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CDS continuous dopaminergic stimulation 
Cmax maximum concentration in blood after a dose 
Cmin minimum concentration in blood after a dose 
CNS central nervous system 
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CV coefficient of variation 
DAT dopamine transporter 
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DOPA dihydroxyphenylalanine 
EBM evidence-based medicine 
EMG electromyography 
GABA gamma-amino butyric acid 
GPi globus pallidus interna 
HBS hydrodynamically balanced system 
HPLC high-performance liquid chromatography 
IR immediate-release 
LDR long-duration response 
LNAA large neutral amino acid 
MAO monoamine oxidase 
MT movement time 
NMDA N-methyl-D-aspartate 
NUDS Northwestern University disability scale 
PD Parkinson’s disease 
PDQ-39 Parkinson’s disease questionnaire (39 items) 
PEG percutaneous endoscopic gastrostomy 
PET positron emission tomography 
PLM posturo-locomotor-manual (test) 
SD standard deviation 



 

SDR short-duration response 
SNr substantia nigra pars reticulata 
SPECT single-photon emission computed tomography 
SR sustained-release, slow release 
STN subthalamic nucleus 
t ½  elimination half-life of a substance 
Tmax time to reach Cmax 
UPDRS unified Parkinson’s disease rating scale 
VAS visual analogue scale 
VDS verbal descriptive statistics 
VT volume transmission 
WRS Webster rating scale 
WT wiring transmission 
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Introduction 

Background 
Parkinson’s disease (PD) is a progressive, neurodegenerative disorder 
affecting primarily dopaminergic neuronal systems with impaired motor 
function as a consequence. The diagnosis might conceal a wide pattern of 
similar disorders with different causes and courses. However, a few criteria 
and a clear response to dopaminomimetic therapy constitute the idiopathic 
PD. The classical PD criteria are bradykinesia, tremor and rigidity. Postural 
instability has lately joined to form a tetrad. The disease is diagnosed on a 
clinical basis and there are no diagnostic tests. However, a positive response 
to levodopa administration is obvious and separates idiopathic PD from 
other disorders, which present with parkinsonism. The clinical 
characteristics were first described as the shaking palsy by James Parkinson 
in 1817 (Parkinson, 1817). 

Up to now, the causes of PD are unknown and genetic research has not 
solved the problem, although a few hereditary forms of PD have been found 
(Spacey and Wood, 1999 for review). Since the first PD gene locus was 
discovered within an Italian family (Polymeropoulos et al., 1996), a number 
of PARK genes (1-8) have recently been identified to be involved in 
development of parkinsonism (Foltynie et al., 2002). Some known mutations 
result in dysfunctional properties of α-synuclein, a protein suggested to be 
involved in the formation of synaptic vesicles for dopamine storage. A 
reduced number of vesicles, related to mutations in α-synuclein, might lead 
to increased oxidative stress by the unstored dopamine, a possible 
explanation to the pathogenesis of PD (Lotharius and Brundin, 2002). 

Motor symptoms are the predominant features of PD, however other 
symptoms may occur, e.g. neuropsychiatric problems, autonomic 
dysfunction and sleep disorders. Some of these complications might be 
induced by dopaminomimetic therapy whereas some features are only linked 
to disease progression. Since levodopa was introduced as the first effective 
treatment as late as 1967 there are some, but incomplete, data available on 
the natural course of the untreated disease. 
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The introduction of levodopa was revolutionary in that it became an 
excellent treatment for the earlier essentially untreatable disorder. Mortality 
has been nearly normalised and levodopa is still considered the most 
effective agent for treatment of PD. However, disabling motor complications 
occur in the late stages of PD and the need for a better, perhaps more 
physiologically based therapy for this complex disorder remains. 

Extensive research is ongoing and has provided many new treatment 
alternatives in the recent years. Much progress has been made and there are 
promising novelties for the future, but it remains the case that the advanced 
stages of PD constitute a sometimes frustrating challenge.  

Epidemiology 
Studies of epidemiology of PD are few, often restricted in scope and not 
always reliable. One of the difficulties is that there is no ante-mortem 
diagnostic test for PD. The diagnostic methods and accuracy differ between 
different diagnosticians. This means that some cases of PD are in fact 
essential tremor or neurodegenerative disorders, such as progressive 
supranuclear palsy or multiple system atrophy, which are not always easily 
distinguishable. Some instances, especially of elderly patients, who in fact 
have PD are misdiagnosed as cases of depression or “normal” aging (Tanner 
and Goldman, 1996). 

Prevalence (the total number of persons with the disease at a fixed point 
in time) in most European and US studies is 0.1–0.2 %, but up to 0.3 % has 
occasionally been reported (Aquilonius and Hartvig, 1986). The prevalence 
is highest in Europe and North America, lower in Asia and about 0.05% in 
Africa (Li et al., 1985; Schoenberg et al., 1988; Okada et al., 1990). Several 
studies in Europe and the US have suggested that about 1 % of people above 
65 years of age are affected by PD (Marttila and Rinne, 1976; Sutcliffe and 
Meara, 1995). 

The age at onset of PD is about 55–60 years. In 1967, Hoehn and Yahr 
published that 2/3 of the patients’ onset were between 50 and 69 years of age 
(Hoehn and Yahr, 1967). The results are still relevant according to new 
studies of distribution of age at onset. The duration of PD in the population 
was investigated in a British study from 1992 (Sutcliffe and Meara, 1995). 
The distribution of disease duration in the 374 patients ranged from 0 to 42 
years and the median was 6 years. Eight percent of the patients had been 
affected by PD for more than 20 years. 

One of the first rating scales for disease severity was the Hoehn & Yahr 
scale (Hoehn and Yahr, 1967). It comprises five stages, from unilateral 
disease (stage I) to confinement to bed or wheelchair unless aided (stage V). 
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The median duration of illness since onset, in patients before levodopa 
therapy was introduced, being 3 years in stage I and 14 years in stage V. 
Twenty years later, Hoehn suggested that the duration of each stage was 
prolonged by 3–5 years, when patients were treated with levodopa (Hoehn, 
1987). 

Pathophysiology 
The basal ganglia are involved in normal motor control via a number of 
internal circuits, finally projecting to the thalamus and cerebral cortex. 
Dopaminergic projections from the substantia nigra pars compacta terminate 
on dendrites of the medium-sized spiny neurons in the striatum (caudate 
nucleus and putamen) (Kotter, 1994). In turn, these GABAergic efferents 
project, directly and indirectly, to the internal segment of globus pallidus 
(GPi) and substantia nigra pars reticulata (SNr), which are the major output 
nuclei for the basal ganglia (Chase et al., 1998). Basal ganglia output is then 
directed to several thalamic and brainstem nuclei. The direct pathway from 
the striatum to GPi/SNr is monosynaptic, while the indirect pathway 
includes synapses in the external segment of globus pallidus and the 
subthalamic nucleus (STN). 

Dopamine receptors are divided into two families, D1 and D2. The D3 
and D4 subtypes of receptors are members of the D2 family and D5 is D1-
like (Sibley et al., 1993). Striatal D1 receptors are mainly located on neurons 
in the direct pathway and D2 receptors in the indirect projection (Gerfen et 
al., 1990). Dopamine acts via excitatory transmission in the direct D1-
mediated pathway and inhibitory in the indirect D2-mediated pathway (Clark 
and White, 1987). 

The firing pattern of the nigrostriatal dopaminergic neurons is regular and 
with a frequency of 3–6 Hz. Bursts of 15–20 Hz occur in response to salient 
visual or auditory stimuli (Schultz, 1994). The constant striatal dopaminergic 
stimulation regulates glutamatergic input from the cortex to the direct and 
indirect pathways (Levy et al., 1997). 

PD is mainly characterised by denervation of nigrostriatal dopaminergic 
neurons, although other neuronal systems also are involved (Agid, 1989). 
Striatal dopamine receptors, at least D2, are upregulated in untreated PD as a 
compensatory response to dopamine deficiency (Guttman, 1992). However, 
the loss of dopamine leads to an imbalance in the basal ganglia, directing 
neurotransmission to the indirect pathway. This results in increased 
inhibitory output from the GPi causing a decreased excitatory cortical 
projection from the thalamus. 
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The decreased facilitation of cortical motor areas is manifested as 
bradykinesia (Wichmann and DeLong, 1993). Symptom onset appears when 
about 80% of the nigrostriatal neurons have degenerated and, when motor 
response complications are experienced, more than 90% have been lost 
(Hornykiewicz and Kish, 1987). The attrition of pigmented neurons in the 
substantia nigra pars compacta occurs in normal ageing at a rate of 4.7% per 
decade (Fearnley and Lees, 1991). Recent studies of progression have used 
the PET technique to study 6-[18F]fluorodopa uptake and dopamine 
transporter (DAT) imaging (Nurmi et al., 2001; Ma et al., 2002a). The 
relative reduction in fluorodopa uptake and DAT binding in PD was lower 
compared to the post-mortem studies. 

In the research on intercellular communication in the CNS other systems 
than classical synaptic transmission must be identified. The terms wiring and 
volume transmission (WT and VT) have been introduced for this purpose 
(Agnati et al., 1995). WT is defined as a fast one-to-one transmission via 
classical synapses, and VT is defined as as a slow one-to-many intercellular 
communication within the extracellular space and cerebrospinal fluid. In PD, 
the therapeutic efficacy of levodopa is thought to depend on the VT of 
dopamine released in striatal extracellular space more than on the WT of the 
few remaining dopaminergic neurons (Zoli et al., 1999). It is suggested that 
potentiation of VT, switching from short-distance to long-distance VT is a 
compensatory mechanism for the loss of dopaminergic neurons to delay 
onset of motor symptoms (Agnati et al., 1995; Zoli et al., 1998). In the 
progressing disease this compensation is not enough to cover the 
degeneration, resulting in shorter response duration of each levodopa tablet. 
When the drug-induced dopaminergic stimulation ends and PD symptoms 
reappear, the patient goes from “on” to “off” state. 

Extrasynaptic diffusion of transmitters is thought to be common in central 
synapses (Zoli et al., 1999). This could explain why dopamine reuptake sites 
are located outside the synapses (Nirenberg et al., 1997) and dopamine 
receptors are concentrated in extrasynaptic membranes of dendrites (Yung et 
al., 1995). Inhibition of reuptake seems not to influence dopamine 
concentration at the synapse (Garris et al., 1994). 

Internalisation, from plasma membrane to cytoplasm, of striatal D1 
receptors occurs in levodopa treated rodents whether unlesioned or lesioned 
with 6-hydroxydopamine (Muriel et al., 2002). This desensitisation of D1 
receptors may have consequences for reduced efficacy of therapy but further 
studies of this phenomenon is required. 

Repeated pharmacological stimulation of dopaminergic receptors results 
in a progressive enhancement of responsiveness; the behavioural 
sensitisation phenomenon. It has been suggested that this sensitisation is 
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increased by pulsatile and decreased by continuous dopaminergic 
stimulation (Blanchet et al., 1995). 

Sleep benefit is a curious phenomenon in PD. More than half of patients 
report improved motor function after sleep and more than one third consider 
awakening the best time of the day, which allows them to postpone the 
morning anti-PD medication. The phenomenon has been found to be more 
common in elderly patients and in patients with long disease duration and is 
thought to result from increased presynaptic dopamine storage during sleep 
(Parkes, 1983; Merello et al., 1997a). 

Pharmacotherapy 

History 
The first treatment of PD, or paralysis agitans, was anticholinergics in the 
19th century (Ordenstein, 1867), probably based on a misinterpretation of 
drooling as hypersalivation. The anticholinergic alkaloid scopolamine was 
known to block salivation. Effects on the parkinsonian symptoms were very 
moderate. The first steps in the direction towards a treatment for the motor 
symptoms were taken by Arvid Carlsson in 1957 when he identified 
dihydroxyphenylalanine (DOPA) as a reserpine antagonist (Carlsson et al., 
1957). The sedation and hypokinetic syndrome induced by the antipsychotic 
agent reserpine in experimental animals could be reversed. Soon thereafter 
the group published a theory with dopamine as a neurotransmitter and a 
possible involvement in motor control (Carlsson et al., 1958). Dopamine was 
up to this point considered to be a physiologically inactive precursor to 
noradrenaline and it was not until a few years later, when Carlsson’s 
research group could demonstrate the cellular localization of dopamine, 
noradrenaline and serotonin, that their claim was generally accepted. 
Meanwhile, supportive studies were presented, e.g. dopamine deficit in 
brains from PD patients (Ehringer and Hornykiewicz, 1960) and spectacular 
therapeutic effect of intravenous DOPA in PD patients (Birkmayer and 
Hornykiewicz, 1961). The doses of levodopa were about 100 mg and other 
authors were unable to confirm any major effect as compared to placebo in 
double-blind studies (Fehling, 1966; Rinne and Sonninen, 1968). In 1967, 
Cotzias and coworkers presented the dramatic effects of much larger oral 
doses of DOPA, 1.6–12.6 g, on PD patients (Cotzias et al., 1967) and two 
years later L-DOPA was introduced as a clinically applicable therapy 
(Barbeau, 1969; Cotzias et al., 1969). The high doses of levodopa brought 
many side effects. Nausea was very common but vanished almost totally 
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when peripheral decarboxylation of levodopa was inhibited (Pletscher and 
Bartholini, 1971). Sustained-release formulations of levodopa and its 
decarboxylase inhibitor were developed in the 1980s as an attempt to 
improve the pharmacokinetic profile after oral delivery (Cedarbaum et al., 
1987). The increasing knowledge of monoamines led to trials with 
monoamine oxidase inhibitors in the 1960's, and in 1978 the facilitation of 
dopamine by selegiline was presented (Knoll, 1978). During the 1990s 
inhibitors of another enzyme, catechol-O-metyltransferase (COMT), was 
developed to further increase the utilisation of levodopa (Mannisto and 
Kaakkola, 1999). Bromocriptine, the oldest dopamine receptor agonist was 
accompanied by several new agonists in the late 1990s. The introduction of 
levodopa led to a markedly reduced mortality and it has been demonstrated 
that early levodopa treatment is superior to late, regarding life expectancy 
(Diamond et al., 1987). 

Treatment strategies 
Dopaminomimetic therapy is one of the greatest successes of clinical 
neuropharmacology in the 20th century and current therapeutic research 
focuses mainly on refinement of this therapy, although other transmitter 
systems are studied as well. 

Dopamine binds more avidly to D2 receptors, especially the D3 subtype. 
Therefore most dopamine agonists are designed for D2 stimulation. 
However, neurophysiological and behavioural data from animal models of 
PD suggest that D1 stimulation, alone or in combination with D2 
stimulation, may be preferable (Walters et al., 1987). 

A controversy on whether treatment of PD should start with levodopa or a 
dopamine agonist is currently ongoing (Montastruc et al., 1999; Weiner, 
1999). Long-term studies of bromocriptine as initial therapy with later add-
on levodopa versus levodopa as initial and only medication showed no 
favourable effect of an early use of the dopamine agonist on mortality (Lees 
et al., 2001; Montastruc et al., 2001). After some years of high expectations 
from new dopamine agonists the current opinion seems to be shifted in 
favour of levodopa (Djaldetti et al., 2003; Wooten, 2003). 

Continuous dopaminergic stimulation (CDS) has been in focus ever since 
it was shown that a stable constant-rate intravenous infusion of levodopa 
produced a complete removal of motor fluctuations in patients with 
fluctuating response to oral levodopa (Shoulson et al., 1975).  

Attempts have been made to compile standardised algorithms for the 
therapeutic management of PD (Olanow et al., 2001). However, criticism 
has been raised against such algorithms if sponsored by the pharmaceutical 
industry rather than related to evidence-based medicine (EBM). A literature 
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review performed in accordance with criteria of EBM was recently presented 
(Movement Disorder Society, 2002). Creation of standardised algorithms is 
almost impossible considering the extreme variability in patients’ clinical 
presentations, drug responses, etc. (Lees, 2002). Each patient needs an 
individually tailored therapy. Pharmacogenetics, or pharmacogenomics, 
deals with genetic polymorphisms in drug-metabolising enzymes, 
transporters and receptors, which may explain inter-individual differences in 
efficacy and toxicity of, for example, dopaminomimetic medication. The 
difference in dose requirement between patients is obvious in PD and will 
probably be a major issue in future refinement of therapy. 

Drugs 

Levodopa 

Pharmacokinetics and pharmacodynamics 
The dopamine precursor levodopa (Levo-3,4-dihydroxyphenylalanine) is a 
large neutral amino acid (LNAA), like tyrosine, phenylalanine, tryptophan, 
leucine, isoleucine and valine. Levodopa is transformed into dopamine in 
cells containing the enzyme aromatic L-amino acid decarboxylase (AADC), 
i.e. dopamine-containing neurons, but also 5-HT neurons and pericytes 
(Cooper et al., 1991). Orally administered levodopa reaches the maximum 
blood concentration (Cmax) after 45–120 minutes, partly depending on the 
formulation of the tablet. The pharmacokinetics of levodopa is also 
dependent on gastric emptying as absorption occurs in the proximal one-
third of the small intestine (duodenum/jejunum), not in the stomach (Rivera-
Calimlim et al., 1971a; Sasahara et al., 1981). Gastric emptying is therefore a 
determining factor for the access to orally administered levodopa. The 
motility of the stomach varies with fed and fasted state (Smith and Feldman, 
1986) and erratic gastric emptying gives a fluctuating levodopa 
concentration-time curve (Kurlan et al., 1988b). Moreover, gastric emptying 
time is delayed in some PD patients compared with a control population 
(Hardoff et al., 2001). Levodopa itself may slow gastric emptying 
(Robertson et al., 1990) although accelerated levodopa absorption has been 
suggested in patients exposed to long-term levodopa therapy (Murata et al., 
1996). The longer levodopa remains in the stomach or small intestine, the 
more extensively it is metabolised and made unavailable for absorption 
(Rivera-Calimlim et al., 1971b). Levodopa absorption is fast and complete 
but the bioavailability is only 30% due to decarboxylation to dopamine by 
the enzyme AADC in the gastrointestinal mucosa. The AADC inhibitors 
benserazide and carbidopa inhibit extracerebral decarboxylation efficiently, 
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thereby enhancing the bioavailability of levodopa in the combined drugs 
Madopar and Sinemet. All commercially available levodopa formulations 
now contain an AADC inhibitor. Therefore, when levodopa is mentioned in 
the rest of this thesis, it is always in presence of benserazide or carbidopa. 
Some of the administered levodopa is metabolised by COMT into 3-O-
methyldopa. Therefore a COMT inhibitor may be added to levodopa and the 
AADC inhibitor. Levodopa is completely metabolised into dopamine, 
noradrenaline or homovanillic acid, which are mainly eliminated in urine.  

