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INVITED REVIEW

 

Apomorphine and Levodopa Infusion Therapies  
for Advanced Parkinson’s Disease 
 

 

 
Continuous infusion of levodopa or apomorphine provide constant dopaminergic stimula-
tions are good alternatives to deep brain stimulation to control motor fluctuations in patients 
with advanced Parkinson’s disease (PD). Apomorphine provides motor benefit similar to do-
pamine, but its long-term use is limited by compliance, mostly injection site skin reactions. 
Administration of levodopa/carbidopa by continuous duodenal infusion allows replacement 
of all oral medications and permits achievement of a satisfactory therapeutic response par-
alleled by a reduction in motor complication severity. However, this procedure is more in-
vasive than apomorphine as it requires a percutaneous endoscopic gastrostomy Clinical ex-
perience with infusions shows that continuous dopaminergic stimulation of dopaminergic 
medications reduces dyskinesia and widens the therapeutic window in advanced PD. 
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Introduction 

 
Parkinson’s disease (PD) is a progressive neurodegenerative disorder, characterized by 

bradykinesia, tremor and rigidity with postural instability developing later in the course of 
the illness along with gait and balance abnormalities.1 The motor symptoms associated with
PD arise primarily from dopamine deficiency, although other neurotransmitters are involved.
Treatment of PD is mainly symptomatic even if recent evidence from the rasagiline trial 
(ADAGIO) suggests that a disease modifying effect can be achieved particularly in the ear-
ly phases.2 Initial treatment aims at replacing dopamine through the administration of oral 
levodopa or dopamine agonists.3-6 Although oral therapy can significantly improve clinical 
features for many years, motor response complications (MRC), characterized by ‘wearing 
off’ and dyskinesias (potentially associated with OFF-period dystonia), emerge in up to 80%
of patients. Their development leads to worsening disability with a significant impact on 
patient and caregiver quality of life. Moreover, non-motor symptoms (such as urinary dis-
orders, severe anxiety, mood swings, difficulty in concentration, hyperidrosis, itching and 
fatigue) may also have a considerable impact on patient and caregiver quality of life partic-
ularly in advanced patients. Finally, several axial motor symptoms-e.g. gait problems, pos-
tural instability-and some non-motor symptoms-e.g. dysarthria, dysphagia, pain, diplopia 
and urinary urgency-are not responsive to dopamine replacement therapy (DRT) and likely 
related to degeneration of in non-dopaminergic neurons.7-12 

Possible risk factors for the development of MRC include a younger age of onset, daily 
dose of levodopa therapy and duration of levodopa therapy. Current evidence also suggests 
that the mode of oral levodopa administration (resulting in pulsatile stimulation) may be an 
important contributing factor for MRC.10,11 Substantial evidence now argues against levo-
dopa neurotoxicity.13 

This overview provides an update on infusion therapies currently used to provide sympto-
matic control and reduce MRC in patients with advanced PD. The infusion of dopaminergic
drugs achieves steady plasma levels and this can help control MRC in advanced patients. The
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avoidance of plasma fluctuations helps to minimise dyski-
nesias since pulsatility may play a role in their mediation.14-17 
 
Background for Infusions to Control 

Medical Research Council 
 

Although the precise molecular mechanisms underlying 
the development of MRC are debated, the following points 
are generally accepted: 

1) Dyskinesias appear almost exclusively in patients on le-
vodopa therapy; 

2) There is a relationship between dyskinesia and levodo-
pa dosing; 

3) There is a time lag between the levodopa initiation and 
emergence of the motor complications and this is likely relat-
ed to severity of dopamine denervation. 

Of several possible mechanisms proposed, central, rather 
than peripheral (e.g., relating to dietary proteins and/or the 
gastric absorption of levodopa), mechanisms are currently the 
most compelling. It is established that standard doses of le-
vodopa/carbidopa do not restore basal ganglia physiology to 
normal functioning. The administration of intermittent doses 
of a short-acting formulation of levodopa (which has a rel-
atively short half-life of about 50 minutes and 1.5 hours in 
combination with carbidopa) results in large and uncontrolled 
oscillations in striatal dopamine levels. Such oscillations may 
increase with PD progression and also with loss of striatal do-
pamine terminals that can normally store dopamine and buffer 
the inevitable fluctuations in plasma concentration observed 
with oral levodopa. These events change the normal physio-
logic situation, where striatal dopamine receptors are contin-
uously exposed to dopamine, to one in which they are exposed 
to pathologically high and low concentrations of dopamine. 
This results in pulsatile stimulation of dopamine receptors, 
and the consequence of this is further destabilization of the 
basal ganglia network that is already abnormal in patients with 
PD.17-19 

