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The effects of acute levodopa withdrawal on

motor performance and dopaminergic receptor

sensitivity in patients with Parkinson's disease

N Turjanski, W Fernandez, A J Lees

Abstract
The effects of acute levodopa withdrawal
were studied in nine patients with levo-
dopa related on-off oscillations. One
patient withdrew from the study due to
off period confusion and hallucinations.
A marked deterioration in motor disabil-
ity occurred in all patients following
overnight withdrawal of levodopa and a

further mild delayed deterioration was

present over a mean withdrawal period
of 44 hours. Patients with more severe

disease were able to tolerate levodopa
withdrawal for a shorter period of time
than those with milder disease severity.
The minimum therapeutic dose of sub-
cutaneous apomorphine needed to pro-
duce a similar improvement in patients'
mobility, before and after several days of
drug withdrawal, did not differ, thus
providing no clinical evidence for alter-
ations in striatal dopamine receptor sen-

sitivity after acute levodopa withdrawal.
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Acute levodopa withdrawal for periods of
four to ten days has been claimed to tem-
porarily improve drug related motor fluctua-
tions following the reintroduction of levodopa
therapy. "Proponents of the "drug holiday"
have suggested that it reverses the down regu-
lation of striatal dopamine receptor sensitivity
believed to occur during dopaminergic long-
term treatment.56 However, the considerable
morbidity seen during the period of levodopa
withdrawal,7-9 has largely restricted this strat-
egy to patients experiencing drug-induced
acute psychotic reactions or toxic confusional
states. Despite the considerable literature on

acute levodopa withdrawal no pharmacologi-
cal studies to assess dopaminergic receptor
sensitivity before and after drug holidays have
been reported.

Delayed deterioration in motor response
three to seven days after drug withdrawal is
well recognised, and Muenter and Tyce
described the existence of a short and a long
duration improvement in response to lev-
odopa. The short duration response broadly
followed the plasma dopa levels. The long
duration response was described when after
overnight levodopa withdrawal the motor
scores were still above the pre-treatment
level, in patients without motor fluctuations
or a demonstrable short duration response.'0
The aim of this study was to evaluate

dopaminergic responsiveness and the charac-
teristics of the deterioration that followed lev-
odopa withdrawal, in a group of Parkinson's
disease (PD) patients.

Patients and methods
A) PATIENTS
Nine patients (6 men; 3 women) with
Parkinson's disease, after giving informed
consent, were admitted to hospital for
reassessement of their drug regime and
included in a single blind study. All had been
followed for several years in the Movement
Disorder Clinic of The Middlesex Hospital.
Their mean age was 65-5 (54-73) years,
mean duration of disease was 14 (3-40) years
and the mean duration of levodopa treatment
was 9-6 (1-18) years. All patients had dis-
abling on-off psychomotor fluctuations and
six had interdose dyskinesias. At the time of
admission the mean Hoehn and Yahr (HY)
stage was 3 when on and 3-6 (3-4) when off
medication. They received a mean dose of
711 (250-2100) mg of levodopa a day in
combination with a dopa decarboxylase
inhibitor. Additionally, five patients were
receiving selegiline (mean dose: 10 mg/day)
and three benzhexol (mean dose: 5-8
mg/day).

B) METHODS
After hospital admission the patient's usual
dose of levodopa was given in the form of
capsules for three days. During this period, in
the off state, patients were challenged with
increasing doses of subcutaneous apomor-
phine, from 1 mg up to the smallest dose
capable of producing at least 20 minutes of
effective on "mobility". Levodopa therapy
was then stopped overnight and the predeter-
mined minimum effective dose of apomor-
phine administered in the early morning.
Following this challenge and unknown to the
patient, levodopa was replaced by indistin-
guishable placebo capsules; other anti-
Parkinsonian drugs were left unchanged.
Placebo capsules were continued until each
patient developed unacceptable marked dete-
rioration in motor performance, or four days
of levodopa withdrawal had ensued.
Unacceptable marked deterioration was pre-
sent when the patient's independence and
ability to look after himself were compro-
mised (stage 4 or 5 HY). Before reintroduc-
tion of levodopa, each patient was again
challenged with apomorphine to determine
the minimum effective "switch on" dose.
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This second challenge started with the same
predetermined minimum dose, except in two
patients who received 0 5 mg less than on the
first injection.
The Modified Webster Scale, timed tap-

ping (Unilateral hand tapping over 30 second
intervals using two digital counters separated
by 20 cm) and walking test (the time needed
to rise from a chair, walk 6 metres and sit
down without help) were assessed every 10
minutes during the apomorphine challenges.
The same tests together with the HY score

and global clinical evaluation were carried out
three times each day (approximately 2 hours
after waking, at 9:00 hours, 13:00 hours and
17:00 hours) during the levodopa withdrawal
period.