Levodopa is transported across the intestinal mucosa and the blood-brain 
barrier (BBB) by the large neutral amino acid (LNAA) transport system, 
which means that some amino acids competitively inhibit levodopa 
membrane transport (Wade et al., 1973; Mearrick et al., 1974; Lennernas et 
al., 1993). A PET study of intravenous Levo-[18F]fluorodopa and amino 
acid loading demonstrated a significant reduction in tracer uptake into the 
brain, thus proving the competition between levodopa and amino acids for 
uptake across the BBB (Leenders et al., 1986). Doses of levodopa taken with 
a meal, particularly with high protein content, will be less efficacious than 
doses taken on an empty stomach (Nutt et al., 1984). This has led to the use 
of a protein redistribution diet for patients with motor fluctuations (Pincus 
and Barry, 1988; Karstaedt and Pincus, 1992). By restricting most of the 
daily protein intake to evening meals, daytime plasma levodopa levels are 
more predictable and motor performance is improved, including so called 
dopa-resistant “off” periods. 

Oral levodopa therapy thus gives a somewhat unpredictable onset of 
response as the gastric emptying rate varies during the day and as amino 
acids in meals can inhibit the uptake of levodopa from intestine into blood 
and subsequent transport into the brain. However, under controlled 
conditions regarding diet and medication, the levodopa response was found 
to be predictable also in patients who reported diurnal response fluctuations 
(Frankel et al., 1990). The authors concluded that plasma levodopa levels 
predict motor response to a great extent. 

The therapeutic effect of levodopa is very good early in the course of the 
disease and normal mobility can be achieved by the replacement therapy. A 
single dose of levodopa gives a fast motor response, which can be 
maintained several hours due to a preserved dopamine buffering capacity in 
the neurons. The fluctuating pharmacokinetics is no problem in early PD. As 
the disease progresses within a few years the response duration gets shorter 
(“wearing-off” phenomenon) and the therapeutic window is narrowed 
(Mouradian et al., 1988). The dopaminergic medication must be increased 
for onset of response while the threshold for involuntary movements, 
dyskinesias, decreases.  
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As PD progresses the effect-time of each levodopa dose becomes shorter, 
but the half-life of levodopa is not thought to vary with PD duration or 
treatment (Fabbrini et al., 1988; Mouradian et al., 1988). Peripheral 
pharmacokinetics of levodopa should remain unchanged during the course of 
the disease, according to studies of plasma clearance (Chase et al., 1987). 
However, a comparison of stable and fluctuating patients showed increased 
area under the plasma concentration time curve (AUC) and Cmax and 
decreased Tmax and T ½ in fluctuating patients (Murata et al., 1996). AUC 
is significantly greater in elderly patients because of lower systemic 
clearance (Robertson et al., 1989; Contin et al., 1991). There is also a gender 
difference where women have significantly greater levodopa bioavailability 
than men in terms of weight-corrected AUC and Cmax (Kompoliti et al., 
2002). Levodopa pharmacokinetics does not seem to be altered by any of the 
dopamine agonists bromocriptine, cabergoline or pramipexole although 
inconsistent results of the interaction between levodopa and bromocriptine 
have been published (Contin et al., 1992; Del Dotto et al., 1997; Kompoliti 
et al., 2002). 

In the advancing stages of the disease patients take small and frequent 
doses of levodopa, as continuously as possible, to reduce fluctuations in 
plasma levodopa levels and motor performance (Obeso et al., 1994). The 
gastric emptying then becomes a determinant for onset of effect. 

Different formulations 
To overcome the problem of the slow onset of action of oral levodopa, 
soluble formulations have been studied. Levodopa solutions offer the 
opportunity for individualised dose adjustment and are possibly less 
dependent on gastric emptying. In a double-blind crossover comparison of 
such a solution and standard tablets, patients responded to liquid levodopa 
with significantly improved “on” time, without an increase in the severity of 
dyskinesia (Pappert et al., 1996). However, another study did not find any 
significant difference between tablets and the solution regarding plasma 
levodopa oscillations and motor response fluctuations (Metman et al., 1994). 
Several studies have shown that the levodopa solution results in shorter time 
to peak plasma levodopa concentrations. This includes a dispersible 
formulation of benserazide/levodopa (Contin et al., 1999). Failure of liquid 
formulations to affect plasma levodopa oscillations is attributed to erratic 
gastric emptying, as determined in a study where even continuous gastric 
levodopa infusion failed to significantly reduce plasma fluctuations as 
compared to oral therapy (Kurlan et al., 1988a). 

The concept of small and frequent dosage has led to development of 
microtablets of 1.25/5 mg carbidopa/levodopa for individual drug dispensing 
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by counting (Aquilonius et al., 1998). The microtablet concept has not yet 
reached clinical trials. 

Two sustained-release (SR) formulations have been designed to achieve 
smooth plasma concentration levels (Cedarbaum, 1989 for review). Madopar 
HBS (hydrodynamically balanced system) is a gelatin capsule, which is 
transformed into a mucous body floating on the surface of gastric fluid, 
releasing its benserazide/levodopa by slow diffusion. In Sinemet CR 
(controlled-release), the final product of five prototypes, carbidopa/levodopa 
is dispersed within an erodible polymer matrix. Plasma levodopa peaks were 
delayed until 2–3 hours after a dose and “on” time without choreic 
dyskinesia was significantly increased as compared to the immediate-release 
formulation (Cedarbaum et al., 1987; Goetz et al., 1987; LeWitt et al., 1989). 
Madopar HBS showed similar properties with more stable plasma levodopa 
levels in most patients, as compared to standard tablets (Poewe et al., 1986) 
but failed to reduce motor fluctuations and dyskinesias compared with the 
standard formulation in a 5-year trial (Dupont et al., 1996). The 
bioavailability of both sustained-release formulations was lower than for 
standard formulations. Long-term treatment with these formulations showed 
to be difficult in terms of controlling motor fluctuations over time, partly 
because of unpredictable plasma levels and long Tmax (Pezzoli et al., 1988; 
Cedarbaum, 1989). Plasma levodopa variability was the same for IR and SR 
formulations in a group of ten patients. Three individuals, however, 
experienced benefit with the SR formulation, because they were able to 
maintain levodopa levels above the threshold for “on” state (McHale et al., 
1990a). In a 5-year comparison of IR and SR levodopa there were no large 
differences in outcome between the two formulations, except for a 
significant improvement in UPDRS part II (activities of daily living) in 
favour of the SR formulation (Block et al., 1997). After gastric emptying the 
transit time in the small bowel is limited to a few hours with rapid absorption 
or constant enzymatic metabolisation. Thus the perfect SR tablet cannot be 
produced. Still, SR formulations produce less variation in plasma levodopa 
fluctuations as compared to immediate release tablets. Studies comparing 
standard Sinemet 25/100 and Sinemet CR (50/200) have shown significantly 
reduced variability of plasma levodopa levels with the CR formulation. 
Cedarbaum et al (1989) found a lower coefficient of variation for Sinemet 
CR, 55.5% versus 68.8%, while the range (maximum to minimum) of 
plasma levodopa concentrations did not differ between the two formulations. 
Bypassing the stomach by intravenous or intestinal infusion is the only way 
to markedly reduce fluctuations in plasma levodopa concentrations. 
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Non-motor response 
The action of levodopa is not solely related to motor function. Mood 
response to a 2-hour infusion has been studied in patients during the first 
year of levodopa therapy (Maricle et al., 1998). After a 2-day levodopa 
holiday mood elevation was evident after an acute infusion dose. The 
authors concluded that the mood response is more pronounced in advanced 
PD. Levodopa is used for mood-enhancing purposes in patients who have 
undergone surgery for deep-brain stimulation (Krack et al., 1998). 

Toxicity? 
It has long been discussed whether levodopa is toxic and induces motor 
complications or not (Agid, 1998 for review). There is growing evidence that 
levodopa is only toxic in vitro, in the absence of glia, and that this has no 
physiological relevance. In animals (Hefti and Melamed, 1981; Lyras et al., 
2002) and humans (Quinn et al., 1986) levodopa has not been found to 
damage dopaminergic neurons, but instead there are indications that 
levodopa therapy may promote functional recovery of dopaminergic 
nigrostriatal neurons (Murer et al., 1998; Datla et al., 2001). Further, there is 
a consensus that levodopa is the most effective substance in ameliorating 
parkinsonian symptoms, implying that prescription of levodopa should be 
based only on consideration of its efficacy and side-effect profile for the 
individual patients’ needs (Agid et al., 1999; Katzenschlager and Lees, 
2002). 

AADC inhibitors  
Benserazide and carbidopa are peripheral AADC inhibitors that reduce the 
amount of levodopa required to produce a given response by about 75% 
(Calne et al., 1971). When levodopa and an AADC inhibitor are 
administered together, levodopa plasma levels are increased up to 5-fold and 
the plasma half-life of levodopa is slightly increased (Reid et al., 1972). The 
elimination half-life of a single-dose of oral levodopa is about 1.5 hours in 
the presence of the inhibitor and about 1 hour without it (Cedarbaum, 1987 
for review). Following oral administration of carbidopa to an intravenous 
infusion of levodopa it was estimated that the the bioavailability of levodopa 
was doubled (Nutt et al., 1985). A blinded crossover trial revealed no 
difference in therapeutic effects or adverse reactions between the two 
levodopa/AADC inhibitor preparations (Greenacre et al., 1976).  

COMT inhibitors 
In the 1990s inhibitors of catechol-O-methyltransferase (COMT), namely 
entacapone and tolcapone were introduced. COMT is an enzyme which O-
methylates levodopa and dopamine in the brain, but is also present in the gut 
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and the liver. The O-methylated derivative of levodopa, 3-O-methyldopa (3-
O-MD), cannot be converted to dopamine in the brain and has been proposed 
to compete with levodopa for the transport across the blood-brain barrier 
(BBB) (Reches et al., 1982). However, a PET study in cynomolgus monkeys 
that received 3-O-MD infusion and 6-[18F]fluorodopa did not support this 
hypothesis (Guttman et al., 1992). Tolcapone is able to cross the BBB itself, 
whereas entacapone only acts peripherally. These drugs ingested together 
with levodopa/AADC inhibitor may provide up to 75% longer elimination 
half-life and up to 90% increase of the AUC of levodopa (Nutt et al., 1994; 
Jorga et al., 1998). The formation of 3-O-MD from levodopa is substantially 
decreased when a COMT inhibitor is used (Mannisto and Kaakkola, 1999 
for review). Thus, the levodopa dose can be reduced with the same effect 
achieved.  

In single-dose studies in rodents, striatal levels of levodopa and dopamine 
were significantly increased with the addition of entacapone or tolcapone 
(Nissinen et al., 1992; Kaakkola and Wurtman, 1993). 

The clinical benefits observed with COMT inhibitors can probably be 
attributed to an increase in minimum plasma concentrations (Cmin) of 
levodopa related to a prolonged elimination half-life (Heikkinen et al., 
2001). Maximum plasma concentrations have been reported to be 
unaffected, at least after single doses of levodopa and COMT inhibitor (Nutt 
et al., 1994). If this is true also for repeated dosage of levodopa together with 
COMT inhibitor, increased Cmin and unchanged Cmax would imply 
decreased fluctuations in plasma. It has been reported that plasma levodopa 
levels are kept more sustained with, as compared to without, a COMT 
inhibitor (Nutt et al., 1994; Nutt, 2000). However, only very little data on 
variability of levodopa concentrations in plasma during repeated dosage 
have been published. The increased levodopa bioavailability with repeated 
doses of levodopa and tolcapone may increase both Cmax and Cmin, 
elevating the concentration-time curve, seemingly without affecting 
levodopa variability (Baas et al., 2001). Regarding variability it was found 
that the coefficient of variation was 38% with entacapone and a lower 
levodopa dose compared with 49% with levodopa as monotherapy (Nutt et 
al., 1994). Mean plasma levodopa concentrations as well as trough and peak 
concentrations were higher during entacapone therapy. For mildly and 
moderately affected patients with not so narrow therapeutic windows, 
COMT inhibition may involve improvement in raising the plasma troughs 
and keeping peaks not too far above the dyskinesia threshold. However, in 
advanced patients there might be a risk of inducing hyperkinesia unless the 
levodopa dose is decreased. The severity of dyskinesias was not increased 
but the duration of dyskinesias was prolonged in a study of entacapone 
(Ruottinen and Rinne, 1996). 
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The COMT genotype in relation to the efficacy of entacapone has been 
investigated, but the genotype was considered to have only minor clinical 
relevance (Lee et al., 2002). 

MAO-B inhibitors 
The selective monoamine oxidase-B (MAO-B) inhibitor selegiline has been 
used for many years with the inhibition of dopamine metabolism as the 
objective. Selegiline has also been proposed to slow the progress of the 
disease by a neuroprotective action (Heinonen and Lammintausta, 1991; 
Jenner and Olanow, 1996). The DATATOP study showed that initiation of 
levodopa therapy could be delayed after the use of selegiline (Shoulson, 
1998). Some palliative benefit has been found but selegiline tends to 
increase peak levodopa concentrations with a subsequent risk of adverse 
events (Birkmayer et al., 1975; Poewe et al., 1987). The present view is that 
there is no evidence for neuroprotective benefit from selegiline (Miyasaki et 
al., 2002). 

Dopamine agonists 
The first clinically used dopamine agonist was bromocriptine, which was 
introduced in the 1970s as add-on therapy to levodopa (Calne et al., 1974). 
Recently, a number of new agonists have entered the market, i.e. 
cabergoline, pramipexole and ropinirole. They differ in dopamine receptor 
selectivity and pharmacokinetics. All dopamine agonists except 
apomorphine have longer half-lives than levodopa, thus they may provide a 
somewhat more continuous dopaminergic stimulation than levodopa. 

In a parallel-group trial of the COMT inhibitor tolcapone versus the 
dopamine agonist pergolide as add-on to levodopa it was found that 
levodopa in combination with tolcapone was better tolerated, showed a 
better adverse-event profile and provided greater improvements in quality of 
life (Koller et al., 2001). 

Alternative drug-delivery systems for continuous use of dopamine 
agonists are currently being investigated. One such promising example is the 
rotigotine patch which offers continuous transdermal delivery (Metman et 
al., 2001). 

Brain imaging techniques (PET and SPECT) will likely be used for future 
studies of neuroprotective strategies. Recent data indicate that dopamine 
agonists may slow the degenerative progression compared with levodopa, 
but it has been proposed that the results should be cautiously interpreted and 
compared with clinical signs of disease progression (Marek et al., 2002). 
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Apomorphine 
Apomorphine is a potent D1 and D2 receptor agonist which is administered 
subcutaneously, either as injection or as continuous infusion (Pietz et al., 
1998). The elimination half-life is short, about 30 minutes (Gancher et al., 
1989), onset of effect is rapid and apomorphine is therefore most commonly 
used in advanced PD as injections in the severe “off” state. Such injections 
result in significantly faster onset of action as compared to liquid levodopa 
according to a double-blind single-dose study (Merello et al., 1997b). Its 
potency in anti-PD response is comparable to that of levodopa, which makes 
apomorphine unique among the dopamine agonists (Kempster et al., 1990). 
Usually levodopa is used concomitantly with apomorphine, but a recent 
study showed that apomorphine infusion can be used as long-term 
monotherapy (Manson et al., 2002). Trials with intranasal (Kapoor et al., 
1990) and sublingual (Lees et al., 1989) apomorphine have been performed 
with good effects but with some practical problems and poor local 
tolerability. Intravenous infusion via port-a-cath has been carried out for up 
to 13 months without complications (Stocchi et al., 1999). However this 
method resulted in severe thrombotic complications in another patient 
material (Manson et al., 2001). 

Bromocriptine 
Bromocriptine has been used as add-on to levodopa therapy for decades with 
good effects (Lieberman and Goldstein, 1985). Early use of bromocriptine is 
not linked to reduced mortality compared to treatment with levodopa 
(Montastruc et al., 2001). In a randomised trial comparing levodopa and 
bromocriptine as initial treatment it was found that patients in the 
bromocriptine arm returned to baseline disability levels one year earlier than 
patients in the levodopa arm (Lees et al., 2001). 

Cabergoline 
Cabergoline has the longest t ½ of all dopamine agonists, more than 60 
hours. As compared to levodopa, cabergoline as initial treatment 
significantly delays development of motor complications, but the risk of 
serious adverse events is slightly higher (Rinne et al., 1998). Motor 
improvement after a dose is significant 24 hours after dose intake (Ahlskog 
et al., 1994). In animal studies, cabergoline reduces the intensity of 
levodopa-induced dyskinesia, suggesting that continuous stimulation may 
reverse dyskinesia (Hadj Tahar et al., 2000). 

Pramipexole 
Pramipexole has been compared to levodopa as initial treatment (Parkinson 
Study Group, 2000). Development of dyskinesias was less common in the 
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group randomised to pramipexole, but, despite supplemental open-label 
levodopa, this group did not reach the same level of motor improvement as 
the levodopa group according to UPDRS. 

