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Abstract

Parkinson’s disease (PD) is a chronic, progressive condition affecting around 1% of the population older than 60 years. Upon
long-term treatment with levodopa, the mainstay of treatment in PD, most patients, especially younger ones exposed to higher
doses, will experience symptoms related to end-of-dose deterioration, peak-dose dyskinesias, and other motor fluctuations.
Therapeutic strategies are grounded on modification of oral levodopa pharmacokinetics to extend levodopa benefit and
development of new routes of drug delivery (e.g., levodopa/carbidopa intestinal gel infusion) or long-acting formulations
of existing dopaminergic drugs to prolong the duration of striatal dopamine receptors stimulation. As our understanding of
the pathophysiology of motor complications evolves, our therapeutic armamentarium is actively expanding and the focus of
research is now actively pointing to the new non-dopaminergic agents acting both within the basal ganglia and in other brain
regions (e.g., drugs acting on glutamate, GABA, serotonin, and calcium channels). Despite the fact that trials comparing
the different therapeutic strategies are lacking, we aimed at devising practical evidence- and experience-guided suggestions
for the clinical management of motor complications, emphasizing that this should always be an individualized endeavor.
This review summarizes the pharmacological management of motor complications in PD, including new formulations and
routes of delivery, and the newer released drugs such as istradefylline, opicapone, safinamide, and zonisamide. Advanced
therapeutic strategies for selected cases such as treatment with apomorphine and surgical techniques (deep brain stimula-
tion) are also discussed. A comprehensive knowledge of the available options and evidence is fundamental for the successful
management of these challenging complications.

1 Introduction

Parkinson’s disease (PD) is a chronic, progressive con-
dition affecting around 1% of the population older than
60 years, second only to Alzheimer’s disease [1]. The
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cardinal clinical motor features are bradykinesia, rigid-
ity, postural instability, and tremor at rest [2]. Non-motor
symptoms are also important due to their negative impact
on the quality of life (QOL) of these patients [2, 3]. Two
major neuropathological findings changed the paradigm
of PD diagnosis, therapeutics, and research, since it was
first described 200 years ago, namely the loss of dopa-
minergic neurons in the substantia nigra pars compacta
[4] and the identification of a-synuclein protein as the
main component of Lewy bodies and Lewy neurites [5].
Levodopa has been prescribed for decades in PD with
the aim of restoring the nigrostriatal dopaminergic defi-
ciency, and it remains the mainstay of treatment in PD,
due to its proven efficacy and safety [6, 7]. However,
upon long-term treatment, most PD patients experience
symptoms and disability due to wearing-off (end-of-dose
deterioration), peak-dose dyskinesias, and other motor
complications, which may present even at early disease
stages [2, 4, 8—11]. Ultimately, motor complications may
cause extreme fluctuations of the motor state of patients,
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causing important loss of QOL and impairment. Motor
complications in PD and their definition are summarized
in Table 1.

The development and course of motor complications in
PD is characterized by an important amount of unpredict-
ability. Disease duration and stage, exposure to levodopa
and cumulative dose, delayed or erratic gastric empty-
ing, female gender, and low body weight all seem to play
a role [12-14]. Moreover, patients with young disease
onset (including carriers of genetic mutations such as par-
kin, PINK1, and DJ-1) seem especially predisposed to
develop motor complications earlier in the disease course
or after a shorter exposure to levodopa [15]. In an era
where genetics has a prominent role in medical research
and clinical medicine, PD is not an exception, and some
pharmacogenetic studies have suggested an association
between some genetic variations and the risk of devel-
oping dyskinesias [15]. Despite increasing knowledge,
the pathophysiological underpinnings of motor compli-
cations are not fully understood. Intermittent oral deliv-
ery of levodopa, as opposed to continuous physiological
dopaminergic stimulation, along with the relentless loss
of nigrostriatal nerve terminals and reduced endogenous
dopamine storage/release capacity, contribute decisively
to the appearance of motor complications, with sympto-
matic benefit becoming progressively dependent on oral
levodopa intake and plasma bioavailability [16].

In this article we discuss the pharmacological options
and clinical management of motor complications in PD, a
major challenge for both physicians and patients.

2 Treating Motor Fluctuations in PD

Table 2 summarizes the drugs currently used to treat motor
fluctuations and dyskinesias in PD. Figure 1 provides practi-
cal suggestions for daily clinical practice in this regard.

2.1 Levodopa

Parkinsonian symptoms are highly responsive to levodopa
administration, especially at earlier disease stages [17],
and every patient will eventually receive levodopa in order
to achieve optimal control of their motor symptoms [18].
The potential long-term effects of levodopa on Parkinson’s
disease beyond its immediate benefit remain uncertain as a
previous randomized control trial suggested that it might
slow the progression of Parkinson’s disease or have an effect
on the motor symptoms of the disease when compared to
placebo (ELLDOPA trial), an effect that was somewhat con-
tradicted by neuroimaging study data suggesting a possible
detrimental acceleration of nigrostriatal dopamine nerve
terminal neurodegeneration/dopamine transporter modifica-
tion in those patients exposed to levodopa [17]. One of the
reasons determining delay in levodopa initiation is the con-
cern about the development of motor complications. In fact,
doses higher than 600 mg per day or 5-6 mg/kg body weight
are associated with an increased risk of both wearing-off
and dyskinesia [17], with patient’s age being the next most
important predictor.

These data influenced PD treatment practices, and for
many years levodopa remained in the background with many
physicians using it in a restricted manner and mostly as sec-
ond-line strategy. To clarify this important topic, a unique

Table 1 Definitions regarding motor complications in Parkinson’s disease (motor fluctuations and dyskinesias)

“On” period Time interval when there is good response to medication with consequent improvement of motor symptoms and functional status
“Off’ period Time interval when the effect of dopaminergic medication wears off and a re-emergence of symptoms is observed with consequent

motor limitations and increased disability
Motor fluctuations Alternations between “on” and “off” periods

Wearing-off (end of dose deterioration) Reappearance of motor symptoms at the end of levodopa inter-dose intervals, due to shortening of ben-
efit of each medication dose; usually the first and most common pattern of motor fluctuation overall

Delayed on-response Postponement until the patient draws benefit from a given levodopa dose, causing an extension of “off” time and disability

No-on Absence of motor benefit after a given intake of levodopa; also known as dose failure

