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Abstract

Mini series

Introduction

Levodopa is the most effective drug for treating Parkinson’s 
disease (PD), but its long‑term use is complicated by motor 
fluctuations and dyskinesia.[1] Dyskinesia may be mild 
at the beginning but may progress to become a disabling 
symptom and may interfere with quality of life. Different 
types of movement disorders are seen in levodopa‑induced 
dyskinesia  (LID) including chorea, ballism, dystonia, 
myoclonus, or combination of any of these movements. These 
dyskinesias are seen in the neck, facial muscles, jaw, tongue, 
hip, shoulder, trunk, and limb or may appear as involuntary 
flexion of toes.[2]

Clinical Phenomenology

LID may have different clinical phenomenology, but broadly 
speaking, they are of three types: peak‑dose dyskinesia, 
wearing‑off or off‑period dyskinesia, and diphasic dyskinesia, 
of which peak‑dose dyskinesia is the most common and diphasic 
dyskinesia is least common [Table 1].[3] A patient may have 
one type of dyskinesia or a combination of two or three types. 

Luquin et al. reported dyskinesia in 168 of 220 PD patients 
receiving levodopa treatment. One hundred and fifty‑two 
patients had on dyskinesia, 31 patients had diphasic dyskinesia 
and 60 patients had off‑period dyskinesia. Eighty‑four patients 
had one type, 68 patients had two types, and 16 patients had 
three types of dyskinesia. Most common types of dyskinesia 
were chorea (n = 113), dystonic posturing of the limbs (n = 63), 
repetitive movement of the limbs  (n  =  24), craniocervical 
dystonia (n = 15), blepharospasm (n = 6), mixed movement 
disorders (n = 9), myoclonus (n = 6), and tics (n = 1).[4]

Peak‑dose dyskinesia is seen at high plasma drug level and 
was first described by Cotzias et al.[1] The phenomenology 
is characterized by choreiform movements, but patients 
may have any other movement disorders such as dystonia, 
myoclonus, and ballism, which usually involve upper 
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limbs, trunk, and orofacial muscles.[3,4] In some patients, 
dyskinesia may have “square‑wave response,” which is 
characterized by symptoms starting with on phase and lasting 
till medications wear off. Isolated ballism occurs rarely and 
majority of the patients present as a part of severe chorea.[5] 
Peak‑dose dyskinesia may be exacerbated by anxiety and 
emotional stress. Rest tremor and peak‑dose dyskinesia are 
considered quite specific for PD, and they are not seen in other 
movement disorders. Other forms of peak‑dose dyskinesia 
have been described such as ocular, belly dancer’s, and 
respiratory dyskinesia.[6,7] In ocular dyskinesia, involuntary 
and upward eye movements are seen, which usually occur 
with peak‑dose limb dyskinesia. In one study, 16% (5 of 32) 
of advanced PD patients had abnormal involuntary eye 
movements during on state, which disappeared during the 
off state.[8] Carecchio et al. reported abdominal dyskinesia 
(belly dancer’s dyskinesia) with levodopa in a 72‑year‑old 
woman with PD. The dyskinesia started around 30  min 
after each dose of levodopa and lasted for about 3  h.[7] 
Rice et al. reported respiratory dyskinesia coinciding with 
peak levodopa effect in two patients. Patients complained 
of irregularities of respiratory rate and depth beginning 
80–90 min after levodopa.[9] This type of dyskinesia is due 
to chorea of respiratory muscles and abnormality of central 
control of ventilatory rhythm. Myoclonus is rarely seen 
in peak‑dose dyskinesia and should raise a suspicion of 
other movement disorders such as cortico‑basal‑ganglionic 
degeneration.[10] PD patients having dementia are more likely 
to have myoclonus, which can be spontaneous, or action 
induced and usually multifocal. Myoclonus usually appears 
within 10–20 min of levodopa administration and disappears 
when patient fully improves. Off‑period dyskinesia is due 
to long‑standing chronic levodopa therapy and seen when 
the serum level of levodopa is least. They usually manifest 
as abnormal spasm of body parts, which most commonly 
affect foot or leg and rarely present on the arm or trunk. 
Physicians must differentiate off‑period dyskinesia from foot 
dystonia, which is seen, in young‑onset PD patients.[11] They 
are commonly seen in early morning; however, it can also 
be seen in other off state throughout the day. In one study, 
diphasic dyskinesia and off dystonia were reported to be in 
continuation.[12] Diphasic dyskinesia is seen when serum level 
of levodopa is going up or down coinciding with two peaks of 
abnormal movements, one present at the onset of drug effect 
and another present at the end of drug effect.[11] Movements 
frequently involve lower limb and they are usually dystonic 
type; however, rarely, there can be a combination of chorea 
and dystonia. Repetitive abnormal movements of the lower 
limb compatible with dystonia and ballism have also been 
reported.[4,13] Patients may show improvement in dyskinesia in 
between during the on state. The classical description of this 
type of dyskinesia is “dystonia (dyskinesia)-improvement-
dystonia  (dyskinesia).”[12] Some patients may also present 
autonomic dysfunction such as cardiac arrhythmias during 
the period of dyskinesia.

