in the pathology of these two types of psychosis.
Postictal psychosis is associated with elevated mood and religious and
grandiose delusions, and patients usually have a lucid interval, i.e., a
nonpsychotic period, between the last seizure and the beginning of
the psychotic state [1,2]. Psychiatric symptoms of PIP typically remit
within 1 week [1]. By contrast, IIP occurs with no direct relation to sei-
zures. The psychiatric symptoms of IIP are mainly auditory hallucina-
tions and delusions of reference, which are similar to the symptoms of
schizophrenia. The onset of IIP occurs earlier in the course of the disease
than the onset of PIP [3]. In most patients, the psychiatric symptoms of
IIP continue for a few months, but, in some patients, they progress
chronically.

If psychosis occurs in accordancewith an improvement of seizures, it
is called alternative psychosis.When electroencephalography (EEG) im-
proves during psychosis, this is called forced normalization [4]. Spikes
and slow waves in EEG generally increase during PIP episodes [1].
Most single-photon emission computed tomography (SPECT) studies
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report hyperperfusion of the frontal and temporal lobes during PIP
[5–9], and hyperperfusion of the left temporal lobe during IIP has also
been reported [10].

Some patients have both PIP and IIP. Adachi et al. referred to this as
bimodal psychoses and described that bimodal psychoses had charac-
teristics similar to those of either PIP or IIP [3]. However, the changes
in electrographic activity and blood flow that occur in each psychotic
episode are unclear. Here, we investigated EEG and SPECT in a patient
with both PIP and IIP episodes.

2. Case report

The patient was a right-handed womanwhowas first treated at our
hospital at the age of 34 years. The patient had encephalitis at the age of
9 years and had epilepsy andmental retardation since this time. The pa-
tient has no family history of epileptic or psychiatric disorders. Informed
consent was obtained from this patient and her family, and we have
omitted information that may reveal the identity of the patient.

At the age of 25 years, the patient experienced her first psychotic
episode, during which she said “someone is roasted” and “someone
toldme that youwere a dragon”. It is unclearwhether epileptic seizures
occurred in the days preceding this episode. Psychotic episodes then
recurred and always occurred within a few days of an epileptic seizure
or cluster of seizures.

In the lucid interval that occurred in the days following this cluster of
seizures, the patient reported insomnia and developed a psychotic state
that was characterized by visual and auditory hallucinations, delusions
of reference, and grandiose delusions, typified by speaking phrases
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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such as “my eyes were stolen” and “someone orders me”. In this period,
the patient behaved as if she was a character in an animation. These
symptoms persisted for a few days and then disappeared.

The patient consulted our hospital at the age of 34 years for her
epileptic seizures and psychiatric symptoms. At this time, she had
no psychiatric symptoms. Her habitual seizures consisted of complex
partial and secondary generalized tonic–clonic seizures, which were
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Fig. 1. Electroencephalogram findings. A. An electroencephalogram recorded during remission
and also at F7 and T3, though rarely. B. An electroencephalogram recorded during IIP. Frequent in
side. C. An electroencephalogram recorded during PIP. Frequent independent bitemporal sharp
logram recorded during remission of psychosis after starting lamotrigine. Epileptiform dischar
preceded by cephalic sensation. Her seizures tended to occur just before
menses and episodically in clusters.

Neurological examination revealed no definite deficit. Interictal scalp
EEG showed sporadic sharp waves at F8 and T4 (Fig. 1A) and also at F7
and T3, though rarely. Magnetic resonance imaging showed no definite
structural abnormality. The patient was taking valproic acid 800 mg/day
(serum concentration = 111.3 μg/ml), clobazam 20 mg/day, nitrazepam
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of psychosis at the first visit to our hospital. Sporadic sharp waves are evident at F8 and T4
dependent bitemporal sharpwaves are evident and are particularly remarkable on the left
waves are evident and are particularly remarkable on the left side. D. An electroencepha-
ge remarkably decreased, and only right temporal sharp waves are evident.
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Fig. 1 (continued).
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15 mg/day, brotizolam 0.25 mg/day, and risperidone 4 mg/day. Despite
being treated with these anticonvulsants, secondary generalized tonic–
clonic seizures occurred monthly.

Valproic acid and risperidonewere stopped, and carbamazepinewas
started and gradually increased to a dose of 1000 mg/day (serum
concentration = 10.54 μg/ml). After 3 months at this dose, the seizures
disappeared.
2.1. Details of IIP

From about the time of the disappearance of seizures, the patient
had insomnia and exhibited dullness, fluctuations of emotion, and a
silly smile. She responded slowly, had depressive feelings, was incoher-
ent, and exhibited bizarre behaviors. She reported that she was pos-
sessed and was spoken to by someone, that she was spoken to by an
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alien, and that she herself was an alien or a magician. She was episodi-
cally excited and aggressive.