Sudden offs Unpredictable return of parkinsonian symptoms, unrelated to the timing of last levodopa dose

On—off fluctuations Predictable or unpredictable switching between “on” and “off” periods over a day or during each levodopa dose interval. In
its most severe form, it may manifest as “yo-yoing,” a term applied to the random unpredictable oscillations appearing in advanced stages of

the disease

Dyskinesias Involuntary non-rhythmic movements, whether chorea, ballism, and/or dystonia (rarely, myoclonus), often involving limbs, trunks,
and/or the cervicofacial region, which may cause impairment in motor function, social embarrassment and a restriction of daily-life activities

Peak dose dyskinesias Dyskinesias in relation to peak levodopa levels, while the patient is “on”
Biphasic dyskinesias Dyskinesias occurring just before an oral dose of levodopa and at the end of dose effect, when levodopa concentrations rise

above or fall below the therapeutic threshold

“Off’-period dyskinesias Typically appear at very low concentrations of levodopa; a characteristic manifestation is early morning foot dystonia;

this is often painful
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Table 2 Commercially available drugs used in the management of motor complications in Parkinson’s disease

Drug Formulation Strengths Regimens Commercial brand
Levodopa Levodopa/carbidopa (IR) 100/25 mg; 250/25 mg TID to QID*  Sinemet®
Levodopa/carbidopa (SR) 100/25 mg; 200/50 mg TID to QID®  Sinemet CR®
Levodopa/benserazide (IR) 100/25 mg; 200/50 mg TID to QID*  Madopar®
Levodopa/benserazide (SR-HBS) 100/25 mg TID to QID*  Madopar HBS®
Levodopa/carbidopa (ER) 95/23.75 mg; 245/61.25 mg  TID to QID Rytary®
Levodopa/carbidopa intestinal gel (LCIG)  20/5 mg/ml CDI Duodopa®
Dopamine receptor agonists  Ropinirole (IR) 0.25-5 mg TID Requip®
Ropinirole (PR) 2-8 mg QD to BID Requip XL®
Pramipexole (IR) 0.125-1 mg TID Mirapex®
Pramipexole (ER) 0.375-4.5 mg QD to BID Mirapex ER®
Rotigotine (patch) 2,4,6,8mg/24 h QD Neupro®
Apomorphine (infusion) 10 mg/ml QD Apokyn®
COMT inhibitors Entacapone 200 mg TID to QID Comtan®
Entacapone/levodopa/carbidopa 200/50-200/12.5-50 mg TID to QID Stalevo®
Tolcapone 100 mg BID to TID Tasmar®
Opicapone 50 mg QD Ongentys®
MAO-B inhibitors Selegiline Smg BID Eldepryl®
Selegiline (orally disintegrating tablet) 1.25 mg QD Zelapar®
Rasagiline 1 mg QD Azilect®
Safinamide 50 and 100 mg QD Xadago®
Zonisamide 25, 50, and 100 mg QD to BID Zonegran®
Amantadine Amantadine 100 mg BID to TID Symmetrel®
Amantadine (ER) 129, 193, and 258 mg QD Osmolex ER®

IR immediate release, SR sustained release, HBS hydrodynamically balanced system, ER extended release, XL extended (prolonged) release, QD
once daily, BID twice a day, TID three times a day, QID four times a day, CDI continuous dose infusion 16 h

2Sometimes more often

®In practice these should be used only at night-time, to treat nocturnal akinesia

of its kind randomized, double-blind, placebo-controlled,
delayed-start trial was conducted in early PD patients (up to
2 years since diagnosis, treatment-naive) and aimed to dis-
tinguish between a beneficial disease-modifying effect and
a symptomatic effect of an intermediate dose of levodopa
(LEAP trial). To attain this clinically meaningful effect,
authors analyzed a primary outcome—change from baseline
to the end of the trial period (80 weeks) in the UPDRS III
motor score between those treated for all 80 weeks (early-
start group) versus those treated with levodopa—carbidopa
for the second 40 weeks (delayed-start group). Importantly,
there was no difference in the primary outcome, which was
further supported by a non-inferiority analysis of disease
progression between the groups in the second phase of the
trial, rates of dyskinesia and levodopa-related motor fluc-
tuations between both group patients. This study is the first
providing level 1 evidence that levodopa does not have a
disease-modifying effect in PD [19].

So the practical question remains: when exactly should
levodopa be started in PD patients? Although there are
no robust data to support objective advice on this subject,

we feel that clinicians should not withhold levodopa if the
patient’s QOL is at stake, especially in elderly patients,
where there is a higher risk of cognitive deterioration, multi-
morbidity, and a higher number of concomitant medications,
and also in all patients with significant disability derived
from PD motor symptoms, regardless of their age, includ-
ing those who do not get enough clinical benefit with other
antiparkinsonian drugs.

Regarding strategies to ameliorate motor complications,
over the years an alternative strategy has been to improve
oral levodopa pharmacokinetics (adjusting the timing inter-
val of levodopa preparations and/or improving absorption).
In 1994, Nutt et al. studied whether meals affected levodopa
absorption and if they contributed to the discrepancy that
had been observed between drug ingestion and levodopa
plasma peak concentrations. This study was a milestone
because one of its major conclusions was that high-protein
meals or large oral intake of neutral amino acids neutralize
levodopa’s therapeutic effect, an interaction that had been
suggested by previous studies [20]. This interaction seems
to be determined by blood-brain barrier competition effects
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Fig. 1 Suggested therapeutic
strategies to tackle the most
common motor complications
in Parkinson’s disease. MAO-B
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and by the composition and chemical properties of a protein
meal in gastric emptying, delaying levodopa’s absorption
[21]. These conclusions must not be interpreted as a jus-
tification for protein-restricted diets, which also carry side
effects, namely dyskinesia, weight loss, malnutrition [22],
and long-term insufficient adherence [23], but they under-
score why patients taking levodopa are advised to take it on
an empty stomach (ideally at least 30 min before meals).

