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ardive dyskinesia (TD), an iatrogenic syndrome of
involuntary movements, has been one of the most

Effects of Levetiracetam on Tardive Dyskinesia:
A Randomized, Double-Blind, Placebo-Controlled Study

Scott W. Woods, M.D.; John R. Saksa, Psy.D.; C. Bruce Baker, M.D.;
Shuki J. Cohen, Ph.D.; and Cenk Tek, M.D.

Objective: The goal of this study was to evaluate
the efficacy and safety of levetiracetam versus
placebo for tardive dyskinesia (TD).

Method: This double-blind, placebo-controlled,
randomized study was conducted at the Connecticut
Mental Health Center between September 2004 and
April 2006. Antipsychotic-treated patients meeting
Glazer-Morgenstern criteria for TD were assigned at
random to receive levetiracetam 500 mg/day to 3000
mg/day or placebo for 12 weeks. After completion of
12 weeks, patients were permitted to receive open-
label levetiracetam for a further 12 weeks. The prin-
cipal efficacy outcome measure was improvement in
the Abnormal Involuntary Movement Scale (AIMS)
total score. Safety was assessed with an adverse
event scale, psychiatric symptom rating scales,
weight, and hematologic tests.

Results: A total of 50 patients were randomly
assigned to treatment. AIMS total scores were mod-
erate in severity at baseline. Mixed regression mod-
els revealed that AIMS total scores declined 43.5%
from baseline in the levetiracetam group compared
to 18.7% for placebo (p = .022). Patients continuing
levetiracetam in the open-label phase continued to
improve, and patients crossed over to open-label
levetiracetam improved to a similar degree as those
initially assigned. Levetiracetam was well tolerated.

Conclusion: Levetiracetam appeared effective for
TD in this study. The mechanisms of its therapeutic
effect are unclear but may involve reducing neuronal
hypersynchrony in basal ganglia. Future studies
should attempt to replicate the current results.
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T
limiting adverse effects associated with antipsychotic
medication. Some studies suggest that the newer atypical
antipsychotics reduce the risk of tardive dyskinesia1,2;
however, despite widespread use of the newer agents, TD
unfortunately appears to continue to be a prevalent condi-
tion in current practice.3–7 Tardive dyskinesia also remains
an illness in need of satisfactory treatments.8,9

Levetiracetam, the levorotary stereoisomer of an eth-
ylated congener of the commonly used European medica-
tion piracetam, is a U.S. Food and Drug Administration
(FDA)–approved treatment for epilepsy. The mechanisms
of action for levetiracetam are not fully known. Levetirac-
etam binds to a novel, specific binding site in CNS mem-
branes10 known as synaptic vesicle protein 2A (SV2A).11 A
number of clinical and preclinical studies suggest that
levetiracetam may have efficacy for TD. Three prospec-
tive open-label trials12–14 and a case report,15 totaling to 42
patients, have all reported findings consistent with effi-
cacy. In addition, an open study and case reports suggest
levetiracetam may be helpful for levodopa-induced dys-
kinesia (LID) in Parkinson’s disease,16,17 although 2 more
open studies found a lack of efficacy for this condition,18,19

and all 4 studies indicate problematic sedation in this
population. Levetiracetam also has decreased dyskinetic
movements in an animal model of LID.20–23 Other open
studies and case reports suggest levetiracetam is helpful in
humans with a variety of other dyskinetic or hyperkinetic
movement disorders.24–38 Case reports39,40 have also sug-
gested the possible efficacy of piracetam for TD.

Despite this variety of suggestive evidence, however,
no placebo-controlled findings on the possible effects of
levetiracetam for TD have yet been published. The overall
goal of the present project was therefore to conduct such
a trial.

