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Abstract

Dopamine agonists (DAs) represent an excellent treatment option for patients with Parkinson’s disease, in both the early and
advanced stages of the disease, improving motor symptoms, lowering the incidence of motor complications, and address-
ing several non-motor symptoms. Indeed, each of these compounds have different pharmacokinetic and pharmacodynamic
properties, resulting in a unique efficacy and safety profile. Comorbidities, prominent non-motor symptoms and individual
subjects’ clinical characteristics should guide the choice of a specific DA, allowing better management of the patient by
optimizing the DA benefit/risk ratio. In this article we discuss brain distribution of dopamine receptors and their role in
each of the dopaminergic pathways, the pharmacological profile of non-ergoline DAs and class-related adverse effects, as

reported from post-marketing studies.

All dopamine agonists improve motor symptoms in
patients with early Parkinson’s disease (PD), as well as
motor fluctuations in the advanced stages of the disease.

Dopamine agonists may address several bothersome non-
motor symptoms, including gastro-intestinal and urinary
dysfunction, sleep abnormalities and mood disorders.

Dopamine agonists are generally well tolerated but
impulse control disorders, dopamine agonist withdrawal
syndrome, and heart failure have emerged as class-
related adverse effects.

Dopamine agonists should be prescribed according to
their different pharmacologic and pharmacokinetic pro-
files in different PD subpopulations.
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1 Introduction

Dopamine agonists (DAs) are compounds that mimic the
action of dopamine in stimulating striatal post-synap-
tic receptors and are usually classified as ergot derived
(e.g. bromocriptine, pergolide, cabergoline, lisuride,
a-dihydroergocryptine) and non-ergot derived (e.g. apo-
morphine, piribedil, ropinirole, pramipexole, and rotigotine).
DAs were initially developed as an adjunctive therapy to
levodopa (L-dopa) for patients with advanced Parkinson’s
disease (PD) with motor complications [1-3]. DAs are also
used both as monotherapy in mild-to-moderate PD and as
first choice in younger patients with the goal of delaying
L-dopa therapy and the related risk of motor complications
[4,5].

The newer DAs have the advantage of a longer half-life,
which can simplify the schedule of administration, due to
a once-daily dosing, ensuring better compliance and tol-
erability. However, post-marketing studies of DAs have
highlighted the occurrence of important long-term adverse
effects, such as impulse control disorders (ICDs), that have
significantly limited their use in clinical practice.

Several factors, including pharmacokinetic and pharma-
codynamic properties, patient’s clinical characteristics and
concomitant morbidities, need to be considered when choos-
ing a DA to optimize the benefit/risk ratio.

Currently, ergot-derived DAs are rarely utilized due to
significant safety concerns, including heart valve fibro-
sis, vasospasm, erythromelalgia, pleuro-pulmonary and
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retroperitoneal fibrosis [6—8]. This article will focus on non-
ergot DAs, which are well known to provide clinical ben-
efits for both early and advanced PD [9, 10]. In particular,
the advantages and disadvantages for each molecule will be
discussed, with the aim of advising a more patient-tailored
therapeutic choice.

1.1 Distribution and Role of Dopamine Receptors

Dopamine receptors are widely represented in the central
nervous system (CNS) and in the periphery. Dopamine
receptors can be divided in two families, D; and D,: the D,
family includes D, and D5 while the D, family includes D,,
D; and D,.

There are four dopaminergic pathways in the brain. The
Nigro-Striatal pathway is responsible for locomotor activ-
ity and is mediated by D, D, and D; receptors. D, and D,
receptors are present in high concentrations in the caudate
and the putamen while D, receptors are found exclusively in
the internal globus pallidus (GPi) and substantia nigra pars
reticulata (SNr) (direct pathway) and D, receptors are mainly
expressed in the striatal projections to external globus pal-
lidus (GPe) (indirect pathway) [11, 12]. The Meso-Limbic
pathway projects from the ventral tegmental area (VTA) of
the midbrain to the nucleus accumbens and to the olfactory
tubercle and expresses preferentially D, receptors. Executive
functions are mediated by the Meso-Cortical pathway that
connects the VTA to the prefrontal cortex, which contains
the highest expression of D, receptors.