A widespread strategy is to combine levodopa with a
dopa-decarboxylase inhibitor (carbidopa, benserazide) to
improve absorption and reduce levodopa peripheral metabo-
lism. However, immediate-release (IR) combined formula-
tions of levodopa have a short half-life and require frequent
dosing, leading to marked fluctuations in levodopa plasma
concentrations, which may play a role in motor complica-
tions. Controlled-release formulations of levodopa—carbi-
dopa have been developed, but they have been associated
with erratic absorption and variable plasma concentrations
and treatment effects. A new extended-release (ER) levo-
dopa—carbidopa (IPX066/Rytary/Numient) is available in
North America in a capsule formulation in a 1:4 ratio of
carbidopa:levodopa in four distinct dosages, providing a
characteristic and unique levodopa plasma profile [24, 25].
After oral administration, there is rapid absorption of levo-
dopa, the concentration of which reaches its peak (C,,,,) by
approximately 1 h, comparable to the IR carbidopa—levodopa
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and other advanced therapies (apomorphine,
L-dopa intestinal gel)

formulation, followed by a sustained release of levodopa,
the concentration of which remains stable for approximately
4-5 h before declining again, thus avoiding pulsatile stimula-
tion of dopamine receptors and resulting motor complica-
tions [24]. Given this profile, unlike some other formula-
tions, IPX066 cannot be chewed, divided, or split. It was
shown to reduce “off” time as a percentage of waking hours
in comparison with the IR levodopa—carbidopa formulation
and levodopa—carbidopa—entacapone preparations in a large
pool of early and advanced PD patients with motor com-
plications [26, 27], which had not been achieved with the
previously available prolonged-release levodopa—carbidopa
formulations [28-30]. It was thus approved by the US Food
and Drug Administration (FDA) in 2015.

Another way to prolong striatal dopamine receptors stim-
ulation is by using new drug delivery methods, as we discuss
later [31]. A dry powder aerosol containing levodopa was
developed to treat intermittent and predictable motor and
refractory “off” periods, and has just received FDA approval
for treating “off” episodes in PD. Due to the large surface
area, pulmonary absorption of levodopa is quicker because
it avoids the variability related to gastrointestinal absorp-
tion and it provides a more predictable response and greater
bioavailability than standard oral L-dopa. In a placebo-con-
trolled 4-week study, approximately 25% of patients reported
mild coughing and none experienced serious pulmonary
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problems, but further studies on long-term safety are neces-
sary [32, 33].

2.2 Dopamine Agonists

In PD patients not optimally controlled with levodopa, it
may be desirable to add levodopa-sparing agents instead
of increasing levodopa, in order to address motor fluctua-
tions. Pramipexole [34, 35] and ropinirole [36] significantly
reduced “off” time compared with placebo [37]. Similarly,
two studies evaluated the change in UPDRS III during “on”
time between rotigotine, a non-ergot dopamine agonist with
activity across D1-D5 receptors, and other dopamine ago-
nists (DAs) (pramipexole and ropinirole) in PD patients with
motor fluctuations. Rotigotine proved to be non-inferior to
these DAs [38, 39], with a higher rate of application-site
reactions, although mostly insignificant, and a similar inci-
dence of impulse control disorders (ICDs) [38]. Additional
evidence for rotigotine came from 24-h transdermal delivery
of rotigotine (2—16 mg/24 h) that resulted in significant ben-
efit in a primary endpoint combining early-morning motor
dysfunction (evaluated by Unified Parkinson’s Disease Rat-
ings Scale (UPDRS) III) and nocturnal sleep disturbances,
compared to placebo in a double-blind trial (RECOVER)
[40, 41]. Newer extended-release formulations DAs pro-
mote more stable plasma levels and a comfortable number
of intakes. Ropinirole ER was compared with ropinirole IR
and the former was found to be more efficacious in main-
taining reduction in “off” time equal or superior to 20%
[42]. A study with 518 patients with advanced PD and an
“off” time per day higher than 2 h compared the efficacy
of pramipexole ER to pramipexole IR and placebo. Once-
daily pramipexole ER versus three times daily pramipexole
IR resulted in a decrease in “off”” time from baseline means
by an adjusted mean of —2.1 h/day for pramipexole ER and
—2.5 h/day for pramipexole IR compared to — 1.4 h/day in
the placebo group over 18 weeks, and this treatment effect
was retained over an extended period of 33 weeks, without
any particular adverse effects [43, 44]. Thus, the choice may
depend on the duration of action, local availability, cost, and
individual tolerability [37].

Nonetheless, the major concern with DAs is related to
their adverse effects, mainly peripheral edema, excessive
daytime sleepiness, constipation, hallucinations, nausea,
postural hypotension, and neuropsychiatric issues, in par-
ticular ICDs (e.g., hypersexuality, pathological gambling,
compulsive shopping) punding, and dopamine dysregulation
syndrome, which may appear at all disease stages [45]. There
is a paucity of evidence on how to address this issue. Usu-
ally, the first action is dose reduction/withdrawal. However,
while this may solve ICDs, a worsening of motor function
and the so-called dopamine agonist withdrawal syndrome
(DAWS) may emerge. DAWS is a severe condition that may

affect up to one-third of patients who attempt to reduce dopa-
mine agonists [46—49]. Its symptoms mirror those related to
the withdrawal of other psychostimulants and range from
anxiety, panic, agoraphobia, fatigue, dysphoria, nausea,
vomiting, diaphoresis, and even suicidal ideation, among
others. Currently, there is no known effective treatment for
ICDs or DAWS, and it does not seem to be ameliorated by
using levodopa as a replacement for the dopamine agonist
[46, 47]. Furthermore, the most serious side effect of ergot
DAs specifically (cabergoline, bromocriptine, pergolide,
lisuride)—fibrotic reactions (heart valves, pleuropulmonary,
retroperitoneal)—led to the discontinuation of these drugs
in many countries around the globe [50].

There is general concern that some of these side effects
may preclude using DAs in elderly patients, even in those
who have mild symptoms early in the course of the dis-
ease. Few older (i.e. at least 75 years old) PD patients are
enrolled in clinical trials [51], but it is expected that they
are more prone to adverse effects related to altered drug
metabolism, co-morbid conditions, including neuropsychiat-
ric manifestations, and drug interactions [52]. For these rea-
sons, DAs have traditionally been avoided in this population.
However, accumulating evidence suggests that these drugs
may be well tolerated in appropriately selected elderly PD
patients, as other characteristics besides chronological age
should be considered [53-55]. Of note, a 1-year open-label
extension study of the RECOVER trial, in which patients
received rotigotine (2—16 mg/24 h) for a 10-month mainte-
nance period (79% completion rate) and another open-label
extension study for the newly developed long-term-acting
ropinirole, in which patients who completed one of the three
prior studies evaluating this drug were enrolled and followed
for up to 73 months while taking long-acting ropinirole (up
to 24 mg/day) and levodopa or another non-dopamine ago-
nist PD medication both pointed to lower rates of ICDs,
regardless of age [40, 56].