Groups' values were compared using one

factor ANOVA-repeated measures, for a 99%
level of confidence and adhoc Scheffe F-test;
and Student's paired t statistics.

Results
EVOLUTION
One patient withdrew from the study due to
severe off period confusion and visual halluci-
nations occurring after 23 hours of levodopa
withdrawal. The average duration of the with-
drawal period in the other patients was 44-1
(23-94) hours.
The initial deterioration following an

overnight withdrawal of levodopa, after the
first apomorphine challenge, was called "first
morning off'. The final deterioration that
occurred at the end of the study, before rein-
troduction of dopaminergic drugs, was called
"last off". The time period between both apo-
morphine challenges was regarded as the
duration of levodopa withdrawal and called
long duration deterioration (LDD). The
mean group Webster, tapping, HY and timed
walking scores at baseline on, first morning
off and the last off, at the end of the with-

Whole group scores at baseline
on, first and last off

drawal period are shown in fig 1. On the first
morning off, the Webster and tapping scores
showed a significant deterioration, however,
the patients mean walking time remained
similar [on period: 16-2 (3.2) first morning
off: 21-7 (8&7). By the end of the LDD, there
was a significant further increase in the mean
Webster [first off: 18-2 (3.0)], last off: 24-3
(3-9)] and the HY scales [First off: 3-3 (0 5),
last off: 4-3 (0-7)]. At the end of the study,
five patients were unable to walk or stand up
without help. Some sleep benefit occurred
each morning, which caused mild fluctua-
tions through the day.

Despite being a small group of patients,
two types of LDD were noticed, and the
patients were further subdivided depending
on the duration of the LDD. Group I
included 3 patients, with a mean LDD of 79
(72-94) hours. This group tended to have
less deterioration of the motor scores, and a

shorter duration of disease (mean 8-6 years)
and treatment (mean 5-3 years). One of these
patients did not present any significant
changes in the scores even after 96 hours
without medication, although she did begin
to experience increasing pain and discomfort
in her legs.

Subgroups scores at baseline, first and last off
60- A

Group
50- LDD 79HS
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Level of significance < 0-01

Figure 1 Mean Webster, tapping and HY scores for the
eight patients at baseline on, first off after withdrawal and
last off, before reintroduction of dopaminergic drugs. By the
end of the trial, five patients were unable to walk or arise
without help.

* First and last off, compared to on
+ Comparison between first and last off
*On OFirstoff El Lastoff

Level of significance < 0 01

Figure 2 Mean Webster, tapping, HY scores and
walking time at baseline on, first offand last off, for groups
I (3 patients) and II (5 patients) are represented in 2a
and 2b, respectively. By the end of the trial, four patients
ofgroup I, and one ofgroup II, were unable to walk or
arise without help.
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found capable of producing at least 20 min-
utes of good mobility, before and at the end
of the levodopa withdrawal period. The mean
therapeutic dose of apomorphine was
4(1-5-12) mg at the beginning of the drug
holiday and 3-8(1-12) mg at the end of the
study. Five patients received the same dose of
apomorphine before and after the drug holi-
day, whereas in two patients the dose was
reduced by 0 5 mg. These two patients did
not present any significant differences in
latency, duration or quality of response to
both apomorphine injections. Five patients
increased slightly their latency to switch on
during the second challenge: however, the
group mean latency remained similar (first
challenge: 15 [5-30] minutes, second chal-
lenge: 19 [10-30] minutes). Mean duration
of apomorphine improvement was 54
(20-77) minutes during the first challenge
and 54 (22-90) minutes with the final injec-
tion. This duration remained similar for each
patient, in three subjects it was between 20
and 40 minutes, and in five between 60 and
90 minutes. No differences occurred between
the quality of the on periods and the severity
of the dyskinesias during the challenges.
Three patients experienced a more severe off
stage after apomorphine improvement than at
baseline; this was present before and after the
levodopa holiday in two subjects.
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Figure 3 Evolution of the deterioration of the motor scores, for individual patients of
group I and II are represented in 3a and 3b, respectively.

Group II included 5 patients, with marked
worsening of the motor scores after overnight
withdrawal and again, at the end of the LDD
of a mean 27 (25-32) hours. This group
included patients with a tendency to more
severe motor scores, a longer duration of the
disease (mean 17-2 years) and longer treat-
ment period (mean 10-6 years). The mean

values of both groups are shown in fig 2, and
examples of the evolution of the deterioration
in individual patients of each group are dis-
played in fig 3.

