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Continuous dopaminergic stimulation (CDS) is a prominent therapeutic concept for the treatment of Parkinson’s 
disease (PD), which proposes that continuous brain dopamine-receptor stimulation, rather than intermittent 
doses of oral L-dopa, prevents or manages L-dopa-induced dyskinesias (LIDs). In the normal situation, 
dopaminergic neurons in the substantia nigra pars compacta fire tonically to keep the dopamine receptor 
stimulation at a steady-state level. But when the dopaminergic pathway is impaired, the dopamine receptor 
stimulation becomes intermittent or pulsatile. This pulsatile stimulation causes a series of gene and protein 
changes in striatal neurons, leading to alterations in the fi ring patterns of basal ganglia neurons that result in 
LIDs. Studies in animal models and clinical trials of PD have shown that approaches providing CDS, currently 
including patches, extended-release formulations of L-dopa or dopamine agonists, continuous delivery of 
apomorphine and duodenal L-dopa infusion, are associated with a decreased risk of LIDs. In this review, we 
summarize both preclinical and clinical evidence for the five methods that may provide CDS in theory and 
compare the advantages and disadvantages of these methods. 
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Introduction

Parkinson’s disease (PD) is the second most common 
neurodegenerative disorder worldwide. In 2005, there were 
almost 4 million PD patients over age 50 and the number 
is predicted to double by 2030[1]. L-dopa has been the most 
effective drug in the treatment of PD since its introduction in 
the late 1960s and benefi ts almost all PD patients[2]. How-
ever, the long-term use of L-dopa is often accompanied 
by various motor complications, such as L-dopa-induced 
dyskinesias (LIDs). After 4–6 years of L-dopa therapy, LIDs 
occur in slightly less than 40% of PD patients, but with 
continuous treatment this eventually increases to ~90%[3]. 
The most significant risk factors associated with the de-
velopment of LIDs are age of onset, severity of denerva-
tion, and duration and dose of L-dopa treatment[4]. LIDs 
may decrease the quality of life, and even causes severe 
disability. Meanwhile, LIDs substantially raise the cost of 

health care[5], and their treatment is still a major challenge 
for physicians.

The exact mechanisms underlying LIDs remain to be 
fully elucidated, but evidence shows that pulsatile stimula-
tion of striatal postsynaptic receptors related to the short 
plasma half-life of the drug is a key point[6]. Based on this 
hypothesis, the concept of continuous dopaminergic stimu-
lation (CDS) has become central in the treatment of LIDs. 
CDS refers to the notion that continuous brain dopamine 
receptor stimulation rather than intermittent doses of oral 
L-dopa prevents pulsatile stimulation and reduces the risk 
of LIDs[7]. To understand the basis of using CDS in PD 
therapies to avoid LIDs, it is necessary to have a thorough 
overview of the changes that occur in LIDs[6]. In healthy 
individuals, dopaminergic neurons in the substantia nigra 
pars compacta (SNc) fi re tonically at 3–6 Hz, independent 
of movement. In this manner, the reuptake systems main-
tain the synaptic dopamine at a stable level[8]. However, in 
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PD patients the situation is different. In advanced PD, there 
is severe degeneration of dopaminergic SNc neurons. De-
carboxylation of L-dopa to dopamine then occurs in non-
dopaminergic neurons, such as serotoninergic neurons, 
which cannot store and release dopamine in a controlled 
fashion. Thus the striatal dopamine levels no longer re-
main constant but mirror the fl uctuations in plasma L-dopa 
concentration[9]. Consequently, pulsatile stimulation of 
dopamine receptors causes a series of gene and protein 
changes in striatal neurons, leading to the alterations in 
the firing patterns of basal ganglia neurons that result in 
LIDs. However, many studies have shown that therapies 
providing more CDS reduce or eliminate these changes[10]. 
For instance, in dopamine-denervated animal models, the 
regulation of preproenkephalin, cFos, delta FosB, JunB, 
[35S] GTPγS, cyclin-dependent protein kinase 5, prepro-
dynorphin, ERK1/2 DARPP-32 and D1-signalling proteins 
is altered when LIDs finally occur[11-15]. Similar changes 
have also be found in post-mortem brains from PD pa-
tients; preproenkephalin mRNA levels are significantly in-
creased in the putamen of dyskinetic patients compared to 
controls and non-dyskinetic patients. Interestingly, neither 
gene changes nor LIDs develop in animals when the brain 
dopamine receptors are stimulated in a more continuous 
way[12]. A large body of evidence suggests that treatments 
offering CDS decrease LIDs. The concept of CDS has 
served as a rational basis for many new therapeutic meth-
ods and interventions in PD to avoid LIDs. 