For a long time, dopamine agonists have been considered
clinically valuable to prevent or delay the onset of motor
fluctuations, contributing to the clinical dogma that levo-
dopa should be used only late in the course of the disease,
and at the lowest dose possible to avoid motor complica-
tions. Nonetheless, according to the most recent evidence
derived from follow-up studies, there is no long-term clini-
cally relevant difference on motor complications or mor-
tality between levodopa or dopamine agonists [45, 57-59],
supporting the notion that motor complications will eventu-
ally emerge in most patients regardless of how dopaminer-
gic therapy is initiated. Yet, the same is not valid regarding
clinical symptomatic benefit in PD. The pragmatic PD-MED
trial randomized early or newly diagnosed PD patients to
either levodopa or levodopa-sparing agents and confirmed
that levodopa was superior with respect to improvement in
motor scores and quality of life, as previously mentioned,
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with most patients requiring levodopa for symptomatic con-
trol and significantly higher rates of treatment discontinua-
tion due to greater non-motor side effects in the dopamine-
agonist and monoamine oxidase B inhibitor groups versus
levodopa [18].

2.3 Catechol-O-Methyltransferase (COMT)
Inhibitors

After oral administration, levodopa is metabolized in the gut
and liver by catechol-O-methyl transferase (COMT). Drugs
inhibiting COMT act by increasing the elimination half-life
of levodopa. When given as adjunctive therapies, levodopa
bioavailability increases and “off”” time decreases, possibly
decreasing the required daily levodopa dose. It has been pos-
tulated that the administration of COMT inhibitors could
provide more stable plasma levodopa levels and, conse-
quently, sustained brain dopaminergic stimulation, a mech-
anism thought to reduce the risk of motor complications.

Entacapone is a selective, reversible inhibitor of COMT,
primarily acting to block gut metabolism and improve levo-
dopa absorption. Repeated administration of entacapone in
the recommended dose of 200 mg administered with each
dose of levodopa/carbidopa increases the levodopa plasma
concentration by approximately 30% [60]. Three double-
blind placebo-controlled randomized trials evaluated the
effect of entacapone as an adjunct to levodopa in PD patients
with suboptimal levodopa response and wearing-off motor
fluctuations, demonstrating the superiority of this strategy
with regard to the improvement of patient-reported “off”
times and the UPDRS motor scores [61-63], an effect that
is independent of the type of dopa decarboxylase inhibitor
used [40]. Later, a prospective, randomized, double-blind
study comparing perampanel, placebo, or entacapone in a
large sample size of 723 moderately severe PD patients with
motor fluctuations on levodopa confirmed the validity of the
initial findings. This study was terminated early due to the
lack of efficacy of perampanel, but a significant reduction
in mean total daily “off” time was observed with entaca-
pone versus placebo [64]. However, patients randomized
to entacapone in a triple regimen of levodopa/carbidopa/
entacapone (STRIDE-PD study) involving pulsatile admin-
istration, actually developed a higher rate of dyskinesias as
compared to levodopa/carbidopa alone [65, 66]. Also, during
a pre-approval randomized clinical trial for entacapone, an
increased incidence of prostate cancer was observed among
patients in the treatment arm, though posterior studies ruled
out this association [67, 68]. These results, along with poten-
tially fatal toxic liver effects due to tolcapone decreased the
popularity of these agents [37].

Recently, opicapone, a new COMT inhibitor with a longer
half-life than entacapone, received approval in Europe for
the treatment of end-of-dose fluctuations in patients on
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levodopa [69]. Compared with both entacapone and tol-
capone, opicapone shows a much higher degree of COMT
inhibition in erythrocytes [70]. It is administered once daily
at a dose of 50 mg in the evening since this dose was found
to be superior to placebo and non-inferior to entacapone
in reducing the daily “off” time during the 15-week study
period [69, 71]. The data further revealed that opicapone
50 mg was associated with significant improvement in the
proportion of both “off” and “on” times (minimum 1 h
improvement) compared to placebo. Moreover, this was
further addressed in another study that concluded that opi-
capone led to further improvement, comparative to enta-
capone, in both Patient Global Impression of Change and
Clinical Global Impression of Change. Finally, the incidence
of treatment-emergent adverse events in those patients tak-
ing opicapone was slightly reduced [72]. To date, opicapone
has not been evaluated in nonfluctuating PD patients, but it
remains an area of future research. Of note, the main side
effects with this drug class are diarrhea and urine discolora-
tion [73], which can sometimes be very concerning to the
patient. Notably, with opicapone the most common adverse
effects were dyskinesia, constipation, and dry mouth, and
no change in liver function or severe diarrhea were reported
[69].

2.4 Monoamine Oxidase B (MAO-B) Inhibitors

Rasagiline mesylate and selegiline act by selectively and
irreversibly blocking MAO-B, the main enzyme responsible
for degrading dopamine in the synaptic cleft, and so increase
concentrations of dopamine in the brain. Clinical trials
have demonstrated the efficacy and safety of these drugs
as adjunctive therapy to levodopa [37, 74]. In the PRESTO
trial, a randomized, double-blind study, 472 patients experi-
encing motor fluctuations received either rasagiline 0.5 mg
or 1 mg/day; rasagiline was beneficial in reducing the mean
total daily “off” time as compared to placebo at 26 weeks
of treatment [75]. Analysis of secondary outcomes also
revealed an increase in time without troublesome dyski-
nesias in patients who were administered rasagiline. The
LARGO trial found that the efficacy and safety of rasagil-
ine were comparable to entacapone in reducing “off” time
and increasing daily “on” time without dyskinesias in levo-
dopa-treated patients with PD and motor fluctuations [76].
Regarding selegiline, the recommendations are solely based
on lower quality studies that demonstrated only a modest
reduction in daily “off” time with this drug. The drug under-
goes extensive first-pass metabolism, which results in only
10% bioavailability, high concentrations of its metabolites,
and a variable pharmacokinetic profile. Therefore, selegiline
orally disintegrating tablets were developed to allow direct
absorption into the systemic circulation due to the highly
vascularized nature of the oral mucosa, thus bypassing the
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gastrointestinal system and the first-pass metabolism in the
liver. Preclinical studies have been performed to explore the
neuroprotective potential of MAO-B inhibitors, but there is
not enough evidence to recommend rasagiline or selegiline
for this purpose, either as initial monotherapy or as adjunc-
tive therapy [37].

