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Clinical syndrome of Parkinson’s disease

Parkinson’s disease (PD) is classically considered to be a motor disorder with bradykinesia 
as the cardinal symptom. The clinical diagnosis of PD is based on the presence of 
bradykinesia and at least one additional motor symptom (rigidity and/or resting tremor), 
as well as additional supporting features, including asymmetry of symptoms (box 1.1).1 

 
Box 1.1: Diagnosis of Parkinson’s disease

Although full diagnostic certainty can only be established post-mortem, the clinical 
diagnosis of Parkinson’s disease (PD) is based on the proposed criteria of the Movement 
Disorders Society (MDS) published in 2015.1 The former diagnostic criteria focused 
only on motor features, disregarding the supportive non-motor features, which are 
now widely accepted in the course of PD. Some non-motor features (i.e. hyposmia and 
sympathetic dysfunction measured by MIBG scan) are now incorporated as supportive 
criteria and other non-motor symptoms including cognitive impairment previously 
considered an exclusion criteria were abeted. Also genetic risk factors (more than 
one relative affected by PD) challenged the diagnosis according to the former criteria, 
which is not accepted anymore and is removed from the criteria.80 

The criteria of MDS-PD include a three-step process. First, parkinsonism has to be 
defined by the presence of bradykinesia and at least one other cardinal feature, i.e. 
rigidity or rest tremor. If these criteria are not met prodromal or non-clinical PD could 
be considered. Once parkinsonism is diagnosed, the criteria define whether this is 
attributable to PD, i.e. when absolute exclusion criteria are absent (step 2) and red 
flags are balanced by supportive features (step 3; see table 1.2 page 25). Two levels 
of certainty are proposed: the diagnosis of clinically established PD requires the 
absence of absolute exclusion criteria, at least two supportive criteria, and no red 
flags. Differently, the diagnosis of clinically probable PD requires the absence of 
absolute exclusion criteria, while the presence of red flags is admitted, but this should 
be counterbalanced by supportive criteria.1

If the number of supportive criteria is at least 2 in the absence of red flags, than the 
patient meets the criteria for established PD. If the number of red flags is equal or 
less than the number of supportive criteria, than the patients meets the criteria 
for probable PD. These criteria were validated recently and demonstrated 94.5% 
sensitivity and 88.5% specificity for probable PD.81
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figure 1.1 | Clinical symptoms and time course of Parkinson’s disease progression

Diagnosis of Parkinson’s disease occurs with the onset of motor symptoms (time 0 years) but can be preceded 

by a premotor or prodromal phase of 20 years or more. This prodromal phase is characterized by specific non-

motor symptoms. Additional non-motor features develop following diagnosis and with disease progression, 

causing clinically significant disability. Axial motor symptoms, such as postural instability with frequent falls 

and freezing of gait, tend to occur in advanced disease. Long-term complications of dopaminergic therapy, 

including fluctuations, dyskinesia, and psychosis, also contribute to disability. EDS=excessive daytime 

sleepiness. MCI=mild cognitive impairment. RBD=REM sleep behavior disorder.106

The clinical picture widely varies between patients with PD, with variations in clinical 
features, dominant symptoms and progression of disease. Based on the dominant motor 
symptoms, distinct PD subtypes are defined including a tremor-dominant, akinetic-rigid, 
and a postural instability and gait difficulty (PIGD) dominant subtype.2,3 With regard to 
disease progression, PD patients presenting with a resting tremor at onset, likely have a 
more benign course compared to the PIGD-dominant subtype.4 However, these subtypes 
are criticized for inconsistent reliability and confounding by disease stage.5,6 Thereabove, 
this motor subtyping disregards the co-morbid non-motor symptoms, many of which 
are stronger predictors for prognosis than motor subtype.7 The combination of more 
severe motor symptoms and specific non-motor symptoms, including mild cognitive 
impairment (MCI), REM-sleep behavior disorder (RBD) and orthostatic hypotension 
(OH) is associated with a more malignant course, suggesting deficiencies of multiple 
neurotransmitter systems.8-11

With the recognition of non-motor symptoms, the concept of PD has changed over the last 
decade. Non-motor symptoms have been repeatedly identified as key factors for quality 
of life and, even more important, for reduced health-related quality of life, compared 
to motor symptoms.12,13 Several non-motor symptoms precede PD for many years, like 
hyposmia, REM-sleep behavior disorder, depression and constipation.14 Other non-
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motor symptoms may arise later in the disease and dominate the clinical picture (Figure 
1.1). With advancing disease cognitive impairment, neuropsychiatric disturbances and 
autonomic dysfunction are the main determinants of health-related quality of life and 
institutionalization.13,15 