Ropinirole 
A five-year study of ropinirole versus levodopa showed that ropinirole 
treated patients had a lower rate of dyskinesias, but more hallucinations and 
a significantly smaller improvement in motor scores as compared with 
levodopa treated patients (Rascol et al., 2000). 

Other treatments 

Levodopa esters 
The methyl and ethyl esters of levodopa are more water-soluble than 
levodopa itself and have therefore been tested for different routes of 
administration. The esters are readily hydrolysed to levodopa in plasma. The 
methyl ester showed to be equivalent to levodopa in reversing reserpine-
induced akinesia in mice (Cooper et al., 1984) and intravenous and jejunal 
levodopa methyl ester infusions (100–250 mg/ml) in humans have shown 
significant motor improvement and close to constant levodopa levels in 
plasma (Juncos et al., 1987; Ruggieri et al., 1989). However, sublingual 
levodopa methyl ester was ineffective and subcutaneous injections provided 
an unpredictable response, which suggested that the methyl ester would be 
unlikely to become a practical treatment option (Kleedorfer et al., 1991). 
Subcutaneous and intramuscular injections of the ethyl ester have been 
suggested as a new rescue therapy for disabling “off” situations (Djaldetti 
and Melamed, 1996). In a rodent study, subcutaneously and intraperitoneally 
administered ethyl ester was found to produce striatal levodopa and 
dopamine concentrations similar to those obtained after intraperitoneal 
levodopa injection (Djaldetti et al., 1996). The accumulation of 
methanol/ethanol might be a potential problem for these approaches. 

The butyl ester of levodopa has recently showed to produce adequate 
plasma levodopa concentrations after transdermal administration in rats 
(Sudo et al., 2002). 

Glutamate antagonists 
Glutamatergic receptor blockade may improve motor response 
complications. Amantadine is a noncompetitive NMDA receptor antagonist, 
which has been shown to inhibit drug-indiced dyskinesias, but it also has 
other effects, such as enhanced dopamine release, inhibition of dopamine 
reuptake and anticholinergic effects. It was originally introduced as 
prophylaxis for influenza but was also found to have mild antiparkinsonian 
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effects (Parkes et al., 1974). In a double-blind placebo-controlled study it 
was found that a 2-hour intravenous infusion of amantadine improved 
dyskinesias by 50% without any loss of antiparkinsonian benefit from 
levodopa (Del Dotto et al., 2001). Amantadine is administered orally in 
clinical practice. 

Memantine is another NMDA antagonist which is structurally similar to 
amantadine. It may improve parkinsonian symptoms but has no effect on 
drug-induced dyskinesia (Merello et al., 1999). 

Anticholinergics 
Anticholinergic drugs were used in the pre-levodopa era but have no place in 
modern pharmacotherapy of PD. However, low doses may be efficacious 
against dystonia (Poewe et al., 1988). 

Non-pharmacological treatment 

Physiotherapy 
The phenomenon of cueing is a puzzling feature of PD. A patient who 
cannot voluntarily initiate gait could easily climb a flight of stairs or start 
walking if a floor marker was placed in front of the feet (Azulay et al., 
1999). These paradoxical abilities seem to have no relation to 
pharmacological stimulation. Various types of sensory cueing (auditory, 
visual) have been investigated (Rubinstein et al., 2002 for review) and it has 
been proposed that cueing is an important complement to conventional 
therapy in the daily management of gait disturbances associated with 
advanced PD. Cueing also shows up in studies where patients are obliged to 
perform motor tasks like finger tapping or walking. A patient in an “off” 
situation can suddenly perform the task on demand, immediately falling back 
into the “off” state after the required performance, which in a way can bias 
the motor outcome in a clinical study. Frequent and lengthy observations 
may overcome this problem to reflect the motor function as correctly as 
possible. 

Physiotherapy is generally considered an important complement to 
pharmacotherapy in PD, for increased motor control (Nieuwboer et al., 
2001). There are numerous physiotherapy techniques and only a small 
number of patients studied. Therefore, in a Cochrane review, it was 
concluded that there was insufficient evidence to support or refute the 
efficacy of physiotherapy in PD (Deane et al., 2001). 
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Neurosurgery 
The interest in neurosurgery for the management of PD has been growing in 
the recent years. The lesioning techniques pallidotomy and thalamotomy are 
the oldest interventions on the menu, while deep brain stimulation (DBS) is a 
recent alternative. Stimulation of the thalamus is a successful treatment for 
tremor-dominant PD (Koller et al., 2000), whereas high-frequency 
stimulation of the subthalamic nucleus (STN) affects all motor symptoms of 
PD and drug-induced dyskinesia (Bejjani et al., 2000). DBS of the internal 
globus pallidus (GPi) is more effective in ameliorating drug-induced 
dyskinesia, but with successive reduction in dopaminergic pharmacotherapy 
after STN stimulation a similar reduction in dyskinesia can be achieved 
(Krack et al., 1998). Therefore, considering that STN DBS is more effective 
against akinesia, bilateral STN stimulation has become the method of choice. 
The features of DBS opens up new insights in the function of the cortical-
basal ganglia-cortical circuits, and STN stimulation is proposed to involve 
not only motor, but also psychomotor regulation (Krack et al., 2001). Acute 
high-frequency STN stimulation mimics an acute levodopa challenge with a 
similar decrease in UPDRS motor scores. “Off” period dystonia is then 
suppressed but an increased voltage can induce dystonic dyskinesias, 
resembling diphasic dyskinesias seen with levodopa treatment. A further 
increase in voltage leads to choreic peak-dose pattern dyskinesias (Krack et 
al., 1999). This implies that different levels of STN stimulation result in 
different motor response, which could be translated to dose dependent motor 
outcome with different levels of levodopa administration. 

The motor response to DBS has been compared to the long-duration 
response of levodopa in early PD, because of the reduced interdose trough 
disability. Short-term intravenous levodopa infusion produces the same 
benefit as DBS whether stimulation is on or not, but when the infusion is 
stopped the patient turns akinetic off stimulation and only moderately 
bradykinetic on stimulation (Nutt et al., 2001). Some patients have been able 
to completely withdraw levodopa therapy following STN DBS. These 
patients experience no motor fluctuations or dyskinesias, but patients still on 
medication do (Vingerhoets et al., 2002). Patients who require medication 
therefore seem to be dependent of continuous dopaminergic stimulation. 

The pattern of DBS-related adverse events includes severe and 
irreversible complications, such as intracranial hemorrhage, and even the 
rate of mortality is alarmingly high according to some of the recent literature 
(Hariz, 2002 for review). Postoperative changes in mood and in personality 
have also been reported (Houeto et al., 2002). Therefore, a careful patient 
selection for DBS surgery is important to avoid side effects. Young, non-
demented patients with no psychopathology, who have failed to control 
symptoms with conventional therapy, are ideal candidates. 
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Transplantation 
Experimental research with cell transplantation, e.g. embryonic stem cells, 
has shown promising results (Piccini et al., 1999), but this is not a clinically 
useful strategy for different reasons. Instead, grafting of animal cells 
(Larsson et al., 2001) or stem cells cultured in vitro are alternatives for the 
future and hopefully a cure of PD. Regulation of the growth of the graft is 
one of the challenges, to prevent tumours and “off” phase dyskinesia (Hagell 
et al., 2002). Dyskinesia in the absence of dopaminergic medication has in 
fact complicated the outcome of neuronal transplantation (Ma et al., 2002b). 

The discovery of neurogenesis in adult brains (Eriksson et al., 1998) has 
encouraged further research of cell transplantation in PD. 

Motor complications 

Fluctuations 
The anti-PD medication with levodopa is very effective and uncomplicated 
in the early stages of the disease. When patients are “on”, symptoms are 
virtually completely eliminated. This early stage of PD is often called “the 
honeymoon period” or “the good years”. After a few years, however, 
patients feel the effect duration of each dose of levodopa and they 
experience predictable “wearing-off” episodes, also called end-of-dose 
deterioration (Djaldetti and Melamed, 1998). Wearing-off has been 
described to occur when the plasma levodopa level has fallen to 
approximately 50% of the peak concentration (Kempster et al., 1989). 

Early in PD, the response of a levodopa dose is long, but it decays slowly, 
proportional to the progression of the disease. This seems related to reduced 
dopamine storage capacity as the amount of remaining nerve terminals is 
reduced (Nutt et al., 1995). 

A clearly defined therapeutic window then manifests itself, with a lower 
threshold for response and an upper threshold for involuntary movements, 
hyperkinesias (Chase, 1998a). This window narrows with the progression of 
the disease. In very advanced stages the “on-off” phenomenon appears. The 
”on-off phenomenon” describes a clinical pattern of mobility/immobility, in 
which a patient who is mobile or “on” suddenly changes to immobility or 
“off”. This state is very difficult to manage with conventional oral 
medication. In 1974, the features of the “on-off” phenomenon were well 
described (Sweet and McDowell): 
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The functional changes for the patient are very distressing. A patient who is 
quite mobile, although bothered by dyskinesia, suddenly becomes very 
akinetic over a period of minutes. Tremor also may re-emerge while the 
dyskinesia has stopped. These changes may be reversed within a few minutes 
or a few hours. The effect is so sudden that it has been likened to a light 
switch action and termed the ‘on-off-response’. Since it is unpredictable and 
severe, this response is quite incapacitating. A patient who goes out shopping 
or walking never knows when he may become immobile in a store or riveted 
to a park bench. 

 
Most patients treated with levodopa develop fluctuations in motor 
performance. After 3–5 years of treatment one third, after 5–7 years about 
half, and after 10-12 years nearly all patients suffer from the fluctuations 
(Rinne, 1983; Markham and Diamond, 1986). These figures are in line with 
a recent literature review, where the authors suggest a 40% likelihood of 
developing motor fluctuations within 4–6 years of levodopa treatment 
(Ahlskog and Muenter, 2001). 

In a study of the evolution of motor fluctuations in PD it was found that 
patients who develop a fluctuating response to levodopa have better long-
term functional ability because of a greater levodopa response (McColl et al., 
2002). Non-fluctuating patients were more prone to develop mid-line, axial, 
disability, such as dysarthria and balance problems. 

Non-motor symptoms, such as pain, fatigue, anxiety and depression may 
also vary during a day and are often of greater impact for the patient than are 
the classical motor symptoms (Marr, 1991; Shulman et al., 2002). Some 
symptoms are always linked to “off” episodes and relieved when the patient 
turns “on”, thus non-motor fluctuations are important to evaluate along with 
pure motor fluctuations (Hillen and Sage, 1996). Mood elevation and anxiety 
reduction was related to improved motor performance after levodopa 
infusion in a double-blind placebo-controlled study (Maricle et al., 1995). 

Mechanisms of motor fluctuations 
The typical motor response produced by a single dose of levodopa, lasting 
for minutes to hours and then rapidly declining, is called the short-duration 
response (SDR) (Muenter and Tyce, 1971). The long-duration response 
(LDR) is instead developing over days to weeks of chronic levodopa therapy 
and would decline at the same slow rate with cessation of levodopa (Cotzias 
et al., 1967; Muenter and Tyce, 1971). LDR might be explained by silent 
binding sites, i.e. buffering molecules which protect their ligands (e.g. 
dopamine) from fast degradation, thus assuring physiologically relevant 
concentrations of dopamine in the extracellular space for a prolonged period 
(Zoli et al., 1999). In early PD, the response of a levodopa dose is long, 
partly because storage of dopamine is possible, and the SDR is obscured by 
the LDR (Nutt and Holford, 1996). The LDR disappears slowly with time, 
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proportional to the progression of the disease (Nutt et al., 1995). A study of 
the responses in 18 levodopa naïve patients before and 4 years after 
introduction of levodopa revealed a progressive increase in SDR magnitude 
after levodopa withdrawal (Nutt et al., 2002). The magnitude of the SDR 
was defined as difference between peak and baseline finger tapping speeds. 
A shortening of the SDR was not seen over the 4 years, implying that 
changes in the LDR is more important to the development of motor 
fluctuations. 

The mechanisms behind the development of motor complications are still 
unknown but it was shown in the early stages that there is a clear 
relationship between levodopa concentration in plasma and the degree of 
parkinsonism (Tolosa et al., 1973). A simultaneous monitoring of levodopa 
in plasma and clinical response has brought some understanding of the 
unexpected fluctuations in motor performance. For example the impaired 
effect of levodopa after meals could objectively be explained by plasma 
curves showing a lower amount of absorbed levodopa (Nutt et al., 1984). 

When PD has reached the wearing-off state, fluctuations in response to 
levodopa reflect the fluctuations in plasma levels (Kempster et al., 1989; 
Riley and Lang, 1993). Motor response latency from orally ingested 
levodopa decreases from about 60 minutes in early PD to 20 minutes in late 
PD (Sohn et al., 1994). The close time-effect relationship between levodopa 
in plasma, striatal uptake and release of dopamine in advanced PD has been 
demonstrated using PET methodology (Tedroff et al., 1992). The results, 
showing a very short time to effect in advanced PD, are probably due to 
decreasing capacity of dopamine storage as a consequence of the 
dopaminergic denervation.  Displacement of the dopamine antagonist 
[11C]raclopride has been reported to correlate with disability of PD. A large 
striatal dopaminergic nerve-terminal deficiency correlates to a high capacity 
for levodopa to increase synaptic dopamine and displace [11C]raclopride 
binding (Tedroff et al., 1996). These presynaptic mechansisms are likely to 
play a key role in the pathogenesis of motor complications. 

Postsynaptic changes contribute to the pathogenesis of motor fluctuations 
as well. It has been suggested that intermittent stimulation of postsynaptic 
dopaminergic receptors leads to alterations in synaptic transmission within 
the basal ganglia, favouring the appearance of motor fluctuations and 
dyskinesias (Chase et al., 1996). It has been hypothesized that pulsatile 
dopaminergic stimulation leads to enhanced NMDA receptor subunit 
phosphorylation in the striatum. These receptors then become more sensitive 
to glutamatergic corticostriatal input, resulting in motor fluctuations and 
dyskinesias (Metman et al., 2000). 
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Dyskinesias 
The most common side effect of dopaminergic medication is dyskinesia. The 
nomenclature is somewhat confusing and often the term dyskinesia means 
choreic involuntary movements, but also dystonia is in fact included in the 
expression. Dyskinesia involves three categories: “off” period dystonia, 
biphasic dyskinesia and peak-dose dyskinesia (Marconi et al., 1994). “Off” 
period dystonia occurs in the “off” state and disappears with dopaminergic 
therapy (Poewe et al., 1988). Biphasic dyskinesias are also referred to as 
diphasic or onset- and end-of-dose dyskinesias or dystonia-improvement-
dystonia sequences. The relation to high or low levels of levodopa is unclear 
and the phenomenon may possibly rather be induced by changes in 
concentration. A rise in the concentration produces dyskinesia, often 
dystonia, followed by a period of PD symptom relief, sometimes associated 
with peak-dose dyskinesia, and when the concentration falls, more dystonia 
or violent hyperkinesia appears. The third category of dyskinesia, peak-dose 
dyskinesia, is monophasic and predominantly choreic. This type of 
dyskinesia can also be called hyperkinesia, or interdose dyskinesia and is 
typically associated with a plasma levodopa peak and complete relief of PD 
symptoms. The term “on” with dyskinesia mostly refers to the mobile state 
only disturbed by peak-dose hyperkinesia.  

A video-electromyographic study of dyskinesias, with assessments every 
5 minutes, revealed that there was no strict dichotomy between biphasic and 
monophasic dyskinesias (Marconi et al., 1994). Instead, there seemed to be a 
continuum between dystonia as a trough-dose marker and hyperkinesia as a 
peak-dose consequence. 

Dyskinesia does not appear immediately when medication is first started, 
but develops after a few years. In the pre-levodopa era, patients that were 
exposed to levodopa late in the course of PD developed dyskinesias within a 
few months (Yahr et al., 1969). A present-time review of the literature 
showed that the risk of experiencing dyskinesias is approximately 40% after 
4–6 years of levodopa therapy and 0% within the first year (Ahlskog and 
Muenter, 2001). The severity is progressively increasing (Nutt et al., 2002). 

Dystonia occurred in the pre-levodopa era and foot dystonia was 
described as a common phenomenon of the disease (Stewart, 1898). 
However, long-term dopaminomimetic therapy has been suggested to 
worsen “off”-period dystonia and one-third of patients treated with levodopa 
for five years experience painful foot dystonia (Poewe and Lees, 1987 for 
review). 

Drug-induced dyskinesia may occur in other conditions than idiopathic 
PD, for example in cortical-basal degeneration and progressive supranuclear 
palsy, which are differential diagnoses to PD (Frucht et al., 2000; Kim et al., 
2002), but not in healthy subjects. 
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Mechanisms of dyskinesias 
There are studies claiming that levodopa is toxic in vitro (Jenner and Brin, 
1998 for review). This has led to restrictions in levodopa treatment and a 
maximised amount of add-on therapies for the patient population. There is 
an ongoing debate on whether treatment of PD should start with levodopa or 
a dopamine agonist (Montastruc et al., 1999; Weiner, 1999). Comparisons of 
the new dopamine agonists and levodopa show that development of 
dyskinesia is delayed in the agonist treated groups, whereas the motor scores 
are generally more improved in the levodopa groups (Rascol et al., 2000). 
This might be a consequence of the superiority of levodopa regarding 
efficacy – the motor performance gets better but dyskinesia develops faster. 
Severity and the time-period to the development of motor complications 
during levodopa therapy have been suggested to be approximately the same, 
no matter if levodopa is prescribed early or late in the course of PD (Blin et 
al., 1988; Caraceni et al., 1991). 

Short-acting dopaminomimetic agents tend to induce dyskinesia to a 
greater extent than long-acting drugs in monkeys (Bedard et al., 1986). A 
short-acting dopamine agonist known to induce dyskinesia was given as a 
continuous infusion to monkeys without inducing dyskinesia (Morissette et 
al., 1997). In this study it was found that the different modes of 
administration differently affected gene expression in the striatum, with 
possible dyskinetic/anti-dyskinetic consequences. 