Both the Meso-Limbic and the Meso-Cortical pathways
have a crucial role in learning and memory mechanisms
implicated in reinforcement and reward-related behaviors
[13, 14]. Recent studies demonstrated that changes in dopa-
minergic neurotransmission in the mesolimbic pathway are
associated with modification of reward-related behaviors and
are therefore closely associated with addiction-type behavior
[15, 16]. The extensive representation of D, receptors within
the limbic system, frontal cortex and thalamus, reveals the
crucial role of hyper-stimulation of this receptor in modify-
ing behavior [17].

The Tubular-Infundibular pathway originates in the
hypothalamus, projects to the hypophysis and is involved in
neuroendocrine regulation and wake-sleep cycle generation.
At this level, dopamine acts by inhibiting prolactin release,
with a subsequent negative effect on heart rate and vascular
tone [18].

Outside the CNS, dopamine receptors can be found
in kidneys, blood vessels, postganglionic sympathetic
nerves and sympathetic ganglia. In kidneys, stimulation
of D, receptors is associated with renal vasodilation and
an increase in electrolyte excretion, determining increase
in renal flow, diuresis, natriuresis and subsequent hypoten-
sion. D, receptors mediate bradycardia, decrease in afterload
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and vasodilatation in certain vascular beds, also determining
hypotension [19, 20].

Basal ganglia seem to be involved in autonomic mecha-
nisms, regulating heart rate and blood pressure. Stimulation
of D,/D; receptors has been found to positively correlate
with heart rate variability and negatively affect supine sys-
tolic blood pressure plus heart rate [21]. The vasodilatation
and subsequent lowering of blood pressure can also result
from the activation of post-synaptic dopamine receptors
located on the vascular smooth muscle of blood vessels
[22-24], while the activation of D, receptors in the heart
reduce heart rate and left ventricular contractility [25].

Dopaminergic mechanisms are also important in regula-
tion of gastrointestinal motility. Dopamine exerts a direct
relaxant effect by activating muscular D, receptors in the
lower esophageal sphincter and stomach. Furthermore,
dopamine exerts an indirect inhibitory effect on the muscu-
lature by inhibiting acetylcholine release from the intrinsic
cholinergic motor neurones via the activation of pre-junc-
tional D, receptors [26].

Conceivably, dopamine receptors are involved in the regu-
lation of a variety of functions including locomotor activity,
cognition, memory, pleasure, reward, addiction, pain, modu-
lation of neuroendocrine pathways, and learning. Clinically,
dopaminergic modulation of all frontal-subcortical circuits
provides the anatomic basis not only for the complex effect
of dopaminergic agents, but also for their adverse reactions.

2 D,/D, Family Agonists
2.1 Apomorphine

Apomorphine is a highly potent, short half-life D,/D, agonist
showing greater affinity for D, compared with D, receptors,
resembling the receptor profile of dopamine. Apomorphine
hydrochloride is derived by heating morphine with concen-
trated hydrochloric acid. However, it has completely differ-
ent pharmacological properties to morphine: apomorphine
has no opiate properties and no direct pain-killing proper-
ties [27]. In addition, apomorphine acts as an antagonist for
adreno- and histamine-receptors [28].

It has been demonstrated that apomorphine has an effi-
cacy profile comparable with levodopa [29]. The use of
intermittent apomorphine injections represents an extremely
efficacious rescue therapy for OFF related to delayed ON
and NO-ON phenomena [30].

A sublingual formulation of apomorphine for the fast
remission of OFF episodes is currently being evaluated in
Phase III clinical trials [31].

