
this study is not a true prevalence study because the
study group was small, not population-based, and no
control group was included.19

In summary, we examined for the first time the occur-
rence of extrapyramidal disease in our large family with
RLS and Parkin mutations. In the “RLS branch” of our
family, the pattern of inheritance, along with early age of
onset, clearly suggested a genetic cause of RLS. Parkin
mutations in approximately half of our RLS patients
obviously had no influence on the RLS phenotype in this
family. This finding was confirmed in the second smaller
RLS pedigree with affected family members with and
without a Parkin mutation. The role of Parkin mutations
in RLS needs to be further investigated in other families
and by case–control studies. In our large family, linkage
to all three known loci for RLS was excluded, providing
evidence for at least one additional RLS gene that will be
searched for by a genome-wide linkage analysis.
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Abstract: Little information is available on the long-term
course and adult outcome of patients with 6-pyruvoyl-tetra-
hydropterin synthase (PTPS) deficiency. We describe the
course of a 32-year-old woman with hypotonia, dystonia, cho-

This article includes Supplementary Video, available online at http://
www.interscience.wiley.com/jpages/0885-3185/suppmat

*Correspondence to: Dr. Emmanuel Roze, Service de Neurologie,
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reoathetosis, mental retardation, behavioral disturbances, and
incomplete puberty due to PTPS deficiency. From the age of 6
months she developed progressive hypotonia and choreoath-
tetoid movements despite good control of hyperphenylalanine-
mia. Tetrahydrobiopterin deficiency was diagnosed at age 3
years. She had a dramatic response to L-dopa, which persisted
at a stable dose for 29 years. Reducing the L-dopa dose led to
severe axial hypotonia and limb dystonia, and increasing it led
to florid abnormal movements and behavioral disorders. This
report illustrates the role of dopamine modulation in motor,
psychiatric, and endocrine functions. © 2005 Movement Dis-
order Society

Key words: 6-pyruvoyl-tetrahydropterin synthase deficien-
cy; tetrahydrobiopterin deficiency; malignant hyperphenylala-
ninemia; symptomatic dystonia; choreoathetosis

Pyruvoyl-tetrahydropterin synthase (PTPS) defi-
ciency is an autosomal recessive disorder resulting in
severe neurological manifestations, including psychomo-
tor retardation, hypotonia, seizures, and movement dis-
orders.1 This enzyme is required to produce tetrahydro-
biopterin (BH4), which is an essential cofactor in the
biosynthesis of dopamine, serotonin, and nitric oxide
(NO; Fig. 1). As most of these symptoms are likely
related to neurotransmitter depletion, and as BH4 may
not readily enter the brain, patients with PTPS deficiency
receive L-dopa and 5-hydroxytryptophan (5-HTP) in ad-
dition to BH4 supplementation.1

The prompt neurological improvement induced by this
treatment is well known.2 By contrast, there are few
reports on long-term treatment efficacy and adult out-
come of patients treated since infancy and early child-
hood.3,4 Here we describe the long-term outcome of a

32-year-old woman who was the second reported patient
with PTPS deficiency in 1976.5 We focus on the nature
of her movement disorders and her long-term L-dopa
responsiveness.

CASE REPORT

This 32-year-old woman was the first child of two
unrelated French parents. At age 7 days, routine neonatal
screening revealed elevated phenylalaninemia (1,800
�mol/L; normal value, � 120 �mol/L). From age 14
days, she was given a low-phenylalanine diet, leading to
a sustained reduction in phenylalaninemia to below 300
�mol/L. She received no drug treatment until age 3
years. At age 1 month, physical examination was normal
except for a poor response to stimuli and mild hypotonia.
At age 6 months, she showed reduced spontaneous mo-
tility, marked axial hypotonia, diffuse myoclonic jerks,
“lead-pipe” limb rigidity, and abnormal movements, in-
cluding pedaling movements of the legs and choreoath-
etoid arm movements. Tendon reflexes were brisk, with-
out Babinski’s sign. She started to drool and have
swallowing difficulties, resulting in recurrent chest in-
fections. Between age 1 and 3 years, both voluntary and
abnormal movements disappeared, except for oculogyric
crises. She was indifferent to her surroundings and made
no eye contact. She had multiple episodes of hyperther-
mia or hypothermia, lasting few hours, and generalized
tonic–clonic seizures. BH4 deficiency was diagnosed at
age 3 years, based on biopterin derivative assay after a
phenylalanine loading test. Enzymatic studies showed
that erythrocyte PTPS activity was only 14% of normal,