METHOD

Patients
Participants were recruited from adult patients regis-

tered clinically at the Connecticut Mental Health Center
(CMHC). The Yale Human Investigation Committee
approved the study. Subject data were collected between
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September 2004 and April 2006. Possible side effects
were explained fully to each patient, and each patient gave
written informed consent. Consenting patients underwent
baseline evaluation, including evaluation of eligibility for
randomization. In order to be eligible for randomization,
patients must have (1) met Glazer-Morgenstern criteria41

for a diagnosis of TD based on the Abnormal Involuntary
Movement Scale (AIMS) 42 examination on 2 consecutive
examinations separated by 1 week, (2) been sufficiently
stable psychiatrically that their CMHC clinician indicated
that changes in prescribed antipsychotic medication drug
or dosage were not anticipated in the next 3 months, (3)
been compliant with their prescribed medications, (4) had
no unstable medical illness, (5) had no neurologic illness
that might interfere with TD severity examinations, (6)
had no history of renal insufficiency, (7) not been pregnant
or breast feeding and been willing to use medically ac-
ceptable methods of contraception, (8) not initiated or
increased the dosage of medication intended to treat TD
within 4 weeks of enrollment, (9) not had leucopenia, neu-
tropenia, or thrombocytopenia on baseline complete blood
count with differential, and (10) not been known to be in-
fected with human immunodeficiency virus or to be im-
munocompromised on another basis. Glazer-Morgenstern
criteria for dyskinesia at a particular visit require that the
total AIMS score be ≥ 3, with at least 1 body area rated
≥ 2. Baseline evaluation also included psychiatric and
substance abuse diagnoses using the Structured Clinical
Interview for DSM-IV,43 duration of TD by history and
medical record review, and urine toxicology screen.

Procedures
Eligible patients who gave written informed consent

were assigned at random to receive levetiracetam versus
matching placebo for 12 weeks. Each pill contained either
levetiracetam 500 mg or placebo. Dosing was flexible,
within the following guidelines. Dosage was initiated at 1
pill at bedtime for 1 week. Thereafter, side effects permit-
ting and assuming lack of complete response, the dose
was recommended to be escalated weekly by 500 mg/day
to the maximum dose of 3000 mg/day, given in 2 divided
doses. When the 2 daily doses were unequal, the larger
dose was prescribed at bedtime. Patients continued in
clinical treatment for their primary psychiatric disorders.
Study visits during the double-blind phase occurred at
baseline and at weeks 1, 2, 3, 4, 6, 9, and 12 after random-
ization. Medication adherence was assessed with pill
counts.

After the double-blind phase, patients in the placebo
group were offered the opportunity to receive open-label
levetiracetam for a further 12 weeks. The blind from the
former phase was maintained in the levetiracetam group,
and levetiracetam was titrated (or retitrated) as per the
schedule used in the double-blind phase. Thus, former pla-
cebo patients were crossed over to levetiracetam during

this phase, and former double-blind levetiracetam-
assigned patients continued levetiracetam during this
phase. Study visits during the open-label phase occurred
at weeks 13, 14, 15, 16, 18, 21, and 24 weeks after initial
randomization.

At each study visit, patients were weighed and under-
went an AIMS examination and symptom ratings using
the Positive and Negative Syndrome Scale (PANSS),44

Young Mania Rating Scale (YMRS),45 Montgomery-
Asberg Depression Rating Scale (MADRS),46 and the
Hamilton Rating Scale for Anxiety (HAM-A)47 adminis-
tered via a structured interview guide.48 Adverse events
were rated using the Systematic Assessment for Treatment
Emergent Events, general inquiry method.49 Complete
blood counts were obtained at baseline and at 6, 12, 18,
and 24 weeks. Quality of life was assessed using the
Heinrichs-Carpenter Scale50 at baseline.