Dyskinesia may occur as a response to salient visual or auditory stimuli, 
regardless of pharmacological stimulation. This is explained by a burst firing 
of dopamine (Schultz, 1994). 

Pattern of side effects should be taken into consideration when choosing 
therapy, e.g. patients with late onset of PD run a greater risk of developing 
hallucinations and are therefore often recommended to start with levodopa 
only. The development of dyskinesia is of relatively minor importance in 
these patients. 

The severity of PD is probably the most important co-factor when it 
comes to development of dyskinesia. In a study from 1969 of 60 patients, 
previously untreated, who were treated with levodopa 3–8 g daily for 4–12 
months, 37 developed involuntary movements within this short period of 
time. Only nausea was a more common side effect in this study where no 
AADC inhibitor was available (Yahr et al., 1969). The fact that dyskinesia 
develops fast in severely denervated patients implies that the mechanisms 
are more related to the disease itself than to the therapeutic agents. 

In summary, the development of dyskinesia is probably related to disease 
severity and the mode of administration of dopaminergic therapy. Each 
dyskinetic episode is explained by a peak concentration of the anti-PD drug, 
or a sudden dopamine-releasing stimulus. 
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The management of motor complications 

Oral drug-delivery 
A detailed history taking by the physician and education of the patient is of 
great importance for optimal therapeutic management (Verhagen Metman, 
2002). Documentation of symptoms during normal activities of daily living 
should be encouraged. Monitoring of plasma levodopa concentrations might 
be useful in fluctuating patients, to determine if fluctuations are predicted by 
pharmacokinetic factors, which then can be modified by individualisation of 
the treatment (Frankel et al., 1990; Okereke, 2002). 

The dosage of oral levodopa is difficult to establish when the therapeutic 
window is narrow and patients experience “on-off” fluctuations in motor 
performance. The strategy to optimise the dose is to decrease the doses and 
increase the number of dosage occasions (Calne et al., 1974). This improves 
the pharmacokinetic profile in plasma and the dopamine production is 
thereby smoother with several moderately high peaks during the day instead 
of few high peaks. This mimics the physiological tonic dopaminergic 
stimulation better than when levodopa is given only 3–4 times a day. Most 
patients in the severely fluctuating stage of PD take levodopa tablets once 
per hour or once per 2 hours. 

Round-the-clock dopaminergic stimulation by means of cabergoline 
showed a reduction in the intensity of levodopa-induced dyskinesia in an 
animal study. The results indicate that continuous stimulation may reverse 
motor complications (Hadj Tahar et al., 2000). The severity of dyskinesias 
after a levodopa challenge was reduced after long-term DBS of the STN, 
suggesting that motor complications are at least partially reversible (Bejjani 
et al., 2000). 

Blockade of glutamatergic transmission at the NMDA receptor, with for 
example amantadine, may ameliorate motor response complications, 
especially dyskinesias (Verhagen Metman et al., 1998). 

Sustaine-release levodopa formulations were designed to produce stable 
plasma levodopa levels, but, as described above, are unpredictable and have 
a long Tmax. SR medication is to be taken infrequently, which is convenient 
but may prolong both “off” and hyperkinetic states in fluctuating patients. 
Therefore, a strategy to combine IR and SR formulations has been 
suggested, for immediate onset of action and prolonged response (LeWitt, 
1992). This strategy has resulted in the development of a dual-release 
formulation of levodopa and benserazide, which provides a significantly 
shorter time to “on” compared with SR formulation, but with similar t ½ 
(Ghika et al., 1997; Descombes et al., 2001). 
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Inhibition of COMT increases AUC of levodopa and is also thought to 
reduce plasma levodopa fluctuations (Nutt, 2000) and provide more “on” 
time without dyskinesias (Heikkinen et al., 2001). However, increased Cmax 
has been shown in repeated dosing, and thus no large reduction in plasma 
levodopa variability (Baas et al., 2001). 

“Time to on”, i.e. waiting for a dose to induce “on”, stands for 70% of the 
daily “off” periods (Merims et al., 2002), implying that doses should be 
taken more frequently. Frequent dosing requires lower individualised doses. 

Levodopa solutions, with ascorbic acid added for chemical stability, 
allows for frequent dosage of small volumes of liquid. Another advantage is 
the rapid onset of liquid levodopa as compared to solid form for fast relief of 
“off” situations. 

Attempts have been made to create computed algorithms for 
individualised therapy (Albani et al., 1987) but such techniques are probably 
difficult to use because of large inter-individual differences and temporal 
intra-individual alterations in dose requirements. 

Frequent dose intakes are cumbersome and the effect is unreliable, mainly 
because of the erratic gastric emptying. When oral medication fails, infusion 
becomes an alternative for delivery of levodopa.  

The principle behind constant levodopa infusion is to achieve continuous 
dopaminergic stimulation with an optimised dose that can be kept stable 
within the patient’s therapeutic window. To make this possible, the gastric 
emptying must be by-passed. Levodopa cannot be administered by 
transdermal or rectal routes. The alternatives remaining are parenteral and 
enteral routes of administration. 

Intravenous infusion 
The first human experiments with intravenous levodopa infusion showed 
favourable effects in five severely “on-off” fluctuating patients, as compared 
to oral administration of levodopa (Shoulson et al., 1975). It was found that 
constant intravenous infusion of levodopa resulted in stable plasma levodopa 
concentrations and virtual disappearance of motor fluctuations when patients 
were supine. However, when rising from the bed, parkinsonian symptoms 
reappeared. 

In a study of levodopa absorption and transport, continuous intravenous 
infusion was used (Nutt et al., 1984). The authors claimed that bypassing 
absorption by constant infusion produced a stable clinical state lasting for up 
to 36 hours. It has been shown, by means of intravenous infusion, that 
levodopa concentrations in ventricular cerebrospinal fluid mirror, but lag 
behind, concentrations in plasma (Woodward et al., 1993). 
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In studies of patients with motor response fluctuations described as 
chaotic and unpredictable, oral levodopa was replaced with continuous 
intravenous infusion (Quinn et al., 1982; Quinn et al., 1984). All patients 
remained continuously mobile and ambulant on infusion. 

In twenty patients with predictable or unpredictable motor fluctuations in 
relation to oral levodopa, intravenous constant-rate infusion brought about a 
dramatic extension in the duration of motor response. Based on these results, 
development of SR levodopa was proposed for improved control of response 
fluctuations (Hardie et al., 1984). Further studies in seven “on-off” 
fluctuating patients who were given intravenous levodopa infusion at rates of 
32-80 mg/h produced a smooth clinical response following plasma levodopa 
concentrations within narrow limits (Hardie et al., 1986). Considerable inter-
individual differences in levodopa levels were found and plasma 
concentrations related to optimum response were between 0.3 and 1.6 mg/l. 

Twelve patients with wearing-off or “on-off” responses were maintained 
in a fully ambulatory state during 1–4 weeks on intravenous infusion by 
means of a portable pump (Juncos et al., 1985; Chase et al., 1987). All 
patients had stable plasma levodopa levels and in the wearing-off patients 
response variations were virtually abolished. However, the “on-off” 
fluctuating patients continued to manifest significant fluctuations. In further 
studies of patients with “on-off” fluctuations constant-rate infusion actually 
improved motor outcome over time, although at a substantially slower 
improvement rate than in the wearing-off group of patients (Mouradian et 
al., 1987). Chase and co-workers later postulated that since levodopa 
infusion brought palliative benefits, it could also have prophylactic benefits 
in the earlier stages of PD (Chase et al., 1994). 

The duration of the antiparkinsonian action of levodopa after sudden 
withdrawal of a constant, optimal-dose intravenous infusion was studied in 
48 patients (Fabbrini et al., 1988). The duration of effect after withdrawal 
was significantly shorter in patients with “on-off” fluctuations compared to 
stable patients. 

Round-the-clock intravenous infusion of levodopa in 12 patients for 7 to 
12 days showed a gradual decrease of fluctuations in motor performance 
(Mouradian et al., 1990). The decreased motor variability persisted for 
several days after return to conventional oral therapy, but then started to 
increase again, back to baseline levels. It was concluded that virtually all 
patients who have developed motor complications would respond to steady-
state infusions of levodopa. The authors suggested development of practical 
means for providing stable dopaminergic replacement chronically for 
ambulatory parkinsonian patients. 

A study of intravenous infusions of levodopa and the dopamine agonist 
lisuride once again confirmed that continuous dopaminergic stimulation 
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could strikingly reduce “off” episodes in complicated PD (Stocchi et al., 
1986). The authors further discussed the impossibility of referring to a 
standard treatment schedule, as the dosage of L-dopa was found to be highly 
variable from patient to patient. They concluded that intravenous infusion 
could be a valuable form of estimating the single individual’s drug 
requirements. 

It is suggested in several studies that continuous levodopa infusion not 
only improves motor fluctuations but also widens the therapeutic window 
(Dizdar et al., 1996; Stocchi et al., 1996). The dyskinesia dose-response 
curve can be shifted to the right by continuous intravenous infusion and the 
maximum intensity of dyskinesias can be reduced, while the dose-response 
for relief of parkinsonism is not altered (Schuh and Bennett, 1993). 

Since visual hallucinations may occur in advanced PD, probably as a 
consequence of hyperdopaminergic stimulation, high-dose intravenous 
levodopa infusion in five non-demented patients with daily visual 
hallucinations was tested (Goetz et al., 1998). The infusion doses were 1.5 
mg/kg/h, administered as steady infusion or pulse infusion for 4 hours. 
Plasma levodopa levels with steady infusion provided a smooth curve 
whereas the curve produced with pulse infusion showed peaks and troughs. 
Although some patients became prominently dyskinetic, none developed 
visual hallucinations during the infusions. It was concluded that visual 
hallucinations do not relate simply to high plasma levodopa levels. 

Short-term intravenous infusions may result in sclerosis of peripheral 
veins, necessitating central venous access, and since levodopa is too acidic 
and too insoluble it is not convenient for long-term parenteral administration 
(LeWitt, 1993; Chase, 1998b). 

Intravenous levodopa infusion is sometimes used for standardised dosage 
in study settings. Often a 2-hour infusion of levodopa 1 mg/ml is used with 
concomitant oral AADC inhibitor (Nutt et al., 2002). These studies are not 
contributing to the experience with the outcome of infusions, because of the 
short time of infusion and the fact that steady-state is only reached, not 
sustained. 

Intestinal infusion 
The term “enteral infusion” may sometimes incorrectly involve gastric 
infusion, besides duodenal/jejunal. The word “intestinal” is used to 
emphasize that the medication is infused into the small intestine and not into 
the stomach. The difference is of great importance in levodopa 
administration in PD.  

In 1986, the first intraduodenal infusions were presented (Kurlan et al., 
1986). The motor response in three patients with so-called resistant “on-off” 
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fluctuations was dramatically improved, well comparable to the effects of 
intravenous infusions. The infusion study was performed by means of 
nasoduodenal tubes. The authors concluded that the mode of delivery is 
suitable for chronic therapy, particularly with the advent of improved 
ambulatory infusion-pump technology. The group later presented results 
from 10 patients who were given nasoduodenal, nasogastric and oral 
levodopa (Kurlan et al., 1988a). The same reduction in motor fluctuations as 
in the previous study was found with duodenal infusion, but also gastric 
infusion produced improved mobility compared to standard oral therapy. 

Intraduodenal levodopa infusion (50–70 mg/h) for up to 9 hours in four 
fluctuating patients resulted in a sustained “on” state with stable plasma 
levodopa levels (Frankel et al., 1989). Plasma levels were unaffected by oral 
protein loads but motor performance deteriorated anyway, probably because 
of a transport competition over the BBB. 

In a patient with incapacitating motor fluctuations continuous daytime 
enteral infusion of levodopa/carbidopa increased the proportion of “on”-time 
to 100% (Cedarbaum et al., 1990). It was also found that the patient could 
progressively reduce levodopa intake while remaining continuously “on”. 

Experience of long-term duodenal levodopa infusions has been reported 
by a group in New Brunswick, NJ, USA. They have presented several 
publications on reduced motor fluctuations with continuous intraduodenal 
levodopa infusions. The first reports were on four patients with severe “on-
off” phenomena who used infusion of levodopa for at least 4 months (Sage 
et al., 1988a; Sage et al., 1988b). On infusion, motor fluctuations virtually 
disappeared. Further experience was presented (Sage et al., 1989b; Sage et 
al., 1990), indicating that continuous long-term levodopa infusion is a 
practical but complex form of therapy for patients failing on conventional 
treatment. Long-term experience from 22 patients was reported in 1998 
(Syed et al., 1998). Patients chosen for infusion therapy had severe motor 
fluctuations unresponsive to conventional medical management. They had 
intractable and frequent “off” periods, intolerable dyskinesias, or both. 
Nearly all patients continued to have dramatically increased “on” time for 
the duration of follow up with daytime continuous levodopa infusion. Night-
time-only infusion was carried out in one patient with sleep disturbance 
(Sage and Mark, 1991). Sleep was immediately improved but also daytime 
motor performance was gradually improved both regarding “off” episodes 
and dyskinesia, suggesting a carry-over benefit from the infusion. 
Intraduodenal infusion was also successfully used for treatment of complex 
dystonia in patients who had very narrow dystonia-free therapeutic windows 
(Sage et al., 1989a; McHale et al., 1990b). 

A short-term, double-blind, placebo-controlled, crossover study of 
continuous duodenal and intermittent oral levodopa/carbidopa administration 
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in 10 patients (Kurth et al., 1993) showed that all patients had significantly 
decreased variability in plasma levodopa levels permitting better titration of 
levodopa dosage to individual requirements. Regarding motor function, 
seven patients experienced increased functional “on” hours and decreased 
number of “off” episodes. Because of the perceived benefit noted during the 
open-label phase of the trial, all patients elected to continue nasoduodenal 
infusion therapy after completion of the study. The authors concluded that 
duodenal infusion might be useful and beneficial for younger, motivated 
patients who experienced severe motor fluctuations in spite of optimal tablet 
therapy. 

The occurrence of motor fluctuations despite a constant-rate levodopa 
infusion was studied in eleven fluctuating patients (Nutt et al., 1997). Some 
of the motor variability was explained by LNAA competition, but also 
pharmacodynamic factors were suggested to be responsible for the 
fluctuations. 

The development of a new formulation intended for enteral infusion 
(Duodopa) was introduced in 1991 (Bredberg et al., 1993; Nilsson et al., 
1998) and is described in detail below. 

The issue of tolerance development to levodopa has been investigated by 
means of 2-hour and 21-hour intravenous infusions (Nutt et al., 1993). The 
duration of response after discontinuing infusion was shorter after the 21-
hour infusion and it was suggested that long-term infusion might induce 
tolerance. The same was proposed in one patient on intravenous round-the-
clock infusion, where the dose had to be increased with declining motor 
performance (Cedarbaum et al., 1990). However, the function was restored 
when the patient used daytime infusion instead. A shift in the dose-response 
curve to the right was also found in patients on 24-hour intravenous infusion, 
but motor response was still improved compared to oral therapy (Mouradian 
et al., 1990). Daytime intraduodenal infusion showed an increased sensitivity 
to levodopa with time, i.e. the opposite of tolerance, as average Css could be 
decreased by 50% after 1 month of infusion (Sjalander-Brynne and Paalzow, 
1998). Also jejunal delivery of levodopa methyl ester showed decreased 
dose requirement with time (Ruggieri et al., 1989) and subcutaneous 
apomorphine infusion did not demonstrate any increase in dosage over time, 
even in patients on 24-hour infusions (Manson et al., 2002). 

Subcutaneous infusion 
Continuous subcutaneous infusions of dopamine agonists such as 
apomorphine (Obeso et al., 1987; Colzi et al., 1998) and lisuride (Ruggieri et 
al., 1988; Stocchi et al., 2002) have shown similar stable effects as levodopa 
infusion. The pattern of side effects is different and long-term subcutaneous 
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infusion often produces skin reactions. Such infusions are intended as add-on 
therapy to oral levodopa, which means that motor fluctuations caused by 
fluctuating concentrations of levodopa still remain. However, apomorphine 
infusion has recently shown promising results as monotherapy (Manson et 
al., 2002). These patients demonstrated a gradual decrease in dyskinesia 
severity. Dyskinesias gradually returned after 2-3 months in patients who 
discontinued infusion monotherapy. There was a trend that patients who had 
been treated with apomorphine monotherapy for a longer period took longer 
time to deteriorate after discontinuation of monotherapy. 

Infusion systems 
It has been known for a considerable period of time that advanced PD 
patients can benefit from continuous levodopa infusion. However, the 
experimental infusion systems were impractical. Intravenous long-term 
therapy is not desirable and the limited solubility of levodopa demanded 
large volumes of infusion fluid, making pumps and solutions laborious to 
handle. In one of the studies of intravenous levodopa infusion described 
above (Stocchi et al., 1986) it was stated that the low solubility, requiring 
large quantities of solvent and large infusion pumps, rules out an application 
in standard chronic therapy. Further, the chemical stability of levodopa and 
carbidopa in water solution is poor, necessitating frequent change of supply 
of the infusion fluid. 

The gel suspension concept 
The problems with the early infusion systems led to the development of a gel 
suspension of levodopa and carbidopa (Duodopa). In studies preceding this 
new formulation both intravenous and intraduodenal infusions were used for 
pharmacokinetic calculations (Bredberg et al., 1990). The first study of the 
levodopa suspension was published in 1993 (Bredberg et al.). Five patients’ 
conditions were improved regarding motor fluctuations and plasma levodopa 
concentrations varied at most 2 fold as compared to 3-10 fold during oral 
therapy. A long-term follow-up was presented in 1998 (Nilsson et al.), 
showing sustained efficacy and decreased levodopa consumption (Sjalander-
Brynne and Paalzow, 1998) after 2 ½ years. 