Other Types of Dyskinesia in Parkinson’s Disease

PD patients on treatment with levodopa may also have 
other types of dyskinesia including stimulation‑induced 
dyskinesia (SID) and graft‑induced dyskinesia (GID). SID 
has been reported in patients who receive subthalamic 
nucleus (STN)‑deep brain stimulation (STN‑DBS) surgery. 
SID is considered to be a good prognostic sign for 
optimal lead placement.[14] Usually, SID occurs within 
1 month after surgery. In one study, 40 contacts of 16 
electrodes (15 patients) causing SID were analyzed.[15] Most 
common site of dyskinesia was contralateral lower limb and 
dystonia was commonly reported. In another study, 4 of 
179 STN‑DBS patients had SID.[16] This type of dyskinesia 
was also labeled as “brittle” STN‑associated dyskinesia. 
Interestingly, none of 75  patients undergoing globus 
pallidus interna (GPi)‑DBS (GPi‑DBS) developed SID. One 
STN‑DBS patient, who developed SID, underwent GPi‑DBS 
and his SID was successfully reversed. GID is an abnormal 
dyskinetic movement in off state seen in PD patients receiving 
transplantation of fetal tissues.[17] Serotonergic neurons 
are considered to mediate the GID. In one study, systemic 
administration of 5‑HT1A agonist, buspirone, completely 
suppressed the GID.[18]

Epidemiology and Risk Factors

Symptoms at onset of dyskinesia are more likely to start on the 
side of the body, which was first effected by motor symptoms, 
but it can also start in other body parts such as craniobulbar 
region.[19] The prevalence of LID increases with disease 
and treatment duration, and usually, it takes approximately 
3–5 years after administrating levodopa for developing the 
dyskinesia  [Figure  1]. In a 5‑year study in one hundred 
patients of PD treated with levodopa, 49% had dyskinesia.[20] 
In another study, 55% PD patients had dyskinesia after 6 years 
of treatment with levodopa.[21] Patients having advanced PD 
symptoms tend to have more dyskinesia. In a study, no PD 
patient with Hoehn and Yahr (H and Y) stage 1 or 1.5 had motor 
complications even after 10 years, whereas 60% patients with 
H and Y stages 4 or 5 had dyskinesia.[22]

