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ABSTRACT

Background Psychosis often develops after the
administration of antiepileptic drugs (AEDs) in patients with
epilepsy. However, the individual vulnerability and clinical
condition of such patients have been rarely scrutinised.
We investigated the effect of individually consistent
(trait-dependent) and inconsistent (state-dependent)
characteristics.

Methods The individual characteristics, clinical states and
psychotic outcome of patients from eight adult epilepsy
clinics were retrospectively reviewed over 6-month periods
after a new drug (AED or non-AED) administration between
1981 and 2015.

Results A total of 5018 new drugs (4402 AEDs and 616
non-AEDs) were used in 2015 patients with focal epilepsy.
Subsequently, 105 psychotic episodes (81 interictal and 24
postictal) occurred in 89 patients. Twelve patients exhibited
multiple episodes after different AED administrations. Trait-
dependent characteristics (early onset of epilepsy, known
presumed causes of epilepsy, lower intellectual function and
a family history of psychosis) were significantly associated
with the patients who exhibited psychosis. Absence of family
history of epilepsy was also associated with psychosis but
not significantly. Subsequent logistic regression analysis
with a model incorporating family history of psychosis and
epilepsy, and intellectual function was the most appropriate
(p=0.000). State-dependent characteristics, including
previous psychotic history and epilepsy-related variables
(longer duration of epilepsy, AED administration, higher
seizure frequency and concomitant use of AEDs) were
significantly associated with psychotic episodes. Subsequent
analysis found that a model including AED administration
and previous psychotic history was the most appropriate
(p=0.000).

Conclusion Psychosis occurring after new AED
administration was related to the individual vulnerability to
psychosis and intractability of epilepsy.

INTRODUCTION

Patients with epilepsy are more likely to
develop psychotic symptoms than individ-
uals who do not have epilepsy." Antiepileptic
drugs (AEDs) used for the treatment of
seizures can induce psychosis. Psychosis may
also be induced by neural damage, repeated
seizures, electroencephalography (EEG)
discharges, cognitive dysfunction and psycho-
social stress.”™ All of the aforementioned

.6 Masanori Sekimoto,’

variables may have multiple associations with
each other, and the inter-relations between
them have not been fully investigated.*

In general, the epileptic and physical state
of a patient is complicated by various factors,
including seizure aggravation, adverse effects
of other drugs and physical dysfunctions on the
administration of a new AED. Thus, the effect
of the clinical background should be evalu-
ated simultaneously with the AED administra-
tion. Furthermore, approximately 20%-40%
of psychoses thought to be induced by AED
exhibit chronic or recurrent courses after the
discontinuation of the causative AED.”® These
findings suggest that individual vulnerability
contributes to development of psychosis, in
addition to subsequent seizures and AED-
induced changes. Hence, it is essential to
determine whether a given clinical state and
individual vulnerability are associated with new
AED administration, that is, postantiepileptic
drug administration psychosis (PAP).

Herein, we have conducted a compre-
hensive investigation of the development of
PAP during the first 6months of new drug
administration at multiple institutions. AED-
related factors (eg, class of drugs, dosage and
concomitant AED) have been described in a
previous study.7 In this study, we examined
the role of individual vulnerability and clin-
ical background on the development of PAP.

METHODS

Definitions

Psychosis was defined as the presence of
hallucinations, delusions or a limited number
of severe abnormalities of behaviour, such as
gross excitement and overactivity, marked
psychomotor retardation, and catatonic
behaviour in accordance with the Interna-
tional Classification of Diseases, 10th Revi-
sion.® Interictal psychosis was defined as any
psychosis occurring in clear consciousness in
someone previously diagnosed with epilepsy
and not exclusively during or immediately

BM)

Akanuma N, et al. BMJ Neurol Open 2020;2:¢000036. doi:10.1136/bmjno-2019-000036



http://bmjopen.bmj.com/
http://orcid.org/0000-0002-4245-0953
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjno-2019-000036&domain=pdf&date_stamp=2020-08-27

following a seizure.” '” Postictal psychosis (PIP) was
defined as an episode of psychosis developing within
lweek after a definite seizure or usually a cluster of
seizures.'’ !