We converted all antipsychotic doses to chlorproma-
zine equivalents, using published equivalencies for oral
conventional51 and atypical52 antipsychotics. We convert-
ed depot doses to oral doses using the manufacturers’ rec-
ommended equivalents for haloperidol (15 mg/4 weeks
intramuscularly equivalent to 1 mg/day orally), fluphena-
zine (12.5 mg/3 weeks intramuscularly equivalent to 10
mg/day orally), and risperidone (25 mg/2 weeks intramus-
cularly equivalent to 2 mg/day orally); these are generally
supported by empirical studies.53–55

Statistical Methods
Comparability of randomized groups at baseline was

assessed using analysis of variance for continuous mea-
sures and Fisher exact test for categorical measures. The
principal outcome measure was defined a priori as the
AIMS total score. This and other continuous measures
over time during the acute phase were analyzed using
mixed-effects models,56–58 including terms for treatment,
time, baseline severity, and treatment-by-time interaction.
All of these terms were considered fixed effects in the
model, with the subjects term modeled as a random effect.
The most parsimonious covariance matrix for within-
patient error was specified, using Schwarz’s Bayesian
Criterion. Model-based least-squares means were tabu-
lated by treatment and time. Analyses exploring possible
quadratic effects of time were also explored; these models
did not materially improve upon the simpler linear model
and yielded similar results. Descriptive methods were
used to assess results during the open-label phase. All hy-
potheses were tested at 2-sided α = .05. Power calcula-
tions indicated that a sample size of 25 per group was re-
quired to have power greater than 0.80 to detect an
average 3-point improvement in the AIMS total score in
the levetiracetam group as statistically different from an
average 1-point improvement in the placebo group.59

Review of the literature on double-blind, placebo-
controlled studies did not identify strong a priori hy-
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potheses for possible moderators of drug versus placebo
effects. One study suggested that the difference between
ceruletide versus placebo was stronger among patients
less than 60 years of age,60 and another study reported that
the effects of vitamin E were stronger versus placebo
among the subgroup of patients who had had TD for fewer
than 5 years.61 Analyses to investigate whether baseline
factors modified the treatment effect over time therefore
tested effects of age and duration of TD and explored ad-
ditional empirically selected variables: baseline AIMS to-
tal score, gender, and antipsychotic dose and type. These
analyses were accomplished by adding 3-way interaction
terms to separate models.

In addition to the principal analyses of the AIMS total
score, we also investigated the relative rates at which
subjects achieved remission, defined a priori as no
longer meeting the Glazer-Morgenstern TD entry criteria.
These analyses employed Cox regression or “survival”
techniques.

RESULTS

Patients and Disposition
A total of 50 patients were randomly assigned: 25 as-

signed to placebo and 25 to levetiracetam (Figure 1). Most

patients were middle-aged and were receiving atypical
antipsychotics at baseline (Table 1). The treatment groups
did not differ significantly on demographic or diagnostic
measures at baseline, although there were trends for the
levetiracetam group to be younger, less well-educated,
and to be on lower chlorpromazine equivalent antipsy-
chotic doses (Table 1). Completion rates (64% [N = 16]
for the levetiracetam group and 80% [N = 20] for the pla-
cebo group, p = .345) and reasons for discontinuation
(Figure 1) also did not differ significantly between treat-
ment groups. The mean ± SD number of weeks patients
participated in the acute phase was 8.4 ± 5.1 for the leve-
tiracetam group and 10.2 ± 3.9 for the placebo group
(F = 1.98, df = 49, p = .166).

Dosing and Concomitant Medication
Prescribed daily doses (mean ± SD) at the last visit

during the randomized phase were 1900 ± 1099 mg/day
for levetiracetam and 2460 ± 912 mg/day for placebo
(F = 3.84, df = 1,48; p = .056). Pill count adherence was
98% for levetiracetam and 89% for placebo. Changes in
the prescribed concomitant antipsychotic medications or
their doses during the randomized phase occurred in 3
levetiracetam patients (12%) versus 5 placebo patients
(20%, p = .702). Changes in the prescribed concomitant

Figure 1. Study CONSORT Diagram

Abbreviation: TD = tardive dyskinesia.
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anticholinergic medications or their doses during the ran-
domized phase occurred in 0 levetiracetam patients (0%)
versus 2 placebo patients (8%, p = .490).

