
and a similar mechanism for action myoclonus in 
CRSM as that postulated by Van Woert [12) for post- 
hypoxic action myoclonus. This hypothesis would re- 
ceive more support had we been able to measure 5- 
hydroxyindoleacetic acid levels in cerebrospinal fluid, 
but this procedure was not available. Nevertheless, our 
data extend the findings of Franceschetti and associ- 
ates {S} and suggest that 5-HTP as a supplement to 
anticonvulsants produces sustained improvement in 
CRSM. 

Presented in part at the 15th Annual Meeting of the Child Neurol- 
ogy Society, Boston, MA, Oct 1986. 
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A Double-Blind 
Randomized Crossover 
Trial of Bromocriptine 
and Placebo in Ristless 
Legs Syndrome 
Arthur S. Walters, MD,*t Wayne A. Hening, MD, PhD,? 
Neil Kavey, MD,S Sudhansu Chokroverty, MBBS, FRCP,"? 
and Steve Gidro-Frank, BAS 

A double-blind randomized crossover study of 7.5 mg 
bromocriptine at bedtime versus placebo was conducted 
in 30-day phases (with a 2-week washout period be- 
tween phases) in 6 patients with idiopathic restless legs 
syndrome. Five patients experienced partial subjective 
improvement in restlessness and paresthesias on bromo- 
criptine as opposed to placebo and expressed a desire to 
continue on the medication. On bromocriptine, the pa- 
tients showed polysomnographically a mean decrease of 
43% from control and a mean decrease of 57% from 
placebo in the number of periodic movements of sleep 
per hour of sleep ( p  < 0.025). Two of 3 patients with 
abnormally decreased total sleep time and sleep effi- 
ciency showed an improvement in these measures on 
therapy. The dopamine agonist bromocriptine may be a 
useful therapy in some patients with restless legs syn- 
drome. 

Waiters AS, Hening WA, Kavey N ,  Chokroverty S, 
Gidro-Frank S. A double-blind randomized crossover 

trial of bromocriptine and placebo in restless legs 
syndrome. Ann Neurol 1988;24:455-458 

Idiopathic restless legs syndrome (US) ,  when severe, 
is frequently associated with seven features [1-3}: 

1. Restlessness, manifested by floor pacing, foot rub- 
bing, tossing and turning in bed, and sometimes 
marching in place or body rocking. 

2. Paresthesias, usually in the legs. 
3. Periodic movements of sleep (PMS), which are 

stereotypical flexion movements involving the legs 
much more than the arms. They usually recur at 
regular 20- to 40-second intervals during non- 
rapid-eye-movement (NREM) sleep and, although 
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4. 

5.  
6. 
7. 

originally called nocturnal myoclonus, they are 
rarely as fast as true myoclonus [2]. 
“Dyskinesias while awake.” These involuntary flex- 
ions also involve the legs more than the arms and 
occur primarily at rest when the patients are lying 
or sitting quietly. Some are fast and jerky; others 
are more sustained. The clinical impression of dif- 
ferent observers is that the faster “dyskinesias while 
awake” represent true myoclonus {I, 37. ’The “dys- 
kinesias while awake” are often stereotypical and 
repeat periodically (like PMS), aperiodically, or 
they may occur in clusters with, for example, four, 
five, or more rapid jerks of the legs occurring in 
quick succeiision [ 11. 
Sleep disturbances. 
A tendency to be worse at night. 
A positive family history for RLS may also be pres- 
ent in some cases [ 1, 33. 

Because the dopamine precursor L-dopa has been 
reported to relieve the symptoms of RLS [4,  51 and 
because of a report that 2 patients with U S  subjec- 
tively improved with the dopamine agonist bromocrip- 
tine C43, we conducted a double-blind randomized 
crossover trial of bromocriptine versus placebo in 6 
patients who were severely affected with idiopathic 
RLS, and quantitated results polysomnographically. 

