Letters to the Editor

Psychosis Associated With Modafinil
and Shift Work

To THE EDITOR: Modafinil is indicated to improve wakefulness
in patients with excessive daytime sleepiness associated with
narcolepsy, obstructive sleep apnea/hypopnea syndrome,
and sleep disorders associated with shift work. It is chemically
and pharmacologically distinct from other psychostimulants.

Ms. A was a 38-year-old research volunteer who devel-
oped mood and psychotic symptoms while taking modafi-
nil as part of a double-blind inpatient laboratory study
that was approved by an institutional review board. The
purpose of the 23-day study was to examine the effects of
modafinil on sleep, cognitive performance, and mood
during simulated shift work. Ms. A received a single oral
dose of modafinil (0 mg, 200 mg, or 400 mg) 1 hour after
waking in 3-day blocks, and each dosing condition was
separated by a day during which placebo was adminis-
tered. Ms. A was studied under two shift conditions: day
and night. The shifts alternated three times during the
study.

Ms. A had no known history of any psychiatric disorder,
and a medical and psychiatric evaluation produced unre-
markable results. She was without complaints until day 19
of the study, when she reported anxiety about her family’s
well-being. It should be noted that Ms. A had received
modafinil (400 mg) on days 17-19; her sleep was progres-
sively disrupted over this period. On day 20, Ms. A began
to focus increasingly on her children’s well-being and ex-
pressed guilt about being an inadequate parent.

On day 21, she became markedly disorganized and was
internally preoccupied, mumbling prayers and gesturing
in a bizarre manner. She did not respond coherently to
questioning and was transferred to the psychiatric emer-
gency service. Her psychotic symptoms resolved sponta-
neously over 24 hours, and she was discharged. Over the
next 2 days, she became increasingly depressed and was
admitted to a psychiatric hospital. She was treated with
risperidone and paroxetine and was discharged after 1
week.

The history and clinical course of this patient suggest that
the study procedures, i.e., sleep-cycle manipulations in com-
bination with modafinil, likely precipitated her mood and
psychotic symptoms. The patient’s family confirmed that she
had no history of any psychiatric disorder, and there was no
known family history of psychiatric disorders. Although we
found no published reports of modafinil causing psychosis in
individuals without a psychiatric illness, there is one pub-
lished case report of modafinil worsening psychotic symp-
toms in a patient with schizophrenia receiving clozapine (1).
The prescribing information for modafinil (2) notes, “There
have been reports of psychotic episodes associated with
Provigil use” and describes the case of a healthy normal vol-
unteer who developed psychosis after multiple daily doses of
600 mg and sleep deprivation, which resolved 36 hours after
discontinuation of the drug. Although the potential risk of
modafinil precipitating psychosis in patients with no known
psychiatric history is low, clinicians should be aware that the
risk may increase when individuals are subjected to sleep dis-
ruptions and stress such as that caused by abrupt changes in
work schedules.
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A Case of Premature Ventricular Contractions
With Modafinil

To THE EDITOR: Modafinil’s package insert cautions about us-
ing modafinil in patients with a history of left ventricular hy-
pertrophy or in patients with mitral valve prolapse who have
experienced the mitral valve prolapse syndrome when pre-
viously receiving CNS stimulants. No mention is made of pre-
mature ventricular contractions (PVCs), also called ventricu-
lar ectopic beats, in patients without heart disease. Also, a
search of the literature did not reveal any citations about
PVCs and modafinil. No treatment-emergent pattern of ECG
abnormalities was found in placebo-controlled clinical trials
after administration of modafinil, according to its package in-
sert.

Written communication with Cephalon Inc. also revealed
the following. First, in open-label studies for up to 52 weeks,
no adverse cardiac effects were noted. Second, the nature of
postmarketing cardiovascular-related events with modafinil
has been similar to those observed during the clinical trials.
Third, a post hoc analysis of data from seven studies demon-
strated that modafinil did not produce clinically relevant
changes in ECG intervals and had no adverse effect on cardiac
repolarization in any of the studies evaluated.

Mr. A, a 54-year-old Caucasian man in very good health,
was administered modafinil, 100 mg every morning,
which was soon increased to 200 mg in the morning and
then 100 mg b.i.d. to combat fatigue and lack of concen-
tration. Mr. A was not taking any medications; was free of
alcohol, tobacco, and substance use; and consumed little
caffeine. Modafinil worked rather well for him in that re-
gard, but after 2.5 months, he developed PVCs, which he
felt as a sinking feeling in his chest and associated skipped
beats when his pulse was taken. No other symptoms, such
as dizziness, sweating, chest pain, and shortness of
breath, were present. Mr. A was very conscious of the PVCs
and disturbed after experiencing them. The results of a
physical examination were normal, and a 24-hour Holter
monitor showed 1,695 PVCs.

Mr. A’s diagnosis was unifocal PVCs and a normal sinus
rhythm with symptoms. Modafinil was discontinued, but it
took 20 days for the PVCs to remit. After a PVC-free inter-
val of a week, Mr. A was rechallenged with the same dose
of modafinil. The PVCs returned after only 10 days of tak-
ing modafinil. It was again discontinued, and the PVCs
subsided in a matter of 2 weeks. Mr. A has been PVC-free
since (more than 1 year).