FIG. 1. Biosynthesis and regen-
eration of tetrahydrobiopterin.
5-OH-Trp, 5-hydroxy tryptophan;
Arg, arginine; DHPR, dihydropteri-
dine reductase; GTPCH, guanosine
triphosphate cyclohydrolase 1; NO,
nitric oxide; NOS, nitric oxide
synthase; PAH, phenylalanine-3-
hydroxylase; PCD, pteridin-4a-
carbinolamine dehydratase; Phe,
phenylalanine; PTPS, 6-pyruvoyl-
tetrahydropterin synthase; SR, sepi-
apterin reductase; TH, tyrosine-4-
hydroxylase; THP, tryptophan-5-
hydroxylase; Trp, tryptophan; Tyr,
tyrosine.
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confirming that BH4 deficiency was due to PTPS defi-
ciency. Genetic studies (performed at age 32) showed
compound heterozygosity for the mutations IVS1-3G�A
and 297C�A (Y99X) in the PTPS gene. Neurotransmit-
ter precursor replacement therapy with L-dopa (16 mg/
kg/day) and 5-HTP (20 mg/kg/day) was started. It re-
sulted in a dramatic clinical improvement, with
reappearance of spontaneous voluntary movements and
tendon reflexes and less hypotonia. She was also able to
make eye contact and to rotate her head in response to
noise. During the first weeks of this treatment, she had
generalized dyskinesia, which was controlled by reduc-
ing and fractionating the daily L-dopa dose. She no
longer had swallowing disorders, oculogyric crises, ther-
mal dysregulation, or generalized seizures. She remained
moderately hypotonic at age 5 years, but was able to sit
for a few minutes at a time. Her motor skills improved
and she was able to manipulate objects, albeit with poor
coordination. She was able to interact with her family. At
age 6 years, interruption of neurotransmitter replacement
therapy for new metabolic studies was followed by a
severe relapse, with major hypotonia, drowsiness, life-
threatening swallowing disorders, respiratory failure, and
cardiac arrhythmia. Neurotransmitter replacement ther-
apy was resumed, accompanied by BH4 therapy, which
had not previously been available. BH4 administration
(20 mg/day) allowed the neurotransmitter doses to be
reduced by 70% for the same clinical response and
maintained the phenylalaninemia below 300 �mol/L
without a low-phenylalanine diet. After age 6 years, her
psychomotor development remained markedly retarded
despite optimal combination therapy with BH4 (25 mg/
day), L-dopa (5 mg/kg/day), and 5-HTP (4 mg/kg/day).
Puberty was late and incomplete. She reached only Tan-
ner stage III, at age 16, and never had menstrual cycles.
At age 32, her height was 159 cm, her weight was 39 kg,
and her head circumference was 53 cm. From age 6 to 32
years, she remained highly dependent on her treatment,
to which her response remained remarkably stable over
the years. Variation of symptoms were observed: (1)
When treatment efficacy was maximal (on stage; see
Video) she could sit upright in a corset, with contributory
trunk muscle tone but with residual hypotonia of the
neck. She could move all four limbs, albeit with poor
coordination. She had moderate generalized dystonia
with axial hypotonia and superimposed choreoathetoid
movements of the limbs, neck, and face. She was com-
municative and could utter a few words. (2) At the end of
effect of each L-dopa dose (5 hours after intake) she had
a worsening of axial hypotonia, akinesia and severe fixed
generalized dystonia. Because of these end-of-dose mo-
tor fluctuations, she required shorter intervals between

doses. (3) A 100-mg reduction of the daily L-dopa dose
led to severe hypotonia and swallowing difficulties. A
period of insufficient L-dopa absorption due to recurrent
vomiting was associated with recurrence of severe dis-
orders, including major hypotonia, drowsiness, and sei-
zures. (4) A 100-mg increase in the daily L-dopa dose led
to more abnormal movements and behavioral disorders
including aggressiveness and sleep disturbances. Feeding
was transiently withheld during an episode of severe
purulent pleurisy, leading to increased drug absorption
and extremely severe ballistic dyskinesia and psychomo-
tor agitation, which resolved following the resumption of
normal feeding and recovery from the infection.

At age 32 her condition is stable. The daily dose of
L-dopa (300 mg) and the clinical response have been
stable for the last 10 years. The prolactin level, assayed
to investigate her primary amenorrhea, was elevated (103
�g/L; normal, � 20 �g/L).