Duodopa is an aqueous suspension of levodopa (20 mg/ml) and carbidopa 
(5 mg/ml) in a methylcellulose gel. The suspension is dispensed into 100 ml 
cassettes, connectable to an ambulatory pump for infusion via an intestinal 
tube. The chemical and physical stability of the active substances is high as 
compared to a water solution and one cassette is intended for one day’s use, 
approximately 16 hours of infusion. 
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The principle of the method is to continuously infuse levodopa and 
carbidopa directly into the duodenum. Absorption problems with erratic 
gastric emptying, early metabolization and LNAA competitive inhibition 
will be markedly reduced as levodopa can be quickly absorbed into the 
bloodstream. 

Dosage of levodopa is very individualised and predefined dosage or dose 
schedules are impossible to use in the advanced stage of the disease. The 
possibility in individualizing the doses is one of the greatest advantages of 
infusion therapy with the new formulation. In clinical practice, the patient 
collaborates with the doctors and nurses responsible for adjustments of dose. 
For example, a patient can sense when an “off”-period is approaching, 
before it is visible for the observer. In that case, an extra dose of 10 mg 
might be taken in order to stabilize the condition. If a “rescue tablet” of 50 or 
100 mg would be taken, a marked peak would show in the concentration-
time curve, disturbing the smooth steady-state concentration, and the patient 
would become dyskinetic for a while. Such a peak can actually have 
consequences for the rest of the day, as the levodopa administration is 
constant, and the plasma levodopa concentration is shifted to a higher level. 

The pharmacokinetic data show that a constant plasma levodopa level is 
held during infusion of the levodopa gel formulation. The concept implies an 
easier dosage regimen where very small adjustments in the infusion rate (0.1 
ml/h, i.e. 2 mg/h) can be made. When oral levodopa dosage is adjusted the 
change is generally 50 or 100 mg on one dose intake at a time accompanied 
by large changes in plasma concentrations. Levodopa infusion offers a lower 
risk for over consumption. 

In clinical practice the levodopa suspension is mostly used as 
monotherapy, which utilizes the continuous dopaminergic stimulation as far 
as possible without interference from other drugs with uncontrolled 
pharmacokinetics. 

Tubing 
In short-term studies of enteral infusion, nasoduodenal tubes can be used, but 
in order to get long-term access to the small bowel, surgery is needed. The 
surgical techniques used are simple and well-known methods (Wollman et 
al., 1995 for review), e.g. percutaneous endoscopic gastrostomy (PEG) 
(Gauderer et al., 1980) with intestinal tube or radiologic gastrojejunostomy 
(Preshaw, 1981). Only local anaesthesia is needed. After the operation the 
infusion system can be used immediately and the patient can be mobilised. 
All patients feel pain from the wound but usually for not more than two 
days. The pain is seldom severe. The post-operative risk of complications is 
very small as no general anaesthesia is used and as the incision is very small. 
Transient local infection may appear but is uncomplicated. An increased 
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mortality rate after PEG surgery has been reported in patients who already 
are hospitalized at the time of surgery, e.g. cancer patients (Nicholson et al., 
2000; Gauderer, 2001). However, usually patients considered for levodopa 
infusion therapy are not critically ill. 

The intestinal tube inside the PEG tube is placed either via gastroscopy or 
fluoroscopy guidance (see Figure 1). Regurgitation of the tip of the tube, 
back to the stomach, has been a problem with conventional intestinal tubes, 
as the efficacy is dependent on infusion beyond the pylorus. This problem 
has been essentially diminished after the introduction of a tube with a pig-
tail coil in the distal end, the Bengmark tube (Nutricia HealthCare, 
Switzerland). Its spontaneous transpyloric passage is almost 100% 
(Bengmark, 1998; Mangiante et al., 2000). 

 
Figure 1. Left: X-ray picture of a nasoduodenal tube with the tip situated in the 
duodenum. Right: Pump and cassette for enteral levodopa infusion. 

Pumps 
The infusion pump used for continuous Duodopa administration is the 
CADD pump from SIMS-Deltec, MN, USA, which is commonly used, e.g. 
for morphine infusions (see Figure 1). The infusion is intended for daytime 
use only, starting with a bolus dose in the morning so that the steady-state 
concentration is rapidly reached. The infusion rate is easily programmed and 
can be adjusted in steps of 0.1 ml/h (= 2 mg/h). If the patient needs a small 
extra dose during the day he/she can press a dose button to infuse a pre-
programmed bolus adjustable to 0.1 ml (= 2 mg). The patient can also 
choose the amount of the extra dose from time to time. Such extra doses are 
often 10 or 20 mg, which is little as compared to taking “rescue tablets” of 
50 or 100 mg. 
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Objective 

The general objective for the present investigation was to develop new 
techniques for assessment and management of motor complications in PD. 

An observational study of levodopa pharmacokinetics and motor function 
was performed in an unselected population of patients during activities of 
daily living. Levodopa pharmacokinetics was further studied in fluctuating 
patients on sustained-release tablets as monotherapy compared to continuous 
intestinal infusion of levodopa. In these two studies, variability in 
concentration-time curves and in motor performance was investigated to test 
the hypothesis that fluctuating pharmacokinetics is responsible for motor 
fluctuations.  

Patients with long-term intestinal levodopa infusion were followed for 
assessment of effects, side effects and dose adjustments over time to 
investigate any signs of tolerance development or sensitisation to this new 
route of administration of levodopa.  

In the development of techniques for individualisation of levodopa dosage 
an automatic dose dispenser was tested for usability purposes. Patients’ 
thoughts on such an instrument are valuable for future applications.  

Self-assessment of symptoms is important in the individual management 
of PD and enables investigations of patients in normal daily activities. Paper 
diaries are not reliable and therefore an electronic diary has been studied to 
evaluate the rationale for its use in clinical trials or routine treatment of 
motor complications in PD. 
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Methods 

Patients 
Eighty-two patients (27 women and 55 men) with PD participated in the five 
studies. In total, the results from 94 patients are reported, with some 
participating in more than one study. Age ranged from 39–85 years and all 
stages of PD were represented. The research ethics committee of Uppsala 
University approved all studies before any interventions were made and all 
patients gave their written informed consent to participate.  

In study II there were four early drop-outs because of withdrawn consents 
and their data are not presented. In study III six patients stopped infusion 
therapy during the long-term observation, but their data are included as far as 
possible. In the detailed long-term follow-up of nine patients within study 
III, four dropped out. Two of them had stopped infusion treatment because 
of cognitive impairment and two were restrained from participation because 
of severe orthostatism and severe kyphosis, respectively. 

Study designs and medications 

Study I  
An observational study in 10 patients at different stages of the disease 
(Hoehn and Yahr range 2–4) and on individual drug combinations. The aim 
was to define both symptomatology and levodopa pharmacokinetics after 
oral administration in an unselected group of PD patients on different drug 
combinations during daily activities at home and at work. A physician and a 
nurse visited the patients’ homes during one day, starting with the first 
morning dose of levodopa and for the following 10 hours. Patients were on 
their ordinary anti-PD medication and spent the day following normal 
routines. To follow the intra-individual variations in plasma concentrations 
of levodopa and 3-O-MD during the day at a high resolution level, blood 
samples were taken every 20 minutes. Concurrently, motor function was 
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rated by the patient and by the investigators. With regard to the time 
schedule and study design, evaluation procedures such as the tapping test, 
walking time and UPDRS were not applicable as they would disturb normal 
activities. Investigators’ estimations were done by observation only, using a 
global “on-off”-scale graded from -3 (severely “off”) to +3 (severely 
hyperkinetic) where 0 is considered as a state of “normality”. The patients 
themselves evaluated mobility on a 10-graded VAS including the categories 
“tremor”, “bradykinesia”, “hyperkinesia” and “pain”. All medications during 
the 10 hour period were recorded regarding the active drug substances, the 
dose given, and exact dosing times. All food and fluid intake were monitored 
with the exact times given. Consequently, a dietician classified the intake of 
animal proteins and fat over the study period into four classes: none, low, 
moderate, and high. A quantitative assessment was not possible since the 
food was not weighed or analysed, which would have disturbed the daily 
routines. 

Study II  
A randomised non-blinded crossover trial in 12 patients with motor 
fluctuations. The aim was to compare pharmacokinetics of levodopa 
between oral sustained-release tablets and intraduodenal infusion of 
carbidopa/levodopa. During a baseline week, all patients were converted 
from earlier medication regimens to monotherapy with SR 
carbidopa/levodopa 50/200 mg (Sinemet CR) with IR carbidopa/levodopa 
(Sinemet 12.5/50 mg) taken when needed. This “wash-in” week allowed for 
the elimination of prior long-acting anti-PD medication. Patients were 
randomised to continue either SR tablets (group 1) or to start nasoduodenal 
infusion of levodopa (group 2) during weeks 1–3. After week 3 patients were 
crossed over to infusion (group 1) and SR tablets (group 2), for the next 3 
weeks. On the last day of the baseline week, plasma levodopa concentrations 
were determined every 30 minutes from 8 a.m. to 5 p.m. Medication was 
individually titrated for optimal effect, “near normality”, during the first 
week of each treatment period but could be further adjusted throughout the 
study if needed. One test day was run during the second week and two non-
consecutive test days during the third week. Test days involved collections 
of blood samples every 30 minutes from 8 a.m. to 5 p.m., standardized video 
recordings hourly from 8 a.m. and opto-electronic movement analysis (PLM-
test) hourly from 8:30 a.m. A comparative study between two drug 
preparations ideally should be double-blind and placebo-controlled. In this 
study, however, we found such a design impossible to perform in practice. 
Patients who have felt the benefits of smooth levodopa delivery can easily 
recognize it and distinguish it from oral medication. Patients have proved to 
sense when the duodenal tube has been dislocated to the stomach, as 
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levodopa is then only absorbed when the stomach empties. A double-blind 
study design where a dose for the levodopa infusion is set during a baseline 
week and used several weeks later is difficult to follow if it is not allowed to 
adjust the infusion rate. Pharmacodynamic changes with up- and down-
regulation of striatal dopamine receptors may alter the dose requirement over 
a few days with any antiparkinsonian therapy. Further, the disease 
continuously progresses, which might have impact on the dose needed. Thus, 
small dose adjustments must always be allowed, if needed, for ethical 
reasons. Very small bolus doses (5–20 mg of levodopa) are possible with the 
infusion pump, whereas such small amounts cannot be provided with tablets. 
The use of “rescue tablets” to compensate for a slightly too low infusion 
dose disturbs the pharmacokinetics and subsequently the effects. And if the 
preset infusion dose would be too high, the patient would be dyskinetic all 
the time, which could be very distressing. Such a design is far from clinical 
practice, where small adjustments of the infusion dose are needed quite 
frequently in the beginning and must be allowed for best possible treatment. 
Patients were at the hospital during adjustments of therapy and on test days 
but could choose to stay at home the rest of the time. During test days 
ordinary meals were served at fixed times. The location of the nasoduodenal 
tube was examined on the last day of infusion for all patients to confirm that 
all tubes were situated in the duodenum. 

Study III  
A prospective and retrospective long-term follow-up of 28 very advanced 
PD patients started on continuous levodopa infusion treatment at Uppsala 
University Hospital during the period 1991–1998. Nine of the patients were 
evaluated in detail with repeated test occasions while applicability and 
complications were reported for the whole group. The nine patients were 
tested when administered optimal oral therapy on two non-consecutive days 
and then tested on several occasions, over periods of two non-consecutive 
days, while on infusion therapy during a period of 4–7 years. Preliminary 
results of follow-up after 2 ½ years have been published previously (Nilsson 
et al., 1998). On each test day patients were studied every 15–20 minutes 
from 8 a.m. to 5 or 7 p.m. by means of the PLM-test. Further, the patients 
were video-filmed every 30 minutes when performing a standardised 
sequence of motor tasks, “piano playing”, alternating hand movements, 
rising from a chair and walking. In addition, different disability scales were 
applied after overnight drug holidays to follow the progress of the disease. 
On each test occasion the catheter tip was checked by fluoroscopy to be 
situated in the duodenum. Change in levodopa consumption and concomitant 
medication was monitored in order to assess the long-term effects of the 
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infusion therapy. Safety aspects and reasons for discontinuation of infusion 
therapy were retrospectively investigated. 

Study IV 
The aim of this study was to present and evaluate a new drug administration 
concept, which includes an electronic automatic dose dispenser for 
adjustable individualised delivery of microtablets. Twenty patients with PD 
tested the usability of this dispensing device and offered their opinion of the 
concept. Microtablets containing 1.25/5 mg of carbidopa/levodopa were 
produced and their properties were tested regarding dimensions, porosity, 
friability and tensile strength. The content of levodopa and carbidopa in 
twenty microtablets was analysed using HPLC. Only placebo microtablets 
were used for the usability tests and patients did not ingest any microtablets.  

Study V  
A randomised usability test of a new electronic patient diary for real-time 
data capture in comparison with a conventional paper diary. The aim was to 
determine whether the electronic diary produced at least as good compliance 
as the paper diary, or better, with respect to answers within a determined 
time-frame. Twenty patients with PD diagnosed at least five years before the 
screening visit were enrolled. Ten patients were randomised to the paper 
diary and ten were randomised to the electronic diary. Patients were asked to 
fill in the daily questionnaire every two hours on two predefined non-
consecutive days per week over four weeks. On each occasion, 10–11 
questions were to be answered within 15 minutes of the scheduled time. An 
alarm was set on the electronic diary for each scheduled time. No reminders 
were provided for patients using the paper diary, but a predefined time 
schedule was enclosed and the patients were asked to enter the time at which 
they really filled in the questionnaire. The questionnaires were constructed to 
collect subjective symptoms and quality-of-life data. 

Measuring levodopa and 3-O-methyldopa in blood 

High-performance liquid chromatography 
Plasma levels of levodopa and 3-O-MD were assayed by reversed phase 
high-performance liquid chromatography (HPLC) with electrochemical 
detection, using a modification of the procedure described by Blandini et al. 
(1997). 



 45

Venous blood samples were collected into vacuum tubes containing 0.1 
ml of sodium heparin (1000 U/ml), chilled on ice, and immediately 
centrifuged at 1200 g for 10 minutes. The supernatants were stored at -72°C 
prior to the analysis. Samples were thawed at room temperature and an 
aliquot of 100 µl plasma was deproteinized by adding 100 µl of 4.0 N 
HClO4. This was followed by dilution 1:5 with water and centrifugation at 
12 000 g for 10 min at 4°C. Twenty µl of the supernatant were injected onto 
the HPLC system. 

The HPLC system consisted of a pump (SunFlow 100, Spark 
Deutschland), equipped with a C18 reversed-phase column (150 x 4 mm, 5 
µm). The system was connected to an autosampler (Marathon, Spark 
Holland). The coulochem II electrochemical detector had a 5011 high 
sensitivity analytical cell (ESA, Chelmsford, MA, USA). The potential of 
the work electrode was set at +0.35 V versus the reference electrode. 
Chromatograms were analyzed by a computing integrator (Turbochrom 4.1, 
Perkin Elmer NCI 900). The mobile phase (pH 3.1) consisted of 100 mM 
NaH2PO4, 0.5 mM OSA and 1.0 mM EDTA, mixed with 10 % (v/v) 
methanol. The elution was carried out isocratically at room temperature, at a 
flow-rate of 0.8 ml/min. 

Calibration curves were constructed for levodopa and 3-O-MD (range 
0.005 - 4.0 µg/ml) and linear regression was used to fit a straight line 
through the calibration points. The concentrations of levodopa and 3-O-MD 
in the samples (µg/ml plasma) were derived from the respective calibration 
curve by comparing peak heights of the two compounds in the samples with 
the peak heights of the standard mixture of both compounds. The detection 
limits for plasma levels of levodopa and 3-O-MD, at a signal to noise ratio of 
3, were 2.0 and 3.0 ng/ml respectively. The recovery of the method was 98 
% for levodopa and 99 % for 3-O-MD. 

Pharmacokinetic calculations 
The area under the concentration-time curve (AUC 0-t) was calculated by 
using the linear and the logarithmic trapezoidal rule for ascending and 
descending blood concentrations, respectively, up to the last time-point.  

The observed peak plasma concentrations (Cmax) and the times when 
they occurred (Tmax) for levodopa were derived directly from the plasma 
concentration-data for each subject. The steady state plasma concentration 
(Css) was calculated for both levodopa and 3-O-MD. Intra-individual 
variability is given as the coefficient of variation (CV = standard 
deviation/mean). 

Oral clearance was calculated as dose divided by AUC. 
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Assessments of symptoms 

Computerised assessments 
For objective assessment of PD symptoms in studies II and III we have used 
the PLM-test (Qualisys AB, Gothenburg, Sweden), which measures postural 
(P), locomotor (L) and manual (M) movements (Johnels et al., 1989). The 
technique is a development from computer assisted optoelectronic 
movement analysis, used in gait physiology and elite sports training (Steg et 
al., 1989). The test involves picking up an object from the floor, walking 1.5 
meters forwards and placing the object on a shelf at the height of the 
patient’s chin. These movements should be repeated as many times as 
possible within 30 seconds at maximal possible speed. The patient wears 
reflective markers and the object is also reflective, allowing an infrared 
light-emitting camera to detect the movements. Only the time when the 
object was moved forward from the floor to the shelf is evaluated. The data 
are processed in a computer, resulting in a figure of movement time (MT), 
the mean of all completed movements in a 30 seconds session. Calculations 
of each of the three phases P, L and M are also available from the computer 
software. The PLM-test is considered strictly objective and has shown to 
provide fully reproducible evaluation of motor response after a single-dose 
of levodopa (Johnels et al., 1993). 