Treatment with subcutaneous continuous infusion is
indicated for advanced Parkinsonian patients suffering
from drug-resistant OFF periods and peak dose dyskinesia
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uncontrolled by oral treatment. However, this therapy is
available only in few European countries. Phase III studies
for the development of apomorphine infusion are currently
ongoing in Austria, Denmark, France, Germany, The Neth-
erlands, Spain and the USA. Clinical trials have reported
only mild adverse effects, the most common being site injec-
tion nodules, yawning, drowsiness, nausea, somnolence and
dizziness [32-34].

Apomorphine is effective on non-motor symptoms
(NMS) including mood/apathy, perceptual problems/hallu-
cinations, attention/memory, gastro-intestinal and urinary
domains [35]. Studies conducted with diagnostic instru-
mental tests found that apomorphine was able to correct
anorectal dysfunction, improve swallowing abnormalities,
total swallowing time and urinary function by ameliorating
voiding efficiency [36-38]. Several case reports have high-
lighted the efficacy of apomorphine on treating OFF-related
pain, in particular that of visceral presentation such as acute
genital, pelvic and thoracic pain [39-41]. Therefore, when
OFF is associated with intractable pain, apomorphine should
be considered as an important option to relieve the patients’
discomfort.

2.2 Rotigotine

Rotigotine is the only DA manufactured as a transdermal
patch, which offers several key advantages over oral therapy,
including elimination of variables influencing gut absorp-
tion, such as impaired gastro-intestinal motility and food
effects. It has affinity for both D,/D; receptor as well as D,
suggesting that it closely resembles endogenous dopamine
[42].

A recent meta-analysis demonstrated that rotigotine was
associated with significant improvements in PD symptoms,
as evidenced by reductions in Unified Parkinson’s Disease
Rating Scale (UPDRS) motor and activity of daily living
(ADL) scores in patients with both early and advanced PD.
The most common adverse events (AEs) were application
site reactions, nausea, and somnolence [43].

Several studies have investigated the long-term effect of
rotigotine on motor complications and found that the inci-
dence of dyskinesias was low with dyskinesia being gener-
ally “not disabling” or “mildly disabling” [44—46].

Among NMS, rotigotine has demonstrated its efficacy in
improving nocturnal sleep disturbances, painful dystonia in
the morning and nocturnal painful muscle cramps or spasms
through amelioration of nocturnal OFF and early morning
OFF [47-49]. Rotigotine has been shown to be effective for
swallowing dysfunction, improving both the oral and phar-
yngeal phase of swallowing [50] and to ameliorate gastric
emptying, in two small open-label studies in patients with
early and advanced PD, based on video-fluoroscopy and

breath test with '*C-octanoic acid results [51]. This benefi-
cial effect on gastro-intestinal motility seems to be ascrib-
able to the reduced inhibition of the myenteric plexus (D,
mediated) and the ability to bring about the central dopamin-
ergic augmentation on gastro-intestinal motility mediated
by D, receptor. In a small study performed on patients with
de novo PD, the administration of rotigotine was not associ-
ated with modification of cardiovascular parameters, such as
orthostatic and cardiac response to Valsalva maneuver [52].

3 D, Family Agonists
3.1 Pramipexole

Pramipexole has a high selectivity for D,, D5 and D, recep-
tors but higher affinity for D5 receptors [53]. The dopamine
receptor-binding properties of pramipexole is similar to rop-
inirole: both have a C100-fold higher affinity for D; over
D, receptors and no demonstrable affinity for dopamine D,
subfamily receptors [54, 55].

Both formulations of pramipexole [immediate release
(IR) and extended release (ER)] are effective in improving
motor disability and activities of daily living as measured
by UPDRS part III and II in early PD patients and reducing
the daily total ‘OFF-time’ in advanced Parkinsonian patients
[56, 57].

The safety profile did not differ between pramipexole
IR and ER, with somnolence, nausea, constipation, dizzi-
ness and hallucinations recognized as the most common
treatment-emergent AEs in early PD [58] and dyskinesias
in advanced PD [59]. Daily somnolence is frequently associ-
ated with pramipexole since sudden onset of sleep and sleep
attacks have been reported with higher frequency in treated
groups compared with placebo [60].