The main adverse events with this drug class include
confusion, hallucinations, and hypertensive crises. It is
important to keep in mind that they might be involved in
drug-drug interactions if administered simultaneously with
tricyclic antidepressants, selective serotonin reuptake inhibi-
tors, or serotonin—norepinephrine reuptake inhibitors, with a
possible risk of serotonin syndrome [9], although this seems
notably uncommon for therapeutic doses of 10 mg daily
and 1 mg daily, respectively, for selegiline and rasagiline.
However, at higher doses, they lose selectivity and inhibit
both MAO-B and MAO-A, which may result in serotonin
syndrome, even when used alone. Currently, concomitant
use of rasagiline/selegiline and selective serotonin reuptake
inhibitors (SSRIs) is not recommended/contraindicated
according to product monographs/labels, interaction check-
ers (MicroMedex database, Medscape Drug Interaction
Checker, Stockley’s Drug Interactions), UpToDate, and
supporting literature. Nonetheless, to date, the only report
to estimate the incidence of serotonin syndrome with the
coadministration of an MAO-B inhibitor and an SSRI is the
Parkinson Study Group survey [77], which found an inci-
dence of 0.24%, which was not confirmed in a large poste-
rior retrospective phase IV study with 1504 patients (471
of whom took rasagiline plus antidepressants (74.5% were
SSRIs)) that used a formal definition of serotonin syndrome
(Sternbach criteria) and did not identify any cases of seroto-
nin syndrome [78]. As such, a potential interaction between
the two is largely based on case reports. This may lead to a
cautious recommendation that selegiline or rasagiline can be
prescribed with an SSRI, given the recognized benefits of
these agents in treating depression in PD, provided that their
doses are kept in the lower range for therapeutic benefit.
Interactions of MAO-B inhibitors with tyramine, found in
various foods such as cheese, are also described [79].

Safinamide is a new highly selective and reversible
MAO-B inhibitor that presents additional mechanisms
of action such as blocking of voltage-dependent sodium
and calcium channel and reduction of neuronal glutamate
release. Safinamide given orally (50-100 mg/day) was tested
against placebo in PD patients with motor fluctuations, and
a significant effect of treatment was verified with respect to
change in “on” time with no or non-troublesome dyskinesia,
an effect that was prolonged for 18 months, and therefore it
is now approved for the treatment of PD patients experienc-
ing motor fluctuations [37, 80-82].

Zonisamide (25-50 mg/day) has multiple modes of
action, with its main mechanisms being the activation of

dopamine synthesis in the striatum at the level of mRNA
of tyrosine hydroxylase with a resultant increase in dopa-
mine content and moderate inhibition of MAO-B. It also
inhibits T-type calcium channels and glutamate release,
exerts inhibition on an indirect pathway in the basal ganglia
through the 6 opioid receptor, and regulates oxidative stress,
which points to further neuroprotective effects. It has no
effects on dopamine receptors, dopamine transporter, dopa-
mine release, adenosine receptors, or serotonergic system.
A placebo-controlled randomized trial in PD patients with
wearing-off symptoms on other PD medications revealed a
benefit of zonisamide 50 mg in reducing “off” time, without
increasing dyskinesias, over a period of 1 year [83]. It is
now approved for the treatment of PD in Japan, where it was
originally synthetized. It remains unclear if there is a relative
benefit of either safinamide or zonisamide when compared
to other adjunctive therapies.

2.5 Adenosine A2 Antagonists

Recent evidence implicates the adenosine system in basal
ganglia function, and several adenosine A2A receptor antag-
onists have since been developed. Istradefylline is an adeno-
sine A2A antagonist now approved as adjunctive therapy in
Japan. Several studies have assessed the efficacy of this agent
in the treatment of motor fluctuations, with somewhat con-
flicting outcomes, which may relate to differences regarding
therapeutic schemes and dosage and patient selection, but
overall available evidence, including an unblinded 1-year
follow-up extension, supports its use in clinical practice [84].
No particular safety concerns were associated with this drug
apart from a slight increase in dyskinesias.

3 Dyskinesias

Dyskinesias appear as a result of supratherapeutic stimula-
tion of dopamine receptors, causing hyperkinetic involuntary
movements typically affecting the upper and lower limbs,
trunk, and/or facial muscles. Initially, they may manifest as
low-amplitude choreic movements, but as the disease pro-
gresses, they evolve into jerky, irregular movements, often
becoming very disabling and impairing the QOL of patients.
Sometimes patients present with dystonic postures, which
may be present in both the “on” and “off”” phases, and this
combination of dystonic and choreic patterns varies from
patient to patient [85]. Appearance of dyskinesias poses a
significant problem related to drug management, requiring
a delicate therapeutic balance to account for this trade-off
between control of “on” time with dyskinesias at the pos-
sible expense of increased “off” time duration and severity.
Estimates vary, but the median frequency of dyskinesias is
around 40% after 4-6 years of levodopa therapy [11].
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The so-called “peak-dose dyskinesias,” in relation to
plasma peak concentrations of levodopa, are temporally
related to levodopa administration and correlate with the
levodopa dose, with higher doses (e.g., 600 mg/day) associ-
ated with higher risk when compared to lower doses (e.g.,
150 mg/day) [17, 86]. Although the exact neural mecha-
nisms involved in dyskinesias are still undefined, progressive
nigrostriatal degeneration, cortical dysfunction (particularly
at the supplementary motor area), and abnormal plasticity of
corticostriatal synapses may all play a role [87, 88]. Differ-
ent animal models of PD and levodopa-induced dyskinesias
have associated a decrease in dendritic spine density of stri-
atal spiny projection neurons and an enlargement in spine
head size in different brain regions with dopaminergic den-
ervation and chronic levodopa treatment. These morphologi-
cal changes are consistent with the lack of depotentiation,
which is the electrophysiological hallmark of dyskinesias,
suggesting spine enlargement as a possible structural basis
for levodopa-induced dyskinesias. The mechanisms for this
synaptic plasticity may be connected with modulation of
receptors and ion channels that are abundantly present over
the neuronal dendrites such as the N-methyl-p-aspartate
(NMDA) and AMPA receptors and L-type Ca>* channels,
which explains why drugs blocking these structures might
have a possible benefit for the treatment of dyskinesias,
through a potential mechanism of spine loss and spine head
enlargement prevention [88]. As a result, non-dopaminergic
pathways such as glutamatergic, serotoninergic, GABAergic,
and noradrenergic may all be involved in the development of
dyskinesias. This opened up new avenues for different ther-
apeutic approaches thought to counteract the postsynaptic
changes, as we discuss further on [85]. Since patient factors
are not modifiable, and until now no neuroprotective drugs
have been proven to exist the traditional strategies that have
been proposed to manage dyskinesias mainly focus on low-
ering or fractionating the levodopa dose, dropping the dose
of adjunctive dopaminergic agents, adding a longer-acting
dopamine agonist, and providing continuous dopaminergic
delivery [37].