Materials and Methods 
Six patients with a history of restlessness and paresthesias 
that were worse ;at night and did not occur secondary to 
neuroleptics, neuropathy, or other causes were entered into 
the study. Four mcn and 2 women (mean age 61 years; range 
40-68 years) had long-term symptoms (mean 19 years; 
range 10-3‘) years). All 6 also had a history of sleep distur- 
bances and jerking of the arms or legs either during 
wakefulness o r  sleep. Informed consent was obtained from 
all patients. 

Over a 30-day period, patients were given gradual incre- 
ments of  drug or  placebo to a total of 3 tablets in 1 or 2 
divided doses 1 to 3 hours prior to sleep (total dose of 
bromocriptine, 7.5 mg). Patients were studied polysomno- 
graphically 16, 7 )  on 2 nights prior to the first phase and 2 
nights at the end of each phase of the study. There was a 2- 
week washout period between phases when the patient did 
not take either set of tablets. Patients were questioned about 
whether restlessness or paresthesias had changed during each 
phase of the study. Using established polysomno,qraphic 
methods, PMS were quantitated by electromyogram (EMG) 
of the legs (electrodes placed at a minimum on both tibia1 
anterior muscles) and videotape [2, 61. To be counted as 
PMS, at least five periodic movements of sleep had to be 
present in a row f2]. Because the semicontinuous tossing and 
turning in bed in €US occurs mostly during the waking stare 
[ 1, 31, discrete involuntary movements that occur during 
sleep, such as PMS, are generally unobscured by these 
semicontinuous restless movements on EMG and can thus 
be distinguished from them. Sleep parameters were quan- 

titated by electroencephalogram using standard scoring tech- 
niques (6, 71 (electrodes placed at a minimum on Ol-A2 and 
C4-A1), electro-oculogram (left outer canthus and right outer 
canthus), mentalis EMG, abdominal excursion, nasal air flow, 
and electrocardiogram. Analysis of variance for objectively 
collected data was performed by using the individual numeri- 
cal values (not the average of the two values) for the dupli- 
cate studies. If the analysis of variance showed that a particu- 
lar parameter was statistically significant among the rhrce 
Conditions (control, placebo, drug), a second analysis of vari- 
ance was done comparing placebo to drug for that particular 
parameter. 

Results 
Clinical Features 
All 6 patients experienced restlessness and pares- 
thesias. S ix  patients exhibited PMS polysomnographi- 
cally and these were quantitated in 4 (Tables 1, 2). Five 
patients polysomnographically had “dyskinesias while 
awake” as previously defined { 1 (not quantitated). All 
6 patients historically had s1et:p disturbances, but these 
were polysomnographically severe in only 3 (Patients, 
1, 2, and 7) (see Table 2). Family history in 4 patients 
suggested RLS. 

T herapeutzc Response 
RESTLESSNESS AND PARESTHESLAS. Five patients 
under blinded conditions identified bromocriptine as 
the drug that partially relieved restlessness and pares- 
thesias. The sixth patient had no subjective improve- 
ment from either phase of the study. The 5 responclers 
expressed a desire to continue on the medication and 2 
of our early patients (Patients 2 and 7) cont-inue with 
bromocriptine as an adjunctive therapy after 8 and 12 

Table 1. Average Respume of Perzudir Mutementl o/Sfeep utid 
Sleep Parameters to Brumoiviptine a i d  Plaielio in 6 Patient, 
wtth  Restless Legs Syndrome 

PMS and Sleep Parameters Control Placcbo Drug 

Totai PMS/night of sleep 278 302 105’ 
(n = 4 )  

PMS/hour sleep (n = 4 )  65 86 5 - *  
REM (of sleep period 10 10 10 

time) (n = 6) 

period time) (n = 6) 

period time) (n = 6) 

(n = 6) 

o/o Stages 1 and 2 (of sleep ‘4 3 48 i h  

% Stages 3 and 4 (of sleep 10 17 12 

Total sleep time (minutes) 2 24 2 34 275 

Sleep efficiency (n = 6 )  ’ ) 5 q  009; 7 o / r  

“p < 0.025 by analysis of variance as compared t o  placcho. Nos. t)f 
PMS per hour of sleep decreased ,439 from control subjccrs and 
57% from placebo. 