Currently, there are various approaches to offering 
CDS, such as transdermal rotigotine patches, extended-
release formulations of L-dopa or dopamine agonists 

(pramipexole, for example), continuous delivery of apo-
morphine and duodenal L-dopa infusion[16] (Table 1). In this 
review, we summarize the current preclinical and clinical 
evidence concerning these methods and compare their 
benefi ts and drawbacks.

Transdermal Rotigotine Patches 
Preclinical Evidence
Rotigotine is a non-ergot, enantio-selective, D3/D2/D1 
dopamine agonist drug that is effective in treating PD. It 
was initially used orally, but the effect was limited due to its 
relative short half-life. Fortunately, transdermal rotigotine 
patches provide a relative CDS and reduce the risk of 
LIDs[22]. This has been reported in many classic PD animal 
models. In the 6-hydroxydopamine (6-OHDA)-lesioned rat, 
pulsatile dopaminergic treatment makes it more sensitive to 
locomotor activity and might induce abnormal involuntary 
movements. But when rotigotine is delivered in a more 
continuous way, no such movements occur, suggesting that 
continuous delivery of rotigotine has no tendency to induce 
LIDs in this experimental model[23]. More recently, using the 
MPTP-treated common marmoset as a model to mimic the 
behavioral characteristics of PD, Stockwell et al.[24] found 
that (1) LIDs are reduced by both pulsatile and continuous 
rotigotine administration compared to L-dopa alone, (2) 
continuous rotigotine delivery by the transdermal route 
reduces LIDs compared with pulsatile treatment, and (3)
continuous rotigotine administration does not prevent 
L-dopa from inducing LIDs[24]. These observations indicate 
that continuous rotigotine delivery can prevent LIDs in 
the common marmoset, but not reverse the neuroplastic 

Table 1.  Potential approaches for continuous dopaminergic stimulation

Drugs Application methods Maximum doses

Rotigotine Continuous transdermal patches 8 mg/24 h for early PD

  16 mg/24 h for advanced PD[17]

Pramipexole Oral administration once daily 4.5 mg/24 h[18]

Apomorphine Continuous subcutaneous 160 mg/24 h[19]

L-dopa/carbidopa Continuous duodenal 96 mg/24 h[20]

L-dopa/carbidopa/entacapone Oral administration four times daily L-dopa/carbidopa/entacapone

  200/50/200 mg  5*/24 h[21]

PD, Parkinson’s disease.
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changes underlying LIDs.
Clinical Evidence  
In 2009, a double-blind, open-label extension study involving 
216 patients (79 placebo, 137 rotigotine) was carried out 
to assess the long-term safety of transdermal rotigotine 
patches in PD. The results from 4 years of observation 
indicate that long-term treatment with rotigotine is safe, 
efficient, and accompanied by a lower incidence of LIDs. 
Particularly, the rate of LIDs following the initiation of L-dopa 
is 82% in most cases, but after 4-year continuous delivery 
of rotigotine it decreases to 16%[25]. In another up to 6-year 
double-blind, randomized study involving 217 patients, daily 
transdermal rotigotine in patients with early-stage idiopathic 
PD was accompanied by only 25% LIDs, while the majority 
(83%) developed LIDs after initiating L-dopa[26]. This study 
is the longest interventional study of rotigotine to date and 
also shows that transdermal rotigotine is well tolerated for 
up to 6 years[26]. In general, long-term use of transdermal 
rotigotine provides more CDS and largely reduces LIDs in 
PD patients.