The impact of pulsatile stimulation of striatal dopaminergic 
receptors is further supported by experiments on 1-methyl-4-
phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)-treated primates. 
Repeated administration of levodopa or other short-acting do-
pamine agonist drugs, leads to the onset of marked involuntary 
movements over a relatively short period of time. In contrast, 
treatment with long-acting dopamine agonists leads to a much 
lower level of dyskinesia. In MPTP monkeys, administration 
of multiple small doses of levodopa in conjunction with the 
peripheral Catechol-O-methyl transferase (COMT) inhibitor 
entacapone removes much of the pulsatility of motor function 
seen with standard levodopa treatment regimens and, at the 
same time, results in a lower incidence and intensity of dys-
kinesia. Furthermore, the addition of multiple small doses of 
levodopa plus entacapone to dopamine agonist treatment also 

avoids dyskinesia induction in MPTP-treated primates.16,20-23 
It is thought that pulsatile stimulation of striatal dopami-

nergic receptors induces downstream changes in proteins and 
genes, causing plastic changes and consequent alterations in 
striatal output that promotes the development of MRC.18 Ev-
idence suggests that chronic intermittent stimulation of nor-
mally tonically active dopaminergic receptors brings about 
alterations in cell signals in striatal dopaminergic medium spi-
ny neurons.16,24 This may potentiate gamma-aminobutyric acid 
(GABA)-ergic efferents, particularly, glutamate receptors of 
the N-methy1-D-aspartate (NMDA) subtype. In support of 
this, overactivity of glutamatergic systems in the basal gan-
glia has been observed in patients experiencing levodopa-
induced dyskinesias (LID),25 while higher internal globus pal-
lidus GABAA receptor content has been observed in post-mor-
tem samples of levodopa-treated dyskinetic patients compared 
with non-dyskinetic patients.26,27 Abnormalities in other non-
dopaminergic transmission such as serotonergic, α2-adrenergic, 
opioid and cannabinoid mechanisms, in both priming and ex-
pression of LID, have also been reported but their clinical re-
levance remains to be determined.24,28 

The overall hypothesis that pulsatile stimulation of striatal 
dopamine receptors contributes to the development of levo-
dopa-associated MRC has led to a paradigm shift in the treat-
ment of PD following the development of therapeutic strat-
egies that aim to minimize MRC by providing more contin-
uous dopaminergic stimulation (CDS).18,29-33 It is believed that 
the prevention of MRC may be due to the CDS induced by 
constant levodopa levels, as this avoids the low plasma levo-
dopa-trough levels seen with oral levodopa. Based on clinical 
evidence, additional potential benefits of CDS include allevi-
ating nocturnal disturbances, avoiding priming for motor fluc-
tuations and dyskinesia, minimizing daytime sleepiness, pre-
venting the development of gastrointestinal dysfunction and 
reducing the risk of developing psychosis or behavioral dis-
turbances.30,31,33 
 
Apomorphine 

Apomorphine is the oldest dopaminergic medication and 
was initially known for its emetic properties. It has been ap-
plied in several medical conditions such as analgesia, insom-
nia, alcohol dependence, schizophrenia and others. It was in-
itially used for PD over 60 years ago but later ignored for many 
years following levodopa introduction. It is also the most po-
tent dopamine agonist and its administration can provide symp-
tom relief comparable to levodopa. Apomorphine exerts its 
antiparkinsonian effect by direct stimulation of striatal post-
synaptic dopamine D1 and D2 receptors.34 The drug has a ra-
pid absorption after injection (Cmax 20 min), and a short half-
life (almost 43 min), and this is consistent with its rapid onset 
of action, with effects apparent within 5-15 minutes of subcu-
taneous administration. Clinical studies generally support a 
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role for CSAI as an effective option for patients with PD and 
severe fluctuations, poorly controlled by conventional oral 
drug treatment. Overall, studies report an improvement in OFF- 
time between 50% and 80% as well as dyskinesia.34-40 How-
ever, these results were reported several years ago in uncon-
trolled conditions and mostly in individuals on levodopa mo-
no-therapy before other oral dopamine agonists had reached 
significant clinical application. While the benefit on off time is 
consistent across all studies, dyskinesia improvement is some-
how controversial. Widespread use of dopamine agonists since 
early disease stages usually leads to a reduction of levodopa 
doses, the main contributor to the development of involuntary 
movements. Dyskinesia reduction generally occurs after a few 
weeks or months of continuous dopaminergic stimulation as 
a result of wider therapeutic window. Finally, apomorphine 
mono-therapy can be achieved only with high doses (usually 
>100 mg/ day) at a prize of high risk of behavioural adverse 
events. Association with oral levodopa (most common con-
dition in clinical practice) de facto does not abolish pulsatility 
and prevents benefit on dyskinesia. 