Participants and instances

The patients with epilepsy included in this study were regis-
tered at the following eight Japanese specialty clinics for
adult epilepsy: Adachi Mental Clinic, Asahi Chuo Hospital,
Asai Hospital, Jozen Clinic, Musashino Kokubunji Clinic,
National Centre of Neurology and Psychiatry, Osaka Univer-
sity Hospital and Tenshi Hospital. Patients were diagnosed
with focal (localisation-related) epilepsy in accordance with
the conventional international epilepsy criteria.'® Patients
were treated by consultant neuropsychiatrists qualified in
psychiatry and epileptology. The clinical data regarding
the administration of new AEDs and non-AEDs (drugs for
physical and not neurological or psychiatric disorders)
were obtained for the period between 1981 and 2015 and
were reviewed comprehensively. The first 6-month period
of treatment with each AED was analysed in patients who
were treated with a different class of AED during different
periods. Cases (instances) with AED monopharmacy and
AED polypharmacy were included. Each case (instance)
showed a non-psychotic state (psychosis-free) that lasted
for 3 months or longer before the administration of a new
drug. Cases (instances) with sufficient records on epilepsy
and mental states of 6months or longer after administra-
tion were included in the analysis. The last findings were
regarded as the endpoint in interrupted cases (instances)
for 1 month or more after administration, that is, discontin-
uation of the new AED and termination of follow-up. No
patient suffered from substance misuse, progressive brain
disease, or dementing disorders.

Study items

Psychotic episodes

The occurrence of any psychotic episodes (ie, first
episode and recurrent) was denoted as PAP during the
first 6-month period after new drug administration,
which was further subclasified into interictal psychosis
(ITP) and PIP. Psychiatric evaluations were performed by
eight consultant neuropsychiatrists qualified in psychiatry
and epileptology. The inter-rater reliability of psychiatric
diagnosis has been described in a previous study.7

Trait-dependent (consistent) factors

The following trait-dependent factors were analysed in
this study: (1) sex; (2) family history: presence of a first-
degree relative with epilepsy, psychosis, or both; (3) onset
of epilepsy: age at the first afebrile seizure; (4) subtype of
focal epilepsy: temporal lobe epilepsy (TLE), frontal lobe
epilepsy (FLE), parietal lobe epilepsy (PLE), occipital lobe
epilepsy (OLE), localisation-related epilepsy with multiple
foci or with undetermined foci (MULE)," which was diag-
nosed from seizure phenomena, EEG and MRI findings;
(5) presumed cause of epilepsy: central nervous system
(CNS) infection, head trauma with loss of consciousness,

birth complications, CNS anomaly, cerebrovascular
diseases and brain tumour; (6) febrile convulsion: episode
before the development of epilepsy; (7) lateralisation of
abnormality using routine scalp EEG recordings, divided
into four categories: left, right, bilateral or nonels; (8)
presence of mesial temporal sclerosis (MTS) on brain MRI
according to routine qualitative analysis, categorised into
four groups: left, right, bilateral or none'; (9) intellec-
tual functioning: normal (fullscale intelligence quotient
(FIQ)>85), borderline (85>FIQ>70), and mildly mentally
retarded (70>FIQ)."

State-dependent (inconsistent) factors

State-dependent factors analysed in this study were as
follows: (1) age at new drug administration; (2) duration
of epilepsy: interval between onset and administration; (3)
history of psychosis: any psychotic episodes (IIP, PIP or both)
antedating administration; (4) type of newly administered
drug: AED or non-AED; (5) class of AED and maximum
daily dosage; (6) seizure frequency at administration: cate-
gorised into six ranks (seizure-free for 3 years or more,
less than yearly, yearly, monthly, weekly and daily)"* '% (7)
concomitant AED: number of concomitant AED taken at
administration; and (8) change in seizure frequency: the
difference between the initial and the last seizure frequen-
cies was categorised usin% a 3-point scale into increased,
unchanged or decreased.'” Items 6 and 7 were evaluated at
three follow-up points: 1 month after (1-4 weeks), 3months
after (5—13 weeks) and 6 months after (14—26 weeks).