Pathological basis of Parkinson’s disease

The key pathological feature of PD is the spreading of alpha-synuclein (aSN), leading to 
degeneration of multiple neurons, including dopaminergic neurons in the substantia 
nigra pars compacta, which results in the cardinal motor symptoms. Alpha-synuclein is 
a small presynaptic protein, which function is not fully understood.16 It has a propensity 
to misfold and aggregate.17 Accumulation of aSN aggregates leads to the formation of 
oligomers, fibrils and ultimately Lewy bodies in soma and Lewy neurites in axons and 
dendrites. It is believed that misfolded aSN has the ability to spread from cell-to-cell in 
a prion-like manner.18 When taken up by another neuron, misfolded aSN can serve as a 
template for the misfolding of other endogenous aSN molecules in the recipient cell.19-21

According to the dual-hit hypothesis, alpha-synuclein pathology originates from the 
olfactory bulb and/or from the gut, triggered by a toxin or an altered gut microbiome, and 
spreads to the brainstem via autonomic nerves.22-24 Within the brain, the aSN pathology 
progresses caudo-rostrally, through susceptible regions of the lower brainstem (lower 
raphe nuclei, locus coeruleus) into midbrain tegmental nuclei (pedunculopontine 
nucleus, substantia nigra, upper raphe nuclei) and non-cortical centers of the forebrain 
(nuclei of Meynert), finally being spread throughout the whole telencephalon.25

Neurochemical disturbances in Parkinson’s disease

Although PD has been considered for a long time as a selective disorder, affecting 
predominantly the dopaminergic nigrostriatal neurons, other neurotransmitter pathways 
within the central nervous system, as well as the peripheral and autonomic nervous 
system prove to be affected as well. Neuronal loss of the locus coeruleus, the major 
source of noradrenaline, and raphe nuclei, being the origin of serotonergic projections, 
antedates dopaminergic neuronal loss.27,28 The noradrenergic deficiency is even greater 
than the dopaminergic deficiency throughout the disease.27 Also the cholinergic system, 
with projections from the nucleus basalis of Meynert (nbM) and the pedunculopontine 
nucleus, shows neuronal loss, but less pronounced compared to the dopaminergic  
system.27,28 

Consequently, clinical symptoms in PD can be linked to the solitary or combined 
degeneration of neurotransmitter systems (table 1.1). However, table 1.1 is a simplified 
schedule, as shown by the neurotransmitter changes related to visual hallucinations 
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in the course of PD. Visual hallucinations have classically been linked to changes in 
dopamine function, but more recent data suggest that visual hallucinations are also 
related to changes in the cholinergic- and serotoninergic system.

Treatment of early Parkinson’s disease

To date, all disease modifying trials, including those targeting aSN aggregation, have 
failed unfortunately. In contrast to the lack of curative treatment options, there is 
a myriad of symptomatic treatment options. In the early stages of PD, substitution of 
dopamine by its precursor levodopa (L-dopa) has been the mainstay of the treatment of 
PD. More than 60 years after its introduction, levodopa still is the most effective gold 
standard of PD therapy.29,30 When combined with a decarboxylase inhibitor, to prevent 
the peripheral conversion of levodopa into dopamine, which does not pass the blood-
brain-barrier, levodopa is well-tolerated.31

However, despite its efficacy, chronic levodopa treatment is associated with disabling 
motor complications, such as motor response fluctuations and dyskinesia (box 1.2), both 
related to the loss of presynaptic dopaminergic neurons.32 Motor response fluctuations 
develop in 16% of the patients within 9 months of treatment, while dyskinesia emerged 

table 1.1 | Overview of the brain regions and neurotransmitters implicated in the non-motor 
symptoms of Parkinson’s disease