Intermittent subcutaneous apomorphine (penjet) may also 
be suitable for the long-term acute treatment of OFF episodes 
in patients with advanced PD.41,42 Apomorphine injections can 
be a particularly useful option also in patients who undergo 
surgical procedures or to treat additional non-motor symptoms 
like dysphagia or pain occurring during OFF periods. 

Our experience refers to a prospective study where we com-
pared the effects of CSAI (n=13) with STN-DBS (n=12) in 
patients with advanced PD and motor fluctuations and 
dyskinesias that could not be controlled with standard oral 
treatment.43 Patients were given the choice between the two 
treatments and many chose apomorphine infusion due to the 
long waiting list for the DBS surgical procedure. Clinical and 
neuropsychological outcomes were measured 12 months af-
ter initiation of treatment. With apomorphine, patients had a 
51% reduction in daily OFF-time and were able to reduce the-
ir levodopa dose by 29% at 12 months.43 There was no sig-
nificant change in the abnormal involuntary movement scale 
(AIMS) scores, suggesting that apomorphine was not an ef-
fective treatment for dyskinesia. Neuropsychiatric testing re-
vealed no significant changes in cognition or behaviour, a 
finding in agreement with other studies.44,45 Among patients 
who received STN-DBS for 12 months, there was a 76% re-
duction in OFF-time, a reduction in daily levodopa dose of 
62% and an 81% reduction in AIMS scores. These improve-
ments suggest effects on both OFF-time and dyskinesia. How-
ever, the neuropsychological findings were less positive for 
STN-DBS. There was a significant worsening of the neuro-
psychiatric inventory (NPI) compared with baseline and at 
least 50% of patients exhibited apathy and other behavioural 
changes that were not apparent at baseline. Similar changes 
have been reported previously by other groups.46 

Although both apomorphine and STN-DBS produced sig-
nificant clinical improvements in this study, both treatments 
had clear drawbacks. Apomorphine failed to treat dyskinesia 
and STN-DBS was associated with behavioural problems. Ex-
perience also points to additional problems with these treat-
ments. During more than 4 years of follow-up with 50 patients 
receiving apomorphine, 22 have dropped out of treatment be-
cause they felt that their motor control was insufficient. In 
addition, patients who use longterm apomorphine (up to 16 
h/day for 24 months) may develop impulse control disorders. 
Five patients developed such disorders, including pathological 
gambling, internet addiction, compulsive eating and increased 
libido and acute paranoia with attempted suicide. These ef-
fects are dopamine-mediated and ultimately led to treatment 
discontinuation.43 

Regarding the practicalities of administering CSAI, it is 
generally recommended to pre-medicate patients with the an-
ti-dopaminergic agent domperidone 3 days prior to infusion 
(10 mg 3-4 times/day) in order to help suppress any potential 
nausea and vomiting. Patients should discontinue oral dopa-
mine agonists. The infusion should be initiated at 1 mg/hour 
apomorphine whilst maintaining initially the same dose of 
levodopa. The dose of apomorphine should be increased by 
0.5/mg/hour every 2/4 hours depending on tolerability. In or-
der to improve dyskinesias, the dose of levodopa should be 
reduced on a daily basis, if possible, until complete discontin-
uation. If adverse events occur the infusion should be dis-
continued for 6-24 hours. In clinical trials, the most common 
reported adverse events associated with apomorphine infusion 
included nodules (70% incidence), sedation and somnolence 
(23%), nausea and vomiting (10%), renal impairment (6%), 
orthostatic hypotension (5%) and Coomb test positivity (6%). 
In addition, good local hygiene and changing the site of in-
jection are important measures to help prevent panniculitis (a 
relatively rare event).  

