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Abstract
Objective—To compare the eYcacy, toler-
ability, and safety of three daily dosage
regimens of oral piracetam in patients
with progressive myoclonus epilepsy.
Methods—Twenty patients (12 men, eight
women), aged 17–43 years, with classical
Unverricht-Lundborg disease were en-
rolled in a multicentre, randomised, dou-
ble blind trial of crossover design in which
the eVects of daily doses of 9.6 g, 16.8 g,
and 24 g piracetam, given in two divided
doses, were compared with placebo. The
crossover design was such that patients
received placebo and two of the three dos-
age regimens of piracetam, each for two
weeks, for a total treatment period of six
weeks and thus without wash out between
each treatment phase. The primary out-
comemeasure was a sum score represent-
ing the adjusted total of the ratings of six
components of a myoclonus rating scale in
which stimulus sensitivity, motor impair-
ment, functional disability, handwriting,
and global assessments by investigators
and patients were scored. Sequential
clinical assessments were made by the
same neurologist in the same environ-
ment at the same time of day.
Results—Treatment with 24 g/day pira-
cetam produced significant and clinically
relevant improvement in the primary out-
come measure of mean sum score
(p=0.005) and in the means of its subtests
of motor impairment (p=0.02), functional
disability (p=0.003), and in global assess-
ments by both investigator (p=0.002) and
patient (p=0.01). Significant improvement
in functional disability was also found
with daily doses of 9.6 g and 16.8 g. The
dose-eVect relation was linear and signifi-
cant. More patients showed clinically
relevant improvement with the highest
dosage and, in individual patients, in-
creasing the dose improved response.
Piracetam was well tolerated and adverse
eVects were few, mild, and transient.
Conclusions—This study provides further
evidence that piracetam is an eVective and
safe medication in patients with
Unverricht-Lundborg disease. In addi-
tion, it shows that a dose of 24 g is highly
beneficial, more eVective than lower doses

and that a dose-eVect relation exists.
There is considerable variation in optimal
individual dosage.

(J Neurol Neurosurg Psychiatry 1998;64:344–348)
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The progressive myoclonus epilepsies are char-
acterised by severe myoclonus, grand mal
seizures, and varying neurological deteriora-
tion.1–3 The Baltic type of progressive myo-
clonus epilepsy, Unverricht-Lundborg disease,
is one of the two classic types of the disorder,
the other being Lafora body disease.4–7 We now
know that Unverricht-Lundborg disease is not
confined to the Baltic area but occurs through-
out the world, and that Unverricht-Lundborg
disease, Mediterranean progressive myoclonus
epilepsy, and some Ramsay-Hunt’s syndromes
are the same disease.8–12

The use of valproic acid and clonazepam has
achieved remarkable progress in the treatment
of progressive myoclonus epilepsy.13–15 In addi-
tion, the avoidance of polytherapy and atten-
tion to other therapeutic modalities have
contributed to patient wellbeing.16–18 Myo-
clonic jerks, however, have remained incapaci-
tating and drug resistant. Piracetam has
considerable potential in the treatment of myo-
clonus both because it has been shown to be
eVective in the relief of myoclonic jerks and no
interactions between piracetam and other anti-
convulsant drugs have been reported.19–21 Al-
though higher doses seem to improve the
response, a clear dose-response eVect has not
been shown and the optimal dose has not been
established.
The aims of this study were, in a double

blind setting, to confirm in a homogeneous
group of patients with Unverricht-Lundborg
disease, the eYcacy, good tolerability, and
safety shown in a previous double blind study
in patients with progressive myoclonus
epilepsy21 and to attempt to determine the
optimal dose and the presence of a dose-
response relation. We therefore performed a
multicentre, randomised, double blind, pla-
cebo controlled trial of crossover design22–24 in
which three daily dosage regimens were
compared.
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Patients and methods
PATIENTS