Statistics

The trait-dependent factors of patients with and without
psychoses after new drug (AED or non-AED) administra-
tion during the follow-up periods were compared. The
state-dependent factors of cases (instances) with and
without psychosis after each new drug administration were
compared. Differences among groups were subjected to
the analysis of variance for linear variables or the Mann-
Whitney U test for rank-ordered variables. Correlation
between categorical variables was examined by contin-
gency table analysis. Subsequently, variables demonstrating
significant effects on the development of psychoses on
single-variate testing were used for logistic regression anal-
ysis with backward stepwise elimination; p values of <0.05
were considered statistically significant. All statistical anal-
yses were performed using the Statistical Package for Social
Sciences V.14.0.

RESULTS

Participants and instances

A total of 2067 patients with localisation-related epilepsy
were registered at the eight adult epilepsy clinics, with
a mean follow-up duration ranging from 1 to 55 years
(mean+SD 8.7+7.7). They were administered a total of
5018 new drugs (AEDs and non-AEDs).

Individual consistent variables
The sample consisted of 1027 men and 1040 women. The
age at the onset of epilepsy ranged from 0 to 82 years

Akanuma N, et al. BMJ Neurol Open 2020;2:¢000036. doi:10.1136/bmjno-2019-000036



(18.9+14.5 years). The epilepsy subtype distributed as
follows: 1109 patients had TLE, 632 had FLE, 62 had PLE,
98 had OLE and 166 had MULE. The presumed cause of
epilepsy in 622 patients was as follows: infectious diseases
in 133 patients, head traumas in 90, birth complications
in 171, anomalies (including cortical dysplasia) in 106,
cerebrovascular disorders in 82, brain tumours in 34 and
others in 6. The aetiology of epilepsy was unknown in 1445
patients. Moreover, 307 patients had a history of febrile
convulsion, while 1708 patients did not have such a history.
The lateralisation of EEG abnormalities was as follows: left-
sided in 806 patients, right-sided in 820 patients, bilateral
in 316 patients and nil in 125 patients. MTS was observed
on MRI scans on 248 patients (115 left-sided, 86 right-sided
and 44 bilateral). The intellectual function was normal
in 1193 and borderline in 462, while 412 patients had
mild mental retardation. A family history of epilepsy was
observed in 100 patients and was absent in 1967 patients.
Forty-one patients had a family history of psychosis, which
absent in 2026 patients .

Inconsistent variables at new drug administration

The age at new drug administration ranged from12 to 82
years (35.2+13.4). The duration of epilepsy ranged from
0 to 61 years (17.8+12.6). The seizure frequency was as
follows: less than yearly in 311, yearly in 1267, monthly
in 1569, weekly in 1347 and daily in 397, while 127 cases
(instances) were seizure-free. The number of concomi-
tant AEDs ranged from 0 to 6 (1.8+1.1).

Of the new drugs administered, 4402 were AEDs (2492
first-generation antiepileptic drug (FAED): 370 phenytoin,
812 carbamazepine, 338 valproate, 258 phenobarbital, 203
clonazepam, 367 clobazam and 146 other FAED; and 1910
second-generation antiepileptic drug (SAED): 351 zonis-
amide, 496 levetiracetam, 386 gabapentin, 326 topiramate
and 349 lamotrigine) and 616 were non-AEDs (222 gastro-
enterological drugs, 120 cardiovascular/haematological
drugs, 117 metabolic/allergic drugs, 113 vitamin supple-
ments and 49 others).

Frequency of psychoses after new drug administration

The frequency of psychoses has been described else-
where.” In brief, 105 psychotic episodes (81 IIPs and 24
PIPs) occurred after 5018 new drug administrations in 89
patients. Fifty-five first-episodes of psychosis (47 IIPs and 8
PIPs) occurred after 4658 administrations, and 50 episodes
(34 IIPs and 16 PIPs) recurred after 360 administrations.
Psychotic episodes were observed once after new drug
administrations in 77 patients, two times in eight patients
and three times in four patients during the follow-up
periods.