Efficacy During Double-Blind Phase
Since there was a small difference between random-

ized groups on AIMS total score at baseline (Table 1), and
baseline AIMS scores were significantly correlated with
subsequent scores, the mixed-effects model for the AIMS
total score included a term for baseline as well as terms
for treatment and time. In addition to the treatment-
by-time interaction term, baseline-by-time, baseline-by-
treatment, and baseline-by-treatment-by-time interaction
terms were initially included as well. Since none of the
interactions with baseline were statistically significant,
these terms were eliminated from the model. Further
analyses revealed that the small age difference at baseline
did not confound the levetiracetam treatment effect, nor
did the small baseline differences in years of education,
antipsychotic chlorpromazine equivalent dose, antipsy-
chotic type at baseline (only atypical vs. any conven-
tional), or gender. Other analyses including 3-way inter-
action terms suggested that the levetiracetam treatment
effect was not modified by age, duration of TD, gender,
or antipsychotic dose or type. Thus none of these terms
were included in the final model, which was restricted to

terms for treatment, time, baseline, and treatment-by-time
interaction.

In the final mixed-effects model, the treatment-by-time
interaction for the AIMS total score during the first 12
weeks (Figure 2A) was statistically significant (F = 5.35,
df = 1,236; p = .022). The levetiracetam-placebo differ-
ence reached a trend level by week 4 and was statistically
significant at weeks 6, 9, and 12 (Figure 2A). At week 12,
the AIMS total score model-estimated marginal mean in
the levetiracetam group dropped 43.5% from baseline, and
the placebo group estimated mean fell 18.7%.

Cox regression analyses of time-to-remission employed
the baseline AIMS total score as a covariate. Group differ-
ences did not achieve statistical significance.

Efficacy During Open-Label Crossover
to Levetiracetam

Among 20 patients completing acute treatment who had
been assigned to placebo, 17 entered the open-label phase.
Of these, 14 completed 12 weeks (82%). Prescribed daily
doses (mean ± SD) at the last visit were 2350 ± 860 mg/
day. Only 2 of these patients underwent antipsychotic
medication or dosage adjustments. After 12 weeks of
open-label levetiracetam, the AIMS total score estimated
mean dropped 25.1% from the end of placebo and a total
of 39.1% from the original baseline (Figure 2B).

Table 1. Baseline Characteristics of Randomized Groups of Patients With Tardive Dyskinesia (TD)
Characteristic Levetiracetam (N = 25)a Placebo (N = 25)a p

Male, N (%)b 16 (64) 13 (52) .567
White, N (%)b 9 (36) 10 (40) .999
Age, mean ± SD, yb 45.1 ± 10.0 49.8 ± 9.3 .091
Education, mean ± SD, yb 11.5 ± 2.9c 12.2 ± 2.6d .081
Weight, mean ± SD, kg 84.9 ± 19.4d 92.3 ± 20.1d .199
Antipsychotic dose, mean ± SDe 455 ± 334 800 ± 958 .099
Priorb antipsychotic dose, mean ± SDe 455 ± 346 807 ± 949 .091
Anticholinergic use, N (%) 13 (52) 12 (48) .999
AIMS total score, mean ± SD 9.4 ± 3.4 8.0 ± 3.1 .157
Principal psychiatric diagnosis, N (%) .333

Schizophrenia/schizoaffective 24 (96) 21 (84)
Affective disorder 1 (4) 3 (12)
Other 0 (0) 1 (4)

Substance abuse or dependence, N (%) 10 (40) 9 (36) .999
Duration of TD, mean ± SD, y 7.5 ± 8.4 9.0 ± 7.3 .501
Antipsychotic type, N (%) .416

Atypical only 13 (52) 16 (64)
Conventional only 8 (32) 4 (16)
Atypical and conventional 4 (16) 5 (20)