There are many factors responsible for dyskinesia in a 
PD patient. Age at onset of PD symptoms and duration of 
disease are most important factors. Therefore, patients who 
present symptoms of PD at younger age are greatest risk 
for developing LID. In a study, 70% of PD patients who 
developed onset of symptoms of PD between 40 and 49 years 
had dyskinesia after 5 years of treatment in comparison to 
42% of PD patients who developed onset of symptom of 
PD between 50 and 59 years.[23] Higher cumulative dosage 
of levodopa is another risk factor for developing LID. In a 
randomized, double‑blind, placebo‑controlled trial, 16.5% 
of PD patients who received 600  mg/day of levodopa 
treatment for 40 weeks developed dyskinesia, whereas only 
3.3% and 2.3% of PD patients receiving 300  mg/day and 
150  mg/day, respectively, developed dyskinesia.[24] It has 
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been reported that treatment regimen avoiding pulsatile 
stimulation of dopamine receptors decreases the risk of 
dyskinesia. In a recent study, predictive factors of dyskinesia 
were analyzed.[25] Predictive factors in order of severity were 
younger age at onset of PD symptoms, higher levodopa usage, 
low body weight, natives of North American geographic 
region, levodopa/carbidopa/entacapone treatment, female 
gender, and more severe Unified PD Rating Scale (UPDRS) 
Part  II score. Predictors of wearing‑off dyskinesia also 
included more severe UPDRS Part  III score. Risk of 
developing dyskinesia or wearing‑off was closely linked to 
levodopa dose. Important genetic associations have also been 
identified as a risk factor such as DRD2 and DRD2Taq1A 
polymorphism.[26,27] In one study, DRD3p. S9G polymorphism 
was associated with diphasic dyskinesia and not with 
peak‑dose dyskinesia.[28] Studies have showed that high 
daily levodopa dosage and longer duration of treatment are 
associated with high risk of developing dyskinesia. However, 
a recent study provided the evidence that motor fluctuation 
and dyskinesia are associated with disease progression 
rather than duration of exposure to levodopa therapy.[29] 
Experimental studies have also proven that early initiation 
of levodopa treatment is best option to delay the molecular 
changes associated with dyskinesia;[30] however, this finding 
needs to be confirmed in the larger study.

Pathogenesis

The pathogenesis of LID is not well understood.[2] Loss 
of nigral dopaminergic neurons creates abnormalities 
in the connectivity between the motor cortex and the 
striatum and establishes a functional disturbance in basal 
ganglia leading to the generation of involuntary abnormal 

movements  [Figure  2]. The level and duration of drug 
exposure that is required to induce dyskinesia is regulated 
by the extent of the degeneration.[31,32] Normal humans 
or monkeys do not develop dyskinesia when treated with 
pharmacological doses of levodopa for long duration of 
time, by contrast PD patients, and 1‑methyl‑4‑phenyl‑1, 
2, 3, 6‑tetrahydropyridine (MPTP)‑exposed monkeys with 
high degree of nigral degeneration develop dyskinesia 
rapidly after levodopa treatment.[33] Typically, dyskinesia 
and motor fluctuations are temporally related with rise and 
fall in plasma levodopa level. As the disease advances, the 
same dosage of levodopa required to relieve parkinsonian 
symptoms may also cause dyskinesia. It is not clear, what 
causes this altered response pattern; however, there is wide 
consensus that disturbances of both pre‑ and post‑synaptic 
nigrostriatal dopamine transmission lead to these motor 
complications.[34] Presynaptic disturbances generate large 
dopamine fluctuation in the brain and postsynaptic changes 
result into abnormal responses in dopaminergic neurons.[35] 
Progressive degeneration of presynaptic nigral neurons 
results in loss of dopamine storage capacity causing sudden 
rise in dopamine level leading to peak‑dose dyskinesia 
and sudden decline in dopamine level causing wearing‑off 
dyskinesia. The presynaptic hypothesis has been further 
supported by positron emission tomography studies using the 
reversible D2 ligand, (11C) raclopride, to estimate dopamine 
release. De la Fuente‑Fernandez et al. used this technique to 
show large fluctuation in striatal dopamine level following 
standard oral levodopa dosage in PD patients experiencing 
motor fluctuations.[36] Loss of nigrostriatal dopaminergic 
neurons causes plastic changes postsynaptically and 
supersensitivity of postsynaptic dopaminergic neurons 
[Figure  3].[37] Several other nondopaminergic systems 

Figure 1: Time sequence of developing levodopa‑induced dyskinesia in Parkinson’s disease
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including glutamatergic, gamma‑aminobutyric acid‑ergic, 
serotonergic, histaminergic, adenosine, and cannabinoid 
receptors have been postulated to play an important role 
in the development of LID.[38] Glutamatergic pathway acts 
through N‑methyl‑D‑aspartate  (NMDA) receptors, and 
amantadine used as antidyskinesia drug acts by blocking 
these receptors.