Twenty adults (12 men, eight women) whose
mean age was 30 (range 17–43) years and
mean weight 82 (range 50–117) kg from four
centres in Finland were enrolled in the study.
All patients had classic Unverricht-Lundborg
disease with onset between the ages of 6 and 15
years; stimulus sensitive myoclonus, general-
ised seizures, and abnormal EEG recordings
with photosensitivity and spike and wave
paroxysms.4 7 The diagnosis was confirmed by
genetic analysis showing decreased cellular
mRNA encoded by the gene cystatin B.9 The
mean duration of Unverricht-Lundborg dis-
ease was 21 (range 10–31) years. All patients
were onmedication and dosage had been stable
for at least one month before the trial. Patients
with mild Unverricht-Lundborg disease (sum
score <3) were not included. Pregnant or
lactating females and women of childbearing
age not using adequate contraception were not
included in the study. Other reasons for exclu-
sion were clinically relevant abnormalities in
laboratory tests, participation in a drug trial
during the three months before enrolment, and
participation of a third member of the family in
the study. Informed consent according to the
Helsinki II declaration was obtained from all
patients. The study was approved by local eth-
ics committees and conducted according to
Finnish guidelines for good clinical practice.

STUDY DESIGN AND TREATMENTS

Study treatments were three daily dosages of
piracetam—9.6 g, 16.8 g, or 24 g and placebo.
Doses between 7.2 g and 16.8 g/day piracetam
had previously been shown to be eVective.21 All
piracetam and placebo tablets were identical in
appearance, taste, and smell and blindness was
maintained by a dosage of 10 tablets twice daily
to all patients during placebo and active treat-
ment phases. The crossover study design

chosen was a control balanced residual eVect
design appropriate for the comparison of
several treatments with a control group.24

Eighteen patients were randomly allocated to
treatment. Patients received one of the nine
sequences of treatments (table 1) so that each
received placebo and two of the three dosage
regimens of piracetam. This sequence was
repeated once. Each treatment period lasted
two weeks; there was no wash out period
between treatments because it had been shown
in a previous study that no carry over eVect
occurred.21 The study thus lasted for six weeks
in each patient. The balanced design required
18 patients in whom data were evaluable; any
patient who discontinued the study or whose
data were not valid for analysis was therefore
replaced. Two of 20 patients enrolled were
replaced because their symptoms on entry were
too mild (sum score on entry <3).

ASSESSMENTS

Clinical assessment was performed on entry to
the study and after each two week treatment
period by the same neurologist in the same
environment at the same time of day. Six indi-
ces were assessed: stimulus sensitivity, motor
impairment, functional disability, handwriting,
and global assessments by investigators and
patients. These indices constituted a myo-
clonus rating scale described by Truong and
Fahn25 and adapted by Brown et al.21 Briefly,
each of the six components or subtests was
scored, the scores for each were added, and the
total scores of the six subtests adjusted so that
the sum score for each patient was rated from 0
(best) to 10 (worst). Patients were scored at
baseline and at the end of each two week treat-
ment period. The mean sum score was the pri-
mary measure of outcome and, based on the
results of a previous double blind study, a
diVerence of 1 unit was regarded as clinically
relevant.21

Stimulus sensitivity and motor impairment
were evaluated and scored in eight body areas:
eyes, face, neck, trunk, right and left arm, right
and left leg and, for motor impairment, type,
frequency, and severity were assessed. In the
assessment of functional disability speech,
swallowing, eating, washing, dressing, walking,
and handwriting were rated. Handwriting was
also scored as a separate subtest. Global
assessment by investigators and patient self
assessment using a visual analogue scale were
also rated. Table 2 shows the components of
each subtest and the method of scoring.
Compliance with treatment was evaluated by

counting unused tablets when test bottles were
returned at the end of each treatment period.
All complaints and other adverse events were
recorded at each visit. Haemoglobin, white cell
and platelet counts, and liver function were
tested before and after each treatment period.
Serum sodium, potassium, and creatinine were
measured at the beginning and end of the trial.

STATISTICS

Sample size
The analysis of variance for the eVect of treat-
ment in the previous crossover trial yielded a

Table 1 Treatment
sequences for two-week
treatment periods with
placebo and three dosage
levels of piracetam in nine
patients (this sequence was
repeated once to allow
inclusion of 18 patients)

1 2 3

X A B
X B C
X C A
A X C
B X A
C X B
A C X
B A X
C B X

X = placebo;
A = 9.6 g piracetam;
B = 16.8 g piracetam;
C = 24 g piracetam.