Consistent individual variables and psychosis after new drug
administration

A comparison of the consistent individual variables in
patients with and without psychosis after new drug admin-
istration revealed significant differences in the onset of
epilepsy, presumed cause of epilepsy, intellectual function
and family history of psychosis (table 1A). Moreover, there

Table 1A Comparison of trait-dependent variables between cases with and without psychoses

Patients with psychosis Patients without psychosis

(n=89) (n=1978) Statistics P value

Sex (men/women) 39/50 988/990 x>=1.28* 0.258
Age of onset of epilepsy 15.5 (SD 11.8) 19.0 (14.6) F=4.961 0.026
Epilepsy subtypes (T/F/P/O/MU) 45/27/3/4/10 1064/605/59/94/150 x’=1.41* 0.842
Presumed cause (Y/N) 36/53 586/1392 y3=4.73" 0.029
(I/N/B/A/C/T/O/V) 11/1/9/7/4/3/1/53 122/89/162/99/78/31/5/1392  y2=14.4* 0.044
Febrile convulsion (Y/N) 15/74 298/1680 x?=0.21* 0.645
Lateralisation of EEG abnormalities 32/38/15/4 774/782/301/121 x°=0.96" 0.812
(L/R/B/N)

MTS on MRI (Y/N) 15/74 233/1745 x?=2.08* 0.150
(L/R/B/N) 6/9/0/74 111/77/45/1693 »?=10.4* 0.016
Intellectual functioning 30/36/23 1163/426/389 z=-4.09% 0.000
(N/B/M)

Family history of epilepsy (Y/N) 1/88 99/1879 X2=2.79* 0.095
Family history of psychosis (Y/N) 8/81 33/1945 1?=23.5 0.000

Presumed cause: infection (l), neurotrauma (N), birth complication (B), anomaly and migration disorders (A), cerebrovascular (C), tumour (T),
others (O), unknown (U); intellectual functioning: normal (N), borderline (B); mildly mentally retarded (M).

Bold type indicates significant P values and statistics (P<0.05).
*Contingency table analysis.

TAnalysis of variance.

FMann-Whitney test.

EEG, electroencephalography; MTS, mesial temporal sclerosis; N, no; Y, yes.
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Table 1B Results of logistic regression analysis with trait-dependent variables

95% Cl of exp (B)

B SE Wald df P value Exp (B) Lowest Highest
Final step Intellectual functioning 0.45 0.13 12.4 1 0.000 1.567 1.220 2.011
Family history of -1.77 0.42 17.9 1 0.000 0.171 0.075 0.388
psychosis
Family history of epilepsy 1.71 1.02 2.8 1 0.093 5.527 0.754 40.51
Constant -3.42 1.08 10.1 1 0.001 0.033

First step: variables entered: age of onset of epilepsy, presumed cause, mesial temporal sclerosis, intellectual functioning, family history of

psychosis and family history of epilepsy.

was a significant correlation was observed with MTS if the
four categories of MTS were used in the analysis (predom-
inant in right MTS, table 1A). However, no significant
correlation was observed if two categories were used, that
is, positive or negative MTS (table 1A). There was a slight
(insignificant) correlation between a family history of
epilepsy and psychosis.

A logistic regression model with backward stepwise
procedure was used to determine the actual contri-
bution of these variables involved in the development
of psychosis. As shown in table 1B, the model incorpo-
rating intellectual function, family history of psychosis
and family history of epilepsy was the most appropriate
(X2=29.8, df=3, p=0.000, 95.7% correctly allocated).