The use of apomorphine can be limited by compliance, 
local skin reactions at the site of injection particularly with 
round-the-clock administration.5,14,19 

As with any therapy, the selection of patients suitable to 
receive CSAI is of fundamental importance to optimal out-
comes. Appropriate candidates include patients with idiopath-
ic PD who have responded to levodopa and who experience 
motor fluctuations and/or with dyskinesias that cannot be con-
trolled with oral therapy. Patients with cognitive impairment, 
advanced biological age with orthostatic hypotension, severe 
systemic diseases (e.g., hepatic, renal or cardiac failure), or 
history of dopaminergic psychosis (which is a contraindi-
cation for therapy), should be excluded. Ideally the patient 
should be well motivated and have available good caregiver 
support. Patient (and caregiver) compliance is important to 
ensure optimal outcomes; drop-outs for lack of compliance 
usually occur during the first 1-3 months of treatment. 
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Duodenal levodopa infusion 
Constant levodopa infusion aims to achieve continuous de-

livery with an optimised dose that can be kept stable within 
the patient’s individual therapeutic window. Gastric emptying 
must be bypassed to achieve this. A stable constant-rate intra-
venous infusion of levodopa (and hence stable plasma levo-
dopa levels), first achieved in 1975, was found to ameliorate 
motor fluctuations in patients with PD experiencing MRC due 
to long-term oral levodopa.47,48 It was subsequently hypothe-
sised that the development of a sustained-release formulation 
of levodopa would lead to improved control of the response 
fluctuations seen with conventional levodopa preparations. 
Unfortunately with current oral formulations including those 
that associate COMT inhibitors constant plasma levels can-
not be obtained. 

It was found that intravenous infusion of levodopa cannot 
be maintained in an individual patient for longer than 7-10 
days due to poor tolerability of venous access (levodopa is ir-
ritating to veins and soft tissues) and the poor water solubil-
ity of levodopa. The subsequent development of a stable con-
centrated levodopa-carbidopa gel (Duodopa®) (levodopa/car-
bidopa 20/5 mg/mL in a carboxymethylcellulose mix) com-
bined with progress in the construction and application of port-
able duodenal infusion systems using percutaneous endos-
copic gastrostomy (PEG), facilitated the clinical use of this 
approach.49,50 The levodopa-carbidopa gel, which is adminis-
tered inside the upper intestine via a small tube inserted di-
rectly into the duodenum to facilitate permanent use, has prov-
en to be a successful therapeutic strategy.49-51 It provides con-
stant plasma levodopa levels, more continuous dopaminergic 
stimulation and effective treatment of motor complications 
through physiologic-like activation of dopamine receptors. 
The avoidance of low plasma levodopa trough levels has been 
found to reduce motor fluctuations and provide more contin-
uous and predictable clinical benefits for patients.49-56 

In clinical trials, continuous intraduodenal infusion of le-
vodopa as monotherapy has been shown to be safe and effec-
tive with certain advantages over individually optimised com-
binations of conventional oral and subcutaneous medications 
in patients with MRC. The DIREQT (DUODOPA Infusion: 
Randomized efficacy and quality of life trial)53 study, a ran-
domised, controlled multicentre study involving five centres 
in Sweden, was the pivotal trial for use of the levodopa-car-
bidopa gel. Patients (n=24) with motor fluctuations and dys-
kinesia were studied in a crossover design to compare indivi-
dualised, optimized, conventional treatment and levodopa-
carbidopa gel for two periods of three weeks. Levodopa infu-
sion rates averaged approximately 96 mg/hour and the average 
infusion time was 16.5 hours. Video scoring of motor func-
tion was assessed by blinded assessors on a global treatment 
response scale from -3 to 0 to +3 (severe OFF to ON to ON 
with severe dyskinesia). Patients also self-assessed their own 

motor performance and quality of life. The primary endpoint 
was the percentage of ratings spent within the interval -1 to 
+1 (functional ON) for each treatment. Statistical analyses 
were performed on the intention to treat population. Overall, 
21 patients received levodopa-carbidopa gel infusion and re-
sults from 20 patients were included for conventional treat-
ment. The median rating for motor function -1 to +1 was 100% 
with levodopa/carbidopa duodenal infusion and 81.3% with 
conventional treatment (p<0.001). Adverse effects were gen-
erally mild and similar between the two treatment regimens. 
After completing the study, 16 of the enrolled patients chose 
to be treated with continuous daytime infusion of levodopa/ 
carbidopa.53 Our clinical experience suggests that patients ap-
preciate the predictability of this intraduodenal infusion ther-
apy with no medication time points to remember and find the 
system easy to handle. 