Table 2 Summary of the variables scored and the method of scoring in the six subtests of
the myoclonus rating scale21 25

Score

(A) Stimulus sensitivity:
Stimuli: tendon tap to finger or toe, pinprick, loud noise, flash
of bright light, visual threat 0–40
Range 0–8 for each of these 5 stimuli

(B) Motor impairment: 0–96
Spontaneous myoclonus: 0–32 (score 0–4 for each of 8 areas)
Action myoclonus frequency: 0–32 (score 0–4 for stereotyped
movement in each of 8 areas)
Action myoclonus severity: 0–32 (score 0–4 according to degree of
interference with function)

(C) Functional disability: 0–28
Score 0-4 for degree of impairment of speech, swallowing, eating
(knife and fork), washing, dressing, walking, handwriting

(D) Handwriting: 0–10
Signing name 0–5; copying 0–5

(E) Global assessment by investigator: 0–4
Score 0–4 for from none to severe

(F) Global assessment by patient: 0–10
Score 0–10 using 10 cm visual analogue scale

Adjusted sum score (A/40 + B/96 + C/28 + D/10 + E/4 + F/10) x 10/6) 0–10

Type, frequency, and severity of myoclonus evaluated with scoring for stimulus sensitivity and
motor impairment were assessed in eight body areas: eyes, face, neck, trunk, right and left arm,
right and left leg.
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mean square error of 0.55.21 The eVect of
treatment in that trial was a reduction in the
mean adjusted sum score from 5.0 to 3.8 (a
diVerence of 1.2). In the present trial, the aim
was to show, with a probability of 90% and a
significance level of 0.05, a diVerence of 1 unit
in the mean adjusted sum score between the
placebo group and a group receiving pira-
cetam. It was estimated that 12 patients were
required. Because of the control residual
balanced design, each patient received placebo
and two of the three dosages of piracetam; 18
patients were required to show such a diVer-
ence between placebo and each dosage level of
piracetam.
Quantitative variables were described by

means, SD, and ranges and qualitative vari-
ables by frequencies and percentages. Inferen-
tial analysis was performed for all end points of
the clinical assessment scale. To test for eVects
of treatment, period, and first order carry over,
analysis of variance (ANOVA) using the SAS
proc mixed procedure was performed.23 The
least square means and 95% confidence inter-
vals (95% CIs) for each treatment group were
calculated from this analysis. The assumption

of normality was checked by means of normal
probability plots of residuals. Regression analy-
sis was performed to test the linearity of the
dose-eVect relation of the mean sum score,
adjusted for patient and period. EYcacy was
analysed in all patients with valid data and, to
be sure that inclusion of two replacement
patients had not influenced the results, an
intention to treat analysis was also performed.24

There were no missing data. All computations
and analyses were performed blind, using SAS
software and carried out by ID2®, Brussels,
Belgium.

Results
Eighteen eligible patients completed the study
according to the protocol. Tablet counts
showed that compliance with treatment was
complete.
Table 3 summarises the results of clinical

assessment after placebo and each dosage level
of piracetam using the myoclonus rating scale.
These are presented for the adjusted sum
score, the primary outcome variable, and each
of its six subtests. We found significant
improvement (p=0.005) in the mean sum score
with a daily dose of 24 g piracetam (table 3).
Improvement at this dose level occurred in
mean scores for all six subtests and reached
significance for motor impairment (p=0.02),
functional disability (p=0.003), and global
assessments by investigators (p=0.002) and
patients (p=0.01) (table 3). Stimulus sensitiv-
ity decreased but not significantly. Improve-
ment in handwriting in five of 10 patients did
not produce a significant decrease in mean
score. Scores for functional disability also
showed significant improvement (p=0.04) at
the lower dosage levels of 9.6 g and 16.8 g but
improvements in other subtests did not attain
significance at these doses.
Table 4 shows the significant improvement

in functional disability on each dosage level of
piracetam in terms of the diVerences between
piracetam and placebo groups in changes from
baseline. Speech improved in five of 13 patients
in whom it had been abnormal to the point
where it was easily understandable. Feeding
improved in seven of 16 patients with feeding
problems and five patients treated with pira-
cetam were able to eat normally or alone with a
fork or spoon. In four of 10 patients with diY-
culty in swallowing, problems disappeared
after treatment. For dressing, three of 11
dependent patients became independent.