Rating Scales for Dyskinesia

Different scales and instruments have been used to provide 
objective assessment of LID and its impact on overall 
quality of life. UPDRS (Part IV) is helpful in assessment 
of different aspects of dyskinesia, but it does not include 
the anatomical distribution of dyskinesia in different 
body parts.[39] There are other scales used to assess LID, 
including the “Rush Dyskinesia Rating Scale”  (RDRS), 
“Unified Dyskinesia Rating Scale,” and “Clinical 
Dyskinesia Rating Scale” (CDRS).[40] There are different 
instruments to measure quality of life, including 39‑item 
“Parkinson’s Disease Questionnaire”  (PDQ‑39) and 
“Parkinson’s Disease Quality of Life Scale.”[41] Patients’ 
self‑evaluation diaries such as “Hauser diary” have been 
used to know the effect of drugs used to treat LID, but 
the compliance to diary completion and accuracy is 
extremely challenging.[42] Several quantitative instrumental 
techniques have been developed to quantify dyskinesia 
including wearing devices, accelerometers, and position 
transducers.[43]

Prevention and Management Issues of 
Levodopa‑induced Dyskinesia

Theoretical consideration that levodopa may accelerate neuronal 
degeneration due to oxidative stress led to levodopa‑sparing 
therapy.[44] In a 5‑year study, cumulative incidence of dyskinesia 
was 20% in the ropinirole group and 45% in the levodopa group.
[45] In another study, 54% of patients in the levodopa group and 
25% of patients in the pramipexole group had dyskinesias.[46] 
However, initial treatment with levodopa had lower incidences 
of freezing, somnolence, and edema. CALM‑PD trial showed 
significant less number of PD patients with dyskinesia who 
took pramipexole in comparison to levodopa (9.9% vs. 30.7%).
[47] However, the Movement Disorder Society evidence‑based 
review panel concluded that there was insufficient evidence 
to support the use of pramipexole extended release to delay or 
treat LID.[48] They also concluded that ropinirole and ropinirole 
extended‑release preparations are effective in prevention of 
dyskinesia, but there is insufficient evidence for their use in 
treatment of dyskinesia. Rotigotine transdermal patch has been 
used to manage PD patients with dyskinesia, but data on using 
for prevention of dyskinesia are insufficient.[3,48] In addition, the 
evidence‑based review concluded that rasagiline, a long‑acting 
monoamine oxidase B  (MAO‑B) inhibitor, is insufficient for 
preventing and treating LID.[48]

Treatment
Treating PD patients presenting with LID, physicians need 
detailed assessment regarding time of dyskinesia, type of 

Figure 2: The models of basal ganglia in normal condition, Parkinson’s disease and Parkinson’s disease with levodopa‑induced dyskinesia. (a) The 
model of basal ganglia in normal condition. Normal dopaminergic input from substantia nigra pars compacta (SNc) influences the motor movement 
through dopaminergic receptors D1 (direct pathway) and D2 (indirect pathway). Basically, dopaminergic stimulation on D1 receptor facilitates motor 
movement while stimulation on D2 receptor inhibits motor movement. In addition, hyperdirect pathway may also inhibit motor movement. (b) In 
Parkinson’s disease (PD), loss of dopaminergic input from SNc leads to underactivity of the direct pathway and overactivity of the indirect pathway. 
Finally, the glutamatergic output from thalamus is reduced and decreases the motor movement. In addition, the role of hyper‑direct pathway in PD 
is still unknown; however, the hyperdirect pathway might increase its activity in PD. (c) After long‑term administration of levodopa concomitant with 
more degree of loss of striatal dopamine, the interconnections within nigrostriatal circuit change in the opposite directions, overactivity of the direct 
pathway, and underactivity of the indirect pathway produces an excessive motor movement named “levodopa‑induced dyskinesia.” In addition, the 
role of hyperdirect pathway in PD with LID is not exactly known; however, the hyperdirect pathway might decrease the activity in PD with LID stage. 
PD = Parkinson’s disease; LID = levodopa‑induced dyskinesia; GPe = Globus pallidus externa; GPi = Globus pallidus interna; SNc = substantia 
nigra pars compacta; SNr = substantia nigra pars reticulata; STN = Subthalamic nucleus; Green arrow = excitatory output; Red arrow with dashed 
line = inhibitory output

cba
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dyskinesia, and current medications. Treatment of dyskinesia 
requires changes in current dopaminergic and nondopaminergic 
medications, trials of new drugs as well as neurosurgical 
interventions. Using different therapeutic approaches is based 
on the type of dyskinesia, and individualization of therapy is 
the most prudent approach.