Extended-Release Formulations of Pramipexole

Preclinical Evidence 
Pramipexole (brand name Sifrol) is a selective, non-
ergoline dopamine D2 receptor agonist. Animal studies of 
pramipexole showed that its early use, alone or in combina-
tion with levodopa, has symptomatic benefi ts and reduces 
LIDs[18]. In MPTP-induced hemiparkinsonian monkeys, 
pramipexole alleviates the parkinsonian motor signs with 
no more drug-induced dyskinesias[27]. Conventionally, the 
standard pramipexole formulation is taken three times daily. 
However, based on the concept of CDS, an extended-
release (ER) formulation to be administered once daily is 
a novel option. Preclinical data confirm that pramipexole 
ER and pramipexole immediate-release (IR) have much in 
common, like the receptor profi le, receptor binding, half-life 
and effi cacy. The only difference is the release of the active 
agent from the tablet[18]. Continuous release of pramipexole 
ER leads to a prolonged plasma level to achieve CDS and 
is believed to reduce the risk of LIDs in PD.
Clinical Evidence 
Pramipexole ER has been approved for PD treatment in 
many European countries and in the United States since 
October 2009. Several clinical trials have been conducted 

to compare it with the traditional pramipexole IR. In both 
early and late PD, pramipexole ER is as safe, tolerable 
and efficacious as pramipexole IR[28,29]. Besides, an over-
night switch from pramipexole IR to the new once-daily 
pramipexole ER is practicable in most PD patients, for 
>80% of patients successfully switched overnight at the 
same dosage. Also, patients with early or advanced PD 
prefer the ER over the IR form[30]. Overall, pramipexole ER 
administered once daily is becoming a promising way to 
attain CDS. It is well-tolerated and convenient for PD pa-
tients.

Continuous Delivery of Apomorphine

Preclinical Evidence 
Apomorphine is one of the most potent short-acting D1 and 
D2 receptor dopamine agonists, and plays a vital role in an-
tiparkinsonian therapy through binding to the postsynaptic 
D2 receptors in the caudate-putamen. In 2002, Battaglia et 
al.[31] demonstrated that continuous subcutaneous infusion 
of apomorphine (CSAI) relieves the motor symptoms and 
suppresses the ongoing degeneration of nigrostriatal do-
paminergic neurons in MPTP-treated mice. Nevertheless, 
this protection diminishes when apomorphine is adminis-
tered once daily. Thus, CSAI could improve the “long-term 
L-dopa syndrome” caused by the degeneration of substan-
tia nigra neurons[31].
Clinical Evidence
In a 6-month prospective study involving 12 PD patients 
with disabling dyskinesias, single-dose L-dopa and apo-
morphine challenges were given before the use of an apo-
morphine pump and 6 months of pump therapy later. After 
6 months, compared with baseline, both L-dopa challenges 
and apomorphine challenges experienced induced a mod-
erate reduction of LIDs. In addition, after 6 months, four PD 
patients who remained on apomorphine monotherapy with-
out oral L-dopa adjuvant therapy had a reduction in LID du-
ration and severity. This indicated that CSAI therapy rather 
than oral antiparkinson drugs can prevent the development 
of LIDs[32]. Another multicenter study assessed the effi cacy 
of long-term CSAI in advanced PD with motor fl uctuations. 
One hundred sixty-six PD patients participated in this study 
for 5 years and the clinical data of 82 were analyzed. The 
results showed a significant reduction in the total motor 
Unifi ed Parkinson’s Disease Rating Scale score and of LID 
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severity in these patients[19]. All the clinical observations 
certify that CSAI is an effective treatment for patients with 
PD or with severe LIDs.

