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a b s t r a c t
Postictal psychosis (PIP), the occurrence of psychotic episodes following a seizure, is a common and serious
comorbidity in patients with epilepsy. Yet, the anatomical correlates remain poorly deﬁned. Here, we used
quantitative MRI morphometry to identify structural abnormalities in the cortex of patients with PIP relative
to patients with epilepsy without PIP and age- and gender-matched normal healthy controls. Comparison of
patients with epilepsy and PIP with patients with epilepsy without PIP revealed increased cortical thickness in
the right lateral prefrontal cortex, right anterior cingulate cortex, and right middle temporal gyrus. The PIP
group was distinguished from the EC and NC groups by thicker cortex in the right rostral anterior cingulate
cortex and thinner cortex in the right angular gyrus and the left middle temporal region. Findings indicate that
PIP is associated with thickening of the right anterior cingulate cortex, which may serve as a marker for
patients at risk for developing PIP.
Published by Elsevier Inc.

1. Introduction
Postictal psychosis (PIP) is characterized by psychotic episodes
following one or more seizures [1–4], occurs in 6–7% of patients with
treatment-resistant epilepsy [5], and accounts for 25–30% of all epilepsyrelated psychoses [6,7]. Postictal psychoses usually develop 10 or more
years after seizure onset [8]. Episodes of PIP are typically preceded by a
cluster of seizures or a recent increase in seizure frequency coupled with
changes in mood or behavior [2–4,9]. Symptoms include auditory and
visual hallucinations, delusions of grandeur, paranoia, and religiosity
[5,10,11]. Psychoses often remit spontaneously after days or weeks, with
a mean duration of 70 hours [12]. Recurrent PIP can progress to chronic
interictal psychoses (IIPs), suggesting a cumulative effect of repeated
seizure activity on brain function and brain structure [13]. In a
comprehensive assessment of clinical variables, PIP was associated
with ambiguous/extratemporal seizure localization [9].
Findings of structural brain abnormalities in PIP remain inconsistent, however, ranging from diffusely abnormal CT scans [2] to
increased frequency of mesial temporal sclerosis [10], larger overall
amygdala volume [14], bilateral hippocampal neuron loss at autopsy
[15], and higher frequency of temporal lobe dysplasias and preserved
ipsilateral anterior hippocampus [16]. Quantitative MRI analysis is
sparse and has thus far not distinguished PIP from other forms of
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epilepsy-related psychosis. Using voxel-based morphometry, Rüsch
et al. [17] found no structural abnormalities in patients with temporal
lobe epilepsy and psychosis (i.e., PIP and IIP), whereas another study
found that patients with temporal lobe epilepsy and schizophrenialike IIP had decreased frontoparietal and temporal lobe gray matter
volume [18].
To investigate cortical abnormalities speciﬁc to postictal psychois,
we compared patients with PIP with diagnostically matched controls
with epilepsy and healthy controls, using a measure of cortical
thickness that is sensitive to the changes associated with epilepsy
[16,19] and other neurological diseases [20,21], including schizophrenia [22,23].
2. Methods
2.1. Participants
Eleven patients with PIP, 11 patients with epilepsy without psychotic
features, and 11 healthy controls participated in the study. Patients with
PIP were matched with healthy controls for gender, age, and
handedness, epilepsy controls for gender, age, handedness, epilepsy
type, disease length, and lateralization of seizure foci (see Table 1 for
demographic and clinical information). A board-certiﬁed neurologist
specializing in epilepsy characterized epilepsy features used for
matching patient groups. Exclusion criteria for both control groups
were any prior or current treatment with antipsychotic medication and
any history suspicious of a prior psychotic episode, such as psychiatric
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Table 1
Demographic and clinical information for patients with postictal psychosis, controls
with epilepsy, and healthy controls.