Pramipexole IR has been shown to have beneficial effects
on depression [61, 62] and is considered to be efficacious for
treating PD depressive symptoms according to Movement
Disorders Society (MDS) guidelines [63].

3.2 Ropinirole

Ropinirole stimulates both D, and Dj; striatal dopamine
receptors. It is 20-fold more selective for D5 than D, recep-
tors and 50-fold more selective for D5 than D, receptors. It
has almost no affinity for D, f-adrenoceptors, adrenergic,
serotoninergic and g-aminobutyric acid receptors [64].

In a randomized clinical trial performed in early PD, IR
and prolonged released (PR) ropinirole demonstrated simi-
lar efficacy on the UPDRS motor score [65]; in subjects
sub-optimally controlled by levodopa, ropinirole PR was
found to significantly delay the onset of dyskinesia [66]. In
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advanced PD, a statistically significant reduction in daily
OFF time compared with placebo group was observed with
ropinirole PR [67], which was also significantly superior to
ropinirole IR in maintaining an improvement in daily OFF
time [68].

The most common adverse effects, for both formula-
tions, were nausea and somnolence of mild-to-moderate
severity, which occur more frequently during the titration
phase [65]. Excessive somnolence and sudden onset of sleep
(sleep attack) were also observed in randomized clinical tri-
als, even though in one study ropinirole PR improved sub-
jective quality of sleep, reduced daytime sleepiness and led
to disappearance of sleep attacks compared with ropinirole
IR, possibly due to a more stable plasma concentration of
ropinirole [69].

Data on ropinirole and NMS from post hoc analysis of
randomized clinical trials and post-marketing studies sug-
gest that ropinirole may have beneficial effects on sleep, noc-
turnal disturbances, anxiety and depression [70, 71].

3.3 Piribedil

Piribedil is a dopamine agonist marketed in South and Cen-
tral America, in a few European countries, and in Asia. It is
a piperazine derivative that acts as a partial agonist for D,/
D; receptors; it also has a,-adrenergic antagonist properties,
low affinity for serotonin 5-HT receptors, and slight affinity
for the histaminergic and cholinergic receptors. Piribedil is
formulated as an ER formulation that is administered three
times a day [72, 73].

This drug has been proven to be efficacious as mono-
therapy and as adjunct to levodopa in early, non-fluctuating
PD patients [74].

For NMS, piribedil has been found to be effective for
apathy, perhaps in relation to its a,-antagonistic properties,
and on daytime sleepiness as evidenced by randomized con-
trolled trials [74].

In conclusion, piribedil can be considered a useful alter-
native to standard DAs in subjects with apathy and excessive
daytime sleepiness.

4 Class-Related Adverse Effects
4.1 Impulse Control Disorders (ICDs)

ICD symptoms most commonly include pathologi-
cal gambling, excessive spending and hypersexuality,
and have been reported in association with the use of
IR DAs [75-77]. ICD risk factors are well known and
include younger age, male gender, premorbid personality,
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treatment with levodopa, monoamine oxidase-B (MAO-B)
inhibitors and particularly DAs [78, 79].

The relatively recent marketing of the new ER DAs has
not yet shown conclusive data on the incidence of ICD dur-
ing their use. However, a recent study [80] clarified the inci-
dence of ICD in PD patients treated with different DAs. This
was a retrospective and prospective survey based on medi-
cal charts of 425 subjects enrolled from eight Movement
Disorders Centers across Europe. The overall incidence of
clinically relevant ICD was 13.4%; the rate of ICD was sig-
nificantly lower with rotigotine compared with ropinirole
(ER plus IR), pramipexole IR and pramipexole (IR plus ER).
There was no significant difference between rotigotine and
pramipexole ER, having the respective incidence rates of
4.9% and 6.6%, respectively [80].