Non-motor symptom Implicated brain region Implicated neurotransmitter

Hyposmia Olfactory bulb and amygdala Substance P and acetylcholine

Impaired colour vision Retina Dopamine

Hallucinations Occipital cortex Dopamine

Pain Basal ganglia, locus coeruleus, 
raphe nucleus, amygdala and 
thalamus

Dopamine, serotonin and 
noradrenaline

Anxiety Basal ganglia Dopamine and noradrenaline

Depression Limbic and cortical areas Dopamine and noradrenaline

Early cognitive dysfunction Frontal cortex Dopamine

Dementia Temporal, parietal and occipital 
lobes

Acetylcholine

Sleep disturbance Hypothalamus and reticular 
formation

Hypocretin, dopamine, 
serotonin

Bladder hyper-reflexia Basal ganglia Dopamine and acetylcholine

The associations in the table are simplified. Adapted from Schapira et al., 2017.14
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Box 1.2: Motor response fluctuations and dyskinesia

Oral levodopa is recognised as the ‘gold standard’ medication for the control of motor 
symptoms in patients with Parkinson’s disease (PD) and during initial treatment, it 
generally provides good control of motor symptoms with sustained clinical effects. 
However, with chronic treatment and disease progression, the duration of benefit 
after an oral dose of levodopa becomes progressively shorter.82 Patients begin to 
experience fluctuations in motor function alternating between ON responses with a 
good antiparkinsonian effect and OFF responses when levodopa does not adequately 
control symptoms before the next dose is taken. These motor fluctuations can include 
predictable end-of-dose ‘wearing-OFF’ phenomena, peripheral problems such as 
‘delayed ON’ or ‘no ON’ (dose failure), and unpredictable ‘ON–OFF’ periods. A well-
known example of predictable off-phenomena is the early morning dystonia. Delayed 
ON and dose failures are known to be significant contributors to total OFF time in PD 
patients, to a greater degree than wearing OFF.83 

Early morning OFF (EMO) periods due to delayed onset of oral medication are a 
common problem in PD and can severely affect a patient’s quality of life and interfere 
with their ability to undertake their usual morning routine.84 An international, 
multicentre study, EUROPAR, found that EMO periods were reported by around 60% 
of PD patients, even in those already receiving optimised PD treatment,85 so it appears 
to be a significant problem. 

Although PD is generally considered primarily as a motor disorder, non-motor 
symptoms (NMS) also occur in over 90% of patients across all stages of the  
disease.86,87 The most frequent NMS include constipation, nocturia (sleep disorders), 
cognitive impairment, depression, insomnia and restless legs. As disease progresses, 
fluctuations can also be observed in NMS alongside the motor problems, for example 
in symptoms of pain, anxiety, depression and fatigue.82 

Increasing the dose of levodopa to try and control motor symptoms may provide 
some improvement but can also result in involuntary movements or painful 
dyskinesias which typically occur in association with high plasma concentrations of 
levodopa. Dyskinesias can interfere with walking and balance as well as causing social 
embarrassment.88

Motor fluctuations present a major management challenge to clinicians particularly 
as complications are known to appear early in the course of the disease: after 5 years 
of levodopa treatment about 50% of the patients suffer from wearing OFF.89 and this 
figure rises to about 80% of patients after 10 years.90 It is therefore important that 
clinicians are able to select appropriate PD medications that can manage the patient’s 
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in 20% of the patients. After 3 to 4 years 50 to 60% of the patients were affected, whereas 
after long-term (>10 years) levodopa treatment eventually all patients develop motor 
complications.33,34 The pathophysiology of levodopa-induced motor complications is 
related to the loss of buffering capacity of presynaptic dopamine neurons, in combination 
with the short half-life of levodopa. This short half-life of levodopa leads to an abnormal 
pulsatile stimulation of striatal dopamine receptors.35

Clinical trials comparing levodopa with levodopa-sparing therapies, trying to avoid 
or delay levodopa-induced motor complications, all showed superiority of levodopa 
with respect to clinical effectiveness and quality of life, unless the development of 
motor complications.36,37 Delaying the start of levodopa does not postpone response 
fluctuations, because these are related to the speed of progression of PD.37-39 

The concept of continuous dopaminergic stimulation

As motor complications are caused by the non-physiological, discontinuous and pulsatile 
stimulation of striatal dopamine receptors, the concept of continuous dopaminergic 
stimulation (CDS) was hypothesized to prevent and reverse the complications by 
mimicking the physiological situation more closely.40 Under normal physiologic 
conditions in the striatum, neurons in the substantia nigra pars compacta fire tonically 
at a rate of 3–6 Hz, except for phasic firing activity that occur in response to behavior and 
rewards. Despite intermittent phasic activity, the dopamine concentration in the striatum 
is maintained at constant levels due to presynaptic storage of dopamine, which buffer 
the varying amounts of transmitter in the synapse. The constant concentration of striatal 
dopamine, and therefore, continuous stimulation of postsynaptic receptors, is thought 
to be essential for normal basal ganglia function. With loss of dopamine neurons in PD, 
presynaptic stores become depleted, and with disease progression striatal dopamine 
concentration becomes closely linked to the concentration of levodopa in the plasma, 
which varies according to the oral levodopa dosing.