PMS = periodic movements of sleep; REM = rapid eye movemcnr. 
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Table 2 Indrvrdual Response of Perzodzc Movements of Sleep and Sleep Parameters to Bromocrzptine and Placebo 
rn 6 Patients with RestleJs Legs Syndrome" 

Patient PMSiNight PMS/Hour Total Sleep Sleep Efficiency (,7 Stages $T Stages 
No Sleep Sleep Time (%) 1 8 2 2  3 & 4  57 REM 

1 

2 

7 b  

4 

5 

6 

Control 
Placebo 
Drug 

Control 
Placebo 
Drug 

Control 
Placebo 
Drug 

Control 
Placebo 
Drug 

Control 
Placebo 
Drug 
Control 
Placebo 
Drug 

297 
257 
308 

245 
332 
191 

220 
342 
174 

350 
276 

98 

120 
184 
78 

44 
54 
31 

3 3  
52 
26 

59 
52 
16 

88 
205 
148 

146 
98 

250 

16 
13 

103 

336 
372 
370 

400 
399 
405 

360 
319 
374 

23 
59 
43 

42 
30 
7 3  

6 
5 

35 

93 
94 
75 
87 
88 
91 
78 
84 
83 

34 
41 
65 

48 
47 
68 

12 
56 
40 

65 
56 
61 

50 
44 
59 

49 
49 
52 

0 
23 

2 

5 
3 
9 
0 
0 
5 

18 
25 
19 

21 
38 
26 

15 
16 
13 

1 
6 

13 

6 
4 
1 

0 
0 
2 

15 
16 
15 

17 
11 
6 

20 
20 
23 

"Each value listed represents an average of wo polysomnographic studies. 
bPatient 3 did not complete the study and was replaced by Patient 7. 

PMS = periodic movements of sleep; REM = rapid eye movement 

months, respectively. The only side effects from 
bromocriptine were encountered in 1 patient who ex- 
perienced some transient nasal stuffiness and light- 
headedness. 

PERIODIC MOVEMENTS I N  SLEEP. For the group as a 
whole, on bromocriptine there was a significant de- 
crease in the total number of PMS per night of sleep ( p  
< 0.025) and the PMS per hour of sleep (43% de- 
crease from control and 57% decrease from placebo) 
( p  < 0.025) (see Table 1). 

SLEEP PARAMETERS. There was no change on 
bromocriptine in the percent of sleep period time 
spent in REM sleep or Stages 3 and 4 of sleep (deep 
sleep) (see Table 1). However, patients on bromocrip- 
tine spent an extra 10 to 15% of their sleep period 
time in Stages 1 and 2 (light sleep) (see Table 1). For 
the group as a whole, there was also an increase in total 
sleep time and a 10 to 15% increase in sleep efficiency 
(see Table 1). None of these changes were statistically 
significant, but the changes in total sleep time and 
sleep efficiency were almost entirely due to improve- 
ment in these parameters in 2 patients who initially 
had very poor sleep patterns (Patients 2 and 7) (see 
Table 2). Although a third patient with very poor sleep 
patterns (Patient 1) also showed improvement in total 
sleep time and sleep efficiency while on bromocrip- 
tine, he, in addition, showed an improvement on 

placebo (see Table 2). The remaining 3 patients objec- 
tively had relatively good sleep under control condi- 
tions (Patients 4 ,  5 ,  and 6 )  and did not experience any 
improvement in sleep on the drug (see Table 2). 