There were no statistical differences in the
response to apomorphine, and the duration
and severity of the LDD, between patients
that continued with and without other anti-
Parkinsonian medication.

APOMORPHINE RESPONSE
Patients were injected with the minimum
effective dose of apomorphine, previously

Discussion
This study assessed the characteristics of the
deterioration induced by levodopa withdrawal
in eight PD patients. An enhanced response
to the reintroduction of levodopa, after trans-
ient drug withdrawal has been claimed by
those advocating drug holidays. Sweet et al I

examined the response to 500 mg of levodopa
before and after a period of medication with-
drawal that varied between 4-11 days.
Following the drug holiday they found an
increased amplitude of motor response in two
of four cases. However, analysis of the data
showed that the motor scores after the second
levodopa challenge were worse than those
found in the baseline state. Klawans et al2 6
assessed a group of patients following levo-
dopa withdrawal (5-7 days) and found that
some patients were able to reduce their drug
requirements to almost half of the dose. Even
on reduced levodopa dose, their motor scores
were better nine months later. A group of PD
patients after 12 days without levodopa
showed a longer duration of the motor
response when tested with levodopa and apo-
morphine, although, the magnitude of the
response was smaller." However Mayeux,"2
using age and severity of disease matched
controls, found no statistical significant
improvement six months after a 10 day
period, of levodopa withdrawal.

It has been suggested that the clinical
improvement observed following drug
holidays might be produced by restoring the
sensitivity of the dopamine receptors.5 13

Post mortem human studies have shown
increased number of putaminal postsynaptic
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dopamine receptors in untreated
Parkinsonian brains and reduced numbers in
levodopa treated subjects.'4-16 PET studies in
PD patients have shown that the D2 putamen
binding potential was normal or increased in
untreated patients, and reduced in patients
chronically treated. 1718 Animal data have
shown dopamine receptor upregulation fol-
lowing treatment with reserpine or haloperi-
dol, or after striatal lesions produced with
6-hydroxydopamine. This upregulation was
partially or totally reversed after chronic treat-
ment with levodopa or dopamine selective
agonists. 19-23 In rats, D1 receptor showed
supersensitivity 24 hours after reserpine den-
ervation.24 However, Pycock25 found that
chronic levodopa administration followed by
its sudden withdrawal failed to reverse
dopamine receptor upregulation in mice pre-
viously lesioned with 6-hydroxydopamine.
A test with subcutaneous apomorphine, a

dopamine receptor agonist, is currently used
in the assessment of dopaminergic respon-
siveness in Parkinsonian syndromes, it pos-
sesses a sensitivity similar to the single
levodopa test.2627 In our study the dose of
apomorphine, latency to onset, duration and
quality of response did not differ after a
period of levodopa withdrawal, providing no
clinical evidence for resetting of striatal
dopamine receptors. In comparison with
some previous clinical studies, the period of
levodopa withdrawal in this study, was
shorter, with a mean of 44 hours and may
have been insufficient to produce receptor
changes. However, the time-course of
changes in the receptor sensitivity, after lev-
odopa withdrawal, is still uncertain.
Improvement in drug related side effects have
been reported in Parkinson's disease after lev-
odopa holidays of 2 days every week.28
Changes in the sensitivity of the denervated
striatum, in animals, were present after a
variable length of time, even as early as one
day.16 23 24

Two types of deterioration were observed
in our study. The short duration response,
may relate to a great extent to the pharmaco-
kinetic properties of levodopa.29 On the other
hand the delayed deterioration, with a ten-
dency to be more acute in the severely dis-
abled patients, might be attributed to a
reduced buffer reserve of dopamine in surviv-
ing presynaptic terminals,30 or alternatively to
mechanisms operating downstream from the
postysnaptic striatal receptors.
An interesting observation was the occur-

rence of transient worsening of disabilities
below baseline readings after apomorphine
challenges in three patients. This may be
explained by an inhibitory effect of threshold
doses of dopaminergic drugs.3'
One patient developed off period confusion

and visual hallucinations, a clinical phenome-
non which has been previously described.'2-35
Although temporary levodopa withdrawal
may be necessary in most patients with severe
toxic confusional states or psychotic reactions
occurring during long-term therapy, attempts
should be made before drug withdrawal to

ascertain whether the confusion is worse
when the patient is switched on or in an off
period.

In this study there was a deterioration pre-
sent in all PD patients, after overnight with-
drawal of levodopa, but a mild further
worsening of the scores occurred with the
continuation of the study. Subjects more

severely affected had a tendency to faster and
more marked deterioration. The acute
response to apomorphine before and after the
withdrawal was similar.
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