These data have been confirmed by an earlier multi-
center transversal study performed in Spain [81], suggest-
ing that oral treatment with DA was found to be strongly
associated with risk of ICD compared with transdermal
rotigotine (42% vs 19%). No significant difference was
found between standard versus ER DAs [81].

The different incidence detected between oral ER DAs
and transdermal rotigotine might be related to the differ-
ent route of administration and to the resulting stability of
plasma concentrations [80, 81].

Treatment with subcutaneous apomorphine infusion has
been associated with a lower rate of risk of developing ICDs
according to several reports and confirmed by results of a
large multicenter national study on advanced patients [82].

The occurrence of ICDs in patients treated with DA ther-
apy has led many neurologists to switch to piribedil, which
was rarely associated with this disorder. Nevertheless, in
the last few years, several cases of ICD have been reported
in subjects on piribedil [83], so caution is warranted when
this drug is prescribed to subjects with a past history of ICD.

Current clinical practice has shown that ICDs can be
successfully controlled by reducing the dose of the DA
or by its discontinuation. A compensatory increase in
levodopa dosage, the adjunct of catechol-O-methyl trans-
ferase (COMT) inhibitors, or MAO-B inhibitors is usually
required to maintain an optimal clinical control.

Switching from one agonist to another, even with dif-
ferent pharmacological properties, does not always result
in a disappearance of the ICD. There is no established
treatment for ICD; small clinical trials have tested the effi-
cacy of several drugs [e.g. atypical antipsychotics, mood
stabilizers, selective serotonin reuptake inhibitors (SSRIs),
amantadine, naltrexone] with insufficient evidence of effi-
cacy [84].
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4.2 Dopamine Agonist Withdrawal Syndrome
(DAWS)

Dopamine agonist withdrawal syndrome (DAWS) was
clinically defined in 2010 and includes a stereotyped cluster
of physical and psychological disturbances such as panic
attacks, depression, diaphoresis, agitation, fatigue, pain,
orthostatic hypotension and drug craving. The development
of DAWS seems to be related to higher DA dosage, cumula-
tive DA exposure, higher levodopa equivalent daily doses
(LEDD) and longer duration of DA treatment [85]. DAWS
can occur immediately after the beginning or at the end of
DA taper [86].

Interestingly, all subjects developing DAWS had to with-
draw a DA because of an ICD and had a previous history
of anxiety, depression and behavioral addiction disorders,
which can therefore be identified as risk factors for develop-
ing both ICD and DAWS [85, 86].

DAWS has been observed after tapering of pergolide,
pramipexole and ropinirole without statistically significant
difference amongst DAs. Nowadays it is generally recog-
nized that DAWS is a class effect since its occurrence has
been noted after discontinuation of the majority of DAs.

No specific treatment for this syndrome has proven to
be efficacious among those tested (e.g. SSRIs, mirtazapine,
benzodiazepines, opiates, gabapentin, or cognitive behav-
ioral therapy). Increasing levodopa following the taper of
the DA does not usually ameliorate DAWS symptomatology
even though there are some minor cases that can benefit
from higher levodopa dosages [87].

4.3 Cardiological Adverse Effects

Few studies have investigated the association between heart
failure (HF) and DAs. None of these have provided a defi-
nite explanation of the association between use of DAs and
increased risk of HF. This risk is not a class effect for DAs
and is not related to ergoline structure. Pramipexole, which
most of all has been found to be related to an increased risk
of HF, has high affinity for D,, D;, D, receptors but it is
also an a,-adrenergic receptor agonist; its probable role in
increasing the risk of HF could be related to the activation of
these auto-receptors, thus reducing adrenergic tone and myo-
cardial contractility [88]. Pramipexole could also unmask a
subclinical HF or negatively influence preexisting cardiovas-
cular comorbidities [89].