PANSS total score, mean ± SD 72.3 ± 10.3d 76.2 ± 15.9 .311
MADRS total score, mean ± SD 7.7 ± 7.0d 9.2 ± 8.5 .486
YMRS total score, mean ± SD 2.1 ± 2.1d 3.3 ± 4.2d .215
HAM-A total score, mean ± SD 9.4 ± 7.2c 10.0 ± 6.9 .765
Heinrichs-Carpenter total score, mean ± SD 64.0 ± 14.9d 59.4 ± 19.0 .347
aSample sizes: N = 25, except where indicated.
b3 months prior to baseline.
cN = 23.
dN = 24.
eChlorpromazine equivalents.
Abbreviations: AIMS = Abnormal Involuntary Movement Scale, HAM-A = Hamilton Rating Scale for Anxiety,

MADRS = Montgomery-Asberg Depression Rating Scale, PANSS = Positive and Negative Syndrome Scale,
YMRS = Young Mania Rating Scale.
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Efficacy During Open-Label
Levetiracetam Continuation

Among 16 patients completing acute treatment who
had been assigned to levetiracetam, 15 entered the open-
label phase. Of these, 11 completed the 12 continuation
weeks (73%). Prescribed daily doses (mean ± SD) at the
last visit were 2156 ± 1028 mg/day. Only 1 of these pa-

tients underwent antipsychotic medication or dosage ad-
justments during this phase. Figure 2C shows that AIMS
total scores continued to improve in these patients. At
week 24, the AIMS total score estimated marginal mean
dropped 25.1% from week 12 and a total of 57.7% from
the original baseline.

Poststudy Treatment Selection
Of the 25 subjects completing the open-label phase, 12

(48%) continued levetiracetam on a clinical basis after the
protocol ended.

Safety
Adverse events leading to treatment discontinuation

are shown in Figure 1. The 2 cases of psychiatric deterio-
ration in patients receiving levetiracetam were for recur-
rence of suicidality in a patient with comorbid borderline
personality disorder and for relapse to substance abuse.
The 3 cases of psychiatric deterioration in patients receiv-
ing placebo were for agitated and psychotic behavior, for
suicidal behavior, and for general clinical deterioration.
The other adverse event leading to discontinuation was
sedation in 1 patient receiving levetiracetam and aspira-
tion pneumonia of unknown cause in 1 patient receiving
placebo. In the 4 patients discontinuing levetiracetam
because of protocol- or medication-nonadherence, 2 no
longer had time for study visits (1 new job, 1 with marital
problems), 1 became concerned about the theoretical po-
tential for adverse effects and withdrew consent, and 1
decided to discontinue psychiatric treatment.

Adverse events overall were similar in levetiracetam-
and placebo-treated groups during double-blind treatment
(Table 2). Emergent ataxia/impaired coordination was
observed in 2 patients receiving levetiracetam, in both
cases rated as moderate. In one case, the complaint re-
solved with continued treatment. In the other case, ataxia
emerged at the last visit of the double-blind phase, where-
upon the patient decided not to continue on to the open-
label phase.

Figure 2. Abnormal Involuntary Movement Scale (AIMS)
Total Scores Over Time With Levetiracetam and Placebo

aEstimated marginal means and standard errors from mixed regression
model for AIMS total scores during double-blind treatment in
patients randomly assigned to levetiracetam versus placebo. Time is
shown as weeks since randomization. Model contained terms for
assignment, baseline score, time, and the assignment-by-time
interaction. These terms were modeled as fixed effects with the
subjects term modeled as a random effect. Values are adjusted to the
grand baseline mean. Indicated p values are for levetiracetam versus
placebo at indicated time point with a 2-tailed test.

bEffects of open-label levetiracetam treatment in the former placebo
group.

cEffects of open-label continuation treatment in the group previously
randomized to levetiracetam.
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Table 2. Patients Reporting Any Increase From Baseline at
Any Time, According to Systematic Assessment for
Treatment Emergent Events, General Inquiry Method
(SAFTEE-GI)

