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Short report

Regional cerebral blood flow in patients with
Parkinson's disease under chronic levodopa therapy:
measurements during "on" and "off" response
fluctuations
ELDAD MELAMED, MORDECHAI GLOBUS, BRACHA MILDWORF

From the Laboratory for Cerebrovascular Research and the Laboratory for Clinical Neurochemistry,
Department of Neurology, Hadassah University Hospital, Jerusalem, Israel

SUMMARY In ten Parkinsonians who developed dose-related response fluctuations under long-term
levodopa therapy, regional cerebral blood flow (rCBF) and plasma levodopa levels were measured
simultaneously, once during an "off" phase and again at an "on" stage of clinical benefit induced
by a single oral dose of levodopa. Although plasma levodopa increased threefold during the "on"
period, rCBF and the degree of its reduction from normal age-matched control values remained
unchanged and similar to those in the "off' phase. Study suggests that the rCBF decreases in
Parkinson's disease are unaffected by levodopa and are not due to deficient dopaminergic
neurotransmission in the brain.

The regional cerebral blood flow (rCBF) is reduced in
patients with Parkinson's disease' 2 but the causes are
undetermined. Dopaminergic neurons or circulating
dopamine may be involved in the regulation of the
rCBF and several studies,34 although not all,5 suggest
that dopaminergic stimulation induces cerebral vaso-
dilation. Disruption of central dopaminergic path-
ways may also cause reduction of local cerebral
metabolic rates.6 Therefore, the deficient nigrostriatal
and also nigromesocortical7 dopaminergic neuro-
transmission in Parkinsonians may cause the rCBF
-decreases either directly via vasoconstriction linked to
loss of dopamine-containing neurons or secondarily
through suppression of brain tissue metabolism.
Treatment with exogenous levodopa is beneficial
through partial correction of dopamine depletions in
striatum and probably also in other dopaminergic
terminal fields such as the cortex.8 However, after
several years of smooth and stable levodopa efficacy,
the pattern of responsiveness often changes and
becomes fluctuating.9 At this stage, patients experi-
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ence onset and termination of benefit after each single
dose of levodopa (the "wearing off' phenomenon or
"end of dose" akinesia).9 Such dose-related "on" and
"off' response fluctuations are, in all likelihood, due
to an alternating enhanced and suppressed dopami-
nergic transmission in the brain.9 10 Consequently, if
rCBF reductions are due to decreased dopaminergic
function, they should be more pronounced during the
"off' stage and reversed, or at least partially cor-
rected, during the "on" phase. We therefore measured
simultaneously the rCBF and plasma levodopa levels
in Parkinsonian fluctuators during the "on" and "off'
response oscillations induced by individual doses of
levodopa.

Methods

We studied 10 stage III-IV (according to the Hoehn and
Yahr scale) patients with Parkinson's disease who were on
long-term levodopa therapy (seven males and three females,
aged 42 to 71, average 63 years). Average duration of illness
and of levodopa treatment was 9 years (range 4 to 14) and
7 years (range 3 to 11), respectively. Mean total daily dose of
levodopa was 1080 + 240mg (with carbidopa at a ratio of
10:1) given in 5-8 divided doses. None of these patients had
overt clinical dementia. All patients had easily identifiable,
marked and rather abrupt, frequent clinical fluctuations
throughout the day with "off" periods of severe akinesia
alternating with "on" periods of facilitated and sometimes
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even nearly normal motor function often with dyskinesias.
These response fluctuations were dominated by the daily
schedule of levodopa and clearly linked to ingestion of single
doses of the drug. Each patient underwent two resting state
rCBF determinations in the same session. The first rCBF
measurement was performed during an "off' phase before
the next scheduled dose of levodopa. The patient then inges-
ted his usual dose of levodopa (125 to 250 mg with carbidopa
at a ratio of 10:1) and if dose intake elicited a successful
beneficial effect, the study was repeated at the peak of the
"on" phase. rCBF was determined using the '33Xenon
inhalation technique."' The clearance of the radioisotope
from the brain was monitored by 16 Nal collimated scintil-
lation detectors arranged perpendicularly over homologous
regions in both hemispheres (8 probes over each). The rCBF
was computed according to Risberg et all2 as the initial slope
index which represents mainly blood flow in cortical gray
matter. Since rCBF declines during normal aging, 13 the flow
values were compared with those obtained in 50 age-matched
neurologically and mentally normal control subjects. During
each rCBF study, venous blood samples were drawn for later
measurement of plasma levodopa levels using high per-
formance liquid chromatography with electrochemical
detection. 14

Results

During the "off' phase, mean brain rCBF in the 10
Parkinsonians was significantly lower as compared
with expected age-matched control values (p < 000 i;
fig). The degree of rCBF reduction was similar in the
right and left hemispheres (table) and in the various
brain regions. The severity of flow decreases was simi-
lar to that observed in our study of a larger (n = 10)
population of patients with Parkinson's disease.2
Plasma levodopa levels increased by about threefold
during the "on" phase induced by an ingestion of a
single oral dose of levodopa (fig; table). However,
mean brain CBF and the degree of its reduction from
age-matched controls were unchanged as compared
with those in the "off' phase (fig). Likewise, no
changes were induced by levodopa during the "on"
phase in right and left mean hemispheric CBF (table)
and in the regional flow values. Smaller or larger sin-
gle doses of levodopa (125 to 250mg with carbidopa)
had no effect on flow parameters.