Fluctuating motor performance is an important cause of 
impaired quality of life in advanced PD to which motor com-
plications per se and psychosocial consequences of ON-OFF 
fluctuations may contribute.57,58 Treatment strategies that sta-
bilize motor performance can improve the situation. In addi-
tion to demonstrating improved short- and long-term motor 
outcome, levodopa/carbidopa duodenal infusion may also help 
improve patient QoL.59,60 In a 12-month study of prospective 
clinical and quality of life changes in seven evaluable patients 
with PD, treatment with levodopa/carbidopa duodenal infu-
sion was associated with significant improvements in four 
PDQ-39 domains (mobility, activities of daily living, stigma, 
bodily discomfort; p<0.05). Significant improvements in Unit-
ed Parkinson’s Disease Rating Scale (UPDRS)-II (activities 
of daily living) and -IV (motor complications) in the “on” con-
dition (p<0.02) were also observed.59 

Adverse events are generally related to the device or sur-
gical procedure. The most frequently reported complications 
related to the intestinal tube included dislocation, occlusion 
and kink/knot in tube. Dislocation of the distal part of the tu-
be from the duodenum into the stomach can lead to sudden 
deterioration of treatment response with recurring motor fluc-
tuations. An obstruction can lead to sudden or gradual wors-
ening of bradykinesia. Complications related to the PEG tube 
included loose connectors and leakage. Adverse events related 
to the stoma, which may cause discomfort, included secretion 
from the stoma, infection, proud flesh around the stoma and 
pain.53,59,60 

As it is unlikely that continuous dopaminergic infusion 
strategies mimic precisely the function of the dopaminergic 
system in the normal brain, certain cautions remain regarding 
their use. As they are not physiological, infusion therapies are 
unlikely to avoid sensitisation and tolerance. This suggests a 
risk that continuous delivery may also encourage the clinician 
to add more medications in order to extend the response to 
each dose of levodopa and to consider 24-hour therapy. An 
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unintended consequence of this may be more acute and long-
term dopaminergic toxicity as a result of tolerance. However, 
clinical experience provides very little evidence for the de-
velopment of tolerance during therapy with levodopa infusion 
and it is not infrequent to observe a reduction in dose needed 
during the first months of treatment. Despite these cautions, 
long-term clinical experience suggests that duodenal levodo-
pa infusion offers an effective alternative in treating patients 
with advanced PD experiencing MRC.53-55 More importantly 
since levodopa is the most physiologic medication for PD the-
oretically any patient may benefit from infusion. In clinical 
practice its use is limited by costs of the product and com-
pliance to PEG surgery. 
 

Conclusions 
 

Infusions provide stable plasma levels of dopaminergic 
medications avoiding peaks and troughs that are typical of 
oral administration and are the likely to contribute to the de-
velopment of motor complications. Continuous dopaminergic 
stimulation of dopaminergic medications reduces dyskinesia 
and widens the therapeutic window in advanced PD. Apomor-
phine effect mimics levodopa is very effective in controlling 
off time but dyskinesia improvement is limited by the need 
to continue pulsatile oral levodopa therapy in the majority of 
the patients. However, its chronic subcutaneous infusion is 
limited by the occurrence of skin reactions at the site of in-
jection and the risk of psychiatric adverse events when high 
doses are used. 

Finally, experience with continuous duodenal levodopa in-
fusion shows that dyskinesia and wearing-off improve con-
siderably and benefit also involves quality of life as well as 
non-motor disability. 
 
REFERENCES 
1. Ehringer H, Hornykiewicz O. [Distribution of noradrenaline and dopa-

mine (3-hydroxytyramine) in the human brain and their behaviour in 
diseases of the extrapyramidal system.] Klin Wochenschr 1960;38:1236-
1239. 

2. Olanow CW, Rascol O. Early rasagiline treatment slows UPDRS de-
cline in the ADAGIO delayed start study. Ann Neurol 2008;64(Suppl 
12):S68. Abstract WIP-11.  

3. Poewe W. Non-motor symptoms in Parkinson’s disease. Eur J Neurol 
2008;15(Suppl 1):14-20. 

4. Agid Y, Ahlshog E, Albanese A, Calne D, Chase T, De Yebenes J, et al. 
Levodopa in the treatment of Parkinson’s disease: a consensus meet-
ing. Mov Disord 1995;14:911-913. 

5. Rascol O, Goetz C, Koller W, Poewe W, Sampaio C. Treatment inter-
ventions for Parkinson’s disease: an evidence based assessment. Lancet 
2002;359:1589-1598. 