Dopaminergic drugs
Using frequent smaller dosage of levodopa and fractionation 
is helpful to minimize peak‑dose dyskinesia. If patients are 
receiving long‑acting formulations, such as controlled release, 
switching to immediate‑release formulations may be beneficial. 
Reducing or discontinuing the dosages of MAO‑B inhibitor or 

Figure 3: Possible pathophysiology of levodopa‑induced dyskinesia. The pathophysiology of levodopa‑induced dyskinesia could be classified into 
three levels. The first is cortical level, the second is presynapses within striatum, and the third is postsynapses within striatum. At the cortical level, 
it has an abnormal cortical plasticity resulting the abnormal of glutamatergic output to the striatum. Subsequently, at the presynaptic level, there are 
many alterations such as loss of striatal presynaptic dopaminergic terminal and increasing the role of presynaptic serotoninergic terminal. When these 
alterations are occurred coupling with administration of levodopa, the pulsatile release of the dopamine might occur. Another presynaptic alteration is 
the alteration of activity of endocannabinoid receptors that might increase the glutamatergic activity. According to the postsynaptic alterations, there 
is increased activity of dopaminergic receptor, especially on D1 receptor and increasing the activity of both metabotropic and ionotropic glutamatergic 
receptors. The result of the alterations of all levels is changing the intracellular signaling pathway leading to increase the phosphorylation that creates 
the abnormal synaptic plasticity in term of losing the ability to create the depotentiation. Finally, the onset of inappropriate control of motor function 
and the dyskinesia occurs

Table 1: Different types of levodopa‑induced dyskinesia and medical management

Types Clinical description Management strategies
Peak‑dose 
dyskinesia

Most common type of dyskinesia (80%), which occurs at the time of 
peak plasma levels of levodopa, characterized by stereotypic head 
movements, choreiform truncal movement, and ballistic limb movement, 
rarely myoclonus, can be ocular, respiratory, or abdominal muscle

Decrease individual levodopa dosages, discontinue 
or reduce COMT and MAO‑B inhibitors, switch to 
immediate release preparations and consider adding 
amantadine

Off‑period 
dystonia

Second most common type (30%) and typically occurs in early morning, 
before the first dose of levodopa, usually involves leg

Adding long‑acting formulations at bedtime for 
off‑period symptoms during night or early morning. 
For off time during the day, consider adding COMT 
inhibitors, MAO‑B inhibitors, or dopamine agonist

Diphasic 
dyskinesia 
“DID” pattern

Least common (20%) and starts 10‑15 min after levodopa ingestion with 
ipsilateral leg movement and then contralateral involvement, followed 
by improvement of parkinsonian symptoms for several hours and then 
recurrence of dyskinesia, when levodopa levels decline

Most difficult to treat, LCIG infusion or 
subcutaneous infusion of apomorphine or surgical 
intervention, e.g., DBS

MAO‑B = Monoamine oxidase B, COMT = Catechol‑O‑methyl transferase, LCIG = Levodopa/carbidopa intestinal gel, DBS = Deep brain stimulation, 
DID = Dyskinesia‑improvement‑dyskinesia
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catechol‑O‑methyl transferase (COMT) inhibitors will also be 
helpful for such patients.[49] Off‑period dystonia usually occurs 
at night or early morning, and adding a long‑acting formulation 
at bedtime may be very helpful. Addition of COMT inhibitors, 
MAO‑B inhibitor, or long‑acting dopamine agonists can 
also be very helpful.[50] For sudden or unpredictable off, 
apomorphine  (continuous subcutaneous infusion) can be 
considered, which is a highly selective dopamine agonist 
acting at D1 and D2, and provides a rapid onset of action.[51] 
There are no randomized controlled studies of continuous 
subcutaneous apomorphine infusion  (CSAI). García Ruiz 
et al. reviewed data (open‑label studies) from 82 PD patients 
with severe motor fluctuations treated for at least 3 months 
with CSAI.[52] The study showed improvement in mean daily 
off time of 38‑80%. Most common adverse events were skin 
nodules, neuropsychiatric problems (confusion, hallucination, 
and hypersexuality), and systemic reactions (sedation, nausea, 
and orthostatic hypotension).