Discussion 
Other authors have reported that L-dopa C4, 51 and 
dopamine agonists [4]  ameliorate the symptoms of 
idiopathic RLS. Our data indicate that the D2 receptor 
agonist bromocriptine may decrease PMS and amelio- 
rate restlessness, paresthesias, and sleep disturbances 
in some patients with U S .  Others have reported that 
dopamine antagonists exacerbate the symptoms of RLS 
or cause restlessness of the type associated with 
neuroleptics (neuroleptic-induced akathisia) @I. This 
latter point is important because the restlessness of 
RLS and neuroleptic-induced akathisia look clinically 
similar, i.e., each may present with floor pacing, body 
rocking, or  marching in place 11, 81. Thus dopamine 
agonists and antagonists have opposite effects on 
motor restlessness and the dopaminergic system may 
therefore be implicated in the pathogenesis of U S .  

The dopamine system may not be the only neuro- 
transmitter system involved pathogenetically in RLS 
because opioid agonists and antagonists C9-111 and 
adrenergic agonists and antagonists [ 12- 141 also have 
opposite effects on symptoms such as restlessness and 
PMS. Thus the endogenous opioid system and the ad- 
renergic system may also play a role in U S .  As a 
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corollary, opioid agonists 19-1 11 and adrenergic antag- 
onists 112, 131 both seem to be therapeutically useful 
in U S ,  and we might add that the effect of bromocrip- 
tine in decreasing the number of PMS in RI.S patients 
is certainly modest compared to that of the opioids 
[lo,  111. The relative contribution and sites of central 
nervous system action of these neurotransmitter sys- 
tems might be further elucidated by a positron emis- 
sion tomographic scan study with receptor-specific 
ligands 1151. 

This work was funded by a grant from the Sandoz Corporation. 

We thank Ms LuAnn Thorne for ryping this manuscript and Donna 
Smith, Mitch Rubinstein, and Ramone Ramos for their technical 
assistance. 

References 
1. Walters A, I-iening W, Chokroverry S. Frequent occurrence of 

myoclonus while awake and at rest, body rocking .ind marching 
in place in a subpopulation of patients with restless legs syn- 
drome. Acta Neurol Scand 1988;77:418-42 1 

2. Coleman R, Pollak CP, Weitzman ED. Periodic movements in 
sleep (nocturnal myoclonus): relation to sleep disorders. Ann 
Neurol 1980;8:4 16-42 1 

3. Boghen D,  Peyronnard JM. Myoclonus in familial restless legs 
syndrome. Arch Neurol 1976;33:368-370 

4. Akpinar S. Restless legs syndrome treatment with dopaminergic 
drugs. Clin Neuropharmacol 1987;10:69-79 

5 .  Montplaisirj, Godbout R, Poirier G, Bedard MA. Restless legs 
syndrome and periodic movements in sleep: pathophysiology 
and treatment with L-dopa. Clin Neuropharniacol 1986;9:456- 
463 

6. Guilleminaulr C, ed. Sleeping and waking disorders: indications 
and techniques. Menlo Park, CA: Addison-Wesley, 1982 

7. Rechtschafftn A, Kales A, eds. A manual of standardized ter- 
minology, techniques, and scoring system for sleep stages of 
human subjrcts. Los Angeles: UCLA Bran Information Service 
and Brain Research Institute, 1968 

8. Munetz MR., Cornes CL. Distinguishing akathisia and tardive 
dyskinesia: a review of the literature. J Clin Psychopharmacol 
1983;3:343--350 

9. Trzepacz PT, Violette EJ, Sateia MJ. Respunse to opioids in 
three patients with restless legs syndrome. Am J Psychiatry 
1984;14 1.933-996 

10. Walters A, Hening W, CGt6 L, Fahn S. Dominantly inherited 
restless legs with myoclonus and periodic movements of sleep: a 
syndrome related to the endogenous opiates? In: Fahn S, Mars- 
den CD, Van Woert MH, eds. Myoclonus: advances in neurol- 
ogy, Vol 43. New York: Raven, 1986:309-319 