Early clinical trials testing the concept of CDS evaluated treatment with continuous 
intravenous infusion of levodopa and lisuride, a dopamine agonist, in a small group of 
PD patients and observed a reduction in off-time and time with dyskinesia.41-43 Thereafter 
a myriad of trials have confirmed these results in long-term, prospective, randomized, 

 
symptoms effectively and maintain their quality of life. However, a contributing 
factor to the problem of delayed ON of oral PD medication is gastrointestinal (GI) 
dysfunction, which is common in PD patients and can occur almost a decade or more 
before PD is clinically diagnosed.91-93
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double-blind trials.44 These observations led to the conclusion that levodopa-induced 
motor complications were related to the method of delivery rather than to levodopa itself 
and that continuous administration of levodopa or a dopamine agonist could produce a 
reduced risk of motor complications.44

However, as continuous intravenous infusion with levodopa or apomorphine can provide 
stable plasma levels and reduce motor complications, it cannot eliminate the occurrence 
of motor complications in total.45,46 In other words, stable plasma levels cannot directly be 
translated in stable motor functioning, so there must be other factors involved, perhaps 
imbalance of serotonin and glutamate-receptor stimulation.47 

The best options for continuous dopaminergic stimulation are non-oral therapies; all 
have their advantages and disadvantages. 

Options for non-oral PD medication

A range of second-line, non-oral, therapies is available, if motor complications no 
longer respond to oral therapies and when standard therapies do not provide adequate 
symptom control. These comprise transdermal, subcutaneous, intrajejunal and surgical 
options. Selection of the most appropriate treatment option for each individual patients 
is key to the success of therapy. Clinicians need to consider which option will optimize the 
patient’s quality of life and adequately control their motor symptoms, while taking the 
patient’s personal preferences into account. 

Transdermal therapies

Rotigotine patch

Rotigotine is a dopamine agonist with activity predominantly at the D2 receptors, but 
also at the D1 receptors and 5-HT1a receptors. It has been available in a transdermal patch 
formulation since 2000, as adjunctive PD medication. The patch can be applied once 
daily to deliver continuous dopaminergic stimulation (CDS). It has been demonstrated in 
several clinical trials that rotigotine provides effective control of motor symptoms, with 
a good safety profile and good tolerability, in both early and advanced PD patients.48-51 
The RECOVER study – a double-blind, randomized, placebo-controlled trial – confirmed 
the beneficial effects of rotigotine patch on both the motor function and nocturnal sleep 
disturbances, measured by the PD sleep scale (PDSS), in PD patients with early-morning 
motor dysfunction.52 The most common adverse events reported with rotigotine patch 
are skin reactions at the application site and some neuropsychiatric complications, such 
as hallucinations in 5% of the patients.50
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Rivastigmine patch

Rivastigmine is a cholinergic agent, which is a valuable therapy for the management of PD 
dementia (PDD) and is available in capsule or patch formulations. Rivastigmine showed 
good efficacy on cognition and ADL in double-blind placebo-controlled trials, including 
PDD patients with and without visual hallucinations.53,54 The patch formulation however 
provided fewer GI adverse effects as compared to the capsules, and therefore can be 
titrated to higher dose levels with an improved efficacy.55

Levodopa/carbidopa intestinal gel infusion

Another CDS option which has been available for over 10 years is the administration of 
levodopa/carbidopa intestinal gel infusion (LCIG). This requires a percutaneous gastro-/
jejunostomy procedure for the placement of the infusion tube, which is connected to a 
portable infusion pump. 