Table 3 Scores for the primary outcome measure, the adjusted sum score of the myoclonus rating scale and its subtests after
two weeks of treatment with placebo and daily doses of 9.6 g, 16.8 g, and 24 g piracetam

Subtest Placebo (n = 18)

Piracetam

p Value*9.6 g (n = 12) 16.8 g (n = 12) 24 g (n = 12)

Adjusted sum score 5.2 (4.3–6.2) 4.9 (3.9–5.9) 4.6 (3.6–5.6) 4.1 (3.1–5.1) 0.005
Stimulus sensitivity 13.2 (7.2–19.1) 13.0 (6.6–19.3) 11.1 (4.8–17.4) 9.5 (3.2–15.8) 0.07
Motor impairment 57.0 (49.8–64.3) 59.0 (50.6–67.5) 52.2 (43.7–60.7) 47.0 (38.5–55.5) 0.02
Functional disability 13.3 (9.9–16.8) 11.5 (7.9–15.1) 11.5 (7.9–15.0) 10.5 (7.0–14.1) 0.003
Handwriting 5.2 (3.8–6.5) 5.3 (3.5–6.5) 5.0 (3.5–6.5) 4.7 (3.2–6.2) 0.43
Investigator’s global assessment 2.8 (2.3–3.4) 2.5 (1.9–3.1) 2.5 (1.9–3.1) 2.2 (1.6–2.8) 0.002
Patient’s global assessment by VAS 50.8 (41.2–60.4) 45.2 (33.7–56.7) 40.3 (28.8–51.8) 34.4 (22.9–45.9) 0.01

Values are least square means and 95% CIs.
*p Values of paired comparisons of piracetam (24 g/day) and placebo resulting from analysis of variance (ANOVA).

Table 4 Functional disability: improvement from baseline
assessed by diVerence between improvement with placebo
and improvement with piracetam at each dose expressed as
percentages with 95% CIs

Dosage

Percentage diVerence
between placebo and
piracetam (95% CI)

Dressing
9.6 8 (−0.20 to 0.36)
16.8 8 (−0.08 to 0.24)
53.0 25 (0.01 to 0.50)

Feeding
9.6 33 (0.06 to 0.60)
16.8 33 (0.06 to 0.60)
24.0 33 (0.06 to 0.60)

Speech
9.6 25 (−0.16 to 0.66)
16.8 17 (−0.04 to 0.38)
24.0 25 (0.01 to 0.50)

Swallowing
9.6 17 (−0.04 to 0.38)
16.8 8 (−0.20 to 0.36)
24.0 25 (−0.09 to 0.59)

Toilet
9.6 25 (0.01 to 0.50)
16.8 25 (0.01 to 0.50)
24.0 25 (−0.11 to 0.51)

Walking
9.6 8 (−0.08 to 0.24)
16.8 17 (−0.14 to 0.48)
24.0 33 (0.06 to 0.60)
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Seven of 17 improved in managing the toilet
and three patients no longer experienced diY-
culty. Three of 10 dependent patients became
independent. Of 12 patients confined to a
wheelchair, none was able to walk after two
weeks of treatment but abnormal walking
improved in four of six patients. Illegible or
near illegible handwriting became legible in
five of 10 patients. The lowest doses at which
these improvements occurred varied but, when
an eVect was seen at the lowest dose, it was also
present—and usually more pronounced—at
the highest dose. Table 4 shows that the 95%
CIs rarely reached zero.
Regression analysis on the sum score showed