6. Nutt JG,  Holford NH.  The response to levodopa in Parkinson’s dis-
ease: imposing pharmacological law and order. Ann Neurol 1996;39: 
561-573. 

7. Fabbrini G,  Brotchie JM, Grandas F, Nomoto M, Goetz CG.  Levodo-
pa-induced dyskinesias. Mov Disord 2007;22:1379-1389. 

8. Obeso JA, Grandas F, Vaamonde J, Luquin MR, Artieda J, Lera G,  et 

al. Motor complications associated with chronic levodopa therapy in 
Parkinson’s disease. Neurology 1989;39(Suppl 2):11-19. 

9. Marsden CD, Parkes JD, Quinn N. Fluctuations disability in Parkin-
son’s diseaseclinical aspects. In: Masden CD, Fahn S, editors. Move-
ment disorders. London: Butterworth, 1982:96-122. 

10. Grandas F, Luquin MR, Rodríguez M, Vaamonde J, Lera G,  Obeso JA. 
[Motor fluctuations in Parkinson disease: risk factors.] Neurologia 1992; 
7:89-93. 

11. Schrag A, Quinn N. Dyskinesias and motor fluctuations in Parkinson’s 
disease. A community-based study. Brain 2000;123:2297-2305. 

12. Chapuis S, Ouchchane L, Metz O, Gerbaud L, Durif F. Impact of the 
motor complications of Parkinson’s disease on the quality of life. Mov 
Disord 2005;20:224-230. 

13. Rajput AH. Levodopa prolongs life expectancy and is non-toxic to sub-
stantia nigra. Parkinsonism Relat Disord 2001;8:95-100. 

14. Stowe RL, Ives NJ, Clarke C, van Hilten J, Ferreira J, Hawker RJ, et al. 
Dopamine agonist therapy in early Parkinson’s disease. Cochrane Da-
tabase of Systematic Reviews. 2008;Issue 2. Art. No.:CD006564. 

15. Fahn S. Parkinson disease, the effect of levodopa, and the ELLDOPA 
trial. Earlier vs Later L-DOPA. Arch Neurol 1999;56:529-535. 

16. Jenner P. Avoidance of dyskinesia: preclinical evidence for continuous 
dopaminergic stimulation. Neurology 2004;62(Suppl 1):S47-55. 

17. Calabresi P, Di Filippo M, Ghiglieri V, Picconi B. Molecular mecha-
nisms underlying levodopa-induced dyskinesia. Mov Disord 2008;23 
(Suppl 3):S570-S579. 

18. Olanow CW, Obeso JA, Stocchi F. Drug insight: continuous dopami-
nergic stimulation in the treatment of Parkinson’s disease. Nat Clin 
Pract Neurol 2006;2:382-392. 

19. Stocchi F, Tagliati M, Olanow CW. Treatment of levodopa-induced 
motor complications. Mov Disord 2008;23(Suppl 3):S599-S612. 

20. Maratos EC, Jackson MJ, Pearce RK, Jenner P. Antiparkinsonian ac-
tivity and dyskinesia risk of ropinirole and L-DOPA combination ther-
apy in drug naïve MPTP-lesioned common marmosets (Callithrix ja-
cchus). Mov Disord 2001;16:631-641. 

21. Pearce RK, Heikkilä M, Lindén IB, Jenner P. L-dopa induces dyskine-
sia in normal monkeys: behavioural and pharmacokinetic observations. 
Psychopharmacology 2001;156:402-409. 

22. Smith LA, Jackson MJ, Hansard MJ, Maratos E, Jenner P. Effect of 
pulsatile administration of levodopa on dyskinesia induction in drug-
naïve MPTP-treated common marmosets: effect of dose, frequency of 
administration, and brain exposure. Mov Disord 2003;8:487-495. 

23. Smith LA, Jackson MJ, Al-Barghouthy G,  Rose S, Kuoppamaki M, 
Olanow W, et al. Multiple small doses of levodopa plus entacapone 
produce continuous dopaminergic stimulation and reduce dyskinesia 
induction in MPTP-treated drug-naive primates. Mov Disord 2005;20: 
306-314. 

24. Thanvi B, Lo N, Robinson T. Levodopa-induced dyskinesia in Parkin-
son’s disease: clinical features, pathogenesis, prevention and treatment. 
Postgrad Med J 2007;83:384-388. 