Interictal scalp EEG showed frequent independent bitemporal sharp
waves,whichwere remarkable in the left side (Fig. 1B). Risperidonewas
reintroduced, but the psychiatric symptoms persisted for a further
5 months. These symptoms resolved after recurrence of an epileptic
seizure.

2.2. Details of PIP

At 36 years of age, the patient deteriorated into a psychotic state
after experiencing several seizures over a series of days. There was no
definite lucid interval; however, symptomatology and clinical course
of this episode closely resembled those of PIP. The patient showed dull-
ness, was depressed, and reported that she saw a fairy and heard voices.
Electroencephalography showed frequent independent bitemporal
sharp waves, which were remarkable in the left side (Fig. 1C).

The psychotic state remitted within 3 weeks. After the episode,
lamotrigine was added to her medication and gradually increased in
dose to 400 mg/day. This dose provided insufficient control of seizures
but slightly reduced the intensity of the seizures relative to before the
medication. The patient experienced no visual or auditory hallucina-
tions while on this medication. In this remitted state, EEG showed that
epileptiform discharges remarkably decreased and were present just
in the right temporal region and not in the left side (Fig. 1D).

2.3. SPECT findings

Single-photon emission computed tomography scans were per-
formed using iodo-123-n-isopropyl-p-iodoamphetamine (123I-IMP).
Single-photon emission computed tomography during remission
showed hypoperfusion of the left temporal lobe. Single-photon emis-
sion computed tomography during IIP revealed hyperperfusion of the
IIPRemissonRt

Rt

Fig. 2. Iodo-123-n-isopropyl-p-iodoamphetamine SPECTfindings. Hypoperfusion of the left tem
ganglia was evident during IIP (center; red arrows). Hyperperfusion of the left basal ganglia an
left basal ganglia, and SPECT during PIP revealed hyperperfusion of the
left basal ganglia and right temporal lobe (Fig. 2). The clinical course
of this patient is shown in Fig. 3.
3. Discussion

3.1. Psychiatric symptoms

Postictal psychosis occurs soon after an epileptic seizure or a cluster
of epileptic seizures. Logsdail and Toone defined PIP as a psychotic state
that develops within a week of an epileptic seizure [1]. Typical PIP has a
lucid interval, which is a period of normal mental state, in the few days
preceding the development of psychosis. In typical PIP, seizures do not
occur, while psychiatric symptoms are present [11]. Characteristic psy-
chiatric symptoms of PIP are severe aggression and emotional response,
grandiose delusion and religious delusion [2]. The case described in the
current report first developed a psychotic state at the age of 25 years
and experienced repetition of typical PIP. She experienced PIP again at
the age of 36 years; however, this PIP had no lucid interval, and seizures
occurred during PIP; therefore, this was not typical PIP. Oshima et al.
categorized PIP as nuclear, which is preceded by a lucid interval and
mood elevation, and atypical, which has no lucid interval, has seizures
during psychotic episodes, and involves frequent episodes [11]. They
speculated that nuclear PIP reflects secondary alterations in response
to seizure activity and that atypical PIP represents direct seizure activi-
ty [11]. The PIP episode experienced by our case at the age of 36 years
would be considered atypical according to this classification and may
represent direct seizure activity. In fact, this psychotic episode did not
occur after a seizure cluster or generalized tonic–clonic seizure but oc-
curred during a period in which seizures occurred frequently. Strictly
speaking, this episode does not fit the criteria for PIP andmay be better
categorized as periictal psychosis.
PIP Lt

Lt

poral lobewas evident during remission of psychosis (top). Hyperperfusion of the left basal
d right temporal lobe was evident during PIP (right; red arrows).
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Fig. 3. The clinical course of the patient. The number of seizures per month is shown in the top panel. The occurrence of psychotic episodes and the performance of examinations are
shown in the middle panel. Medication is shown in the bottom panel. CBZ, carbamazepine; CLB, clobazam; NZP, nitrazepam; VPA, valproic acid; LTG, lamotrigine; BRZ, brotizolam; RIS,
risperidone.
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Our case developed psychosis after inhibition of seizures, and psy-
chotic symptoms resolved after the recurrence of seizures at the age of
34 years. The features of this psychotic state fit the characteristics of
an alternative psychosis.