DISCUSSION

We describe the 32-year clinical course of a patient
with the typical severe form of PTPS deficiency, which
was treated with neurotransmitter replacement therapy
from age 3 years and BH4 supplementation from age 6
years. In addition to severe psychomotor retardation, the
main features in adulthood were generalized dystonia
with axial hypotonia and choreoathetoid movements of
the limbs, neck, and face. Generalized dystonia has pre-
viously been reported in two cases of PTPS deficiency
diagnosed in adulthood.6,7 Choreoathetoid movements
were not mentioned in these two adults but have been
observed in children.4,8 Axial hypotonia is also a com-
mon feature in children with PTPS deficiency.1 Diurnal
symptom fluctuation has been described as both sponta-
neous and related to L-dopa intake.6,7,9 Our patient’s
diurnal fluctuations appeared to be related mainly to
L-dopa intake.

Our patient had a dramatic, stable, and sustained re-
sponse to L-dopa with 29 years of follow-up (from age 3
years to 32 years). A similar long-term response has been
reported in children.9 It was also briefly reported in a
group of 6- to 18-year-old patients treated after neonatal
screening.3 There are only two reported adult cases, with
shorter follow-up (16 and 19 years, respectively).4 The
first patient with generalized hypotonia and drowsiness
did not respond to L-dopa but was markedly improved by
BH4 supplementation. The second patient, who had par-
kinsonism, oculogyric crises, and hypotonia, developed
critical symptoms of L-dopa overdose during treatment,
with marked dyskinetic movements; various L-dopa pro-
tocols failed to improve the patient’s condition. Patients
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with dopa-responsive dystonia (DRD) due to a heterozy-
gous mutation of the GTP cyclohydrolase 1 (GTPCH1)
gene also have a sustained response to L-dopa and are
treated with stable doses over decades.10 The pattern of
movement disorders in our patient differed from the
classical form of DRD. In addition to dystonia, her
movement disorders included (1) choreoathetoid move-
ments and myoclonia associated with marked hypotonia
from disease onset, prior to L-dopa treatment; (2) marked
axial hypotonia and severe dystonia of the limbs during
insufficient L-dopa dosing; (3) improved motility, less
hypotonia, and fewer choreoathetoid movements at max-
imal L-dopa efficacy; and (4) diffuse severe choreic and
ballic dyskinesia during excessive L-dopa exposure. This
illustrates that slight variations in dopamine levels can
lead to the expression of movement disorders ranging
from dystonia to chorea and ballism, in the absence of
dopamine denervation.

Despite good adherence to optimal available therapy,
our patient had a poor clinical outcome with severe
psychomotor retardation, persistent muscle tone disor-
ders, and unrelenting movement disorders. However, late
diagnosis of PTPS deficiency, as in our patient (at the age
of 3 years), has been linked to more severe neurological
impairment and to a poorer response to treatment; like-
wise, early treatment has been shown to improve the
IQ.2,11 Most patients diagnosed by neonatal screening
and treated from birth have normal psychomotor devel-
opment or only mild mental retardation and subtle motor
dysfunction.2–4,11 However, few patients in whom treat-
ment was started in the neonatal period had severe neu-
rological disease.12,13 It is possible that NO and serotonin
deficiency due to impaired BH4 biosynthesis may cause
abnormal perinatal CNS development, contributing to
the poor outcome of some patients.14,15

Hyperprolactinemia resulting from dopamine defi-
ciency in the hypothalamus may explain why our patient
had only partial puberty. Elevated prolactinemia has also
been reported elsewhere in patients with PTPS defi-
ciency.1,12 Dopamine released by tuberoinfundibular
neurons of the arcuate nucleus of the hypothalamus acts
as a prolactin-inhibiting factor on the median eminence.
Conversely, prolactin is an accurate index of hypotha-
lamic dopamine content and may be used to monitor
dopamine therapy.12 Our patient also had psychiatric
manifestations. During excessive dopamine stimulation,
she developed transient behavioral disorders, which were
probably dopamine-mediated (mesolimbic circuits), as
they can also occur during antiparkinsonian drug therapy
of Parkinson’s disease. In conclusion, this case illustrates
the roles of dopamine in modulating motor, psychiatric,
and endocrine functions.

LEGEND TO THE VIDEO

Generalized dystonia, choreoathetoid movements, and
axial hypotonia 2 hours after intake of 100 mg of L-dopa.
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