The exact mechanism of action for modafinil is not known.
Modafinil has wake-promoting actions, such as sympathomi-
metic agents, including amphetamine and methylphenidate,
but the pharmacological profile is not identical. Modafinil has
been reported to be associated with a positive effect in atten-
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tion deficit hyperactivity symptoms, as well as providing in-
creased energy. Modafinil has not been evaluated in patients
with a recent history of myocardial infarction or unstable an-
gina (package insert). Further careful case reports and con-
trolled studies are needed to more precisely correlate modafi-
nil with cardiac arrhythmias, such as PVCs, and to elucidate
the causal mechanism responsible.
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Risperidone-Induced Immunoallergic Hepatitis

To THE EDITOR: Mechanisms of reported risperidone-induced
hepatotoxicity remain unclear (1). We report a case of ris-
peridone-induced cytolytic hepatitis, suggesting an immu-
noallergic reaction.

Mr. A, a 28-year-old Caucasian man with paranoid
schizophrenia, was administered risperidone (titrated up
to 8 mg/day within 5 weeks) because of a reappearance of
auditory hallucinations and thought disorder after he had
been free of all medications for 12 months.

After 7 weeks of outpatient risperidone monotherapy,
elevated levels of serum aspartate aminotransferase (AST)
(83 U/liter, normal=10-50) and alanine aminotransferase
(ALT) (123 U/liter, normal=10-60) were observed. The re-
sults of cholestatic blood measurements, WBC and RBC
counts, and coagulation tests were normal. Mr. A’s medi-
cal history did not reveal autoimmune or allergic disease.
There was no history of alcohol or substance abuse, ex-
cept occasional hashish smoking. During Mr. A’s previous
hospitalization (4 years earlier), while he was receiving ha-
loperidol, his serum transaminase levels had been nor-
mal.

His ALT and AST levels markedly increased during the
8th week of treatment (AST=139 U/liter, ALT=522 U/liter).
Mr. A developed nausea, vomiting, and epigastric pain.
Hospitalization was decided upon, and risperidone treat-
ment was discontinued.

An abdominal ultrasound was normal. Serological
markers for viral hepatitis A, B, and C were negative. De-
terminations of ceruloplasmin and copper in his serum
were also normal. His WBC count showed eosinophilia
(850 cells/mm?3, normal<500), and laboratory analyses for
autoimmune diseases revealed high levels of anti-smooth-
muscle antibodies (titer=1:640), without actin or vimentin
specificity. Tests for anti-liver-kidney microsomal enzymes,
antisoluble liver antigen, and antinuclear and antimito-
chondrial auto-antibodies were negative.

With treatment consisting only of loxapine (200 mg/day)
and oxazepam (200 mg/day), Mr. A’s AST and ALT levels re-
turned to normal within 3 weeks. One month after risperi-
done discontinuation, his anti-smooth-muscle antibodies
titer had decreased to 1:100, and his eosinophil level had
returned to normal. Mr. A was then given haloperidol (20
mg/day), and his serum transaminase levels remained
normal.

The temporal relationship between risperidone exposure
and serum liver enzyme elevations, deterioration under con-
tinuing risperidone treatment, an immediate decrease in liver
enzyme abnormalities after risperidone discontinuation, and
the exclusion of other causes made us classify our case as
probable risperidone-induced hepatotoxicity, according to
the scale of Naranjo and colleagues (2).

1984 http.//ajp.psychiatryonline.org

Risperidone is metabolized to its active metabolite (9-OH-
risperidone) by cytochrome P450 (CYP) 2D6 (3). In slow me-
tabolizers of CYP2D6, marked differences in the pharmacoki-
netic profile of risperidone and 9-OH-risperidone might in-
crease the risk of liver toxicity (1). In our patient, this
hypothesis was not supported by the CYP2D6 genotype
(CYP2D6*1/CYP2D6*5), which corresponds to the CYP2D6
rapid metabolizer phenotype. However, a metabolic type of
idiosyncratic toxicity resulting from rare CYP2D6 mutations
other than CYP2D6*3, CYP2D6*4, and CYP2D6*5 cannot be
ruled out.

Eosinophilia and high levels of anti-smooth-muscle anti-
bodies suggest a risperidone-induced immunoallergic reac-
tion (4). The significant decreases in the patient’s eosinophil
count and anti-smooth-muscle antibodies levels after risperi-
done discontinuation support this hypothesis. The possibility
of drug-induced immunoallergic hepatitis must therefore be
kept in mind when initiating treatment with risperidone.
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An Update of Fast-Off Dopamine D> Atypical
Antipsychotics

To THE EDITOR: Older antipsychotics (chlorpromazine and ha-
loperidol) elicit extrapyramidal signs and prolactinemia,
compatible with the idea that these typical antipsychotics
bind more tightly than dopamine itself to the dopamine D>
receptor, with dissociation constants that are lower than
those for dopamine (1). The newer atypical antipsychotics,
such as quetiapine, clozapine, and remoxipride, bind more
loosely than dopamine to the D receptor, with dissociation
constants that are higher than those for dopamine, thus min-
imizing extrapyramidal signs.

These data agree with the rates of antipsychotic dissocia-
tion from human cloned D, (1-3). For instance, haloperidol,
chlorpromazine, and raclopride dissociate slowly over 30
minutes, whereas quetiapine, clozapine, remoxipride, and
amisulpride dissociate rapidly, in less than 60 seconds (1).
These data match brain imaging findings that show haloperi-
dol remaining constantly bound to D, in humans undergoing
two positron emission tomography scans 24 hours apart,
whereas the occupation of D; by clozapine or quetiapine has
mostly disappeared after 24 hours (reviewed in reference 1).
Atypical antipsychotics, therefore, are helpful to patients by
transiently occupying D, and then rapidly dissociating to al-
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