N
Males/females
Age
Handedness (R/L)
Cerebral volume, cm3
Prior generalized tonic–
clonic seizure
Disease length
Epilepsy typeb
Idiopathic generalized
Localization-related
Lateralizationb
Left
Right
Bilateral
Unknown
Seizure frequency
Daily
Weekly
Monthly
Yearly
NYearly
Seizure free
Unknown
a
b

Patients with
postictal psychosis

Controls with
epilepsy

Healthy
controls

11
6/5
39.4 (12.9)a
11/0
411,789
(29,680.62)

11
6/5
39.1 (14.2)
10/1
428,655
(53,735.09)

11
6/5
38.1 (13.0)
11/0
439,060
(45,105.17)

7
22.4 (11.9)

6
22.5 (13.1)

2
9

2
9

3
3
3
0

4
2
2
1

2
2
5
1
0
1
0

2
3
1
1
1
3
0

Mean (SD).
Diagnosed on the basis of video/EEG recordings.

hospitalizations or episodes that appeared to possibly involve hallucinations, delusions, or grossly disorganized behavior. All participants
consented to the study approved by the NYU Langone School of
Medicine institutional review board.
Patients with a history of PIP were recruited retrospectively based on
recorded clinical interviews performed by a board-certiﬁed psychiatrist
(author K.A.). Therefore, not all patients were currently experiencing
seizures or psychoses at the time of scanning. Psychosis was diagnosed
with DSM-IV-R criteria [24], that is, hallucinations, delusions, or grossly
disorganized behavior. Criteria for a diagnosis of PIP were based on
Logsdail and Toone [2]: (1) emergence of psychotic state within 7 days
of a seizure or seizure cluster; (2) duration of psychotic episode of at
least 15 hours; and (3) no evidence of confounding factors that could
explain the psychotic state from a clinical cause other than PIP. Table 2
details patients’ psychotic and comorbid psychiatric symptoms.
Exclusion criteria for PIP included chronic treatment with antipsychotic
medication and a diagnosis of pervasive developmental disorder or
autism, mental retardation, schizophrenia, schizoaffective, or mood
disorder with psychotic features.

133

Table 2
Psychiatric observations in patients with postictal psychosis (PIP).
Isolated episode of PIP
Recurrent episodes of PIP
Postictal delirium
Confusion
Agitation
Fatigue
Hallucination
Visual
Auditory
Paranoia
Grossly disorganized behavior
Hyperreligiosity
Other interictal psychiatric diagnoses
Mood disorder
Depression
Anxiety

45%
55%
100.00%
90.91%
45.45%
18.18%
81.82%
63.64%
45.45%
18.18%
27.27%
9.09%
45.5%
18.18%
36.36%

Note. Given are the percentages of the total PIP group for the types of postictal and
interictal symptoms experienced. Data resulted from a structured psychiatric
evaluation performed by a board-certiﬁed psychiatrist.

2.3. Surface reconstruction
To quantify the morphological characteristics of the human
cerebral cortex, the volumetric MRI scans were used to construct
models of each subject's cortical surface using an automated
procedure that involves (1) segmentation of the white matter, (2)
tessellation of the gray/white matter boundary, (3) inﬂation of the
folded surface tessellation, and (4) automatic correction of topological
defects. These steps are described in detail elsewhere [25]. First, an
estimate of the gray/white matter boundary was constructed by
classifying all white matter voxels in the MRI volume. Then, the white
matter surface was reﬁned to obtain submillimeter accuracy in
delineating the gray/white matter junction. The surface was then
deformed outward to locate the pial surface [26]. Sulcal and gyral
features across individual subjects were aligned by morphing each
brain to an average spherical representation that allows for accurate
matching of cortical locations among participants, while minimizing
metric distortion [26].
2.4. Cortical thickness
Cortical thickness was estimated by measuring (1) the shortest
distance from each point on the white matter surface to the pial
surface, and (2) the shortest distance from each point on the pial
surface to the white matter surface. Cortical thickness at each vertex
was computed as the average of the two values [26]. Data were then
smoothed on the tessellated surface with a gaussian smoothing kernel
(FWHM = 15 mm) prior to statistical analysis.