Comparison of state-dependent variables between occurrence
and non-occurrence of psychosis

The clinicallyinconsistentvariables at the time of new drug
administration are shown in table 2A. Psychosis tended to
occur with AED use, longer duration of epilepsy, higher
seizure frequency, previous history of psychosis and
concomitant use of other AEDs. A detailed description

of the effects of each AED on PAP development has been
reported elsewhere.” In brief, SAED administration was
significantly associated with the development of PAP
compared with FAED administration. Among the AEDs,
PAP occurred more frequently with topiramate and lamo-
trigine. Therefore, this study used only the type of new
drug administered (ie, AED and non-AED) to clarify
background vulnerability.

Logistic regression analysis with a backward stepwise
procedure was used to clarify the actual contribution
of significant variables to the development of psychosis
(table 2B). The model including the type of the new
drug administered and history of psychosis showed the
highest accuracy (X2=144.8, df2, p=0.000, 97.9% correctly
allocated).

DISCUSSION

This study found that individual vulnerability to psychosis
and various clinical states were associated with the devel-
opment of psychoses after new drug administration.

Table 2A Comparison of state-dependent variables between cases with and without psychoses

Psychosis Non-psychosis

(n=105) (n=4913) Statistics P value
Type of drug (AED/non-AED) 102/3 4300/613 X2=8.19* 0.004
Age of the new drug administration 35.8 (SD 12.0) 35.2 (SD 13.4) F=0.22t 0.643
Duration of epilepsy 21.2 (SD 12.6) 17.7 (12.6) F=8.06%} 0.005
History of psychosis 50/55 310/4603 X?=263.4* 0.000
Seizure frequency 2/4/19/34/35/11 125/307/1248/1535/1312/386  Z=-2.40% 0.017
(n/<y/y/m/w/d)
Seizure outcome (D/UC/I) 24/73/8 1339/3350/224 Z=-1.39% 0.166
Concomitant AED 2.1 (SD1.1) 1.8 (SD1.1) F=5.73t% 0.017

Seizure frequency: nil (n); less than yearly (<y); yearly (y), monthly (m), weekly (w), daily (d); seizure outcome: decreased (D), unchanged (UC),

increased (I).

*Contingency table analysis.
TAnalysis of variance.
FMan-Whitney test.

AED, antiepileptic drug.
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Table 2B Results of logistic regression analysis with state-dependent variables

95% CI of exp (B)

B SE Wald df Pvalue Exp(B) Lower Upper
Final step Type of drug 1.63 0.59 7.6 1 0.006 0.196 0.062 0.627
History of psychosis 2.61 0.21 162.9 1 0.000 0.073 0.049 0.109
Constant -1.71 0.16 121.8 1 0.000 0.181

First step: five variables administered: duration of epilepsy, type of drug, seizure frequency, concomitant antiepileptic drug and history of

psychosis.

These findings are worth considering owing to several
advantages, that is, a large placebo-controlled design
for multiple AED in a common clinical setting and high
reliability of psychiatric evaluations, although they were
obtained with retrospective, non-randomised and non-
blinded manners.”

Trait-dependent (consistent) factors

The frequency of psychosis after new drug administration
was three times higher in patients with a family history
of psychosis than that in those without a such history.
This observation is strongly suggestive of the signifi-
cant risk of genetic vulnerability in the development of
psychoses, even with PAP. The influence of genetics on
PAP remains controversial.'"**’ The size of these previous
study populations appears to be insufficient to consider a
low expected frequency of family history. Ever since Slat-
er’s seminal study, familial loading of psychosis has long
been neglected as a risk factor for psychoses associated
with epilepsy.”*' However, recent large-scale studies have
shown the impact of genetic traits on the development of
psychoses in general epilepsy cohorts.' %

Patients with low intellectual function are more liable
to exhibit psychosis after new drug administration. Some
studies have shown similar tendencies for PAP.*” * This
finding is consistent with general psychoses with® ** or
without epilepsy.” In general, individuals with mental and
multiple disabilities are prone to adverse events associated
with AED use.”® Some individuals with mental disabilities
may not be able to express unusual experiences after new
drug administration and continue taking the medica-
tion, allowing for the proliferation of psychosis,27 while
subtle changes in mental and physical functions may go
unnoticed.