An overview on the efficacy and safety of LCIG56 reported that the large majority of 
published studies showed LCIG to be clinically effective in relieving the symptoms of 
advanced PD and improving quality of life, in comparison with conventional oral therapy. 
The pivotal trial which proved the efficacy of LCIG in was published in 2014. Olanow et al. 
undertook a 12-week, randomised, double-blind, double-dummy, double-titration trial, 
including advanced PD patients with motor complications at 26 centres in Germany, 
New Zealand, and the USA.57 Mean OFF time decreased by 4.04 hours/day in 35 patients 
treated with LCIG after 12 weeks, compared with a decrease of 2.14 hours in 31 patients 
treated with immediate-release oral levodopa/carbidopa. Mean ON time without 
troublesome dyskinesia increased with 4.11 hours/day in the LCIG group and 2.24 hours 
in the oral levodopa/carbidopa.57

In terms of tolerability LCIG has shown to have good tolerability during 12 months in a 
phase III, open-label, single-arm, multicentre trial in advanced PD patients.58 An analysis 
of combined safety data from prospective clinical studies of LCIG showed in 76% of the 
patients adverse events associated with the percutaneous gastro-jejunal tube or the 
procedure itself.59 These complications such as pain (36%), local site infection (26%), and 
tube detachment (13%), were occasionally life threatening.59 In the longer term, weight 
loss, vitamin B12 deficiency, and polyneuropathy have also been reported,59 infrequently 
leading to a Guillain-Barre like course of the symptoms. Other adverse events, like 
dyskinesia, were typical for the treatment with levodopa in this PD population and were 
associated with a low discontinuation rate.

Deep-brain stimulation

Deep-brain stimulation (DBS) is worldwide the most frequently used device-aided 
advanced therapy, which is available for over 20 years. It requires stereotactic brain 
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surgery to implant the electrodes into the subthalamic nucleus (STN) or the globus 
pallidus internus (GPi), guided by magnetic resonance imaging and/or microelectrode 
recording. DBS has shown to be a very effective therapeutic option for PD patients, 
who no longer respond satisfactorily to pharmacological management, but there are 
recognized adverse events and risks associated with DBS surgery. 

The efficacy, safety and tolerability of DBS have been the subject of several recent  
reviews.60-62 The reported reduction in daily OFF time with DBS ranges between 30–100 
% (median 68%) and increases in ON time without dyskinesia range from 47–138% 
(median 71%).60 DBS also has an effect on dyskinesia, with reduction in the frequency, 
ranging from 70–100%, and reduction in dyskinesia severity up to 83%.60 DBS also 
reduced the daily dose of dopaminergic medication with 56%.63 So, DBS is a very useful 
non-oral therapy for advanced PD patients. However, many PD patients will not fulfill 
the strict in/exclusion criteria, like a positive L-dopa response on the most troublesome 
symptoms, the absence of significant cognitive dysfunction and/or depression, which 
limits the scope of this therapy. 

Subcutaneous apomorphine infusion

Apomorphine was the earliest option for continuous infusion in PD. It became available 
since 1989 in the UK, followed by many other countries. Apomorphine is a dopamine 
agonist that selectively acts at dopamine D1-like and D2-like receptors. Subcutaneous 
apomorphine can be used in 2 ways, being apomorphine intermittent injection (pen) 
and apomorphine continuous infusion (administered by a removable infusion pump), 
which have different indications.64 Injections are suitable for sporadic, non-predictable 
response fluctuations, whereas the infusion of apomorphine is suitable for patients with 
frequent off-periods during the day, not controlled by oral medication. Apomorphine has 
to be initiated in a controlled way, either in the hospital or in a day-care setting, because 
of possible adverse events like hypotension.

Adverse events with subcutaneous apomorphine formulations are generally mild and 
easy to manage in clinical practice and do not generally require discontinuation of therapy 
(only 2%). The most commonly reported adverse events are injection site reactions and 
nausea, but this can generally be managed effectively with anti-emetic therapy prior to 
initiation.65 Long-term follow-up studies with subcutaneous apomorphine show good 
tolerability in most PD patients.65,66

Intermittent apomorphine injection

The treatment with subcutaneous apomorphine injections is available for over 25 years 
and has been proven in a series of randomised, controlled clinical trials to provide rapid 
and reliable resolution of OFF periods in PD patients, as measured by a decrease in UPDRS 
motor scores.67-70 It is suitable for PD patients who have started to experience motor 
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complications and OFF periods despite taking standard oral therapy.70,71 Apomorphine 
injection is an easy and practical way to restore mobility and motor function in patients 
who experience episodes of delayed ON following a dose of oral medication, early-
morning OFF periods, predictable or unpredictable OFF periods, or who have impaired 
levodopa absorption due to gastric emptying problems. It has a fast onset of effect with 
improvements in motor function observed within 4–12 minutes in 95% of patients. The 
duration of clinical effect ranges from approximately 40–90 minutes.72,73 