a linear and highly significant dose-eVect rela-
tion (p=0.003). An increase of 1 g in the daily
dose of piracetam led to a decrease in the mean
sum score of 0.04 points. Although more
patients showed clinically relevant improve-
ment at doses of 16.8 g and 24 g/day than at 9.6
g, there was substantial individual variation
and the eVect of a given dose diVered in diVer-
ent patients. There was no evidence of period
or carry over eVects.
After the double blind study, 17 of 20

patients wished to continue with piracetam
without knowing the results of the trial. Two of
these patients in whom no clear eVect was
apparent on the myoclonus assessment scale
felt better subjectively and still continued with
piracetam six months after the trial. We also
thought that several relevant improvements,
especially better initiative and more energy,
were not able to be measured with the clinical
assessment scale.
Adverse events were reported on 29 occa-

sions, including 12 during the placebo period,
and consisted of convulsions (seven), fatigue
(five), worsening of myoclonus (four), gastroin-
testinal symptoms (three), headache (two),
vertigo (two), depression (one), waking up at
night (one), leg oedema (one), hypernatraemia
(two), and hyperkalaemia (one). Eight epileptic
seizures were reported in three patients, of
which six occurred during the placebo period
or after termination of the trial, and two
occurred during dosage with 9.6 g/day pira-
cetam, after a decrease from a higher dosage. In
two of these patients, convulsions were rare
before the trial; the third patient had experi-
enced seizures at regular intervals, but they
occurred more often during the trial. Two fur-
ther patients who usually had one to three con-
vulsions each week remained symptom free
during the study.
Minor and clinically unimportant abnor-

malities were found at baseline in haemo-
globin, white cell counts, and liver function.
These were uninfluenced by treatment and no
other laboratory test abnormalities occurred
during the trial.

Discussion
This double blind study has shown clear
improvement in myoclonus in patients with
Unverricht-Lundborg disease at a dose of 24
g/day. We found significant and clinically
relevant improvement in the mean sum score of
the myoclonus rating scale, the primary

outcome index, and in the subtests of motor
impairment, functional disability, and global
assessment by both investigator and patient.
The dose-response relation was linear between
daily doses of 9.6 g, 16.8 g, and 24 g piracetam
and significant improvement in functional dis-
ability also occurred at both lower dosage
levels.
Our results are in accord with the improve-

ment in myoclonus shown in the one previous
double blind study with piracetam by Brown et
al21 which confirmed the response reported in
previous open trials. In that study, the dose was
increased in an open run in phase until an
optimal response was achieved; daily doses
ranged between 7.2 g and 16.8 g daily with a
median dose of 16.8 g piracetam. Response
was then confirmed in the double blind phase
of the trial. The study design did not permit
assessment of a dose-response relation or opti-
mal dosage.
Although improvement occurred in the

present study at a dose of 16.8 g/day, this was
less than that shown by Brown et al.21 This may
have been due to diVerences in study design
and patient selection. For example, mean
patient weight was 81.9 kg in the present trial
compared with 68 kg21 and concentrations of
piracetam in plasma and CSF will be less in
obese subjects.
Although some patients showed no clear

improvement when assessed by the myoclonus
rating scale, they felt better subjectively and
wanted to continue treatment. Piracetam has
been reported to possess a beneficial eVect in
patients with mild dementia and with impaired
cognitive function.26 27 It may also increase
vigilance28 and improve dyslexia.29 30 These
eVects may partly explain our findings.
Adverse events were uncommon and oc-

curred mostly during the low dose piracetam or
placebo periods; few occurred at the highest
dose level. Some patients experienced tiredness
during several treatment periods, and transient
insomnia and depression were reported in one
patient each on a daily 24 g dose of piracetam.
Gastrointestinal complaints were few. Pira-
cetam was well tolerated and no laboratory
indices showed drug related alterations.
Six of eight seizures were withdrawal sei-

zures, and those in two other patients occurred
after a sudden decrease in dose. Sudden
discontinuation of piracetam has previously
been reported to cause withdrawal seizures.21