3.1 Prevention of Dyskinesias

Administering DAs (e.g., pramipexole, ropinirole) as a strat-
egy to delay the introduction of levodopa in order to reduce
the risk of dyskinesia in early PD, compared to levodopa as
initial treatment, has been supported by high-quality stud-
ies over the years [12, 13, 72, 89-92]. The longer half-life
of dopamine agonists and the ability to rapidly cross the
blood-brain barrier has been suggested as a reasonable
explanation for these results. Surprisingly, however, pro-
longed-release formulations of ropinirole and pramipexole
did not change the risk of developing dyskinesias [93, 94],
nor does this seem dependent on the affinity for dopamine
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D3 receptors, unlike previous studies suggested [95, 96].
This is because pramipexole is a D3-preferring dopamine
agonist and ropinirole is a dopamine receptor agonist with
highest affinity for D2 receptors, with both yielding similar
results. Two open-label 6-year extensions of the randomized
studies evaluating rotigotine (titrated to an optimal dose of
<16 mg/24 h) in monotherapy in early PD were conducted
to assess the long-term incidence and severity of dyskinesia
in these patients. A post hoc analysis concluded that only
19% of the 596 patients reported dyskinesias, mainly after
levodopa initiation, with more than half the patients with
dyskinesias considering it to be “non-disabling” [97]. It
should be kept in mind that no randomized trial has been
specifically designed to address this outcome. Besides dopa-
mine agonists, there is not enough evidence to recommend
other oral strategies such as adjunctive COMT or MAO-B
inhibitors for the purpose of preventing dyskinesias [37].

Contradicting this customary clinical practice, evidence
now points to an equal risk of dyskinesias in patients on
dopamine agonists after the introduction of levodopa to the
risk observed in those who had received levodopa from the
beginning, and attention is now turning to the disease dura-
tion and treatment dosage as the main determinant factors
for the development of dyskinesias, rather than early initia-
tion of levodopa [98-100]. Interestingly, patients with PD
also seem to be more concerned with wearing-off than with
dyskinesias [101]. Despite this, many PD patients continue
to be undertreated for fear of inducing dyskinesia (so-called
“levodopa-phobia”). There is a need to investigate if addi-
tional therapies developed to assure a more stable dopamin-
ergic delivery, such as the new levodopa extended-release
formulation (IPX 066/Rytary), have a potential role in pre-
venting or delaying dyskinesias. In fact, levodopa admin-
istered continuously via intestinal infusion was shown to
increase “on” time without troublesome dyskinesias com-
pared to IR oral levodopa—carbidopa, which suggests that
dyskinesias might be related to the pulsatile dopaminergic
stimulation as a result of oral levodopa treatment. Delaying
levodopa with the intent of preventing dyskinesias is thus
not evidence-supported in the long run, and it may actu-
ally prove to be counter-productive with regard to efficient
symptomatic control.

3.2 Treatment of Dyskinesias

While the prevention of dyskinesias still remains an unmet
need, symptomatic management of this phenomenon is also
challenging, as there are only a few clinically available spe-
cific interventions for dyskinesias, and no drug therapy with
this aim had been approved until recently.

Amantadine is a noncompetitive NMDA receptor antag-
onist, selectively blocking activated open-channel NMDA
receptors, an important target when addressing dyskinesias,
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as previously discussed, and it has direct and indirect effects
on glutamatergic and dopaminergic signaling. Amantadine
IR was originally approved for the treatment of influenza
virus, and only 30 years later did it receive the additional
indication for the treatment of PD. A daily dose up to
200 mg/day (higher doses are associated with an increased
frequency of adverse events related to anticholinergic and
NMDA receptor antagonist activity such as dry mouth, uri-
nary retention, constipation, and hallucinations) has been
shown to lower dyskinesia rating scales and UPDRS dys-
kinesia subscore items addressing duration and severity
[102—-104]. Moreover, withdrawing amantadine significantly
aggravated levodopa-induced dyskinesias within a median
time of 7 days, underlining its clinical value [102]. How-
ever, well-designed randomized long-term trials address-
ing the efficacy and safety of this drug are still needed, and
so guideline recommendations are widely variable, which
has limited its clinical use [105]. A novel formulation of
higher-dosing ER amantadine with a distinct pharmacoki-
netic profile exhibits a slow initial rise in amantadine levels
during the night and peak high levels in the morning that
remain sustained throughout the day (prolonged 7,,,), when
dyskinesias become more uncomfortable for the patients,
without any new safety concerns [106]. It has a once-daily
bed-time dosing scheme (a direct switch from amantadine
IR to amantadine ER can be done and consists of admin-
istering 137 mg for 1 week, increasing to a target dose of
274 mg thereafter [107]), which was shown to induce a sig-
nificant primary reduction in the Unified Dyskinesia Rating
Scale score, and a secondary increase in “on” time without
troublesome dyskinesias when compared to placebo accord-
ing to the results from the EASED and EASE LID 3 trials
[106, 108]. Both effects were sustained for up to 64 weeks
[109]. Like amantadine IR, it is generally well tolerated, but
precautions are necessary and patients should be especially
monitored for the development of depression and suicidal
ideation or behavior; an open-label long-term safety study
is currently ongoing. Of note, no direct comparison with
amantadine IR exists, which would be necessary to sustain
the relative efficacy and safety of this new formulation of
ER amantadine.