The AM IMPAKT study, a Phase IV, multicentre, open-label trial, assessed the effect of 
apomorphine injection as a non-oral treatment option in PD patients with prolonged 
morning akinesia, due to delayed or unreliable onset of the clinical benefit of their first 
morning dose of levodopa. Patients recorded their time to ON in a diary, using their 
standard morning oral levodopa dose (7-day baseline period), which was followed by 
the use of apomorphine injections instead of oral levodopa during the next 7 days. AM-
IMPAKT showed that apomorphine injections significantly improved time to achieve an 
ON state in these patients, compared with oral levodopa. On average, patients achieved 
an ON state 37 minutes faster with apomorphine injections. Approximately 96% of 
patients experienced a rapid and robust clinical improvement in their time to ON.74 
Dose failures – if patients did not turn ON within 60 minutes – were common during the 
oral levodopa baseline period, with almost half of diary days recorded as dose failures. 
Apomorphine injections however resulted in 93% of doses in turning ON. These findings 
show that delayed ON and dose failures, related to impaired GI delivery and/or intestinal 
absorption of oral levodopa, can be easily and effectively improved with a subcutaneous 
injections of apomorphine.

Continuous apomorphine infusion

In PD patients, consistent striatal dopamine levels depend at least partially on adequate 
serum levodopa levels. The short half-life of oral levodopa, in combination with GI 
absorption problems in PD and the presynaptic loss op dopaminergic neurons, can 
result in ‘non-physiological’ variations in levodopa plasma levels, giving rise to motor 
complications. While the subcutaneous injection of apomorphine is a valuable adjunctive 
therapy to manage motor complications in PD patients, continuous infusion should be 
considered if these injections are required too frequently to adequately control the on-off 
fluctuations. 

Continuous apomorphine infusion is a CDS option that has proven efficacy for PD patients 
with motor fluctuations that are uncontrolled by conventional oral or transdermal 
medication and is well tolerated.64 Patients do not need to have used the injection 
previously to be suitable candidates for the infusion. 
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A range of open-label clinical studies have shown apomorphine infusion significantly 
reduces OFF time in PD patients by up to 85% compared with baseline64,70 and it can, 
on average, increase ON time by approximately 5.5 hours per waking day.75 These 
clinical benefits have been reported to be maintained with long-term use and there is 
no development of tolerance to treatment or any requirement for an increase in dose.75 
Apomorphine infusion has also been demonstrated to significantly reduces dyskinesias 
that occur during ON time by up to 85% compared with baseline64,70,75 and to reduce 
the severity of any dyskinesias that do occur by up to 65%.64,70 Notably, studies have 
shown that treatment with apomorphine infusion allows reductions of up to 81% in oral 
levodopa doses compared with baseline.64,70

While considerable data on the efficacy and safety of apomorphine infusion have 
accumulated from open label trials and clinical practice, the TOLEDO study provided level 
I evidence on the efficacy and safety of apomorphine infusion in a randomised, placebo-
controlled, double-blind trial.76 Apomorphine infusion significantly reduced OFF time 
compared to placebo (2.47 hours/day in the apomorphine group versus 0.58 hours/day 
in the placebo group). This beneficial effect remained stable during a 12 month follow-up 
period.77

Overall, evidence suggests that apomorphine infusion can be considered as a therapeutic 
option in all PD patients who develop features of complicating disease, irrespective of 
age or disease duration. In addition, it is reversible should the patient change their mind 
or wish to try another form of treatment.

Guidance on the use of device-aided therapies

Currently, limited head-to-head comparative data exist to recommend the use of one 
device-aided therapy – subcutaneous apomorphine, LCIG or DBS – over another. 
However, a range of clinical practice recommendations and treatment guidelines 
have been published to inform clinical decision-making in PD when these approaches, 
including an Expert Consensus Group report on the use of apomorphine in the treatment 
of PD,64 the NAVIGATE-PD study, an international consensus on the management of 
PD patients refractory to non-oral/transdermal PD medications,78 the EUROINF study, 
comparing LCIG and apomorphine therapy in 87 patients79 and an evidence-based 
review by Volkmann et al of DBS and infusion therapies.60 The overall outcome of all 
these guidelines is that DBS has the best and longest evidence and therefore should be 
recommended first if no exclusion criteria are present and patients do agree. The infusion 
therapies can be started based on the patient wish for monotherapy (LCIG) or simplicity 
and costs (apomorphine). 
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Challenges in the use of continuous subcutaneous apomorphine infusion

Many PD patients suffer from a suboptimal therapeutic response to oral medication in 
the course of their disease, which might have several causes, like dysphagia, impaired 
absorption from the gastro-intestinal tract and delayed emptying of the stomach. If these 
problems occur, non-oral therapies, as discussed above, should be considered earlier 
and more frequently, in order to improve the quality of life and ADL function of the PD 
patients with suboptimal responses to oral medication.