Duodenal L-dopa Infusion

Preclinical Evidence 
In 1975, L-dopa was first delivered by intravenous 
injection[33], and then reported to improve motor fl uctuations 
in PD[34]. In the 6-OHDA-lesioned rat, L-dopa/carbidopa was 
delivered intermittently or continuously for 14 days[25] and 
the results showed that intermittent and continuous intradu-
odenal infusions both induced moderate-to-severe LIDs. 
But after 14 days, continued intermittent administration of 
L-dopa/carbidopa was accompanied by severe LIDs, while 
switching to continuous administration was associated with 
shorter durations of LIDs. This demonstrated that continu-
ous intraduodenal L-dopa/carbidopa reduces the duration 
of LIDs, but may not reduce the risk of LIDs in early PD[25].
Clinical Evidence
A randomized crossover study comparing duodenal L-dopa 
infusion with oral polypharmacy in advanced PD indicated 
that continuous intraduodenal L-dopa/carbidopa is superior 
in clinical effects with no more increase in LIDs[35]. Another 
survey revealed that in most French patients, if an apomor-
phine pump and neurosurgical treatment fail or are con-
traindicated, duodenal L-dopa infusion is the last option for 
motor complications. This survey also revealed that after 
long-term treatment by duodenal L-dopa infusion, >90% 
of patients show improvement in motor fluctuations and 
quality of life[36]. Another 2-year follow-up study involving 22 
PD patients confi rmed the above results, which show that 
“off” period duration as well as LID severity is considerably 
reduced in these patients[20]. In conclusion, preclinical and 
clinical evidence confirm the benefits of intestinal L-dopa 
infusion in the treatment of advanced PD. These results 
demonstrate that intestinal L-dopa infusion is a pragmatic 
approach to achieving a satisfactory clinical outcome and 
reducing LID severity.

Extended-Release Formulations of L-dopa

Preclinical Evidence
Peripheral L-dopa is catabolized to 3-O-methyldopa 
(3-OMD) by catechol-O-methyltransferase (COMT). The 
combination of L-dopa/carbidopa and the COMT inhibi-

tor entacapone increases the bioavailability of L-dopa in 
plasma and extends its half-life to 2.5 h[37], which helps to 
provide more CDS. This has been demonstrated in many 
classical animal models. In hemiparkinsonian rats, early 
administration of entacapone in association with L-dopa 
lowers the incidence of LIDs and delays their onset[38]. In 
the MPTP-treated common marmoset, co-administration of 
L-dopa/carbidopa with entacapone four times daily at 3.5-h 
intervals provides more continuous motor benefi ts with less 
LIDs, while this combination twice daily at 7-h intervals has 
no major effect on the motor response[39]. This indicates 
that small divided doses of L-dopa plus a COMT inhibitor 
allow oral treatment to provide continuous dopaminergic 
therapy in PD patients. 
Clinical Evidence
L-dopa/carbidopa/entacapone (LCE, Stalevo) has been ap-
proved for the treatment of PD, but the results of clinical tri-
als are controversial. For example, a 39-week randomized, 
double-blind study suggested that LCE improves the clini-
cal symptoms more than L-dopa/carbidopa (LC, Sinemet 
IR) and does not induce motor complications[40]. In contrast, 
the recent Stalevo Reduction in Dyskinesia Evaluation 
in Parkinson’s Disease (STRIDE-PD) reported the unex-
pected results that LCE not only fails to reduce the risk of 
LIDs when administered four times daily at 3.5-h intervals, 
but increases the risk of LIDs compared to standard LC[41]. 
Clinical trials of Stalevo raises the importance of optimizing 
the L-dopa therapy to prevent LIDs. Further studies are on-
going to evaluate whether Stalevo at shorter time-intervals 
can match a state of CDS and provide more benefi ts.

Benefi ts and Risks of Each Approach

Rotigotine was the first dopamine agonist to be success-
fully delivered by transdermal patches, and has been used 
in clinical therapy for PD patients. This special method 
has numerous advantages. For instance, because it can 
release continuous and consistent rotigotine, the plasma 
levels over 24 h are constant[42]. Preclinical experiments 
have demonstrated that constant plasma levels of rotigo-
tine can provide CDS[43]. Thus, the continuous delivery of 
rotigotine is a potential means of reducing LIDs in the treat-
ment of PD. For PD patients, transdermal rotigotine is also 
convenient as a once-daily formulation. Moreover, trans-
dermal infusion avoids gastrointestinal dysfunction, which 
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may contribute to the motor complications[44]. But it also 
has limitations. Long-term use of transdermal rotigotine 
is accompanied by known adverse dopaminergic effects 
such as nausea, fatigue and dizziness in some patients[45]. 
In addition, a local skin reaction may occur after long-term 
use. Whether this affects the long term compliance of PD 
patients is not known[44].

