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Short report

Early onset of the "on-off' phenomenon in children
with symptomatic Parkinsonism
AE LANG*, JC MEADOWS*, JD PARKES, CD MARSDEN
From the University Department ofNeurology, Institute of Psychiatry and King's College Hospital and
Atkinson Morley's Hospital, London, UK*

SUMMARY Many patients with idiopathic Parkinson's disease treated with levodopa for more than
five years develop fluctuations in their clinical response to this drug. Such fluctuations may be
unpredictable, but more commonly occur in a regular pattern related to the size and timing of the
levodopa dosage. Theories as to their cause have emphasised both the progression of the underly-
ing Parkinson's disease and the possibility of a late side-effect of levodopa. We report two
children with Parkinsonism, one after recurrent obstructive hydrocephalus and the other follow-
ing an encephalitic illness. Both patients had striking improvement with levodopa, but developed
predictable and unpredictable dramatic response fluctuations within weeks of starting levodopa
therapy. This suggests that neither the pathology of idiopathic Parkinson's disease, nor the
long-term use of levodopa are essential for the development of predictable or unpredictable
fluctuations in response to levodopa therapy.

Sudden changes in disability are characteristic of
untreated idiopathic Parkinson's disease, and a
marked diurnal variation in symptoms is a common
feature of juvenile paralysis agitans.' Such variation
in disability, however, becomes much worse in many
patients with Parkinson's disease on long-term
levodopa therapy. About 50% or more of such
patients treated with levodopa for five or more years
develop response fluctuations. These swings usually
are predictablie and related to timing of dosage
("early morning akinesia", "end-of-dose deteriora-
tion" or the "wearing-off' effect). Less common are
sudden unpredictable swings from "on" to "ofW'
lasting several minutes to hours. The causes of such
predictable and unpredictable response variations
are unknown, but these complications rarely occur
during the first two years of treatment. One theory
suggests that they are the consequence of levodopa
therapy. Another hypothesis is that they are due to
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progression of the underlying disease. It is of inter-
est, therefore, to find that two children with symp-
tomatic Parkinsonism developed typical end-of-
dose deterioration as well as unpredictable response
fluctuations within a few weeks of starting levodopa
therapy.

Case reports

Case I This boy was diagnosed as having von Wile-
brand's disease at age 18 months. He remained well until
aged 7 years when a tremor of both hands was noted. Over
the next three months he developed difficulty in writing,
unsteadiness of gait and, later, generalised headache, vom-
iting and listlessness. Examination revealed bilateral papil-
loedema, a right upper motor neuron facial weakness,
finger-nose and heel-shin ataxia, a broad based gait, and
bilateral extensor plantar responses. Cf scan suggested
aqueduct stenosis. A right ventriculo-peritoneal shunt was
inserted and he gradually improved. Two months later,
over a period of 12 hours, he complained of headache and
became difficult to arouse. On examination he was drowsy
with a coarse tremor of both upper limbs and extensor
plantar responses. CT scan showed recurrent hydro-
cephalus. The shunt was revised and he gradually
improved. Over the next few months he experienced repeated
episodes of shunt occlusion, in which his level of con-
sciousness would deteriorate and he would develop a
coarse resting tremor of the right more than the left arm,
all of which improved after shunt revisions. However, after
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the fourth shunt revision there was little improvement.
Examination then revealed head and eye deviation to the
left, a severe Parkinsonian rest tremor of both arms, right
more than left, and rigidity and dystonic posturing of all
limbs in flexion. One month later he again became more
drowsy, the tremor increased, and a CT scan showed
recurrence of the hydrocephalus requiring a fifth shunt
revision. After the last operation Sinemet was begun and
the dose gradually increased to 110 mg twice daily in the
first week. At this time, by when a further CT showed
ventrides of normal size, his level of consciousness began
to improve slowly. Over the following three weeks, as
Sinemet dosage was increased further, motor function also
improved. However, on Sinemet 110 mg four times daily,
he then began to show fluctuations between Parkinsonian
akinesia and periods of mobility with dyskinesias. During
the "off" periods he was bed-bound with severe rigidity,
akinesia, anarthria with drooling, a flexed posture and
postural instability. During the "on" phase his tone was
normal with no tremor, speech was more easily understood,
the flexed posture was not apparent and he could sit with-
out support. In the "on" periods he usually had generalised
choreiform involuntary movements. Fluctuations occurred
most often related to timing of dosage, with early morning
akinesia and wearing-off of the drug effects 3-4 hours after
each dose. There were also less frequent fluctuations unre-
lated to dosage when he would quickly change from "on"
with dyskinesias to "off' with immobility. This akinetic-
rigid and tremulous state would last for several minutes
followed by a return to the "on" phase, without an inter-
vening dose of levodopa. When Sinemet was withheld one
morning he remained "off ' until twenty minutes after a
dose was finally given at 1100 h. During this time, he had
one spontaneous 10 minute episode of improved mobility
with a reduction in tremor, rigidity and flexed posture.
Subsequently, both the dyskinesia and fluctuations were
controlled completely, with the exception of early morning
akinesia, by taking Sinemet 55 mg every three hours while
awake. Over the next four weeks his morning akinesia
became less severe and prolonged. The individual doses of
Sinemet gradually were reduced and then the drug was
stopped without return of symptoms. Seyen weeks after
the peak severity of his fluctuations, three weeks after
stopping Sinemet, there was no sign of Parkinsonism with
the exception of a minimal intermittent tremor of the right
hand.
Case 2 This 9-year-old girl was well until the age of 8
when she developed a severe encephalitis of undetermined
cause..On transfer from her home in Libya to England she
was moribund, barely conscious with no volitional activity
but with short bursts of marked tremor in all limbs. Normal
findings included routine haematology and biochemistry,
liver function tests, serum copper and caeruloplasmin and
CT scan. CSF was normal with no cells, although it was
said to have shown a pleocytosis in the acute phase of her
illness. With supportive therapy she gradually improved
but developed severe post-encephalitic Parkinsonism with
rigidity, akinesia and a fine resting tremor. Prominent
postural instability made unsupported walking impossible.
All features of her illness responded dramatically to
Sinemet. However, within weeks of starting therapy she
developed striking, rapid fluctuations between mobility