25. Chase TN, Bibbiani F, Oh JD. Striatal glutamatergic mechanisms and 
extrapyramidal movement disorders. Neurotox Res 2003;5:139-146. 

26. Calon F, Morissette M, Rajput AH, Hornykiewicz O, Bédard PJ, Di 
Paolo T. Changes of GABA receptors and dopamine turnover in the 
postmortem brains of parkinsonians with levodopa-induced motor com-
plications. Mov Disord 2003;8:241-253. 

27. Santini E, Valjent E, Fisone G.  Parkinson’s disease: levodopa-induced 
dyskinesia and signal transduction. FEBS J 2008;275:1392-1399. 

28. Brotchie JM. Nondopaminergic mechanisms in levodopa-induced dys-
kinesia. Mov Disord 2005;20:919-931. 

29. Obeso JA, Rodriguez-Oroz M, Marin C, Alonso F, Zamarbide I, Lan-
ciego JL, et al. The origin of motor fluctuations in Parkinson’s disease: 
importance of dopaminergic innervation and basal ganglia circuits. 
Neurology 2004;62(Suppl 1):S17-30. 

30. Wolters E, Lees AJ, Volkmann J, van Laar T, Hovestadt A. Managing 
Parkinson’s disease with continuous dopaminergic stimulation. CNS 



 
 
 
 
 

Apomorphine and Levodopa Infusion Therapies for Advanced PD █ Antonini A  

www.kmds.or.kr 9 

Spectr 2008;13(Suppl 7):1-14;quiz 15-16. 
31. Olanow CW, Obeso JA, Stocchi F. Continuous dopamine-receptor 

treatment of Parkinson’s disease: scientific rationale and clinical impli-
cations. Lancet Neurol 2006;5:677-687. 

32. Stocchi F, Olanow CW. Continuous dopaminergic stimulation in early 
and advanced Parkinson’s disease. Neurology 2004;62(Suppl 1):S56-
63. 

33. Wolters ECh. Deep brain stimulation and continuous dopaminergic 
stimulation in advanced Parkinson’s disease. Parkinsonism Relat Dis-
ord 2007;13(Suppl):S18-23. 

34. Tyne HL, Parsons J, Sinnott A, Fox SH, Fletcher NA, Steiger MJ. A 10 
year retrospective audit of long-term apomorphine use in Parkinson’s 
disease. J Neurol 2004;251:1370-1374. 

35. Katzenschlager R, Hughes A, Evans A, Manson AJ, Hoffman M, Swinn 
L, et al. Continuous subcutaneous apomorphine therapy improves dys-
kinesias in Parkinson’s disease: a prospective study using single-dose 
challenges. Mov Disord 2005;20:151-157. 

36. Manson AJ, Hanagasi H, Turner K, Patsalos PN, Carey P, Ratnaraj N, 
et al. Intravenous apomorphine therapy in Parkinson’s disease: clinical 
and pharmacokinetic observations. Brain 2001;124:331-340. 

37. Nutt JG,  Carter JH. Apomorphine can sustain the long-duration re-
sponse to L-DOPA in fluctuating PD. Neurology 2000;54:247-250. 

38. van Laar T, van der Geest R, Danhof M, Boddé HE, Goossens PH, Roos 
RA. Stepwise intravenous infusion of apomorphine to determine the 
therapeutic window in patients with Parkinson’s disease. Clin Neuro-
pharmacol 1998;21:152-158. 

39. Pfeiffer RF, Gutmann L, Hull KL Jr, Bottini PB, Sherry JH; APO302 
Study Investigators. Continued efficacy and safety of subcutaneous apo-
morphine in patients with advanced Parkinson’s disease. Parkinsonism 
Relat Disord 2007;13:93-100. 

40. Colosimo C, Merello M, Hughes AJ, Sieradzan K, Lees AJ. Apomor-
phine responses in Parkinson’s disease and the pathogenesis of motor 
complications. Neurology 1998;50:573-574. 

41. Trosch RM, Silver D, Bottini PB. Intermittent subcutaneous apomor-
phine therapy for ‘off’ episodes in Parkinson’s disease: a 6-month open- 
label study. CNS Drugs 2008;22:519-527. 

42. Lewitt PA, Ondo WG,  Van Lunen B, Bottini PB. Open-Label Study 
Assessment of Safety and Adverse Effects of Subcutaneous Apomor-
phine Injections in Treating “Off” Episodes in Advanced Parkinson 
Disease. Clin Neuropharmacol 2008 Oct 23. [Epub ahead of print.] 