Levetiracetam Placebo
SAFTEE-GI Terma (N = 25), N (%) (N = 25), N (%) p

Sedation 10 (40) 9 (36) .999
Excitement/nervousness 3 (12) 1 (4) .609
Headache 3 (12) 1 (4) .609
Nasal congestion 3 (12) 2 (8) .674
Irritability 2 (8) 0 (0) .490
Ataxia 2 (8) 0 (0) .490
Appetite decrease 2 (8) 0 (0) .490
Fatigue 2 (8) 1 (4) .999
Dry mouth 2 (8) 1 (4) .999
aAll SAFTEE-GI terms with > 2 emergent complaints in the

levetiracetam group.
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Rating scale data similarly showed little evidence of
psychiatric deterioration. In the mixed-effects analysis,
the treatment-by-time interaction for the PANSS total
score actually suggested a significant improvement (F =
6.19, df = 1,131; p = .014). Post hoc analyses revealed
that the levetiracetam-placebo differences were small
but statistically significant by week 6. At week 12,
levetiracetam-treated patients had improved from baseline
by 2.0 points, compared to a 0.2 point decline in the pla-
cebo group. The p values for the treatment-by-time inter-
action for the YMRS, MADRS, and HAM-A were not sta-
tistically significant.

During the open-label phase, 3 former placebo patients
complained of newly emergent sedation, and 1 com-
plained of dizziness. Three patients during open-label
levetiracetam continuation complained of newly-emergent
sedation, 2 of irritability, 2 of dizziness, and 1 of ataxia.

The treatment-by-time interaction for weight during the
double-blind phase was not statistically significant, and
there was no meaningful change in weight during the
open-label phase, either in the crossover to levetiracetam
group or the levetiracetam continuation group. Analyses
on white blood cell (WBC) count, absolute neutrophil
count (ANC), hemoglobin, hematocrit, and platelet count
outcomes similarly showed no significant treatment-by-
time interaction. In no patient did the WBC count fall
below 2.8 × 109/L, the ANC fall below 1.0 × 109/L, or the
platelet count fall below 75 × 109/L.

DISCUSSION

The principal finding of the present study is that the se-
verity of TD movements in patients randomly assigned to
levetiracetam improved significantly more than in those
assigned to placebo over 12 weeks, as measured by the
AIMS total score. The levetiracetam treatment effect did
not appear to be modified by age, gender, baseline antipsy-
chotic medication type or dose, or baseline TD severity.
Open-label phase findings also supported levetiracetam
efficacy. Rates of behavioral adverse events in this chroni-
cally ill group of psychiatric patients were low overall and
similar in the randomized groups.

The degree of improvement observed during 12 weeks
of blinded levetiracetam appears clinically meaningful
(43.5% intent-to-treat average reduction in the AIMS total
score). The average improvement from baseline of 57.7%
at 24 weeks in the group continuing levetiracetam continu-
ation appears clinically robust. Nearly half of patients
completing the protocol chose to continue levetiracetam
after the study ended on a clinical basis, confirming that
the benefit patients received was clinically important in
many cases.

The study design featured several strengths that in-
crease confidence in the findings. Tardive dyskinesia effi-
cacy studies have historically featured small sample sizes;

we are aware of only 4 larger than ours.62–65 Inclusion of
placebo as the control treatment increases confidence in
efficacy of levetiracetam. Modest to moderate improve-
ment in TD with placebo in the range that we observed has
been reported previously.66–72 Treatment duration was
relatively long-term compared to many previous TD effi-
cacy studies, and the parallel design addresses concerns
about possible carryover effects with the crossover design
that has historically been frequently used in TD treatment
studies. Finally, the study was conducted at only 1 site
with only 2 raters, who were very experienced and had es-
tablished excellent interrater reliability in a previous
study.7 The single-site design confers a strength in terms
of minimizing measurement error, although it also im-
poses a limitation in terms of generalizability.