2.2. MRI scanning and image preprocessing

2.5. Statistical analyses

Imaging was performed at the NYU Center for Brain Imaging on a
Siemens Allegra 3-T scanner. All patients were scanned with a
specialized T1-weighted MRI sequence optimized for gray–white matter
contrast. Image acquisitions included a conventional three-plane
localizer and a T1-weighted volume pulse sequence (TE = 3.25 ms,
TR= 2530 ms, TI= 1100 ms, ﬂip angle = 7°, ﬁeld of view (FOV)=
256 mm, matrix = 256× 192, voxel size= 1 × 1.33× 1.33 mm). For each
participant, two T1-weighted images were rigid body registered to each
other, averaged (to increase signal-to-noise ratio), and reoriented into a
common space, roughly similar to alignment based on the anterior
commissure–posterior commissure line. Images were corrected for
nonlinear warping caused by nonuniform ﬁelds created by the gradient
coils. Image intensities were further normalized and made uniform with
the FreeSurfer (4.0.2) software package.

A general linear model was used to compare two-sample contrasts
of vertexwise cortical thickness variation. Each contrast (i.e., patients
with epilepsy and PIP vs patients with epilepsy only, patients with PIP
vs healthy controls, and patients with epilepsy vs healthy controls)
then underwent Monte-Carlo cluster analyses to correct for multiple
comparisons at a cluster threshold of 0.0500. To differentiate
abnormalities speciﬁcally associated with PIP, we performed a
conjunction analysis of statistically signiﬁcant clusters in comparisons
of patients with PIP versus patients with epilepsy only and patients
with PIP versus healthy controls. Only statistically signiﬁcant regions
were combined, thereby conforming to the logical AND test [27,28].
Values for each analysis were then mapped to a partially inﬂated
white matter surface, allowing the optimal visualization of sulcal and
gyral features without being obscured by cortical folding.
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3. Results
3.1. Cortical thickness
Patients with PIP showed increased cortical thickness in the right
lateral prefrontal cortex (PFC), right rostral anterior cingulate cortex
(ACC), and right middle temporal gyrus compared with patients with
epilepsy without PIP. Smaller and more disperse areas of thickening
were found in the left PFC and throughout the left temporal lobe.
Compared with healthy controls (HC), patients with epilepsy without
PIP (EC) showed widespread cortical thinning maximal in bilateral
PFCs, extending to the parietal lobe and including the right middle
temporal gyrus and right and left ACC (see Fig. 1A).
To distinguish cortical abnormalities speciﬁc to patients with PIP
from those related to both the epilepsy and healthy control groups, a
conjunction analysis was performed based on PIP group versus EC
group and PIP group versus HC group comparisons. This comparison
shows only areas where patients with PIP differed signiﬁcantly from
both controls with epilepsy and healthy controls (see Fig. 2). Patients
with PIP showed increased thickness in the right rostral ACC and areas
of thinning in the right angular gyrus as well as the left anterior
inferior temporal gyrus.
4. Discussion
Patients with PIP had thicker cortex in the right lateral PFC, right
rostral ACC, and right middle temporal gyrus relative to controls with
epilepsy. The right rostral ACC distinguished patients with PIP from
both controls with epilepsy and healthy controls. Conjunction analysis
additionally revealed two deﬁned regions of thinner cortex in the
right angular gyrus and left anterior inferior temporal gyrus.
The approach used here differs from prior PIP studies on two main
assumptions. First, although PIP has long been distinguished diag-