Treatment of diphasic dyskinesia is difficult and challenging. 
Initial strategy should be to decrease the dosage of levodopa and 
increase the dosage of dopamine agonist. Levodopa/carbidopa 
intestinal gel  (LCIG) may also be helpful in controlling 
parkinsonian symptoms and dyskinesia in such patients.[53] 
LCIG is delivered by a pump and the cartridge containing the 
levodopa (2 g) and carbidopa (500 mg), which is changed daily. 
There is good evidence to show that LCIG reduces daily off 
time and increases on time without dyskinesia.

New formulations of levodopa
Several newer formulations of levodopa are in different stages 
of development. The Accordion Pill is a novel formulation of 
levodopa/carbidopa, which dissolves in stomach and slowly 
releases over  12  h. Subcutaneous levodopa formulation, 
ND0612, which delivers up to 360 mg of levodopa over 24 h 
is currently undergoing phase II studies. CVT‑301 is an 
inhalable formulation of levodopa, and therapeutic plasma 
levodopa level reaches within 5–10 min of administration. 
This formulation has been found to be particularly useful 
as a rescue medication in sudden and/or severe off. Another 
novel formulation of levodopa, ODM 101 (contains levodopa/
carbidopa/entacapone), has showed a significant increase in 
on time without dyskinesia.[54]

Nondopaminergic treatments
Amantadine
Amantadine is an NMDA antagonist and considered the 
most effective drug used for LID. Small‑randomized, 
placebo‑controlled trials have showed its efficacy in decreasing 
the frequency and severity of dyskinesia without decreasing 
the on time.[55,56] The standard dosages are 200–300 mg daily. 
Although some researchers have suggested that patients 
treated with this drug may experience rebound in dyskinesia 
after using this medication for a long period of time, a recent 
study published by Wolf et al. has documented its long‑term 
efficacy.[57] They treated 32 PD patients experiencing LID with 
amantadine for 1 year and then randomized them to continue 

the drug or switch to placebo for 3 weeks. Patients in the 
placebo arm experienced worsening of dyskinesia. Potential 
side effects of amantadine are sedation, hallucinations, 
confusion, edema of feet, myoclonus, livedo reticularis, and 
corneal edema.[58]

Antiepileptic drugs
Levetiracetam has been found to be effective in reducing LID 
in MPTP‑induced macaques.[59] Several open‑label studies 
and placebo‑controlled trials have also shown the efficacy 
of levetiracetam in reducing severity of dyskinesia.[60] In a 
multicenter double‑blind, placebo‑controlled, crossover trial 
in 38 PD patients, there was a significant reduction in LID at 
doses of 500 and 1000 mg/day.[61] The exact mechanism of 
action is not known, but the proposed mechanism includes 
its action at multiple sites including phosphorylated kinases 
in the striatum.[62] Topiramate has also been found to reduce 
LID in rat and nonprimate human model by modulating 
α‑amino‑3‑hydroxy‑5‑methyl‑4‑isoxazolepropionic acid 
receptors, but worsening of dyskinesia was reported in a small 
randomized, double‑blind, crossover trial in 15  patients.[63] 
Zonisamide has been used as antidyskinetic drug following 
positive result in several studies. In a randomized, double‑blind, 
placebo‑controlled trial on 422  patients, zonisamide was 
effective in reducing off time in PD patients with wearing‑off 
dyskinesia.[64] The effect of zonisamide is mediated by multiple 
modes of action, including inhibition of glutamate release, 
MAO‑B inhibition, and increase in dopamine synthesis.[3]

Antipsychotic drugs
Atypical antipsychotics, clozapine and quetiapine, have been 
used in the treatment of LID.[48] Several open‑label studies and 
one double‑blind, placebo‑controlled trial reported the efficacy 
of clozapine in reducing the severity of LID.[65] The proposed 
mechanism of action of clozapine includes antagonistic binding 
to striatal dopamine receptor type 2A and serotonin receptor 
type  2A  (5‑HT2A). The common reported side effects are 
agranulocytosis, sialorrhea, somnolence, seizures, orthostatic 
hypotension, and myocarditis. Quetiapine is also used to 
control LID and the postulated mechanism of action is through 
antagonistic binding to 5HT2A receptor. In a double‑blind 
study, 50  mg of quetiapine showed minimal reduction in 
dyskinesia, but patients reported significant drowsiness and 
sedation.[66] There was no antidyskinetic effect of 25 mg of 
quetiapine.