Adachi et al. stated that patients with episodes of both PIP and IIP
have bimodal psychosis [3,12]. Bimodal psychosis accounts for 3–8% of
psychoses with epilepsy [3,13]. According to Adachi et al., the factors
related to this type of psychosis are family history of psychosis, partial
epilepsy, complex partial seizures, and low intelligence. These factors
are common to PIP and IIP. The onset of epilepsy and psychosis is similar
to that of IIP and earlier than that of PIP [3].

Typical symptoms in IIP are auditory hallucinations and delusions of
reference, which are similar to the symptoms of schizophrenia. By con-
trast, auditory hallucinations, grandiose and fantastic delusions, and
fluctuations of emotion and aggressionwere found during IIP in the cur-
rent case and were similar to the symptoms of PIP in this case. Previous
studies have also described that the psychiatric symptoms of PIP and IIP
were similar in patients with both PIP and IIP [12,14].

3.2. EEG and SPECT findings

In this case, EEG showed independent bilateral sharp waves in the
temporal region thatwere predominant on the right side. Single-photon
emission computed tomography showed decreased perfusion in the
left temporal lobe during remission of psychosis. Epileptogenic focus
was unclear, but the SPECT finding suggests the left temporal lobe. By
contrast, EEG during psychosis showed frequent bilateral sharp waves
in the temporal regions that were particularly remarkable on the left
side. Single-photon emission computed tomography showed increased
perfusion in the left basal ganglia during both PIP and IIP episodes and
increased perfusion in the right temporal lobe during PIP.
The relation between bilateral EEG abnormalities and development
of psychosis has been indicated in previous studies [1,12,15,16]. Gener-
ally, increased epileptiformdischarges and slowwaves on EEG are pres-
ent during PIP [1], although some studies have reported that EEG is
unchanged or normalized during PIP [5,6,17,18]. Scalp EEG is commonly
unchanged or normalized during IIP [4]. Our case showed increased bi-
lateral interictal discharges, especially on the left side, not only during
the postictal psychotic state but also during the alternative psychotic
state. Interictal discharges were greater during PIP than during IIP.

Some intracranial EEG studies have reported that the development of
PIP is due to ictal discharges [19,20]. However, one study reported that
interictal discharges in depth electrode recordings increased during PIP
[21], and another reported no change in interictal discharges during PIP
[22]. These differences in EEG findings may be associated with heteroge-
neity in PIP, as described by Oshima et al. [11]. Furthermore, Wieser re-
ported that ictal discharges occurred in depth electrode recordings
during IIP even though scalp EEG was normal [23]. Wolf speculated
that during forced normalization, a powerful inhibitory mechanism is
activated, and epileptic discharge is still active subcortically [24].

The EEG findings in our case suggest that it is possible for the devel-
opment of psychosis to be associated with direct epileptic activity. In
addition, the increase in left temporal discharges may be important in
the development of both PIP and IIP. By contrast, the more severe EEG
abnormalities observed in PIP compared with IIP may suggest that the
level of functional disturbance is more severe in PIP. Furthermore, the
EEG abnormalities observed during IIP in our case were different from
the usual change in scalp EEG observed in IIP, indicating the presence
of heterogeneity in IIP.

Though it was possible that antipsychotics affected epileptic activity,
epileptiform discharges increased during IIP, when risperidone, which
usually lowers the threshold of seizures, was stopped. Furthermore,
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epileptiform discharges in EEG decreased during the remission of PIP, in
spite of a fixed dose of risperidone. Therefore, we consider it unlikely
that antipsychotics had a significant effect on epileptic activity. On the
other hand, epileptiform discharges increased with the development
of IIP when valproic acid was decreased and carbamazepine was in-
creased. This change in antiepileptic drugsmight have affected epileptic
activity, leading to the development of psychosis. However, afterward,
epileptiform discharges decreased with remission of IIP in spite of
there being no remarkable change in antiepileptic drugs. Though
seizures decreased after carbamazepine was added to the medication
regimen, this medication was not sufficient to control the fluctuations
in epileptic activity. On the other hand, after adding and increasing
the dose of lamotrigine, the intensity of seizures was reduced in accor-
dance with the improvement in EEG. Therefore, it is possible that
lamotrigine inhibited epileptic activity.

Most SPECT studies have reported increased perfusion in the frontal
and/or temporal lobe during PIP [5–9]. Oshima et al. reported that per-
fusionwas especially increased in the right temporal lobe during PIP [8],
and Jibiki et al. reported that perfusion was increased in the left tempo-
ral lobe during IIP [10]. Our case showed a remarkable increase in perfu-
sion in the left basal ganglia during both PIP and IIP. Similar findings
have been reported during PIP [7]. Leutmerzer et al. and Nishida et al.
described how an increase in blood flowmay reflect subcortical electri-
cal activity [5,6]. Our results also suggest a subcortical functional change
and indicate that increased subcortical blood flow may play an impor-
tant role in the development of psychosis. In addition, our case showed
hyperperfusion of the left basal ganglia during both PIP and IIP, and it is
likely that the change in EEG and SPECT findings of the postictal and al-
ternative psychotic state in our case have a common cause. Hyperperfu-
sion of the basal ganglia in schizophrenia and other psychoses has
previously been reported [25]. On the other hand, our case showed in-
creased perfusion in the right temporal lobe during PIP but not during
IIP, and this finding may be specific to PIP [8].