The pathophysiology of myoclonus awaits
clarification. Neither do we know how pira-
cetam exerts its eVect. The identification of a
gene, encoding for cystatin B, which is respon-
sible for the primary defect in Unverricht-
Lundborg disease, provides a molecular target
for understanding the pathophysiology and
therapy of myoclonus.9 Piracetam has been
shown to alter the physical properties of the cell
membrane and to increase its fluidity and also
to protect the cell against hypoxia.31 32 It
increases red cell deformability and normalises
aggregation of hyperactive platelets.33 Pira-
cetam has no eVect on indices of cardiovas-
cular, respiratory, gastrointestinal, or renal
function.
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The progression of Unverricht-Lundborg
disease is nowadays much slower and life
expectancy seems much better than 20 years
ago,7 17 when patients were often confined to
bed and died of infections or other incidental
causes. In the 1960s and early 1970s the mean
survival period was about 14 years after the
appearance of the first symptoms.4 7 Today,
most patients live for 30 years or more after the
onset of progressive myoclonus epilepsy. Im-
provement in general condition and life
expectancy is due to the increase in social con-
tacts, intensive rehabilitation,8 treatment of
infections, and avoidance of phenytoin and
barbiturates8 in medication. If myoclonic jerks
can be relieved, the outlook for rehabilitation
and the prognosis of progressive myoclonus
epilepsy will improve further.

Conclusion
The improvement shown in this double blind
trial is further evidence of the beneficial eVect
of piracetam in myoclonus previously de-
scribed in case reports, open trials,20 34 and one
double blind study.21 In the present study, 24
g/day piracetam was beneficial. A linear
dose-eVect relation was evident. The optimal
individual dose of piracetam seems to range
between 7.2 and 24 g/day. Sudden withdrawal
of the drug should be avoided as this may cause
withdrawal seizures. Every patient with myo-
clonic symptoms warrants a trial of therapy
with piracetam.

Financial support from UCB Pharma is acknowledged. BVV is
a consultant to UCB Pharma.

1 Aigner BR, Mulder DW. Myoclonus, clinical significance
and an approach to classification. Arch Neurol 1960;2:600–
15.

2 Berkovic S, Andermann F, Carpenter S, Wolfe L. Progres-
sive myoclonus epilepsies: specific causes and diagnosis. N
Engl J Med 1986;31:296–304.

3 Marseille Consensus Group. Classification of progressive
myoclonus epilepsies and related disorders. Ann Neurol
1990;28:113–6.

4 Norio R, Koskiniemi M. Progressive myoclonus epilepsy;
genetic and nosological aspects with special reference to
107 Finnish patients. Clin Genet 1979;15:382–98.

5 Unverricht H. Über familiare Myoclonie. Dtsch Z Nerven-
heilk 1895;7:32–67.

6 Van Heycop Ten Ham MW, Jager de H. Progressive
myoclonus epilepsy with Lafora bodies. Clinicalpathologi-
cal features. Epilepsia (Amsterdam) 1963;4:95–119.

7 Koskiniemi M, Donner M, Majuri H, Haltia M, Norio R.
Progressive myoclonus epilepsy: a clinical and histopatho-
logic study. Acta Neurol Scand 1974a;50:307–32.

8 Eldridge R, Iivanainen M, Stern R, Koerber T, Wilder BJ.
‘Baltic’ myoclonus epilepsy: hereditary disorder of child-
hood made worse by phenytoin. Lancet 1983;ii:838–42.

9 Pennacchio LA, Lehesjoki A-E, Stone NE, et al. Mutations
in the gene encoding cystatin B in progressive myoclonus
epilepsy (EPM1). Science 1996;271:1731–4.

10 Lehesjoki A-E, Koskiniemi M, Pandolfo M, et al. Linkage
studies in progressive myoclonus epilepsy: Unverricht-
Lundborg and Lafora diseases. Neurology 1992;42:1545–
50.

11 Lehesjoki A-E, Eldridge R, Eldridge J, Wilder BJ, de la
Chapelle A. Progressive myoclonus epilepsy of Unverricht-
Lundborg type: a clinical and molecular genetic study of a
family from the United States with four aVected sibs. Neu-
rology 1993;43:2384–6.

12 Malafosse A, Lehesjoki A-E, Genton P, et al. Identical
genetic locus for Baltic and Mediterranean myoclonus.
Lancet 1992;i:1080–1.