Pramipexole ER has recently been approved. There 
are several potential advantages of this formulation. First 
of all, once-daily drugs are more convenient and improve 
compliance[28]. Moreover, it is well known that the action of 
medication on peripheral dopamine receptors causes some 
adverse dopamine events, such as nausea and orthostatic 
hypertension[46]. So more constant stimulation of peripheral 
receptors would be associated with less nausea and ortho-
static hypertension in theory, but the clinical evidence is still 
lacking. With a once-daily formulation, the possibility of taking 
medicine before bedtime may avoid the excessive daytime 
somnolence caused by traditional dopamine agonists. Last, 
the once-daily formulation would prevent or reverse motor 
complications much better than traditional formulations for 
it can provide more CDS[7]. The defect is that they cannot 
provide as strong CDS as L-dopa and apomorphine. Clini-
cal trials are still needed to assess the incidence of adverse 
effects, such as somnolence, nausea and orthostatic hy-
pertension, in the pramipexole ER formulation [29]. 

CSAI is based on a mini-pump, and this therapy is only 
available in Europe. In the United States, apomorphine is 
used for the acute treatment of hypomobility, “off” times in 
advanced PD[47]. CSAI is efficient in reducing LIDs and it 
is usually applied in PD patients with severe fl uctuations. 
However, after long-term use there are always several side 
effects, most often the skin nodules, skin infl ammation and 
neuropsychiatric reactions. Adverse events at the injection 
site usually limit the continued usage of the apomorphine 
pump[19].

Duodopa is a carboxymethylcellulose, gel formulation 
of L-dopa. It is delivered through an intrajejunal pump sys-
tem at 20 mg/mL and has already been approved in most 
European countries. In the United States, commercializa-
tion of Duodopa has already been approved in 2012[47]. 
Duodenal L-dopa infusion is believed to be valid for the 
treatment of severe motor fluctuations, including trouble-
some dyskinesias, and also provides benefits on health-
related quality of life[36]. The most common drawbacks 

are the heavier pump, technical problems (e.g., potential 
percutaneous gastrostomy infections, tubes pulled out or 
dislocated), and the high cost of its use and nursing care[48].

Theoretically, LCE is able to deliver CDS. Neverthe-
less, the STRIDE-PD study showed an unexpected out-
come in patients with early PD. In contrast with LC, LCE 
not only fails to reduce LIDs but is associated with an 
earlier onset and higher frequency of LIDs[41]. This result 
has triggered an intense discussion on LCE, and even the 
concept of CDS. But some questions may need to be an-
swered. First of all, does LCE administered 4 times daily at 
intervals of 3.5 h provide true CDS? Second, PD patients 
receiving LCE had a shorter time to onset of and increased 
frequency of dyskinesia compared to those receiving LC[41]. 
Whether the increased risk of LIDs in LCE group is just 
limited to patients who possibly have more severe disease 
(on account of receiving dopamine agonists)? Third, rodent 
studies suggest that lower peak drug levels occur with con-
tinuous L-dopa administration[49], while LCE patients always 
receive higher doses of L-dopa. Do higher doses of L-dopa, 
even administered in a continuous way, increase the fre-
quency of LIDs[50]? More research is needed to answer 
these questions and to evaluate the practical applicability of 
LCE in PD.