In addition to the limitation imposed by the single-site
design, a second limitation of the trial is that analyses of
time to remission did not distinguish between levetirac-
etam and placebo, even though analyses of the principal
outcome (the continuous AIMS total score measure) were
statistically significant, as outlined above. The reasons for
nonsignificance in the time to remission analyses are
not clear. One possibility is the limited sample size. Cate-
gorical outcomes are inherently less statistically powerful
than the AIMS total score continuous outcome on which
we based sample size calculations. Another possibility is
that the levetiracetam treatment effect is sufficiently ro-
bust to improve the severity of tardive dyskinesia but not
sufficiently robust to achieve remission. Further explora-
tions of alternate categorical outcomes were promising
but are not reported here due to their post hoc character.
Future studies could test such hypotheses a priori.

Another potential limitation is that TD severity was
only moderate on average in our sample, raising questions
as to whether levetiracetam would be effective in more se-
verely affected patients. This is a question requiring fur-
ther empirical study; however, the levetiracetam-placebo
difference did not vary significantly across the range
of severity present in our subjects. Interestingly, in the 3
previously-reported prospective open-label trials,12–14 TD
movements were approximately twice as severe as those
in our patients, and improvement from baseline to the fi-
nal time point was more pronounced than in our patients,
in the context of trial durations that were similar,14

shorter,12 or longer,13 and average levetiracetam doses that
were similar13,14 or lower.12 Lastly, the blind was main-
tained in patients who had been randomly assigned to
levetiracetam as they entered continuation, so we needed
to retitrate levetiracetam doses in this group. This reti-
tration may have reduced efficacy during continuation.

Behavioral toxicity was not a limiting adverse effect of
levetiracetam in our chronic psychiatric population. Leve-
tiracetam treatment has been labeled with a warning from
the FDA due to infrequent emergence of psychotic symp-
toms, suicidality, and other behavioral symptoms in the
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epilepsy registration trials.73 In other patient groups,
analyses of placebo-controlled studies of levetiracetam
suggested that these concerns did not extend to the trials
investigating cognitive enhancement or antianxiety prop-
erties.74 The current study is the first of which we are
aware in chronic psychiatric patients, and discontinu-
ations for behavioral adverse events or effects on rating
scales with levetiracetam did not exceed placebo effects.
Caution is still indicated nevertheless in using levetirac-
etam with psychiatric patients, because the current sample
size is far too small to detect rare events.

Levetiracetam is also labeled with warnings from the
FDA resulting from rates of somnolence and ataxia in
the epilepsy trials that exceeded rates with placebo.73 For
example, in the epilepsy trials, about 3% of levetiracetam-
treated patients discontinued treatment due to somnolence
versus 0.7% for placebo, and 3.4% versus 1.6% experi-
enced coordination problems. Somnolence and ataxia
findings in our small group of chronically psychotic pa-
tients receiving other potentially sedating medications ap-
peared similar to the experience with epilepsy patients. In
the double-blind phase, 1 subject (4%) discontinued leve-
tiracetam due to somnolence, and 2 subjects (8%) experi-
enced emergence of ataxia/impaired coordination rated as
moderate. Across all phases, the total number of patients
complaining of newly emergent sedation at any time with
levetiracetam was 16, among 42 patients (38%) receiving
active drug for up to 24 weeks.

Levetiracetam is labeled with a precaution from the
FDA for hematologic abnormalities. In the adult epilepsy
registration trials, in which subjects took levetiracetam
for up to 16–18 weeks, the WBC count fell below
2.8 × 109/L at some time in 3.2% of levetiracetam patients
and in 1.8% of placebo patients. The ANC fell below
1.0 × 109/L at some time in 2.4% of levetiracetam patients
and in 1.4% of placebo patients. No patient was discontin-
ued from treatment for low ANC, and, in all cases but 1,
ANC rose with continued treatment.73 In a summary of
adverse events on 3347 patients exposed to levetiracetam
for as long as 3 years or more, the incidence of WBC drop
was lower in the first month and then relatively constant
across exposure duration thereafter.75 In postmarketing re-
ports, there have been infrequent complaints of leucope-
nia, neutropenia, pancytopenia, and thrombocytopenia in
patients receiving levetiracetam. Although we did not ob-
serve any important effects of levetiracetam on hemato-
logic parameters, our sample has very low power to detect
infrequent events.