Conceivably, a careful cardiological assessment is rec-
ommended before prescribing and throughout the treatment
with pramipexole. Other cardiological AEs associated with
DA treatment are sinus node dysfunction with ropinirole
[90] and first-degree AV block with rotigotine [91]. In Phase
III studies and during post-marketing surveillance, apomor-
phine has been associated with QT prolongation and cardiac

arrest [92, 93] even though animal studies [94] and a formal
study performed with sublingual formulation (data not pub-
lished) have not confirmed these data.

Further clinical and instrumental studies, targeted to
a physio-pathological definition of the causes of HF, are
needed to improve therapeutic management of PD patients.

5 Summary

DA agonists are definitely powerful drugs in the manage-
ment of PD and have shown equal evidence of being clini-
cally useful both as monotherapy or adjunct to L-dopa in
early and mid-stage/advanced PD patients. DA agonists
improve motor symptoms and also ameliorate some NMS
(Table 1, Fig. 1). Moreover, no other antiparkinsonian drugs
have shown a similar positive effect in improving motor fluc-
tuations. The power of a DA becomes clear to physicians and
patients when for any reason the dose of the agonist needs to
be reduced or withdrawn. The worsening of motor and non-
motor symptoms is abrupt and can be hardly compensated
for by a significant increase of L-dopa.

Indeed, in the past years, some clinical problems have
emerged with the use of DAs. ICDs and DAWS are clinical
syndromes that physicians have to take into consideration
when using DAs and learn how to deal with them. Moreo-
ver, cumulative knowledge about these drugs gives us the
opportunity to recognize specific adverse effects, allowing
the opportunity of an early intervention.

DAs are not all the same. On top of some class-related
AEs there are differences in expression and frequency of
AEs across DA agonists. This is due to the different dopa-
mine receptor affinity, pharmacokinetic and pharmacody-
namic properties. It has also been reported that the symp-
tomatic effect can significantly increase by combining
two DAs with different pharmacological profiles [95]. We
reported in this article how the AE profile and the presence
of prominent NMSs plus concomitant morbidities character-
ize each DA and need to be considered before prescribing
a DA.

6 Recommendations

The clinical response to a DA is different for each subject
and switching from one DA to another is recommended in
case of a lack of benefit or bothersome adverse effects.

Treatment with DAs should begin with a low dose and be
increased until a meaningful clinical benefit occurs.

The elderly are at greater risk of developing AEs dur-
ing treatment with DAs, and a risk—benefit analysis should
be performed before initiating treatment, based on pres-
ence of motor complications, comorbidities and cognitive
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Table 1 Binding affinity, clinical use, non-motor symptoms addressed, main side effects of dopamine agonists

Clinical indication:
motor symptoms

Molecule Receptor affinity

Clinical indication: ICD?* Cardiac side effects
non-motor symptoms

Other side effects

Intermittent sc
injection for early
morning akinesia,
delayed ON and no
ON phenomena

Sublingual film
for “on-demand”
management of OFF
episodes®

Subcutaneous infusion
in advanced PD with
drug resistant OFF

D1, D2, D3>D4, D5 Monotherapy in early
PD ties

Adjunct to LD in
advanced PD with
motor fluctuations

Apomorphine D1 >D2, D3, D4

Rotigotine

Pramipexole D3>D2, D4 Monotherapy in early
PD

Adjunct to LD in
advanced PD with

motor fluctuations

Ropinirole D2>D3, D4 Monotherapy in early
PD

Adjunct to LD in
advanced PD with
motor fluctuations

Piribedil D2, D3>Dl Monotherapy in early
PD

Adjunct to LD in non-

fluctuating PD

OFF related pain X

Anorectal dysfunction

Swallowing abnor-
malities

Urinary dysfunction

Nocturnal abnormali- X

Depression

Depression XX

Apathy

Prolonged QT interval
[92, 93]