Different experimental oral drugs with potential anti-dyski-
netic effects have been evaluated in randomized placebo-con-
trolled trials, but results fell short of expectations derived from
experimental studies with some agents being discontinued for
conflicting results, lack of efficacy, troublesome side effects, or
worsening of motor symptoms [85]. An anti-dyskinetic effect
of safinamide has been suggested, but so far not demonstrated,
and its formal indication is adjunctive therapy to levodopa in
order to decrease “off” time [37]. A study evaluated prami-
pexole as add-on therapy or a switch from ergot dopamine
agonists in patients with PD and peak-dose dyskinesias on
levodopa and an ergot dopamine agonist; the conclusions

from this study were limited due to the lack of precise report-
ing of the outcome parameters, so the use of pramipexole to
treat dyskinesias merits further research [110]. Two placebo-
controlled trials have evaluated the use of levetiracetam, an
antiepileptic agent targeting synaptic vesicle glycoprotein 2A
channels, in PD patients with dyskinesias. However, differ-
ent dosage schemes, small sample sizes, and a large range of
dyskinesia scores at baseline as well as conflicting outcomes
have impacted the validity of these studies [37]. Mavoglurant
(AFQO056) is a noncompetitive antagonist at the metabotropic
glutamate receptor-5 binding site. Initial results regarding
the efficacy of mavoglurant in reducing dyskinesias seemed
promising but further research proved disappointing [111].
As discussed, the serotonin system has emerged as a possible
relevant player in the pathogenesis of dyskinesias. In fact, sero-
tonin neurons can convert exogenous levodopa to dopamine,
which is stored in synaptic vesicles and then released in an
activity-dependent manner. However, serotonin neurons lack
autoregulatory feedback mechanisms (e.g., dopamine trans-
porter), and the release of dopamine as a false neurotransmit-
ter from serotonin neurons leads to the consequent pulsatile
stimulation of dopamine receptors; in advanced PD there
might be an excessive stimulation of hypersensitive striatal
dopamine receptors. Thus, drugs acting on serotonin 1A/1B
autoreceptors (5-HT1A/B receptors) are likely to “silence”
these serotonin neurons. Additional evidence suggests that
simultaneous activation of 5-HT1A/B receptors has a syner-
gistic effect on the suppression of dyskinesia. Eltoprazine is a
mixed 5-HT1A/B agonist with a safe toxicological profile that
lacks antagonistic affinity for the dopamine receptors. This
drug, combined with levodopa, appears promising in animal
models and in a clinical study, with no major adverse effects
[112]. It is possible that eltoprazine and amantadine may have
complementary efficacy against dyskinesias [113]. Clozapine
is another drug targeting 5-HT receptors, and it is somewhat
efficacious regarding dyskinesias, but there are important
safety concerns with this drug (e.g., agranulocytosis, myocar-
ditis), requiring strict blood count monitoring [37]. Intensive
inpatient physical therapy may also prove useful as it seems
to improve dyskinesia and reduce levodopa equivalents dose
in comparison to general home exercises in at least one study
[114].

In conclusion, there is an unmet need regarding safe
therapies addressing dyskinesias without compromising PD
symptomatic control.

4 Advanced Therapies
4.1 Deep Brain Stimulation

Available evidence and accumulating experience support
deep brain stimulation (DBS) of the subthalamic nucleus
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(STN) or globus pallidus internus (GPi) in PD in those
patients whose parkinsonian symptoms improve under
levodopa, but who fail to achieve satisfactory control of
their motor fluctuations under optimized medical therapy.
DBS was the second major landmark in PD therapy, after
the introduction of levodopa. A study conducted in patients
with PD and at least 6 h per day of “off” time or moderate
to severe dyskinesias assessed the effects of bilateral STN
DBS by comparing patients exposed to stimulation within
7 days of implantation or implantation without activation.
Results showed that stimulation improved QOL and time
free of dyskinesias [115]. Several studies have suggested
that targeting either the STN or the GPi bring largely simi-
lar results in this regard [116—119]. Recently, a follow-up
study was conducted to compare motor symptoms, cogni-
tion, mood, and behavior 3 years after GPi and STN DBS
in advanced PD; this study provided class II evidence that
STN DBS provides better motor improvement, with a similar
risk for non-motor complications (namely, cognition, mood,
and behavior) [120]. Documented adverse effects to date are
mostly related to the surgical procedure, the implanted hard-
ware, or the stimulation itself, ranging from infection, intrac-
erebral bleeding, stroke, seizures, weight gain, infection, to
increased suicide risk, among others [121]. The incidence
of permanent severe morbidity or death may be as high as
4% [121, 122]. Given that this is not a risk-free procedure,
a clear balance between risks and benefits, and a compre-
hensive discussion with the patient are essential. Moreover,
this therapy is restricted to highly specialized centers, and
there are some restrictions to its use, such as age, cognitive
impairment, and severe psychiatric disorders, thus limiting
patient eligibility.

4.2 Levodopa/Carbidopa Intestinal Gel

The rationale behind levodopa—carbidopa intestinal gel
delivered continuously through an intrajejunal percutane-
ous tube and portable infusion pump involves the ability to
reduce the dose of oral levodopa and to continuously stimu-
late dopamine receptors, rather than the intermittent, non-
physiological, pulsatile dopaminergic stimulation derived
from oral levodopa therapy. It provides continuous exposure
to levodopa during waking hours and was specifically tested
in advanced PD patients with worrisome motor complica-
tions including dyskinesias. It was observed that besides a
significant reduction in “off” time, the infusion of levodopa
promoted a relevant increase in mean “on” time without dys-
kinesias compared to oral levodopa—carbidopa plus placebo
intestinal gel infusion, and both effects were prolonged for
at least 12 months, although it may take several months until
real benefits are noted [123, 124]. Recently, results from a
larger sample of patients in an open-label study confirmed
these results, with a benefit that was sustained throughout a
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period of 54 weeks [125]. Taken together, these data support
the use of levodopa—carbidopa intestinal gel as a viable alter-
native to surgery, and possibly as an option for those unsuit-
able for surgery. Nonetheless, it is an invasive procedure and
the implications of wearing an infusion system, including
possible device malfunctioning, are not minor. In the afore-
mentioned study, two (3%) of 71 patients discontinued due
to complications of surgery and 63 (89%) had device-related
complications, including tube dislocations, percutaneous
gastrojejunostomy insertion complications, stoma insertion
complications, pump malfunctions, and pneumoperitoneum.
The potential development of polyneuropathy has been sug-
gested in some case reports [126—129]. Further safety stud-
ies will clarify these issues.