nostically from chronic and interictal psychoses of epilepsy [2], many
recent quantitative studies have used cohorts of epilepsy-related
psychoses that included chronic and interictal psychotic symptoms,
despite marked phenomenological and time course differences
[13,29]. Second, following initial observation of a greater frequency
of temporal lobe epilepsies (TLEs) associated with psychosis [30],
many studies focused subsequent analysis speciﬁcally on patients
with TLE with psychosis compared with controls with TLE. However,
in a recent comprehensive analysis of PIP in an unscreened group of
patients with partial epilepsy, PIP was associated with extratemporal
and ambiguous seizure foci [9]. The present study used a homogenous
PIP sample and matched control group that allowed the study of PIP
without bias for epilepsy type or location of seizure onset. Although
cortical abnormalities, especially those revealed by group comparison,
are not likely to be fundamentally related to seizure foci, the
extratemporal abnormalities observed here, combined with a greater
tendency for extratemporal and ambiguous seizure onset, implicate a
broader network of neuroanatomical abnormalities underlying PIP
than has been acknowledged previously.
Patients with PIP, as compared epilepsy controls and healthy
controls, had a thicker rostral ACC. Cognitively, the ACC is associated
with attention, inhibitory control, and emotional processing [31–33].
Given the broad functional involvement of these processes, structural
abnormalities of the ACC are associated with a multiplicity of
disorders, including depression, bipolar disorder, autism, affective
psychosis, and schizophrenia [22,34–38]. Consistent with previous
observations, mood disorders, depression, and anxiety were common
in our PIP sample [5]. A family history of such psychiatric disorders is
also a predictor of developing PIP [9]. Counter to our results, however,
disorders of mood and psychosis are often associated with decreased
thickness of the ACC [22,23,34,36].
Why is the cortex preserved or thickened in epilepsy-related psychosis
while it is often found to be thinner in other psychiatric disorders? Despite

Fig. 1. Cortical thickness differences between groups. Controls with epilepsy (EC) had thinner cortex (as indicated by blue) than healthy controls (HC). Patients with postictal
psychosis (PIP) had thicker cortex (red/yellow) compared with EC. Thickness measurements are displayed on the partially inﬂated white matter surface, in the medial (I), dorsal (II),
rostral (III), and lateral (IV) planes. Scatterplots display average thickness for all vertices within speciﬁc signiﬁcant regions of interest (P b 0.01) for all groups (PIP, EC, and NC).
Average cortical thickness within the speciﬁed regions of interest ranged from 1 to 3.5 mm.
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Fig. 2. Conjunction analysis. Shown are overlapping regions of signiﬁcant (P b 0.025) differences in cortical thickness in PIP versus EC and PIP versus HC. Red indicates thickening in
patients with PIP, whereas blue indicates thinning. Scatterplots display average thickness for all vertices within the speciﬁed cluster for all groups (PIP, EC, and HC). Average cortical
thickness within the speciﬁed regions of interest ranged from 1 to 4 mm.

divergent structural changes, thicker cortex in patients with PIP may
reﬂect an abnormality functionally similar to thinner cortex in schizophrenia and bipolar disorder. That is, thickening in the ACC of patients
with PIP may be due to epileptogenic mechanisms resulting in
functionally aberrant cortical networks, which may share commonalities
with degraded regions in other psychotic disorders. Candidate mechanisms for enlargement/thickening in postictal psychosis are neuronal
hyperactivity [39], inﬂammatory reactions [40], and focal cortical
dysplasia, the neuroimaging features of which include cortical thickening
[41]. Future investigations of such conjecture would require a larger
sample of patients with PIP and direct comparison with other forms of
psychosis. Additional studies using surgical specimens or MR spectroscopy would be able to conﬁrm and further characterize ﬁndings of focal
thickening in PIP, and determine whether thickening results from some
combination of increased neuronal or glia size, number, and other factors.
The neuroanatomical features of psychosis in epilepsy remain
poorly understood despite its high morbidity and mortality and
intensive psychiatric investigations. Our ﬁndings of cortical thickening in speciﬁc anatomic regions in patients with PIP may help to focus
attention on these structures and their role in abnormal behavior.
Future studies with larger patient samples that examine structural,
metabolic, and neurochemical markers in these regions may further
deﬁne the underlying pathology of postictal psychosis.
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