Acute hypotension,
nausea, vomiting

Subcutaneous nodules,
hypotension

First-degree AV block Application site reac-
[91] tions

Swallowing and gas-
tric dysfunction

XXX Heart failure [88, 89]  Sleep attacks

Sinus node dysfunc-
tion [90]

Sleep attacks

X Contraindicated in
post- myocardial
infarction phases
[73]

DA dopamine agonists, /CD impulse control disorder, LD levodopa, PD Parkinson’s disease, sc subcutaneous

3XXX indicates strong, XX indicates moderate, X indicates mild, 0 indicates no effect. ® Currently being tested in Phase III trials

impairment [96]. Patient’s preference and lifestyle hab-
its should also guide neurologists to choose between oral
medications (i.e. pramipexole and ropinirole), or rotigotine,
which is administered by the transdermal route.

6.1 Motor Symptoms

Pramipexole, ropinirole and rotigotine have shown
equal evidence of being clinically efficacious both as
monotherapy and as add-on to L-dopa [9]. Treatment
with apomorphine in subcutaneous infusion is approved
for advanced Parkinsonian patients suffering from OFF
periods and peak dose dyskinesia uncontrolled by oral
treatment [30].

Apomorphine administered by subcutaneous injec-
tion (bolus) is a rescue therapy that offers very rapid
relief of early morning akinesia, drug-resistant OFF and
unpredictable OFF periods as well as OFF-related pains,
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with a dramatic impact on patients’ quality of life [30,
31, 39, 40].

6.2 Non-motor Symptoms
6.2.1 Neuropsychiatric Symptoms

Parkinsonian patients with depression may benefit from DA
treatment and, in particular, pramipexole [62, 63]. Within
this category of patients, particular attention should be paid
to young, male patients who are known to be at greater risk
for developing ICDs. Increased risk of ICD has also been
found in subjects with baseline personality characterized
by impulsivity, altered executive function, greater novelty
seeking, and premorbid ICDs. Therefore, in this population,
the use of a DA should be minimized or a DA with higher
affinity for D, receptors such as rotigotine or apomorphine
should be preferred [78].
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Fig. 1 Algorithm for the
choice of dopamine agonists
in the treatment of non-motor
symptoms

Premorbid ICDs,
impulsivity, altered
— executive functions,
greater novelty

seeking

Discourage the
use of DA or
prefer DA acting
onD1

Discourage

Cognitive

—[ Neuropsychiatric ]—

the use of DA

decline

Piribedil

| Apathy

~
In depressed patients, attention to young, male
patients: greater risk of developing ICDs

NON MOTOR
SYMPTOMS

)
Gastro-intestinal Apomorphine
«—
dysfunctions,
drooling, dysphagia
\_ & cysphagia ) Rotigotine

\_

Nocturnal akinesia
and early morning

—| Ropinirole

dystonia

_| Rotigotine

hypotension

Orthostatic

Discourage
the use of DA

Piribedil is the only DA that has been found to be effec-
tive for apathy and can be considered when this symptom is
present [74]. The presence of cognitive decline should dis-
courage the use of DAs since they can trigger or exacerbate
confusion and other psychotic symptoms. The occurrence of
confusion, hallucination and delirium requires a temporary
or permanent discontinuation of a DA accompanied by a
compensatory increased in L-dopa daily dosage [63].

6.2.2 Autonomic Dysfunction

Apomorphine or rotigotine, because of their alternative route
of administration and enhanced gastro-intestinal activity
mediated by D, receptors, should be preferred in subjects
with drooling, dysphagia, or prominent gastrointestinal dys-
function, as well as in presence of delayed ON and NO-ON
phenomena due to slow gastric emptying [36, 37, 50, 51].
Since apomorphine injection may cause an acute lowering
of blood pressure values, it should be used with caution in
patients suffering from post-prandial hypotension. Subjects

with orthostatic hypotension (OH) should be preferentially
treated with L-dopa because DAs are well known to exacer-
bate OH through vasodilatation in peripheral vascular beds
[23]. Excessive sweating is a common NMS that can cause
poor adhesiveness and reduce the effectiveness of treatment
with rotigotine [97].