4.3 Apomorphine

Apomorphine is a short-acting D1/D2 dopamine agonist
administered by subcutaneous continuous infusion. Addi-
tionally, apomorphine portable pens are currently avail-
able and can be considered as an on-demand treatment
for patients with severe and unpredictable “off” periods
(80-90% of patients experience an “on” response within
30 min of treatment). The reason why it is administered
parenterally is its rapid sulfonation if swallowed; however,
new formulations are being investigated, as discussed below.
Apomorphine was licensed in 1993 and has been established
in clinical practice for a long time, but evidence regarding its
efficacy relied solely on open-label and observational stud-
ies. It is also highly effective for reducing dyskinesias and
the levodopa dose in patients with severe motor complica-
tions, despite optimized oral or transdermal therapy.

Only recently, with the completion of the first randomized
double-blind trial to investigate its efficacy, safety, and toler-
ability (TOLEDO study) over a 12-week period, which was
conducted in PD patients with >3 years disease duration
plus motor fluctuations not controlled by medical treatment,
was this evidence confirmed [130]. This study, in which
106 patients were assigned to apomorphine (3—8 mg/h) or
placebo saline infusion (14—18 h per day) was a significant
contribution, because it bridges the evidence gap around
apomorphine utilization and opens an avenue towards its
inclusion in future guidelines, which may facilitate its
introduction in countries where it is not currently approved.
Difficulties related to the injection system (i.e., technical
aspects of the pump), the complexity of the initial titration
schedule, the difficulty of tailing off levodopa and other oral
dopamine agonists, the short duration of benefit, and the
risk of skin nodules and ulceration, a consequence of the
low pH necessary to maintain drug stability, may account
for its limited acceptance and explain why it is not used so
widely. Because it is a dopamine agonist, the side effects
attributed to this drug class—of which some of the most
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serious were sedation, hypotension, and cardiac rhythm dis-
turbances—may also manifest and contribute to the high
dropout rate documented, which reached 25% in patients
previously assigned to apomorphine and 34.1% in those who
had been previously randomized to placebo, among patients
who entered the TOLEDO open label phase [131].
Interestingly, a small retrospective study conducted in
the UK analyzed 28 advanced PD patients receiving treat-
ment with subcutaneous apomorphine (12 of whom had
experienced impulsive compulsive behaviors before start-
ing apomorphine) and found that in six of them there was a
complete resolution with oral dopamine agonist dose reduc-
tion before apomorphine initiation and in the other six there
was an improvement/stabilization under this therapy, while
only one of the 16 with no previous history of impulsive
compulsive behaviors developed this adverse event [132].
As previously mentioned, there is no effective treatment for
impulsive compulsive behaviors and they may lead to seri-
ous complications, so a potential benefit of this drug may
lead to its consideration in this specific patient population.

5 Future Directions

Besides the evidence-based therapies we have discussed
here, there are a number of other therapies in development.
A phase III study to determine whether a gastric-retentive
accordion pill of levodopa/carbidopa is more effective than
the carbidopa/levodopa IR in reducing motor fluctuations
is currently ongoing. Besides the subcutaneous route for
apomorphine administration, which has been associated
with injection-site reactions and lower acceptance rates, a
new sublingual apomorphine film strip (APL-130277) is
now under development and has been designed to be taken
up to five times a day, with a minimum 2-h dose interval.
Like the pulmonary surface, the oral cavity mucosa allows
for rapid absorption, and is thus attractive when exploring
new drug formulations with the purpose of prompt on-
demand delivery, which is necessary for both predictable
(e.g., upon waking up in the morning) and unpredictable
“off”” episodes, without the former inconvenience associated
with subcutaneous drug delivery. A 12-week, double-blind,
placebo-controlled phase III trial has been conducted, and
even though the initial results are promising (with benefits
starting 15 min post-dose and sustained for 90 min, with
mild to moderate and reversible side effects), further stud-
ies are needed and a 24-week open-label extension study
(NCT02542696) is currently ongoing [103].

Recently, the FDA released a complete letter response
stating that current evidence is insufficient to approve the
apomorphine sublingual film NDA in its present form,
requesting additional information and analyses, but no addi-
tional clinical trials were requested [133].

6 Conclusions

Nigrostriatal degeneration and resulting dopaminergic defi-
cits underlie the classical motor symptoms of PD, thus the
dopamine precursor levodopa became the mainstay of PD
therapy. Levodopa has demonstrated robust efficacy; how-
ever, the emergence of motor complications is common
with this drug, affecting most patients after 10 years [11].
Due to its potential dramatic impact on the QOL of patients,
the development of motor complications represents a clini-
cally meaningful disease milestone. Current therapeutic
approaches for motor complications are grounded on modi-
fication of levodopa pharmacokinetics, new formulations
that promote more constant blood levels, therapies sparing
levodopa or blocking non-dopaminergic targets known to
have an interplay in the pathogenesis of motor complications
(such as NMDA receptors).

Interestingly, even after 50 years since its introduction,
levodopa remains an evolving drug. Levodopa ER is now an
alternative for patients with motor complications. Regarding
levodopa-sparing therapy, the most commonly used drugs in
clinical practice include dopamine agonists, MAO-B inhibi-
tors, and COMT inhibitors. All these drugs display variable
degrees of success and must be adapted to individual cir-
cumstances, tolerability, cost, and local availability. Studies
on direct comparisons within drug classes are rare; however,
some differences have emerged. Opicapone is a new COMT
inhibitor with a higher COMT inhibition potency [70] and
a longer half-life than entacapone, thus relaunching COMT
inhibitors to the frontline of therapies addressing motor
fluctuations. Safinamide and zonisamide provide mixed
MAO-B inhibitor activity combined with dopaminergic
and nondopaminergic actions, and are exclusively approved
for patients with motor complications. Amantadine ER was
recently approved and it is the first oral treatment with a
proven benefit for both levodopa-induced dyskinesias and
“off”” time reduction.

For suitable PD patients with motor complications despite
optimized medical therapy, invasive therapies such as DBS,
intrajejunal levodopa, and subcutaneous apomorphine are
valid alternatives to control motor fluctuations and dyskine-
sias, but they remain available only in specialized centers.
There are no randomized studies comparing apomorphine
infusion, levodopa infusion, and DBS—although evidence is
more robust for the latter. The management of motor compli-
cations in patients with PD remains challenging, requiring a
thorough knowledge of available evidence and an important
amount of clinical experience.
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