Clinical assessments 
The need to describe PD symptoms in a standardised and trustworthy 
manner has led to development of a great number of clinical rating scales, 
which are often modified and later rejected because of the great difficulties 
in assessing PD. The Hoehn and Yahr scale is one of the oldest and describes 
the progression of PD in five stages (Hoehn and Yahr, 1967). The original 
scale did not include axial involvement or differentiation in stages of 
postural instability and it was therefore modified when it became a part of 
the Unified PD Rating Scale (UPDRS) (Fahn et al., 1987). The Hoehn and 
Yahr scale does not include dyskinesia as a marker for disease severity. 

UPDRS is the most widely used scale of today (Mitchell et al., 2000) and 
it is also required by authorities for clinical drug trials. The six parts of the 
UPDRS are I. Mentation, behaviour and mood, II. Activities of daily living, 
III. Motor examination, IV. Complications of therapy, V. Modified Hoehn 
and Yahr staging, VI. Schwab and England activities of daily living scale. 
When a total UPDRS score is mentioned, it is normally the score of parts I-
IV. Part II is historical information for both “on” and “off”. Part III, the 
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motor examination should be made in “off” state, preferably off drug, to 
evaluate the severity of PD. It may also be used for repeated characterisation 
of patients in clinical trials, but it is too time-consuming and cumbersome to 
use for frequent examinations. 

We have also used Webster Rating Scale (WRS) and Northwestern 
University Disability Scale (NUDS). The WRS is scored from 0–30 where 0 
is normal. NUDS is scored from 0–50 where 50 is normal. 

“On-off” rating of a patient’s motor performance on scales for 
parkinsonism and dyskinesias have been used both in real-time and in video 
recordings for subsequent evaluations. In studies II and III, a standardised 
sequence of motor tasks was used; “piano playing”, alternating hand 
movements, rising from a chair and walking. This examination includes 
items 25, 27 and 29 of the UPDRS. The parkinsonism scale, derived from 
UPDRS item 31, was graded from –3 (marked bradykinesia) to 0 (normal) 
and the dyskinesia scale, derived from Goetz’ Dyskinesia rating scale (Goetz 
et al., 1994) was graded from 0 (normal) to 3 (severe choreic dyskinesia). To 
estimate the change in time the patients spent in different motor states on the 
video ratings, a “near normal” state was defined to correspond to the 
function between -1, 0 or +1, an “off” state to -3 and -2 and a “hyperkinetic” 
state to +2 and +3. “Near normality” represents a state where patients are 
practically undisturbed by symptoms, such as mild slowness or mild 
dyskinesias. The video recordings could not be assessed in blinded fashion 
since patients wore tubes and pumps during infusion therapy.  

Patient self-assessments  
Rating scales for self-assessment can be an important support for clinical 
evaluation, and can be used in the home environment. 

The visual analogue scale (VAS) is widely used in symptom evaluation of 
pain and could also be used for PD symptoms (Favre et al., 2000). VAS 
consists of a line, commonly 10 cm in length, which is anchored at either 
end by the extremes (“no disability” and “maximal disability”) of the 
variable to be measured, and the assessment is made by a mark on this line at 
an appropriate place between the anchor points. 

The PD questionnaire-39 (PDQ-39) is considered the most appropriate 
instrument with which to measure health-related quality of life in PD 
(Marinus et al., 2002). PDQ-39 consists of 39 questions using verbal 
descriptive scales (VDS), with an ordering of the different outcomes on a 
categorical scale (Jenkinson et al., 1997).  

In clinical trials of new antiparkinsonian drugs, entries in patient diaries 
should be made frequently, preferably several times a day, to record any 
fluctuations in motor performance. Although the accuracy and reliability of 
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self-assessment is high in PD patients (Brown et al., 1989; Louis et al., 
1996), studies of compliance with patient diaries have shown that they are 
not filled in at the appropriate times, implying low compliance and non-
representative outcomes (Stone et al., 2002). The use of electronic diaries 
could possibly improve the reliability of data. The device used to collect data 
for the electronic patient diary of study V was an Ericsson MC218. The 
electronic diary was connected to a Siemens S35 cellular phone. The 
equipment was placed in a briefcase measuring 32 × 25 × 5 cm and weighed 
about 1.5 kg. Data were transferred to the database without wires. The 
device was battery-sensitive and the battery level could be measured 
remotely. All diary data, patient compliance data, and technical performance 
data could be monitored through a secured website. The three questionnaires 
used were PDQ-39, daily questions and usability questions. Patients were 
asked to fill in the daily questionnaire every two hours on two predefined 
non-consecutive days per week over four weeks. On each occasion, 10–11 
questions were to be answered within 15 minutes of the scheduled time. The 
PDQ-39 questionnaire was applied at the inception of the study and on the 
last day of the study. The patients using the electronic diary were asked to 
fill in usability questions regarding their experience of the method. 
Precautions were taken to minimize the influence of bias introduced by 
technical problems and any misunderstanding of the questions. The clinician 
demonstrated the questionnaire to each patient on the first visit, and on any 
following visit upon request. The demonstration of the hand-held computer 
was repeatable an unlimited number of times and these data were not 
recorded in the database. The time spent for initial training varied between 
10 and 20 minutes per patient. The only operation required of the patient was 
to respond to the questionnaire. The electronic diary was automatically 
turned on by the alarm signal and data were automatically sent to the 
database. 

System for intestinal infusion of levodopa/carbidopa 
Duodopa (US patent number 5,635,213, manufactured by NeoPharma 
Production AB, Uppsala, Sweden) is a stable gel suspension of levodopa and 
carbidopa. The suspension was administered through a nasoduodenal tube 
(Kangaroo, 8 FR, Sherwood Medical, UK) or through a permanent PEG with 
intestinal tube (Freka PEG Universal-Intestinal, Fresenius, Germany) by a 
portable pump (CADD-PCA, SIMS Deltec, MN, USA) (see Figure 1). A 
plastic cassette is attached to the pump. The cassette contains a plastic bag 
with a short tube, which is to be connected to a duodenal tube. Each cassette 
contains 100 ml of carbidopa/levodopa in concentration 5/20 mg/ml and is 
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intended for one day's use. The cassettes are disposable. The gel is infused 
into the duodenum at a rate of usually 1–6 ml/h (20–120 mg levodopa per 
hour). The pump and cassette are carried in a bag around the waist or over 
the shoulder.  

The nasoduodenal tubes in study II were placed with the assistance of 
fluoroscopy (see Figure 1). If clinical signs of deterioration in motor 
performance appeared, the location of the tube was checked by means of 
fluoroscopy. All tubes were checked on the last day of infusion treatment. 
One cassette (2,000 mg levodopa) per day was sufficient for most patients 
though some required two cassettes. Infusion was given during the daytime 
only, from approximately 6 a.m. to 10 p.m. 

Automatic dose dispenser for oral levodopa/carbidopa 

The concept 
The concept of individual drug dispensing “by counting” is presented, as a 
potential solution to the shortcomings of standard oral formulations. This 
new concept is based on the use of standardised dosage units, each 
containing a sub-therapeutic amount of the active ingredient. These units are 
referred to as microtablets (diameter: 3 mm, thickness: 1.3 mm).  

For the application in PD, the dispenser would contain microtablets, each 
containing 5 mg levodopa and 1.25 mg carbidopa. The automatic dispenser 
delivers the correct dose for each patient who then is able to swallow them 
either undissolved or dissolved in liquid. 

Because of the limited size of the tablets, some kind of counting device is 
required for patient assistance. In this study, an automatic dose dispenser is 
described and evaluated (Figure 2). This is an improved and upgraded 
version of a prototype presented previously (Aquilonius et al., 1998).  

The cassette portion of the device, which can be manually refilled but is 
also planned to be available as a new prefilled cassette for convenience, 
contains >2000 microtablets. The microtablets are transported within the 
dispenser by the plastic components which are moved by a battery driven 
motor. A photocell monitors the number of microtablets transported from the 
cassette to the receiving compartment and the electronic motor stops when 
the pre-set number of microtablets has passed the photocell. The actuator 
then causes the microtablets to be emptied from the receiving compartment 
in the device into an external collector or a glass of water. A digital display 
guides the patient through the process, i.e. using the buttons, the patient 
starts the dispenser device and sets the correct dose; instructions then appear 
to empty the microtablets from the device into the collector. The weight of 



 50

the device, without microtablets, is 232 grams and the dimensions are 132 
mm (height), 63 mm (width) and 32 mm (thickness). 

 
Figure 2. The dispenser comprises a cassette filled with microtablets, buttons 
operated by the patient (with an associated digital display) for dose adjustment, a 
battery-driven electronic motor, a photocell monitoring the number of microtablets 
dispensed from the cassette to a receiving compartment, and an actuator, by which 
the microtablets are emptied from the receiving compartment into a collector or a 
glass of water. 

The patient study 
The usefulness of the automatic dose dispenser and patient acceptance of the 
device were evaluated in 20 patients with PD.  

Patients were characterised according to medication, concomitant 
diseases and severity of PD. The UPDRS, parts I, II and IV, and the 
modified Hoehn and Yahr scale were applied.  

All patients were instructed once on how to use the dispensing device. 
After the demonstration, the patients were asked to operate the dispenser 
themselves. Any additional instructions were recorded. Patients were asked 
to start the dispenser, to set the dose to 65 mg (from a default dose of 20 
mg), to confirm the dose and to release the 13 microtablets into a glass. The 
patients were also asked to pick up five microtablets from the table. These 
tests were observed by the investigators, who recorded the outcomes. After 
the tests, all patients answered 15 usability questions relating to their 
impressions of the method. Only placebo microtablets were used for the tests 
and patients did not ingest any microtablets. 
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Statistics and data management 

Studies I and IV 
Only descriptive statistics were used together with calculations of mean 
values and SD. Pharmacokinetic calculations are described earlier. 

Study II  
Pharmacokinetic calculations (Css, SD and CV) were performed as 
described earlier. Statistical significance was calculated at 95% CI. 

During a test day on infusion for one patient, the cassette was accidentally 
disconnected from the pump for a few hours leading to decline in both 
plasma levodopa concentrations and motor performance. The test day 
continued with the cassette reconnected and the plasma levodopa 
concentrations were used in the analysis of statistical significance but 
excluded in terms of mean Css and mean CV because of the period of 
absence of levodopa administration. 

Study III 
In the nine patients tested, movement time (MT, from the PLM-test) on 
infusion was compared to corresponding MT during oral therapy (the 1st and 
the 2nd day separately). The non-parametric Kruskal-Wallis test was applied 
for statistical analysis. The Squared Ranks test for variance was used to 
obtain a comparison of MT variability. The statistical calculations have been 
adjusted to the expected increase of MT with age in a healthy population 
(Johnels et al., 1989). Analyses were performed by means of StatView 4.02 
(Abacus Concepts, Inc., Berkeley, CA). 

Study V 
An independent clinical research organisation (IRW Consulting, Täby, 
Sweden) performed all data entry for data collected in the paper diaries. All 
data management activities were measured to estimate the time taken. 

In the comparison of the two methods of data collection, patient 
compliance was defined as the number of time points at which records were 
completed in the electronic diaries against the number of time points at 
which records were completed in the paper diaries. Because the patients 
were instructed to fill in the time points at which each questionnaire was 
completed in the paper diaries, compliance with the predefined 15-minute 
time intervals was also checked (the same interval was used for the 
electronic diary). The primary objective was to compare the electronic diary 
with the paper diary with respect to compliance, measured as the number of 
completed data records and the number of dropouts. Secondary outcomes 
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were PDQ-39 score, self-assessment of symptoms, data validity, and 
security, and the experience of the method as assessed by the patients. Data 
were summarized by descriptive statistics, with compliance presented as 
percentages, PDQ-39 data presented as the total sums of the two groups, and 
daily questionnaires presented by the medians and ranges of intra-individual 
differences. Statistical hypothesis testing was performed using a Mann-
Whitney U test to compare the paper and electronic diaries with respect to 
the proportion of completed records. The differences between PDQ-39 
scores at the start and the end of the study were tested using a Wilcoxon 
matched pairs test (non-parametric test). Statistical tests were two-tailed with 
a significance level of p < 0.05. Statistica 5.5 (Statsoft Inc, Tulsa, USA) was 
used for statistical calculations. 
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Results 

Levodopa pharmacokinetics (papers I and II) 
The levodopa dose was correlated to plasma Css and AUC for all 22 patients 
but one. This patient, in study I, who was the only one treated with 
tolcapone, diverged from the correlation coefficient of dose and AUC as 
compared to the other patients. A clear peak in the plasma concentration-
time curve for levodopa was obviously related to the oral intake of levodopa 
in 44 out of 58 dosing events in the ten patients of study I. Seven of the 
patients responded with plasma peaks to more than 75% of the doses taken. 

Oral levodopa therapy was associated with fluctuations in plasma 
levodopa levels in all patients to an extent of 25–70% (CV) in the 10 patients 
of study I and 19–74% in the 12 patients on SR levodopa in study II. On 
infusion, the latter patients showed a significantly decreased variability 
range in plasma levodopa; 5–36% (see Table 1). There were large inter-
individual differences in dosage in both studies. 

 

Figure 3. Patient E took 50 mg levodopa on 10 occasions and patient F took 100 mg 
levodopa on 5 occasions during the 10 hours. 
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The strategy to manage motor fluctuations with frequent small doses was 
illustrated in study I, where two patients had a total dose of 500 mg of 
levodopa distributed on 10 and 5 occasions respectively. Their plasma 
concentration-time profiles are shown in Figure 3. Frequent small doses 
resulted in lower peaks and higher troughs, whereas Css was the same for 
both patients. The decreased variability was described by the CV; 52% for 
the hourly regime versus 70% for dosage every two hours. 

There was a considerable variation in the plasma concentration-time 
curves of levodopa in the four patients that used COMT inhibitors, mean CV 
was 41% (range 34–56%). As expected, the ratio of Css 3-O-MD to Css levodopa 
was significantly lower in these patients. 

CV in plasma levodopa levels in the use of SR tablets of 
levodopa/carbidopa and SR capsules of levodopa/benserazide was similar to 
CV in IR formulations. Two patients in study I combined IR and SR 
formulations to get quick onset and long duration of the levodopa dose. CV 
was 56% and 25% respectively in these individuals. CV was 69% in a 
patient who used SR levodopa every 5 ½ hours. In this patient, levodopa 
plasma concentration went down to zero in between the doses, but no 
symptoms appeared. 

Table 1. Data on plasma levodopa Css and CV from studies I and II. 

Study  Css (µg/ml) CV (%) 
I oral range min-max 0.5 – 7.1 25 – 70 
I oral mean (± SD) 2.0 (± 1.9) 48 
I oral median 1.3 49 
II oral SR range min-max 1.0 – 4.3 19 – 74 
II oral SR mean (± SD) 2.7 (± 0.8) 34 
II oral SR median 2.5 31 
II infusion range min-max 1.4 – 4.8 5 – 36 
II infusion mean (± SD) 2.7 (± 0.9) 14 
II infusion median 2.7 13 
I oral, n = 10. II oral, n = 36. II infusion, n = 34. In study II n represents number of test days 
in the 12 patients. 

Oral SR formulation versus intestinal infusion 
Variation in plasma levodopa concentrations expressed as mean Cmax 
divided by mean Cmin per patient ranged 2.4–9.2 fold during oral SR tablet 
therapy, and 1.3–2.5 fold during intestinal infusion. Mean intra-individual 
CV for the plasma concentrations of levodopa following oral medication was 
significantly decreased during continuous infusion (see Table 1 & Figure 4). 
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Figure 4. Mean values of intra-individual CV for plasma levodopa in the 12 patients 
on oral SR levodopa tablets and intestinal levodopa infusion. 
 

Figure 5. Distribution of CV for plasma levodopa from all test days in the 12 
patients; 36 test days on oral SR tablets and 34 test days on intestinal infusion. 
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Figure 6. The typical pharmacokinetic profiles of SR levodopa tablets and intestinal 
levodopa infusion. All test days from one patient (no. 14) are presented. The upper 
panel shows concentration-time curves on SR tablets and the lower panel shows the 
curves on infusion. CV for plasma levodopa are 25%, 27% and 22% on the three test 
days on tablets and 6%, 6% and 10% on infusion. Oral SR medication was 500 mg 
at 7:00 and 400 mg at 10:00, 13:00 and 16:00. Extra IR doses were taken as 50 mg 
at 14:00 on test day 1, 50 mg at 9:20 on test day 2, and 50 mg at 8:50 on test day 3 
of oral therapy. Infusion rates were 116 mg/h on the first two test days and 112 mg/h 
on test day 3 of infusion therapy. No extra doses were taken during this period. 
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The significant difference in CV between the treatments was 19% (p < 0.01). 
Median ranges between lowest and highest daily CV were 27–37% for 
tablets and 9–18% for infusion, further data are presented in Figure 5. The 
mean of all patients’ mean variances was 0.9 (range 0.4–2.0) [µg/ml]2 on CR 
tablets and 0.2 (range 0.0–0.6) [µg/ml]2 on infusion. This difference was also 
significant (p < 0.01). The plasma concentration-time profiles are 
exemplified in Figure 6. 

Mean Css was 2.7 µg/ml for both methods of levodopa administration. 
Whereas the CV of the overall mean curve was 16% with oral therapy, it was 
3% with infusion. The correlation coefficient was 78% when mean Cssoral 
was plotted against mean Cssinfusion of all patients. All patients had lower 
Cmax of levodopa given by infusion as compared to tablets. Mean (± SD) 
Cmax of levodopa was 4.6 ± 1.4 µg/ml on SR tablets and 3.4 ± 1.2 µg/ml on 
infusion. The decrease in Cmax ranged from 8–40% (mean 24%). All but 
two had higher mean Cmin of levodopa given by infusion as compared to 
tablets. Mean (± SD) Cmin of levodopa was 1.4 ± 0.8 µg/ml on SR tablets 
and 2.0 ± 0.7 µg/ml on infusion. The increase in Cmin ranged from -17–
542% (mean 85%). The mean variability of plasma levodopa levels, 
expressed as difference between Cmax and Cmin, was 3.2 ± 0.9 µg/ml with 
SR tablets and 1.4 ± 0.7 µg/ml with infusion. This difference between 
treatments is statistically significant (p < 0.0001). 