Despite its long-standing use in clinical practice, up to 2018 there was a lack of randomized 
placebo-controlled trial to confirm the beneficial effects on motor fluctuations. At that 
time the results of the TOLEDO study were published.76 Nevertheless there was still a 
lack of long-term data of large cohort of PD patients on apomorphine. The absence of 
these data have hampered the use of this therapy on a larger scale. Thereabove, many 
uncertainties are present around the use of apomorphine in PD patients with co-
morbidities, like visual hallucinations, depression, and orthostatic hypotension. 

Another problem is the occurrence of adverse events, especially the subcutaneous 
nodules. These nodules may be distressing to patients, carers and clinicians. To date, little 
is known about the pathogenesis of these subcutaneous nodules, which may complicate 
the treatment. So far the treatment of these subcutaneous nodules has been based on 
anecdotal reports only. Therefore evidence-based data are needed on the treatment of 
these subcutaneous nodules.

Objectives and outline of this thesis

The first objective of this thesis is to provide long-term data on the use of continuous 
apomorphine infusion in a large cohort of PD patients, with a focus on motor- and non-
motor symptoms. The second objective is related to the efficacy and tolerability of 
apomorphine in subgroups of PD patients, with possible contraindications for its use, 
but with a potential high benefit. The third objective is to understand the underlying 
factors related to the occurrence of subcutaneous nodules after the use of subcutaneous 
apomorphine and to find an optimal therapy for these nodules. 

Chapter 2 provides long-term follow-up data in a large cohort of PD patients who were 
treated at the University Medical Center Groningen. Chapter 3 provides data in a cohort 
of PD patients treated within the Parkinson Expertise Center, representing an elderly 
cohort of PD patients with cognitive dysfunction and/or visual hallucinations. Chapter 
4 reviews the current evidence of apomorphine and its effects on visual hallucinations 
in PD patients. Chapter 5 reports two extraordinary cases showing a maculopapular 
exanthema after the use of apomorphine, possibly related to an hypersensitivity reaction 
to sodium metabisulfite, an additive to the apomorphine solution. Chapter 6 describes 
the analysis of 4 different treatment options of subcutaneous nodules, using a cross-
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over design with histological evaluation. Chapter 7 comprises a large case series on PD 
patients with subcutaneous nodules after the infusion of apomorphine, who underwent 
histologic evaluation, combined with cases described in literature, in order to find 
possible etiological factors. Finally chapter 8 provides a general discussion of this thesis 
with concluding remarks and recommendations for future research. This thesis ends with 
a summary in English and in Dutch.

 

 
Box 1.3: History of apomorphine

Although the discovery of apomorphine has been attributed to Mathiessen and 
Wright, it was the Finnish chemist Adolf Edvard Arppe who synthesized it by heating 
morphine with a slight excess of sulphuric acid, in 1845.94,95 The resultant was named 
sulfomorphine by Laurent and Gerhard.95 In 1860, also Thomas Anderson discovered 
that apomorphine could be obtained by heating codeine with sulphuric acid.96 Why 
this research was not credited for the synthesis of apomorphine remains unknown. 

In 1869, it was Augustus Mathiessen and Charles Romley Alder Wright, two chemists 
at the University of London, who found that when morphine is heated with an excess 
of hydrochloric acid, a new base was formed. They decided to call it apomorphia 
[apomorphine] (C17H17NO2) instead of morphinine, as they state to avoid any 
possible mistakes in writing prescriptions.97 As a derivative of morphia, apo-morphine 
suited better (‘apo’ (ἀπό) is a Greek prefix for ‘from’). Based on first experiments 
on themselves, colleagues and friends, doctor Samuel Gee concluded that the 
properties of apomorphine were very different from morphia – a very small dose 
administered subcutaneously or orally led to a strong vomiting reaction within 4 to 10  
minutes.97,98 It was observed that apomorphine is a highly unstable substance, rapidly 
turning into a dark olive-green colour when exposed to air, and after a couple of weeks 
into almost black.97,99 The use of apomorphine as a strong and quick emetic was at that 
time limited because of its costliness.99 