These approaches all have their unique risks and 
benefi ts (Table 2). Compared to pramipexole, transdermal 
rotigotine patches have not shown superiority in terms 
of changes in the “off” time, and their clinical efficacy is 
similar to that of oral pramipexole in PD patients with mo-
tor fluctuations[51]. Besides, transdermal rotigotine and 
pramipexole ER cannot provide as strong CDS as CSAI 
and duodenal L-dopa infusion[47]. Apomorphine and Duodopa 
are usually used in advanced PD patients. Compared 
with apomorphine, Duodopa shows a slightly stronger ef-
fect in reducing the “off” time and is a more potent anti-
dyskinetic[52,53]. Moreover, many patients tolerate Duodopa 
better than apomorphine when infused continuously[54]. In 
general, to choose the proper therapeutic schedules for PD 
patients, physicians should weigh the benefi ts and risks of 
these approaches.

Conclusion

This review aimed to elucidate the methods of providing 
CDS in relation to the occurrence of LIDs in preclinical and 
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Table 2.  Benefi ts and risks of each approach

Approaches Benefi ts Risks

Transdermal rotigotine patches  Improved control of LIDs[42] Dopaminergic adverse effects such as nausea, fatigue and 

  dizziness[45]

 Once-daily formulation is convenient[44] Skin reaction[44]

 Avoids gastrointestinal dysfunction[44]

Extended-release formulations  Improved control of LIDs[7] Clinical effi cacy is not so strong as L-dopa and apomorphine[47]

of pramipexole Once-daily formulation is convenient[28] Adverse effects, such as somnolence, nausea and orthostatic 

  hypertension[55]

 High compliance[30]

 Avoids excessive daytime somnolence[7]

Continuous delivery of  Improved control of LIDs[19] Skin nodes, skin infl ammation[19]

apomorphine Portable mini-pump[56] Neuropsychiatric reactions[19]

Duodenal L-dopa infusion Improved control of LIDs[53] Pump may be cumbersome for PD patients[48]

 Provides health-related benefi ts on  Tube may pull out[48]

 quality of life[36] Percutaneous gastrostomy infections[48]

 Valid for the treatment of  High cost for its use and nurse care[48]

 troublesome dyskinesias[53]

Extended-release formulations  Oral administration is convenient[40] Clinical outcomes are confl icting[40, 41]

of L-dopa High compliance[40] Adverse effects, such as nausea, diarrhea and dizziness[41]

LIDs, L-dopa-induced dyskinesias; PD, Parkinson’s disease.

clinical experiments. The extent of the nigrostriatal pathway 
lesion clearly affects the phasic and tonic DA release from 
the striatum. LID induction and expression in PD patients 
are strongly associated with the fl uctuations of administered 
L-dopa. The pulsatile stimulation of postsynaptic receptors 
may cause gene and protein changes that underlie LIDs. 
Hence it is necessary to explore ways of producing stable 
dopaminergic stimulation to avoid the remarkable drug 
fl uctuations, and fi nally, to avoid drug-induced dyskinesias. 
We discussed the fi ve approaches providing CDS in theory, 
and summarized the extensive evidence that supports their 
use in PD patients.

In sum, the approaches providing CDS should be 
carefully selected according to the patient’s condition. 
In the early, middle and late stages of PD, transdermal 
rotigotine patches and pramipexole ER are good choices 
to delay the onset and reduce the risk of LIDs. Although 
the effects of dopamine agonists such as rotigotine and 
pramipexole are not as strong as apomorphine and L-dopa, 

transdermal rotigotine patches and the once-daily formula-
tion of pramipexole are convenient for patients. Moreover, 
both formulations are well tolerated for long-term treatment. 
In advanced PD patients, even with severe LIDs, CSAI 
and duodenal L-dopa infusion are able to reduce LIDs. 
However, these approaches still have limitations, such as 
adverse effects and technical problems, which discour-
age their usage. Moreover, patients receiving long-term 
apomorphine therapy show relatively worse tolerance than 
with Duodopa. Finally, current studies cannot fully support 
the clinical application of Stalevo because the clinical out-
comes are confl icting. Investigations of Stalevo’s curative 
effect are still under way. Anyway, the application of CDS-
based therapies for the management of PD is promising for 
obtaining symptomatic improvement without LIDs.
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