13 Goldberg MA,Dorman JD. Intention myoclonus: successful
treatment with clonazepam.Neurology 1976;26:24–6.

14 Fahn S. Posthypoxic action myoclonus: review of the litera-
ture and report of two new cases with response to valproate
and estrogen. Adv Neurol 1979;26:49–84.

15 Iivanainen M, Himberg JJ. Valproate and clonazepam in the
treatment of severe progressive myoclonus epilepsy. Arch
Neurol 1982;39:236–8.

16 Meador K, Loring D, Huh K, Gallagher B, King D.
Comparative cognitive eVects of anticonvulsants.Neurology
1990;40:391–4.

17 Koskiniemi M. Progressive myoclonus epilepsies. In: PJ
Vinken and GW Bruyn, eds.Handbook of clinical neurology.
Amsterdam: Elsevier, 1997 (in press).

18 Fahn S. Newer drugs for posthypoxic action myoclonus:
observations from a well-studied case.Adv Neurol 1986;43:
197–9.

19 Remy C, Genton P. EVect of high dose of oral piracetam on
myoclonus in progressive myoclonus epilepsy (Meditera-
nean myoclonus). Epilepsia 1991;32(suppl 3):6.

20 Obeso JA, Artieda J, Quinn M, Rothwell JC, Luquin MR,
Vaamonde J, Marsden CD. Piracetam in the treatment of
diVerent types of myoclonus.Clin Neuropharmacol 1988;11:
529–36.

21 Brown P, Steiger MJ, Thompson PD, et al. EVectiveness of
piracetam in cortical myoclonus.Mov Disord 1993;8:63–8.

22 Jones B, Kenward M. Design and analysis of cross-over trials.
London: Chapman and Hall, 1989:1–352.

23 Senn S. Cross-over trials in clinical research. New York: Wiley,
1993:1–266.

24 Pigeon JG, Raghavarao D. Crossover designs for comparing
treatments with a control. Biometrika 1987;74:321–8.

25 Truong DD, Fahn S. Therapeutic trial with glycine in myo-
clonus.Mov Disord 1988;3:222–32.

26 Israel L, Melac M, Milinkevitch D, Dubos G. Drug therapy
and memory training programs. A double-blind ran-
domised trial of general practice patients with age-
associated memory impairment (AAM). Int Psychogeriatr
1994;6:155–70.

27 Croisile B, Trillet M, Fondarai J, Laurent B, Mauguiére F,
Billardon M. Long-term and high-dose piracetam treat-
ment of Alzheimer’s disease.Neurology 1993;43:301–5.

28 Bente D,Glatthaar G,Ulrich G, Lewinski M. Piracetam and
vigilance, a study of EEG changes and clinical eVects in
gerontopsychiatric patients. Drug Research 1988;28:1529–
30.

29 Wilsher CR, Bennett D, Chase CH, et al. Piracetam and
dyslexia: eVects on reading tests. J Clin Psychopharmacol
1987;7:230–7.

30 Levinson HN. Dramatic favorable responses of children
with learning disabilities or dyslexia and attention deficit
disorder to antimotion sickness medications: four case
reports. Percept Mot Skills 1991;73:723–38.

31 Müller WE, Koch S, Scheuer K, Rostock A, Bartsch R.
EVects of piracetam on membrane fluidity in the aged
mouse, rat and human brain. Biochem Pharmacol 1997;53:
135–40.

32 Peuvot J, Schanck A, Deleers M, Brasseur R. Piracetam-
induced changes to membrane physical properties.Biochem
Pharmacol 1995;50:1129–34.

33 Bick RL. In vivo platelet inhibition by piracetam [letter].
Lancet 1979;8145:752–3.

34 Artieda J, Obeso JA, Luquin MR, Vaamonde J, Martinez-
Lage JM. Piracetam in the treatment of myoclonus of vari-
ous origin.Neurology 1986; 36(suppl 1):277.

348 Koskiniemi, Vleymen,Hakamies, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.64.3.344 on 1 M

arch 1998. D
ow

nloaded from
 

http://jnnp.bmj.com/