3.3. The duration of psychoses

In the current case, the psychiatric symptoms and EEG and SPECT
findings were similar in PIP and IIP. However, there was a difference
in the duration of the psychotic state of PIP and IIP. Though PIP remitted
after about 3weeks, IIP continued for about 5months. This is a common
difference between PIP and IIP. From the EEG findings in this case, we
consider that both psychotic states were induced by an increase in
epileptic activities. Regarding the difference in the duration of psycho-
ses, we speculate that a powerful inhibition of seizure activity occurred
during the postictal period and caused PIP to subside promptly, whereas
a change in anticonvulsants caused a peculiar condition of continuous
increased epileptic activity that did not cause clinical seizures but
sustained IIP. According to Adachi et al., patientswith bimodal psychosis
tend to develop a psychotic state easily in response to events such as sei-
zures and changes inmedication because they are vulnerable to psycho-
sis [12]. As described by Leutmerzer et al., a subtle change in epileptic
activitymay induce a change in the activity of a neuronal network, lead-
ing to occurrence of psychosis [6]. In our case, a subtle heightening of
epileptic activity might have induced a psychotic state.

Our case showed similar changes in EEG and SPECT findings in IIP
and PIP.We suggest that activity in the left temporal lobe and basal gan-
glia played an important role in the development of psychosis in our
case.

In patients who have PIP and IIP, there are two patterns of psychosis
development. Tarulli et al. described that, in most patients, IIP has a
chronic course after repetitions of PIP [14]. Most cases seemed to have
inhibition of seizures during psychoses. On the other hand, Adachi
et al. reported patients who had PIP after remission of chronic interictal
psychosis. They described that PIP and IIP seemed to occur independent-
ly in their cases and that psychotic states might tend to occur easily in
these patients [12]. Differences of the clinical course in the development
of psychosesmay reflect heterogeneity in patients with both PIP and IIP.
In these reports, as in our case, symptoms of PIP and IIP were similar;
therefore, the twopsychotic statesmayhave occurred because of similar
mechanisms. However, most cases of IIP continue chronically, differen-
tiating them from PIP, and there may be different mechanisms between
the two psychotic states. Furthermore, as described above, though our
case showed similar changes in EEG and SPECT during the two types
of psychoses, other possible investigations could involve patients with
both psychoses which may show different changes in respective psy-
chotic states. Furthermore, though our case showed increased epileptic
activity in EEG during psychoses, other studies may show different find-
ings. Whereas we consider the psychoses in our case to be related to di-
rect epileptic activity, other studiesmay be consideredwhere psychoses
occur in relation to secondary alterations such as changes in neurotrans-
mitters in response to events such as the occurrence of seizures
and changes inmedication. The hyperperfusion of the basal ganglia dur-
ing psychosis in our casewas different from that inmost previous SPECT
studies [5,6,8–10]. Furthermore, in this study, we described the relation
between psychosis and dysfunction in the left side of the brain, but
previous reports of the relation between laterality and psychoses are
not consistent. In addition, we should consider the association with
the epileptogenic zone. Nishida et al. described hyperperfusion in the
side ipsilateral to the estimated epileptogenic zone during PIP [5].
Laterality, localization, and the relation to the epileptogenic zone are
possibly associated with the development of psychosis, and conclusions
on these factors cannot be made using only our single case.

In this study, EEG was performed five times when the patient was
not in a psychotic state, and, on all occasions, epileptiform discharges
remarkably decreased compared with during the psychotic state, and
sporadic right temporal discharges were present. Therefore, we consid-
er that the psychotic state was associated with changes in EEG. Howev-
er, SPECT was performed only one time when the patient was not in
a psychotic state, and we must, therefore, consider the possibility of a
coincidental change.

Given that these conclusions are based on only one case, a collection
of cases is needed for validation. A further limitation of this study is the
visual analysis of SPECT. In addition, if SPECT could be performed more
frequently, more detailed changes would be captured. Furthermore, al-
though this case had a history of typical PIP, typical PIP was not investi-
gated in this study. We expect that the accumulation of physiological
data related to psychosis will uncover the pathophysiology of psychosis.
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