43. De Gaspari D, Siri C, Landi A, Cilia R, Bonetti A, Natuzzi F, et al. 
Clinical and neuropsychological follow up at 12 months in patients 
with complicated Parkinson’s disease treated with subcutaneous apo-
morphine infusion or deep brain stimulation of the subthalamic nucleus. 
J Neurol Neurosurg Psychiatry 2006;77:450-453. 

44. Alegret M, Valldeoriola F, Martí M, Pilleri M, Junqué C, Rumià J, et 
al. Comparative cognitive effects of bilateral subthalamic stimulation 
and subcutaneous continuous infusion of apomorphine in Parkinson’s 
disease. Mov Disord 2004;19:1463-1469. 

45. Morgante L, Basile G,  Epifanio A, Spina E, Antonini A, Stocchi F, et al. 
Continuous apomorphine infusion (CAI) and neuropsychiatric disor-
ders in patients with advanced Parkinson’s disease: a follow-up of two 
years. Arch Gerontol Geriatr Suppl 2004;9:291-296. 

46. Weaver FM, Follett K, Stern M, Hur K, Harris C, Marks WJ Jr, et al. 
Bilateral deep brain stimulation vs best medical therapy for patients 
with advanced Parkinson disease: a randomized controlled trial. JAMA 
2009;301:63-73. 

47. Shoulson I, Glaubiger GA, Chase TN. On-off response. Clinical and 
biochemical correlations during oral and intravenous levodopa admin-
istration in parkinsonian patients. Neurology 1975;25:1144-1148. 

48. Hardie RJ, Lees AJ, Stern GM. On-off fluctuations in Parkinson’s dis-
ease. A clinical and neuropharmacological study. Brain 1984;107:487-
506. 

49. Kurlan R, Nutt JG,  Woodward WR, Rothfield K, Lichter D, Miller C, 
et al. Duodenal and gastric delivery of levodopa in parkinsonism. Ann 
Neurol 1988;23:589-595. 

50. Sage JI, Sonsalla PK, McHale DM, Heikkila RE, Duvoisin RC. Clin-
ical experience with duodenal infusions of levodopa for the treatment 
of motor fluctuations in Parkinson’s disease. Adv Neurol 1990;53:383-
386. 

51. Nyholm D. Enteral levodopa/carbidopa gel infusion for the treatment 
of motor fluctuations and dyskinesias in advanced Parkinson’s disease. 
Expert Rev Neurother 2006;6:1403-1411. 

52. Samanta J, Hauser RA. Duodenal levodopa infusion for the treatment 
of Parkinson’s disease. Expert Opin Pharmacother 2007;8:657-664. 

53. Nyholm D, Nilsson Remahl AI, Dizdar N, Constantinescu R, Holm-
berg B, Jansson R, et al. Duodenal levodopa infusion monotherapy vs 
oral polypharmacy in advanced Parkinson disease. Neurology 2005;64: 
216-223. 

54. Antonini A. New strategies in motor parkinsonism. Parkinsonism Relat 
Disord 2007;13(Suppl 3):S446-449. 

55. Antonini A. Continuous dopaminergic stimulation--from theory to clin-
ical practice. Parkinsonism Relat Disord 2007;13(Suppl):S24-28. 

56. Antonini A, Mancini F, Canesi M, Zangaglia R, Isaias IU, Manfredi L, 
et al. Duodenal levodopa infusion improves quality of life in advanced 
Parkinson’s disease. Neurodegener Dis 2008;5:244-246. 

57. Chapuis S, Ouchchane L, Metz O, Gerbaud L, Durif F. Impact of the 
motor complications of Parkinson’s disease on the quality of life. Mov 
Disord 2005:20:224-230. 

58. Lee MA, Walker RW, Hildreth AJ, Prentice WM. Individualized as-
sessment of quality of life in idiopathic Parkinson’s disease. Mov Dis-
ord 2006;21:1929-1934. 

59. Antonini A, Isaias IU, Canesi M, Zibetti M, Mancini F, Manfredi L, et 
al. Duodenal levodopa infusion for advanced Parkinson’s disease: 12-
month treatment outcome. Mov Disord 2007;22:1145-1149. 

60. Nilsson D, Nyholm D, Aquilonius SM. Duodenal levodopa infusion in 
Parkinson’s disease--long-term experience. Acta Neurol Scand 2001; 
104:343-348. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