Fig Mean brain CBF, %CBF reduction from expected age-
matched normal control values and plasma levodopa levels in
10 Parkinsonians on chronic levodopa therapy with dose-
related responsefluctuations, during the "ojf'phase and at the
peak of an "on" phase induced by ingestions of a single dose
oflevodopa (125 to 250mg with carbidopa at a ratio of10:1).
Mean brain CBF was calculatedfrom rCBF values measured
from 16 regions in both cerebral hemispheres. Expected age-
matched normative data were calculated in each patient from
a regression line through flow values obtained in 50 normal
subjects plotted against age. Columns and bars represent
means + SEM *significantly higher than in the "of'phase (p
< 0 001; t test).

Discussion

Dose-related "on-off' response fluctuations in Par-
kinsonians under chronic levodopa therapy may be
due to emergence of oscillations in synthesis, storage
and release of dopamine from exogenous levodopa
associated with disease progression, in sensitivity of
the postsynaptic dopamine receptors and even in
levodopa absorption from the gut.9 10 15 It is feasible
that in an "on" phase induced by a successful dose of
levodopa, there is a shift from suppressed to enhanced
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rCBF in levodopa-induced response fluctuations

Table Right and left mean hemispheric CBF and Plasma levodopa levels during levodopa-induced "off' and "on" response
fluctuations in 10 patients with Parkinson's disease

Case No Rt hemispheric CBF Lt hemispheric CBF Plasma levodopa
mt/IOOg/min ml/100g/min ng/ml

Off On Off On Off On

1 48-3 48-2 50-1 51-1 523 1447
2 42-7 54-1 39-9 47-3 698 1458
3 42-0 39-0 43-0 37-3 210 1205
4 39-6 38-1 44-4 42-2 475 2200
5 32-8 40 4 325 385 640 2312
6 48-0 41-3 433 39.1 250 1404
7 51 9 53-3 54-6 51-7 725 2750
8 45-8 45-0 44-0 45-2 1288 2586
9 38-6 40-3 39-1 42-1 976 1759
10 42-5 40 6 43-2 41-5 854 2195
Mean + SEM 43-2 + 1-7 44-0 + 1-8 43-4 + 19 43-6 + 19 664 + 103 1932 + 172
Controls* 48-9 + 1-0 49-5 + 0-9

*Calculated from data obtained in 50 age-matched normal subjects; right and left mean hemispheric CBF values were significantly lower
than those in controls (p < 0 01; £ test).

dopaminergic transmission in brain. There is a rough
correlation between the clinical state and plasma
levodopa levels in Parkinsonian fluctuators.'5 Our
study shows that despite marked elevations in plasma
concentrations of levodopa and presumed accelerated
central dopaminergic function during the "on" phase,
the rCBF and the severity of rCBF reduction from
normal age-matched control values remained
unaltered and similar to those in the "off' period.
Initial slope index values measured by the xenon
inhalation technique predominantly represent blood
flow in cortical gray matter.12 Using positron emis-
sion tomography (PET), Leenders etal'6 found an
increase in cortical blood flow an hour after acute and
very large doses oflevodopa and carbidopa in patients
with Parkinson's disease who were previously taken
off the drug for a period of five days. No significant
change was observed in volunteers given acute
levodopa orally. Furthermore, when the Parkin-
sonians were rescanned after several weeks of con-
tinuous levodopa treatment, rCBF values in cortex
were no longer elevated and returned to the baseline
levels.16 In another PET study, Perlmutter and
Raichle"7 found, as we did, no changes in cortical
rCBF after an oral dose of levodopa in 11 non-
fluctuating patients with stage I-II Parkinson's disease
in whom levodopa was withdrawn for 24 hours prior
to testing. Our study was different in its design using
a test-retest paradigm in Parkinsonian fluctuators,
within a brief time span, in a stable environment,
without prior discontinuation of levodopa,. before and
after drug ingestion, during a baseline "off' state and
again when the usual dose of levodopa had clearly
produced a beneficial "on" effect. In another study we
found that the rCBF was similar in Parkinsonians on
levodopa and in those not treated with this drug.2
There was also no correlation between rCBF reduc-
tion and the total daily dosage of levodopa.2 The

rCBF was unchanged in 26 de novo patients before
initiation of levodopa and eight weeks later although
all responded favourably.18 Likewise, rCBF was
unaltered in 14 Parkinsonians on long-term levodopa
therapy 7 days after drug discontinuation and at 4
weeks after its readministration when previous
beneficial effect was regained.2 Taken together, all
these data suggest that treatment with levodopa does
not affect the rCBF in Parkinson's disease. We did not
find any correlation between the severity (stage),
duration and progression of the illness and the mag-
nitude ofrCBF decreases. 1 2 Furthermore, in patients
with predominantly unilateral Parkinsonian symp-
tomatology due to more pronounced dopamine
depletions in the contralateral hemisphere, the extent
of rCBF reductions was similar in the two cerebral
hemispheres. 1 2 These findings, combined with lack of
levodopa effect suggest that reduction of the rCBF in
Parkinson's disease is probably not due to deficient
dopaminergic transmission in the brain. Use of the
bidimensional xenon inhalation technique does not
provide information on possible flow changes in the
deeply-seated basal ganglia. However, using PET
scanning, Wolfson et all9 showed that levodopa treat-
ment does not affect the rCBF also in the caudate and
putamen. This suggests that beneficial effect of
levodopa in Parkinson's disease is due to
improvement in dopaminergic neurotransmission and
not to enhancement of rCBF in the basal ganglia. It
also rules out the theoretical possibility that
fluctuating responses to levodopa might be due to
reduced circulation and diminished precursor delivery
in the corpus striatum induced by long-term levodopa
therapy.
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