Mean (± SD) oral clearance for levodopa was 609 ± 94 ml/min on SR 
tablets and 575 ± 119 ml/min on infusion.  

Average intra-individual CV of 3-O-MD concentrations was 6% for both 
treatments. Mean Css was 11.0 µg/ml on SR tablets and 10.5 µg/ml on 
infusion. Mean ratio Css3-O-MD/Csslevodopa across all patients was 3.9. No 
correlation was seen between this ratio and dose or duration of PD. 

Influence of food 
No restricted diets were followed in the studies. In study I, as assessed by a 
dietician, intake of animal protein was low or moderate for all patients and 
none for a patient who was a vegetarian. In two patients the peaks in the 
concentration-time profile of levodopa did not occur after lunch with 
increased symptomatology as a consequence, the “no-on” phenomenon 
(Melamed et al., 1986). This food related decrease in the clinical effect of 
levodopa is exemplified in Figure 7. Another regular levodopa dose was 
required to normalize motor function in both cases, and as expected a clear 
peak in plasma levodopa concentration was observed. 
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Figure 7. The impact of a meal containing low fat and low animal proteins on 
levodopa pharmacokinetics. The patient took 50 mg levodopa immediately after 
lunch (13:30) and an extra dose of 25 mg, 40 minutes later. Plasma levels of 
levodopa were virtually unaffected until the next regular dose, taken at 15:30, was 
absorbed. The greatest value of either bradykinesia, tremor or pain is given as 
symptoms on VAS. 

 

Figure 8. The patient took 200 mg of SR levodopa/carbidopa at 7:00, 10:00, 13:00 
and 16:00. He was moderately hyperkinetic at 12:00, declining to parkinsonism at 
15:00. Lunch was ingested at about noon. 
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The “no-on” phenomenon was also found in study II, when expected peaks 
from the SR tablets were missing. The plasma levodopa concentration-time 
curve of a patient who was very sensitive to amino acid competition from 
proteins in food is exemplified in Figure 8. 

Gastric infusion 
After the second test day of infusion treatment in patient 4 in study II, 
fluoroscopy revealed that the tube had been dislocated from the duodenum to 
the stomach. The tube was re-positioned and the patient’s motor abilities 
were much improved during the last test day, with 90% of video 
observations in near normal state as compared to 50% and 44% on the first 
two test days, when the tube was probably dislocated. The plasma levodopa 
CV is markedly higher during the two first test days, 28% and 36% as 
compared to 9% on fluoroscopy-verified duodenal infusion on the third test 
day (mean CV on tablet therapy was 29% for this patient). The plasma 
concentration-time curves of test days 2 and 3 are shown in Figure 9, 
together with a curve from one of the test days with oral SR levodopa, to 
depict the difference in levodopa absorption when administered orally and as 
infusion into the stomach or directly into the duodenum. 

Figure 9. On oral therapy this patient received 300 mg SR levodopa at 7:00, 
followed by 100 mg at 10:00 and 200 mg at 13:00 and 16:00. On infusion, a 
morning bolus of 50–70 mg was followed by infusion at a rate of 46–50 mg/hr. 
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Levodopa and motor function (papers I, II, III and V) 
In study I, patients’ VAS-based self-rated motor function was often closely 
related to plasma levodopa levels, regardless of concomitant antiparkinson 
medication. In several cases the patients’ ability to assess their mobility was 
more sensitive when compared to ratings by the investigators. This fact was 
striking in a patient who was rated by the investigators as mildly 
bradykinetic at a stable level for the first nine hours. However, the patient 
himself reported fluctuating changes in his symptoms that later were found 
to be related to fluctuating plasma concentrations of levodopa. 

In study V, motor function was not investigated in relation to medication, 
but similar fluctuations as seen in study I were reported. Intra-individual 
variability in motor performance was high, both within a day and between 
days. Fluctuations in motor and non-motor symptoms over a day were co-
varying in some patients. For example, in one case, the pattern of pain and 
depression clearly followed the motor function. In this case the curves 
describing parkinsonism were very similar on the two different scales used 
for data collection, VDS and VAS. 

Video scoring, study II 
Video evaluations of the fluctuating patients in study II showed a 
significantly increased number of observations in “near normal” state during 
levodopa infusion as compared to SR tablets (p < 0.01). Further, a 
significant decrease in both “off”-state (p < 0.01) and hyperkinesia (p = 
0.03) was found (see Table 2). The mean variance of scores in video 
recordings was 1.1 during infusion therapy and 2.0 during oral therapy. 

Table 2. Percentage of video observations in different motor states, 
studies II and III. 

Study “off” “near normal” “hyperkinesia” 
II oral SR 25 61 14 
II infusion 12 80 8 
III oral 25 29 46 
III infusion 3–8 months 18 49 33 
III infusion 4–7 years 32 42 25 
n=12 patients in study II and n=6 patients in study III 

Video scoring, study III 
Ratings from video tapes of the very advanced patients in study III indicated 
an improvement with more time spent in the “near normal” state after 4–7 
years of infusion as compared to oral therapy, however less than after 3–8 
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months of infusion (Table 2). The mean time spent in “off” state after 4–7 
years had increased as compared to the two earlier occasions, mainly 
because patient G had difficulties walking and therefore was scored as “off” 
at every recording. The hyperkinesia was decreased after 3–8 months of 
duodenal therapy as compared to oral and even further decreased after 4–7 
years. If patient G is excluded from the calculations, the amount of “off” 
time after 4–7 years of treatment decreases to 18%, “hyperkinesia” would be 
31% and the time spent in “near normal” state would be 51% (n=5). 

PLM-test, study II 
Intra-individual mean MT from the PLM-test was lower in crossover period 
2 in all patients but one, whereas 9 out of 12 patients had less variation in 
MT on infusion treatment compared to oral treatment. In the analysis of 
median MT and median MT variance the variability of data was high, since 
the MT is designated to 30 seconds when an akinetic patient is unable to 
walk. No significant difference between treatments was found in the two 
groups because of the skewed data distribution. 

PLM-test, study III 
Median movement time, oral therapy versus 4–7 years of continuous infusion 
therapy – When comparing the first test day MT was significantly decreased 
in two cases and unchanged in the other three patients after 4–7 years. When 
comparing the second test day MT was significantly decreased in three 
cases. 

Median movement time, 3–8 months versus 4–7 years of continuous 
infusion therapy – Two patients showed significant MT improvement on 
both test days, and one patient significantly increased his MT both test days 
after 7 years. 

Movement time variance – The MT variance at 4–7 years of infusion as 
compared to oral therapy was significantly decreased both days in one 
patient and one day in another patient. The variance was significantly 
increased both days in one patient. The MT variance at 4–7 years as 
compared to 3–8 months of infusion was significantly decreased on one of 
the days in one patient, significantly increased both days in another patient. 

Rating scales 
The total score of UPDRS did not change much during the short-term study 
II. The motor examination (part III) was not performed on any predefined 
occasions in relation to dose intake. However, difference in total UPDRS 
score was statistically significant in favour of infusion therapy (p < 0.01). In 
part IV all patients had fewer complications with infusion therapy. Median 
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score was 7.5 at baseline and after oral therapy, and 4.5 after infusion 
therapy. The difference was statistically significant (p < 0.01). 

Before infusion therapy began patients A and B of study III scored 21 and 
22 respectively on the WRS and 20 and 22, 7 years later. The NUDS scores  
in the same patients were 37 and 32 before infusion and 40 and 24 
respectively after 7 years. Among the other five patients remaining on 
infusion therapy after 4–5 years three still had better scores in UPDRS part I-
II as compared to before infusion treatment, and four had lesser 
complications (part IV). 

“Accidental double-blind withdrawal” 
During the last test day on infusion for patient 2 in study II, motor 
performance became gradually and severely impaired in the afternoon after a 
stable motor performance with mild hyperkinesia in the morning. After 
about 3 hours, the cassette was discovered to have been accidentally 
disconnected from the pump. The test day continued with the cassette 
reconnected, and some small boluses to reach steady-state again. The plasma 
levodopa concentration-time curve of this sudden withdrawal of therapy is 
shown in Figure 10.  

Figure 10. Accidentally interrupted infusion. The patient was scored as severely 
“off” at 14:00, 15:00 and 16:00 and MT of the PLM-test increased from 1.86 ± 0.05 
seconds in the first six tests (from 8:30 to 13:30) to 9.70 and 8.78 seconds at 14:30 
and 15:30. At 16:30 the patient was completely akinetic and could not perform the 
test. 
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Experience with levodopa infusion (papers II and III) 

Dosage and concomitant medication 
Mean levodopa consumption during test periods (up to 5:00 p.m.) in study II 
was 1075 ± 383 mg with SR tablets and 1003 ± 330 mg with infusion. Mean 
morning doses of levodopa were 308 mg of SR tablets and 131 mg of 
morning bolus with the infusion therapy. Comparing intra-individual doses 
from the first test day with the last test day on each treatment arm showed 
that, with respect to oral tablets, four patients had the same dose, six had 
higher and two had lower dose on the last test day, whereas on infusion four 
had a higher and eight had a lower dose on the last test day. Extra tablets 
were used in total a mean of 3.3 times per patient per 24 hours during the 
three test days and extra boluses of enteral administration were used a mean 
of 4.3 times. The “rescue” levodopa tablets were 50 mg each and the fine-
tuned bolus doses were 14 mg, on average. Night-time oral levodopa intake 
was frequently needed in six cases, but no differences between treatments 
could be detected in this short-term study. Patients returned to their earlier 
medication after the study. However some chose to continue with the 
optimised SR tablet medication. Nine of the 12 patients later chose to 
continue levodopa infusion therapy by a permanent infusion system with 
PEG and duodenal tube. 

The mean daily levodopa consumption in the long-term follow-up in 
study III was gradually reduced in most of the very advanced patients after 
the introduction of infusion therapy. At the time of last follow-up half of 
patients had decreased their levodopa doses as compared to before infusion 
therapy. The median value of the percentage change in daily dose from oral 
baseline to last follow-up of infusion therapy was -1% (range -71–163%). 
Twenty-one out of the 28 patients used other antiparkinsonian drugs 
concomitantly to oral levodopa, before infusion but at the last test occasion 
on infusion only 12 patients were still treated with oral antiparkinsonian 
drugs. Five of these patients used lower doses of concomitant medication as 
compared to oral treatment. Stereotactic surgery (pallidotomy) was 
performed in one patient in addition to infusion therapy. 

Treatment time and safety 
The total infusion time in the 28 cases of study III was 1045 months, i.e. 87 
patient-years. Six of the patients had returned to oral therapy over the years. 
Two patients curtailed their treatment due to deterioration of their condition, 
both had developed symptoms of multiple system atrophy. Three patients 
terminated treatment due to problems in handling the system as they 



 64

developed dementia and one patient had stopped treatment due to lack of 
improvement. 

There were no major complications or serious adverse events obviously 
related to the drugs in the studies. One patient, diagnosed with atrial 
fibrillations during study II continued the study protocol as planned. One 
patient in study III developed EMG-verified polyneuropathy in his feet, but 
continued infusion therapy and the symptoms gradually disappeared. 

Technical matters 
In study III, technical problems with the pumps infrequently resulted in 
exchange and repair necessitating a supply of spare pumps at the ward. The 
gastrostomy was infected transiently post-operatively in six cases and minor 
discharge was common during infusion but at an acceptable tolerance-level. 
Problems occurred with the infusion system leading to exchange or 
adjustment of the intestinal tube by gastroscopy (35 times) or by 
fluoroscopic guidance. X-ray was also used for planned inspections of the 
tube position. In total, fluoroscopy/X-ray was used 162 times during the 87 
patient-years, i.e. approximately once every 6 months per patient. The most 
common reasons for adjustment have been firstly, difficulties in placing the 
catheter tip in the duodenum during the initial operation and, secondly, the 
tip has sometimes regurgitated from the duodenum into the stomach during 
infusion. In some cases, often after several years of treatment, the tube in use 
was exchanged due to increased resistance to infusion. 

Usability of an automatic dose dispenser (paper IV) 
All patients were able to handle the dispensing device independently and 
were generally satisfied with their own management of the automat. One 
patient had rheumatoid arthritis but this did not affect her ability to handle 
the device. One left-handed patient used his right hand for operating the 
device without difficulty. This is an important finding, suggesting that the 
device can be used by hemiparkinsonian patients whose dominant hand is 
affected. 

Since the microtablets were very small (diameter: 3 mm), it was 
anticipated that patients with tremor and/or dyskinesia might find it 
troublesome to handle them. However, all patients managed to pick up five 
tablets from a flat table surface. 

Most patients were positive about future use, but many mentioned 
modifications of the current prototype. Most patients found the device too 
large and some thought it too heavy. Many patients suggested changing the 
size to more closely resemble that of cellular telephones. The buttons were 
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too small for seven patients and the text of the display was considered too 
small by eleven patients; however, all patients were able to read the text. All 
patients but one felt comfortable with the automatic counting of the correct 
dose, but some claimed they would check the number of tablets for the first 
few times of use. All but one were positive about the concept of dose 
administration in general and 17 patients were interested in using the device 
for their own medication, thus replacing the conventional levodopa tablets. 
One patient who used levodopa infusion said that he would not exchange his 
infusion for microtablets, but would prefer microtablets before standard 
tablets if he had to choose. One patient was newly diagnosed with PD and 
preferred ordinary tablets, but he stated he would possibly change his mind 
in the future. One patient claimed that conventional tablets were easier and 
another did not want to use the device since he already took a great number 
of other medications. The outcome of the tests was not clearly correlated 
with age or PD severity. 

Compliance and usability of patient diaries (paper V) 
Median compliance for the daily questionnaire was 88% (range 61–100%) 
for the electronic diary and 98% (range 75–100%) for the paper diary. 
Compliance strictly linked to the scheduled times, as recorded in the paper 
diaries, was 78% (range 57–98%) and is defined as “true compliance”. This 
is significantly lower than both compliance with the electronic diary and raw 
compliance with the paper diary (p < 0.05). The difference between 
compliance with the electronic diary and raw compliance with the paper 
diary was not significant (p = 0.15). The distribution of the timing of patients 
responding to the diary shows that some paper-diary answers were 
completed more than an hour after the scheduled time. PDQ-39 compliance 
was 100% for the electronic diary and 94% for the paper diary. Four 
individuals using the electronic diary completely omitted a total of six days 
of entries in the daily questionnaire, and one individual using the paper diary 
missed one day’s entries. 

Of the 10 patients using the electronic diary, five had no earlier 
experience with computers. There is no evidence that a lack of earlier 
experience with computers reduced the patient’s ability to use the electronic 
diary. Each patient using the electronic diary responded to the usability 
questions. There was variation between patients but very few responded with 
extreme answers such as “Strongly agree” or “Strongly disagree”. 

Patient data, patient compliance, and technical performance were 
successfully monitored by the web application. Battery problems with 
electronic diaries were observed in this study, both by patients and by the 
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study monitor. Those problems were limited to non-critical issues arising 
from the battery alarms used in the electronic diaries and remotely measured 
battery levels at the monitoring web site. A patient who did not complete a 
diary question at a particular time (non-compliant patient) was alerted by the 
study monitor and the site staff. Site staff could contact patients and ensure 
the continuation of the daily diary report. 
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Discussion 

Impact of fluctuating levodopa pharmacokinetics  

Study designs and variability measures 
When evaluating the well-known interaction between pharmacokinetics and 
pharmacodynamics it is of great importance to acquire a true profile of 
plasma concentrations. In the case of levodopa, with a short half-life and 
unpredictable absorption because of erratic gastric emptying, resolution in 
observations is crucial. Plasma samples were obtained every 20 minutes in 
study I and every 30 minutes in study II. Hourly measurements, as used in 
some other studies, cannot properly reflect levodopa variability in plasma. 
To evaluate the difference between 20-minute and 60-minute sampling in a 
patient in study I the original curve was compared to a plot where two out of 
three values per hour were deleted. With hourly sampling Cmax was 
decreased from 2.09 to 1.71 µg/ml, AUC was decreased from 595 to 550 
µg/ml⋅min and CV was increased from 47 to 55%.  

CV of frequent plasma levodopa concentrations describes the actual 
variability well, as all samples are used in the calculation of mean value and 
SD, in contrast to describing the difference between Cmax and Cmin, which 
are only two values per test period. Thus, CV is mainly used in the following 
discussion on fluctuations in levodopa pharmacokinetics. 

Oral levodopa and fluctuating plasma levels 
In the two pharmacokinetic studies there were large inter-individual 
differences in dosage and plasma concentrations. A comparison of mean 
values of the two studies therefore needs cautious interpretation. However, 
fluctuations in plasma levodopa levels after oral administration were similar 
in the two studies, but slightly smaller in study II when only SR tablets were 
used, as expected. Interestingly, the lowest CV (25%) of plasma levodopa in 
study I was seen in a patient who combined IR and SR formulations and the 
second highest CV (69%) was found in a patient who took only two SR 
capsules during the 10-hour study period. The high CV in this patient can be 
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explained by the infrequent dosing, which allowed each dose to be 
completely eliminated from the plasma compartment. Even though plasma 
levodopa levels dropped to zero, the patient had continuous effect from the 
first dose. This long-duration response is probably explained by preserved 
dopamine storage capacity in the remaining terminals, but could also be 
referred to concomitant medication with ropinirole. All patients in study I 
used dopamine agonists, but the motor fluctuations observed were mostly 
attributed to changes in plasma levodopa levels. This is likely related to the 
short t ½ of levodopa but also to the great potency of the drug. Levodopa is 
always needed in the advanced stages for symptom relief, but the 
fluctuations in pharmacokinetics are responsible for the disabling 
fluctuations in motor performance. This suggests that levodopa therapy, 
rather than dopamine agonists, must be a target for individualisation and 
refinement. In this area COMT inhibitors have been developed with great 
expectations. In study I, COMT inhibition showed a significant decrease in 
formation of 3-O-MD. However, fluctuations in plasma levodopa 
concentrations did not seem to differ from the data of non-COMT-inhibited 
levodopa administration. Intra-individual comparisons were not performed 
with and without COMT inhibitor, so finer conclusions on COMT inhibitors 
and plasma levodopa fluctuations cannot be drawn. 