The pathophysiology of tardive dyskinesia remains
relatively obscure, and the mechanisms of action of leve-
tiracetam similarly remain to be fully elucidated. Conse-
quently, we can only speculate about mechanisms of the
observed treatment effect. We initiated the current study
based largely on reports of clinical experience with leve-
tiracetam12–15 and piracetam.39,40 Clinical use of levetirac-

etam in TD had been undertaken based on clinical studies
of levetiracetam in LID in Parkinsonian patients.16,17

These LID clinical studies had been based on levetirac-
etam performance in an animal model of LID,20–23 which
in turn had been suggested by basal ganglia electro-
physiologic hypersynchrony in an animal Parkinsonism
model76,77 (and recently in the LID animal model78 and in
LID patients79 as well) and by levetiracetam’s ability
to reduce hypersynchrony in epilepsy models.80–82 Basal
ganglia hypersynchrony has not to our knowledge been
investigated in TD patients or TD animal models.

Levetiracetam does have other reported properties that
could interact with γ-aminobutyric acid (GABA),83 gluta-
mate,84 and/or free radical/oxidative85 mechanisms impli-
cated in TD. Postmortem TD patient studies and rodent
and primate models of TD have observed GABA system
dysregulation in subthalamic nucleus and other basal gan-
glia sites,86–92 possibly consequent to neuronal loss and/or
ultrastructural pathology in striatum,93 which in turn may
be due to excitatory and oxidative toxicity initiated by
blockade of dopamine D2 receptor located on cortico-
striatal glutamate terminals.84 Levetiracetam’s reported
ability to alter GABA turnover in striatum and substantia
nigra94 and/or its reported ability to enhance nitric oxide
production95 could potentially have contributed to the
therapeutic effect we observed. Lastly, effects of leveti-
racetam at its SV2A synaptic vesicle site11 could poten-
tially relate to TD efficacy.

Recently, we became aware of another placebo-
controlled study of levetiracetam for TD, as yet unpub-
lished (J. Gerlach, M.D., data on file, UCB Pharma,
Brussels, Belgium, 2006). In this study, 70 TD patients at
15 sites in Belgium, Bulgaria, Germany, Hungary, and
Poland were assigned at random to levetiracetam versus
placebo for 8 weeks. Mean stable doses achieved were
2642 mg/day for levetiracetam and 2520 mg/day for pla-
cebo. Interpretation of the St. Hans TD severity ratings96

was compromised by substantial differences between
treating psychiatrist ratings and ratings conducted by a
single neurologist at a central site from videotaped exami-
nations. The central St. Hans ratings were approximately
one third of site St. Hans ratings. No significant differ-
ences in efficacy emerged between levetiracetam and pla-
cebo, however, on either set of ratings. It is difficult to ac-
count for the different outcomes between this study and
ours. Doses achieved were similar to ours, and the sample
was somewhat larger. Although our study lasted 12 weeks
instead of 8 weeks, in our sample, levetiracetam was sig-
nificantly superior to placebo by week 6. The central rat-
ings suggested that baseline TD severity may have been
mild, rather than moderate as in our study.

In summary, levetiracetam was well tolerated and ap-
peared effective in this placebo-controlled treatment trial
for TD. In view of the uncertain mechanism of the ob-
served therapeutic effect and a previous negative unpub-
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lished study, however, further study and replication is
warranted. Readers are reminded that levetiracetam is not
FDA-approved for the treatment of TD, and that caution
is warranted given its various potential adverse effects,
perhaps particularly in psychiatric patients.

Drug names: haloperidol (Haldol and others), levetiracetam (Keppra),
risperidone (Risperdal).
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