with dyskinesias and immobility with severe akinesia and
rigidity, occurring several times per day. At best she was
normal. At worst she was unable to move, stand, sit up or
speak. Most of these fluctuations occurred in a dose-
dependent manner. However, some swings showed no con-
sistent relationship to the timing of her levodopa. Initially,
Sinemet 82-5 mg every two hours controlled most fluctua-
tions and she returned home to Libya on this dosage.
Seven months later the response swings had again become
severe, particularly with a prolonged period of immobility
in the morning. Bromocriptine was added with some
improvement, but she continued to have striking, rapid
fluctuations which occurred both related and unrelated to
the timing of medication. Bromocriptine was stopped and
quickly she lost most of the dyskinesias during the "on"
period, and the "off" periods became more obviously
related to each dose of Sinemet. Sinemet was then gradu-
ally replaced by bromocriptine. She showed exquisite sen-
sitivity to this therapy, 10 mg four times daily resulting in
intractable prolonged periods of akinesia and 15 mgs four
times daily causing disabling dyskinesia. In a final dose of
12.5 mg four times daily she remained mobile for most of
the day with inconspicuous unpredictable "off" periods
occurring only once every two days or so.

Discussion

Although many theories have been proposed, none
satisfactorily explains the development of predic-
table and unpredictable fluctuations in Parkinsonian
disability during levodopa therapy. Alterations in
pharmacokinetic mechanisms could cause unstable
plasma levodopa levels. Such changes might include
altered levodopa absorption from the gut, varying
peripheral catabolism of levodopa by methods othet
than decarboxylation, or a combination of the two.2
However, peripheral mechanisms may not explain
fluctuations in all patients since no difference has
been found between plasma levodopa profiles in
patients with response fluctuations and those with a
stable response to levodopa.3

Central mechanisms proposed to account for such
fluctuations emphasise either the effects of levodopa
and its metabolites on the brain, or the progression
of the underlying disease. Lesser et a14 have sug-
gested that deterioration of responsiveness to
levodopa seen in Parkinson's disease is due to the
therapy itself. Levodopa has been thought to desen-
sitise post-synaptic striatal dopamine receptors, and
transient changes in receptor sensitivity have been
postulated to explain the "on-off" phenomenon.5
Metabolites of levodopa also have been suggested to
interfere with the effects of dopamine on the post-
synaptic receptor.6 However, studies using apomor-
phine,7 or intravenous infusions of levodopa,8 have
demonstrated that the dopamine receptor is still
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capable of responding during dose-related "off"
periods.
Markham and Diamond9 argued that the

development of long-term complications, including
response fluctuations in levodopa-treated Parkin-
son's disease, correlated with the duration of disease
rather than the duration of levodopa therapy. As
well as accounting for the progressive loss of
response to levodopa late in Parkinson's disease, the
continuing destruction of nigral neurones also could
account for end-of-dose deteriorations. The loss of
the ability to synthesise and store dopamine might
explain the occurrence of response fluctuations
despite stable plasma levodopa levels and retained
post-synaptic dopamine receptor responsiveness.'0

All of these theories to account for fluctuation in
levodopa response have emphasised either the
effects of long-term levodopa therapy on its
peripheral or central metabolism and actions, or the
progression of the underlying disease over a matter
of months or years. Neither of our two patients had
idiopathic Parkinson's disease and both developed
characteristic and typical response fluctuations
within weeks of starting levodopa therapy. Differ-
ences in the peripheral metabolism of levodopa
between children and adults could explain this early
onset of response fluctuations in our patients. If this
were the case, however, one might expect similar
reports in children treated with levodopa for
juvenile paralysis agitans. On the contrary, most of
these cases have derived long-term uncomplicated
benefit from levodopa, often without evidence of
disease progression after several years treatment."
Although our two interesting patients bring us no

closer to an understanding of the mechanisms under-
lying the "on-off" phenomenon, they do show that
neither long-term use of levodopa nor the progres-
sion of idiopathic Parkinsonism are essential for the
development of this complication.

AEL was supported by a Fellowship from the Cana-

dian Medical Research Council and an HK
Detweiler Travel Fellowship.
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