Safinamide
Mechanisms of action of safinamide, an alpha‑aminoamide, 
are glutamate release inhibition and MAO‑B inhibition. In 
a phase III trial, safinamide 100  mg or placebo was tried 
as add on to a single dopamine agonist over  24  weeks’ 
period.[67] Motor score as measured by UPDRS III, total score 
improved in patients taking safinamide 100 mg over placebo. 
Investigators concluded that safinamide 100  mg can be a 
good option to add with dopamine treatment in PD patients as 
adding other agents such as levodopa/carbidopa/entacapone 
may lead to more dyskinesia. In another study, 549 PD patients 
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(all had off time >1.5 h/day) were randomized (274 safinamide 
and 275 placebo), and among them, 245 (89.4%) receiving 
safinamide and 241 receiving placebo completed the 
study.[68] The mean daily on time increased by + 1.42 (standard 
deviation  [SD] = 2.80) hours in safinamide group and by 
+ 0.57 (SD = 2.47) hours in the placebo group (P < 0.001). 
The authors concluded that safinamide is an effective adjunct 
to levodopa in PD patients with motor fluctuation. Major side 
effects are headache, nausea, and pain abdomen.

Istradefylline
Istradefylline, an adenosine A2A antagonist, has been 
registered in Japan as an adjunctive therapy for PD patients 
who currently receive levodopa.[69] However, its effect on 
motor fluctuation and dyskinesia is controversial. A  recent 
randomized, double‑blind, placebo‑controlled study conducted 
in 373 PD patients with motor fluctuation showed a significant 
reduction in off time, but the most common adverse effect was 
dyskinesia.[70]

Eltoprazine
Despite degeneration of dopaminergic neurons, PD patients 
also have degeneration of serotoninergic neurons in raphe 
nuclei. Stimulation of 5‑HT1A presynaptic receptor can 
theoretically reduce dopamine release causing reduction in 
dyskinesia.[71] Eltoprazine, a selective partial agonist for 5HT1A 
and 5HT1B receptors, has shown antidyskinesia property in 
animal model.[49] This drug was tested in 22 PD patients with 
dyskinesia in a randomized, double‑blind, placebo‑controlled 
pilot trial. The result showed that eltoprazine 5 mg significantly 
reduced the area under the curves of CDRS and RDRS, but 
there was no change in UPDRS III score.[72] Further trials are 
still ongoing to confirm its efficacy in PD patients with motor 
fluctuation and dyskinesia.

Other experimental drugs and future perspectives
Several new treatment options targeting different 
neurotransmitters are being studied for the management 
of LID. Noradrenergic receptor antagonist  (fipamezole), 
endocannabinoid receptor antagonist  (rimonabant), opioid 
receptor antagonist (nalbuphine), and histamine H3 
hetero‑receptor agonist (imepip and imifit) have been tried in 
nonhuman primate model and their efficacy is being studied 
in human.[73‑76]

Summary

LID is common and difficult to treat condition in PD patients. 
Clinical phenomenology of LID is variable, but three main 
types are peak‑dose dyskinesia, wearing‑off or off‑period 
dyskinesia, and diphasic dyskinesia. The exact pathogenesis is 
not known, but both presynaptic and postsynaptic mechanisms 
operate in the pathogenesis of LID. Management of LID 
depends on identifying the type of dyskinesia and treating 
it accordingly. Reduction of levodopa dose is helpful in 
minimizing peak‑dose dyskinesia while addition of long‑acting 
formulations is effective in wearing‑off dyskinesia. Infusion 

therapy (LCIG or subcutaneous infusion of apomorphine) as 
well as surgical intervention is helpful to combat all kinds of 
dyskinesia. Amantadine and clozapine have also been used 
successfully. Many newer drugs have emerged for the treatment 
of LID targeting different mechanism of actions, including 
multiple neurotransmitters.
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