11. Hening WA, Walters A, Kavey N ,  et al. Dyskinesias while 
awake and periodic movements of sleep in restless legs syn- 
drome: treatment with opioids. Neurology 1!)86;36: 1363-1 366 

12. Handwerker JV, Palmer RP. Clonidine in the treatment of rest- 
less legs syndrome. N Engl J Med 1385;313:122Y-1229 

13. Ware JC, Pittard JT, Blumoff RL. Treatment of. sleep-related 
myoclonus with an alpha-receptor blocker. Slecp Res 198 1 ; 
10:242 

14. Ware JC, Brown FW, Moorad PJ, et al. Nocturrial myoclonus 
and tricyclic antidepressants. Sleep Res 1984; 13:-'2 

15. Frost JJ, Dannals RF, Ravert HT,  et al. Imaging opiate receptors 
with positron emission tomography. J Nucl Med 1984;25:P73 

Brain Neurotransmitters 
in Glycine Encephalopathy 
Stephen J. Kish, PhD,"?$ Lori M. Dixon, BSc," 
W. McIntyre Burnham, PhD,f T h o m a s  L. Perry, MD! 
Lawrence Becker, MD,' Jerome Cheng,  BSc,t 
Li-Jan Chang, MSc," and Michelle Rebbetoy, BSc' 

- 
We measured neurotransmitter markers in autopsied 
brain of infants with glycine encephalopathy (GE). Be- 
cause patients with GE develop intractable seizures, spe- 
cial attention was devoted to those neurotransmitter sys- 
tems implicated in human epilepsy. Mean levels of 
glycine in the frontal cortex of GE patients were three 
times higher than control values. No abnormalities were 
observed for concentrations of gamma-aminobutyric 
acid (and related receptors), other major neurotransmit- 
ter amino compounds, or activities of cholineacetyl- 
transferase and aspartate aminotransferase. Mean ace- 
tylcholinesterase activity was significantly elevated by 
46%. As experimental data suggest, glycine markedly 
potentiates the action of the excitatory neurotransmitter 
glutamic acid. To the extent that the brain seizures in 
patients with GE can be explained by this mechanism, 
pharmacotherapy with excitatory amino acid antag- 
onists may represent a new approach to the treatment of 
GE. 

Kish SJ, D i x o n  LM, Burnham WM, Perry TL, 
Becker L, Cheng J, C h a n g  L-J, Rebbetoy M. 

Brain neurotransmitters in glycine encephalopatny. 
Ann Neurol 1988;24:358-461 

Glycine encephalopathy (GE, nonketotic hyperply- 
cinemia) is an autosomal recessive disorcler of infants 
characterized biochemically by altered glycine nietabo- 
lism and clinically by intractabk seizures, lethargy, 
spasticity, severe mental retardation, and carly death 
[l]. In GE, marked elevation of glycine is observed in 
cerebrospinal fluid and brain [2) consequent t o  a a&- 
fect in the glycine cleavage enzyme [3] .  

Apart from biochemical studies of glycine and its 
metabolizing enzymes, little information is available 
with respect to studies of the behavior of major 
nonglycinergic neurotransmitter systems in the brains 

From the *Clarke Institute of Psychiatry, Toronto, the Departrnmts 
of tpsychiatry, $Pharmacology, and SNeuroparhology, University t ~ f  

Toronto, 'Hospital for Sick Chrldren, Toronto, Ontario, Canada, 
and the iiDepartment of Pharmacology, University of British Colum- 
bia, Vancouver, BC, Canada. 

Received Dec 7, 1987, and in revised fomi Mar 16. 1988. Accepted 
for publication Mar 24, 1988. 
Address correspondence to Dr  Kish, Human Brain Laboratory, 
Clarke Institute of Psychiatry, 2 5 0  College Sr, Toronto, Ontario 
M5T 1R8 Canada. 

458 Copyright 0 1988 by the American Neurological Association 