The rationale for small and frequent levodopa doses was supported by the 
lower CV of the patient who took hourly doses of 50 mg, as compared to the 
one who took 100 mg every two hours (Figure 3). The first patient’s lower 
peaks and higher troughs encourage further development of individualised 
therapy, like the concept with microtablets (study IV). The technique with 
levodopa infusion (studies II and III) is the concept driven to extremes, with 
very small doses delivered continuously. 

The problem with interactions between food and levodopa was elucidated 
in two cases in study I (see Figure 7), when expected plasma levodopa peaks 
did not appear after intake of meals with low content of both fat and 
proteins. This resulted in prolonged “off” periods. The reason for a missing 
plasma peak is probably the delayed gastric emptying after a meal containing 
fat or the competitive inhibition from LNAAs in the food, both in uptake 
from the intestine and in transport across the BBB. The food interaction is 
obviously a problem for some patients and it might be important to 
recognize. 

Motor fluctuations in PD are well known and easy to detect for an 
observer. Non-motor fluctuations, on the contrary, have not been well 
characterised and are not as obvious for the observer as they are for the 
patient. There is a growing interest in non-motor fluctuations and new 
therapies aiming at decreasing motor fluctuations should also take non-motor 
symptoms into account (Witjas et al., 2002). In study I, a patient reported 
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subjective fluctuations although the observers rated him at a quite constant 
level of motor performance. When later analysing the plasma levodopa 
concentrations it was found that the self-reported symptoms were related to 
fluctuations in plasma levodopa. Thus, it seems that some patients can sense 
the pulsatile dopaminergic stimulation before motor fluctuations are visible. 
An example of non-motor fluctuations related to motor fluctuations was 
found in study V, where pain and depression were clearly linked to impaired 
motor performance.  

Intestinal levodopa infusion 
Intra-individual variation in plasma levodopa was significantly decreased 
with infusion as compared to oral administration of SR tablets (see Figures 
4, 5 & 6). Several interesting issues of pharmacokinetics were observed in 
study II apart from this main finding. 

The formulation of SR levodopa tablets is an attempt to smooth out 
plasma levodopa levels, but for a number of reasons, as discussed above, a 
perfectly sustained release of levodopa can never be accomplished with oral 
formulations. Although extended action is wanted SR tablets are sometimes 
difficult to use because of the temporal unpredictability, e.g. long Tmax and 
the risk of overdose when adding extra doses of IR levodopa. The 
unpredictability of plasma profiles from day to day was seen in some 
patients in the study. For example, Cmax after the morning dose (at 7:00) of 
SR levodopa appeared at 8:00 one day and at 10:30 another day in one 
patient (Figure 11). On the day of short Tmax after the first dose, the Cmax 
of the second dose was very low. This problem was probably not attributed 
to SR tablets as such, but rather to erratic gastric emptying. Adding an IR 
tablet to the morning SR dose could possibly solve the problem with slow 
onset of effect. IR tablets might be generally preferable in such patients as 
the dosage intervals could be decreased. As seen in Figure 11, plasma 
levodopa levels were substantially smoother with infusion, and the variation 
in Cmax and Cmin was likewise, predictably stabilized from day to day. In 
this patient mean Cmin from the three test days increased from 0.31 µg/ml to 
1.99 µg/ml with infusion as compared to oral medication. 
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Figure 11. Unpredictability of SR tablets. The patient took 200 mg SR levodopa at 
7:00 and 13:00, and 100 mg at 10:00 and 16:00 on both days presented. On infusion, 
a morning bolus of 90 mg was followed by an infusion rate of 52 mg/hr. 

Gastric levodopa infusion was accidentally studied in a patient whose 
duodenal tube was dislocated to the stomach (Figure 9). The plasma profile 
indicates a slow leakage of the levodopa suspension by the pylorus and a 
peak as the stomach empties all its content into the duodenum. This 
levodopa portion is then absorbed and the subsequent decrease in plasma 
levodopa indicates a closed pylorus. Then again, the stomach empties the 
accumulated amount of levodopa suspension, possibly more frequently than 
in the morning, as levodopa concentration is kept surprisingly stable. The 
experience from the long-term study is that, although plasma levodopa levels 
may be relatively stable with gastric infusion, patients immediately notice if 
the tube is dislocated from the intestine to the stomach. 

Another accidental example of the impact of pharmacokinetics in the 
therapeutic window is the patient who met with sudden withdrawal of the 
infusion (Figure 10). This result could in a way be regarded as a double-
blind, single-subject, withdrawal study. Levodopa infusion was monotherapy 
and both patient and investigators thought that active drug was given. The 
decline in plasma levodopa is presented and the fast deterioration in motor 
performance is typical for patients with advanced PD and a virtually non-
existing long-duration response.  

The smoothened pharmacokinetic profile achieved with levodopa infusion 
also brought a smoothened motor performance in studies II and III. Motor 
outcome in study II with hourly ratings from video tapes showed significant 
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decrease in both hyperkinesia and in the “off” state. The ratings were not 
blinded because patients wore nasoduodenal tubes when on infusion. In a 
forthcoming study dummy tubes will be used to enable blinded evaluations 
and the frequency of recordings will be increased to obtain a more valid 
picture of motor performance. The PLM test was also performed hourly, and 
only once hourly, which is not optimal. Even if the non-blinded motor 
ratings in study II could be criticized, the impact of smooth plasma levodopa 
levels in these fluctuating patients was significant. 

The long-term experience of levodopa infusion revealed that the 
improvement in motor performance could be sustained for several years, also 
in patients with very severe PD at the start of infusion therapy. The fact that 
patients on levodopa infusion performed as good, or better, as compared to 
optimised oral therapy in the PLM-test (both speed and variability) and in 
the video scoring after up to 7 years must be regarded as a major 
breakthrough for long-term use of infusion therapy. For these very advanced 
patients it was surprising that very little or no progress of the disease was 
seen in five out of the seven patients after 4–7 years of continuous infusion, 
according to the rating scales. This might, speculatively, represent a slowing 
of the disease progress following long-term stable levodopa/dopamine 
levels.  

A common clinical observation is that patients tend to develop 
hyperkinesia after some weeks on the same dose that initially produced the 
“on”-state without hyperkinesia. The infusion dose is then decreased to a 
level where hyperkinesia disappears but patients are kept in the “on”-state. 
This phenomenon has not been shown in any controlled study, but infusion 
doses were decreased for 8 of the 12 patients in study II between test day 1 
and 3 (duration 1–2 weeks) and for half of the 28 patients in study III when 
comparing the dose at last follow-up with the oral dose before initiation of 
infusion therapy. Moreover, most of them discontinued or decreased 
concomitant anti-PD treatments. It seems, for these patients, that the anti-
parkinsonian threshold gets lower with infusion therapy. The fact that they 
become hyperkinetic on the initial dose suggests that the therapeutic window 
is not widened but moved down the y-axis of the concentration-time curve. 
These findings are in line with earlier reports that daytime levodopa infusion 
seems to restore and enhance sensitivity of striatal dopamine receptors 
(Cedarbaum et al., 1990). Thus, there would be no risk of infusion-induced 
tolerance to levodopa. 

Levodopa infusion reduces the core symptoms of PD and the drug-
induced dyskinesias, but there are also indications that symptoms like 
freezing of gait and dystonia may be improved, although these symptoms are 
previously considered difficult to treat with dopaminergic therapy. Further, a 
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more stable mood and reduction of anxiety may be expected from infusion 
therapy (Maricle et al., 1995). 

Adverse events were recorded in the studies and judging by these data 
levodopa infusion is a safe treatment. No unexpected or serious adverse 
events related to infusion therapy have been found. 

Most patients or caregivers easily handled the infusion system. The 
greatest technical problem was dislocation of the intestinal tubes from the 
duodenum into the stomach, probably by either retrograde peristalsis or 
pulling of the tube by PEGs directed upwards and to the left in the stomach. 
Even if 162 X-ray examinations seem numerous it should be considered that 
the total duration of therapy was 1045 months and that some patients were 
over-represented. Whether frequent tube dislocations can be explained by 
individual anatomical factors or technical PEG placement needs further 
evaluation. The shape of the tip of the tube seems to have a great impact on 
long-term intestinal placement. The coiled Bengmark tube has reduced the 
number of dislocations according to our experience. The infusion system is 
not very laborious to handle and patient compliance is good, as no 
interventions should be needed during daytime. 

As seen in the early studies of intravenous and intraduodenal levodopa 
infusion, wearing-off fluctuations can easily be controlled by infusion. Also 
“on-off” fluctuations can be decreased with infusion therapy, probably 
because the mechanisms are in part explained by unpredictable 
pharmacokinetics. However, there are central pharmacodynamic aspects 
besides pharmacokinetics and both “off” episodes and hyperkinesia do occur 
in patients treated with infusion. Those fluctuations are probably caused by 
psychological stimuli, for example stressful situations, and cannot be treated 
with pharmacotherapy. Still, in these patients, fluctuations that are dependent 
of pharmacokinetics can be abolished, thus increasing the total time of the 
“on”-state without dyskinesia, although a 100% response rate may not be 
accomplished. Patients with wearing-off fluctuations may become 100% 
“on” without dyskinesia and patients with severe “on-off” fluctuations can 
be helped in the same direction. 

The demand for individualisation of therapy 
There was a wide range of intra-individual dosage requirements of 
antiparkinsonian medication in all studies. Generally, low dosage was used 
in early PD and higher dosage in late PD, but the severity of the disease is 
not clearly reflected in the dosage. The total daily dosage should be 
individualised, involving two parameters; the size of each dose and the 
frequency of dose intakes. Examples were observed in study I, where 
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patients took levodopa doses of 50–250 mg in intervals of 1–5.5 hours. The 
dosage is individually titrated in clinical practice, however, in early PD 
stereotyped infrequent standard doses are often used. The observation that 50 
mg per hour results in reduced plasma variability as compared to 100 mg per 
two hours indicates that an approach with small and frequent doses could be 
valuable also in early PD, although the immediate clinical outcome would 
not be different from standard treatment when LDR is still achievable. There 
is an awareness among patients that such therapeutic management might be 
beneficial in the long term. This was found in study IV, where some patients 
divided their levodopa tablets into pieces smaller than half a tablet. In this 
study together with a previous study with an early prototype of the automatic 
dose dispenser 30 out of 34 patients were interested in using the system with 
microtablets in the future. 

The demand for individualised therapy is further shown in the levodopa 
infusion studies II and III. An extreme fine-tuning of the infusion rates in 
steps of 2 mg/h was possible. In these advanced patients the therapeutic 
window is extremely narrow, thus oral levodopa doses cannot find this 
window for sufficiently long periods, as the fluctuations are so steep. A non-
fluctuating steady-state concentration is required in these cases for sustained 
SDR and this can only be achieved with infusion, either intravenous or 
intraduodenal. 

Frequent observations and true compliance with patient 
diaries 
High-resolution assessments are important in patients with fluctuating 
symptoms, especially when studying patients with cognitive impairment. 
However, high-frequency assessment may be stressful, so the number of 
questions to be answered should be kept to a minimum and the study should 
preferably be performed in the home environment, as experienced in study I. 
Disabling non-motor symptoms, such as pain, fatigue, and depression, may 
be caused by factors other than PD itself, and are difficult but important to 
evaluate. With high-resolution observations, non-motor fluctuations in 
relation to mobility can be identified, giving a clue to the mechanisms 
involved.  

Study V was the first to use electronic patient diaries for PD patients. The 
new wireless electronic data-capture device was well tolerated, with a high 
compliance rate. Compliance was also unexpectedly high for the paper diary. 
This can be explained by the highly motivated patients, who considered the 
study important both for PD patients in general, and for themselves in 
particular, in providing their physicians with a detailed description of their 
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daily functions. It may also be the result of invalidly completed 
(prospectively or retrospectively) diaries. Stone et al. (2002) reported that 
only 10% of diary data on paper are entered at the appropriate time-points. 
There are two ways of collecting self-assessed patient data in a completely 
reliable sense. Either, the investigator is present when the patient fills in the 
diary, or the diary must be electronic with a time-stamp for each answered 
question. 

Differences in patient compliance between the two methods used in study 
V were not statistically significant with respect to raw data. However, true 
compliance (when the time factor was considered) was significantly reduced 
in patients using paper diaries. Furthermore, true compliance with the paper 
diary may still be overestimated because of falsely reported time-points, as 
reported by Stone et al. (2002). The reliability of the data collected with the 
electronic diary is absolute, as the timing of answers is recorded and is 
therefore secured. 

Future prospects 
All five studies of this thesis naturally lead to future prospective research. 
Pharmacokinetic studies in the home environment are possible to undertake, 
intestinal levodopa infusion offers a number of interesting approaches of 
study, the automatic dose dispenser with levodopa microtablets should be 
further developed, and more evaluation and practical use of electronic diaries 
lie in the near future. 

The neurodegenerative progress of PD with constant-rate infusion of 
levodopa in comparison with oral levodopa should be studied, preferably 
with PET or SPECT. It would be very interesting to study long-term 
levodopa infusion in a de novo patient to compare progression and 
development of complications with controls treated with conventional oral 
therapy. It would be difficult to find volunteers for such a trial, but the idea 
to study effects of CDS in early PD is presently used in the development of 
long-acting dopamine agonists and inhibitors of COMT. 

Safety with continuous daytime levodopa infusion is presently studied in 
a retrospective study with individual treatment times of up to 11 years and 
total treatment exposure of more than 200 patient-years. These data will 
direct the further development of the infusion therapy. 

Further, levodopa infusion will be studied in a multi-centre crossover 
study comparing infusion as monotherapy with any individually optimised 
conventional treatment. This study will provide a comparison of the efficacy 
of infusion to the “best method”, which is a more valid method than placebo-
controlled studies in this specific case. 
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A new gastrostomy port for enteral infusion is presently studied. The 
device consists of a titanium port with a jejunal catheter (T-port, Transcutan 
AB, Sweden). The system is installed under fluoroscopy without 
gastroscope, using local anaesthesia. The port is implanted under the skin 
and is fixated by ingrowth of subcutaneous tissue, through specially 
designed holes in the device. A small central part (diameter: 12 mm) is 
protruding through the skin for connection to the infusion pump system 
(Figure 12). The prospects with the port are less local complications, such as 
hypergranulation tissue and leakage, and a greater success rate of long-term 
duodenal/jejunal tube placement when compared with conventional PEG. In 
addition, the cosmetic result and the convenience for the patients are 
expected to be improved. The outcome of the T-port as intestinal access for 
levodopa infusion is promising so far, although only three patients have been 
operated during a period of two months. 

 
Figure 12. The transcutaneous titanium port for enteral levodopa infusion may solve 
the problems earlier encountered with PEG tubes. The picture was taken three weeks 
postoperatively and the patient had not experienced any complications. The tip of 
the tube was located in the proximal jejunum. 

Technical progress is foreseen in most of these prospects. Infusion therapy 
will likely be improved with development of better and safer tube systems, 
lighter pumps, and possibly further refined formulations of levodopa 
suspensions, maybe combining AADC- and COMT inhibitors. The 
automatic dose dispenser should be user-friendlier and completely safe in 
counting microtablets, containing 1.25/5 mg of carbidopa/levodopa. The 
pharmacokinetics and pharmacodynamics of these microtablets in relation to 
standard tablets will have to be studied. 
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The telecom development is rapid, producing more convenient solutions 
in the field of electronic data capture. Future approaches in designing studies 
of PD will probably involve electronic patient diaries of different kinds. 
Real-time communication between patient and investigator will allow, for 
example, pharmacological interventions in the home environment. This 
could reduce the need for hospitalisation to some extent, and have health-
economical benefits. 

Health-economy will probably be increasingly important in a time where 
advanced and expensive treatments can easily be offered. Evaluation of 
economical long-term benefits must be put in relation to the costs. And most 
important of all, patients’ health-related quality of life must always be in 
focus.  
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Conclusions 

It is concluded that fluctuation in delivery of levodopa to the CNS is the 
main reason for motor fluctuations in PD. The pharmacokinetics of levodopa 
is fluctuating already in the early stages of PD and it appears that refined 
oral treatment can only partly reduce these problems.  

The need for refined levodopa formulations for individualised dosage is 
evident and patients have appeared to be well aware of this. Most patients 
are interested in future use of an automatic dose dispenser for microtablets of 
levodopa/carbidopa.  

Administering levodopa as an intestinal infusion significantly reduces 
plasma levodopa fluctuations and can markedly reduce motor complications 
like wearing-off, “on-off” fluctuations and dyskinesia in both short- and 
long-term perspectives. There are indications that levodopa infusion may 
also ameliorate problems with dystonia and freezing, at least if these motor 
complications are dose-dependent. Probably, pharmacokinetics can explain 
more of unpredictable “off” periods and between-day variations than 
previously believed. Enteral levodopa infusion is safe and efficacious as 
long-term therapy. There have been few complications with the infusion 
system and refined systems are presently studied.  

Electronic patient diary systems, with real-time and time-stamped data 
capture, are suitable for studies where frequent symptom fluctuations are 
investigated. This involves clinical trials of drugs for continuous 
dopaminergic stimulation, but also clinical evaluations of new therapies, 
preferably during normal activities of daily living. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
The more I learn, the less I know 

Lloyd Cole 
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