6.2.3 Sleep Disorders

Rotigotine and ropinirole have been shown to be efficacious
in improving sleep with a significant effect on sleep quality
and maintenance, nocturnal akinesia as well as early morn-
ing dystonia [69, 70, 98]. Daily somnolence, sudden onset of
sleep and sleep attacks have been frequently associated with
pramipexole and, to lesser extent, ropinirole. Since these
episodes tend to occur without notice, even in non-demented
subjects, close monitoring with specific scales measuring
daily sleepiness is needed [60, 67].
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Table 2 Pharmacokinetic properties of dopamine agonists

Molecule Formulation Clearance/excretion Metabolism Steady state Elimination half-life
(T1.2)
Apomorphine [27] Subcutaneous injec- Hepatic, 96% Hepatic 1-3h 30-60 min

Renal, 4%

In mild to moderate
renal and hepatic
impairment, reduce
the initial testing
dose to 1 mg

Renal, 71%

Fecal, 23%

No dose adjustment
required for hepatic
and renal failure

Renal, 90% unchanged
Not recommended in
CrCl <30 mL/min

Renal, > 88%

No dose adjustment
for mild to moderate
renal failure; maxi-
mum dose 18 mg/day
if dialysis

Not studied in hepatic
impairment (admin-
istration not recom-
mended)

Renal, 68%
Bile, 25%

tions
Sublingual film*
Subcutaneous infusion

Rotigotine [42] Transdermal

Pramipexole [55]  Oral, ER

Ropinirole [64] Oral, PR

Piribedil [73] Oral, SR

Hepatic—multiple
CYP isoenzymes

1-2 days, maintained
at a stable level by
once daily applica-
tion

Minimal, < 10% 5 days of continuous

56.5 min (10 mg)

5-7h

8 hin the young to 12 h

dosing in the elderly
Hepatic, via P450 4 days of continuing 6h
CYP1A2 dosing
Hepatic Biphasic: 1.7and 6.9 h

CrCL creatinine clearance, CYP cytochrome P450, ER extended release; PR prolonged release, SR sustained release

aCurrently being tested in Phase III trials

6.3 Comorbidities and Concomitant Medication

It is of outmost importance to carefully evaluate patients’
comorbidities and concomitant medication before pre-
scribing a specific DA since all DAs are extensively
metabolized by the liver, except for pramipexole, which
is primarily excreted unaltered in the urine by active renal
tubular secretion (Table 2). The major route of elimina-
tion of the remaining DA is via the liver through the
cytochrome P450 (CYP) enzyme system; thus, particular
attention needs to be given to patients treated with other
CYP inhibitors.

Pramipexole can be particularly useful for patients
receiving multiple drugs to minimize drug—drug inter-
actions. In contrast, pramipexole should not be used in
patients with advanced renal impairment, and dosage
must be adjusted in patients with mild or moderate renal
insufficiency [55]. The link between pramipexole and HF
needs still to be fully elucidated, but a risk—benefit analy-
sis should be performed before starting pramipexole in a
population at risk due to older age, male gender, history

A\ Adis

of hypertension or other cardiovascular disturbances,
cigarette smoking, diabetes and physical inactivity [89].

7 Conclusion

DA s represent an excellent treatment option for patients with
PD, both as monotherapy in early disease and as an add-on
to L-dopa in later disease. However, it is very important that
these medications are prescribed at the right time, at the
right doses and in the right combinations with other antipar-
kinsonian drugs in order to optimize benefits and minimize
AEs. Finally, we are still not close to the ideal DA agonist,
which should mirror the clinical and pharmacologic profile
of L-dopa, with a rapid-onset and long duration of action, a
manageable route of administration but without the adverse
effects. Fostering the development of new dopaminergic
compounds that would prove clearly superior to those cur-
rently used, should be considered as one of the priorities
in PD.
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