Several epilepsy/neural damage-related variables (ie,
earlier onset of epilepsy, presumed cause of epilepsy and
MTS) were associated with the development of psychoses
in this study. Several studies have demonstrated associ-
ations between these variables and the development of
PAP*" *® These variables represent the general risks for
the occurrence of psychosis in patients with epilepsy.* "’
However, their contribution appears to be limited to an
auxiliary role in the process of PAP development after
elimination using subsequent multifactorial analysis.
Nonetheless, these variables could be used as indicators

of potential risks for PAP, especially when other risk vari-
ables are unavailable.

State-dependent (inconsistent) variables

Patients with a previous psychotic history showed a
10-times higher frequency of PAP than those without
such a history. Several studies reported similar findings
in patients with PAP° ® *® * and other phenotypes of
epilepsy psychoses.'” *” A previous history of psychosis
can be an index of the predisposition for psychosis. In
particular, 14% of patients with PAP exhibited multiple
psychotic episodes with the administration of different
AEDs. In these patients, the vulnerability of such patients
to psychosis, irrespective of the class of AED, may play a
prominent role in the genesis of PAP.

AED administrations showed a significantly (five times)
higher frequency for the development of psychosis than
that with non-AED administration. Most non-AEDs used
for treating physical illness (which have fewer clinical
effects on CNS function) can practically be regarded
as control drugs. While psychoses occurred in chrono-
logical relation with AED treatment, its contribution
to the genesis of psychosis remains uncertain. Only a
few controlled studies have focused on the comparison
between AEDs and non-AEDs in this regard, except for
several clinical trials with placebo-controlled proce-
dures.’™ In the current study, we confirmed the psycho-
genetic potential of AED. Furthermore, SAEDs have a
higher psychogenic potential than that of FAEDs.”

Several variables (eg, longer duration of epilepsy,
higher frequency of seizures and more concomitant AED)
were also associated with the development of PAP. These
variables are suggestive of the intractability of epilepsy
and an overlap with the requirement of the aforemen-
tioned additional AED treatments. We recently reported
that the frequency of psychotic episodes increased if the
number of previous seizures was higher.'® Although these
effects were eliminated by subsequent multivariable anal-
ysis, they should be considered as certain risk factors for
the development of PAP, especially in patients without a
previous history of psychosis.

Study limitations

The limitations of this study must be considered. First,
although the study populations (participants who regis-
tered comprehensively without arbitrary selection) appear
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to be sufficient, the results may not be fully generalisable
to all epilepsy cohorts because patients visiting neuropsy-
chiatry specialist clinics often suffer from various compli-
cations (eg, intractable seizures and psychiatric illness).
The results can change with subtle deviations in observed
frequency for variables of low expected frequency.
Second, in this study, cases (instances) with ongoing
psychosis at a new AED administration were excluded
to facilitate evaluation of the psychogenic effects of AED
administration. However, they may have provided valu-
able information, since these states can be regarded as
a lifelong history of psychosis. Third, the study design
was as retrospective in nature. Therefore, the reliability
of the psychiatric descriptions and evaluations may be
limited. However, the high interrater correlation of
our study suggests sufficient diagnostic reliability of the
case descriptions and evaluations. Finally, all episodes of
psychoses in our study cannot have been drug-induced,
and not all drug-induced psychoses were included.
Psychosis induced by other causes (although occurring in
response to new drug administration) could be included.
In contrast, some cases of drug-induced psychoses could
have occurred after the follow-up period. It is difficult
to specify a single cause of psychosis in several cases, for
example, drug-induced and comorbid schizophrenia.
Thus, every psychotic episode applies to the definition
analysed.

This study showed that individual vulnerabilities
and clinical states were associated with psychosis after
AED administration. These findings strongly support
our hypothesis that genetic vulnerability and acquired
epilepsy-related vulnerability interact to generate
psychoses in patients with epilepsy.* **** Further explora-
tions of the psychopathological characteristics and effects
of each AED are required.
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