The first reported use of apomorphine in movement disorders was in 1870, when 
doctor Pierce treated 3 children with presumably Sydenham’s chorea.99 On the basis of 
this anecdotal report, reporting the beneficial effects of apomorphine on chorea, Weil 
suggested in 1884 that apomorphine might be useful in the treatment of PD.100 

While the effects of apomorphine were studied in a variety of disorders, including 
addiction, erectile dysfunction, homosexuality, hysteria and chronic bronchitis, it was 
until 1951 that apomorphine was first studied in a patient with PD.101 
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After subcutaneous injection of 0.5 to 1.0 mg of apomorphine, there was a marked 
improvement of tremor and rigidity, confirming Weil’s suggestion. However, the 
anti-parkinsonian effects were short-lasting (90 minutes) and patients reported 
disabling side-effects such as vomiting, orthostatic hypotension and drowsiness. 
Cotzias confirmed and extended the pivotal work of Schwab and colleagues.102 
When apomorphine was slowly titrated it seemed well-tolerated, however oral 
administration led to an increase of blood urea and creatinine, which was not seen 
when given subcutaneously. The subcutaneous route of administration prevented 
apomorphine from widespread use, since oral levodopa was successfully used in that 
time. 

The discovery of domperidone as peripheral dopamine agonist, thereby reducing 
the incidence of side-effects,103,104 made it possible to administer larger doses of 
apomorphine by subcutaneous infusion. Together with long-term complications of 
levodopa-therapy, i.e. motor response fluctuations and dyskinesia, apomorphine 
infusion was the first advanced therapy in PD.105 
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table 1.2 | Diagnostic criteria of the Movement Disorders Society for Parkinson’s disease

Supportive criteria

1. Clear and dramatic beneficial response to dopaminergic therapy. During initial 
treatment, patient returned to normal or near-normal level of function. In the absence 
of clear documentation of initial response can be classified as:

a. Marked improvement with dose increases or marked worsening with dose 
decreases. Mild changes do not qualify. Document this either objectively (>30% in 
UPDRS III with change in treatment), or subjectively (clearly documented history 
marked changes from a reliable patient or caregiver

b. Unequivocal and marked on/off fluctuations, which must have at some point 
included predictable end-of-dose wearing off

2. Presence of levodopa-induced dyskinesia

3. Rest tremor of a limb, documented on clinical examination (in past, or on current 
examination)

4. The presence of either olfactory loss or cardiac sympathetic denervation on MIBG 
scintigraphy

Absolute exclusion criteria: the presence of any of these features rules 
out PD

o Unequivocal cerebellar abnormalities, such as cerebellar gait, limb ataxia, or cerebellar 
oculomotor abnormalities (e.g. sustained gaze evoked nystagmus, macro square wave 
jerks, hyperemetric saccades)

o Downward vertical supranuclear gaze palsy or selective slowing of downward vertical 
saccades

o Diagnosis of probable behavioral variant frontotemporal dementia or primary 
progressive aphasia, defined according to consensus criteria within the first five years 
of disease

o Parkinsonian features restricted to the lower limbs for more than three years

o Treatment with a dopamine receptor blocker or a dopamine-depleting agent in a dose 
and time-course consistent with drug-induced parkinsonism
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o Absence of observable response to high-dose levodopa despite at least moderate 
severity of disease

o Unequivocal cortical sensory loss (ie, graphesthesia, stereognosis with intact primary 
sensory modalities), clear limb ideomotor apraxia, or progressive aphasia

o Normal functional neuroimaging of the presynaptic dopaminergic system

o Documentation of an alternative condition known to produce parkinsonism and 
plausibly connected to the patient’s symptoms, or, the expert evaluating physician, 
based on the full diagnostic assessment feels that an alternative syndrome is more 
likely than PD

Red flags

o Rapid progression of gait impairment requiring regular use of wheelchair within five 
years of onset

o A complete absence of progression of motor symptoms or signs over five or more 
years unless stability is related to treatment

o Early bulbar dysfunction: severe dysphonia or dysarthria (speech unintelligible most of 
the time) or severe dysphagia (requiring soft food, NG tube, or gastrostomy feeding) 
within first five years

o Inspiratory respiratory dysfunction: either diurnal or nocturnal inspiratory stridor or 
frequent inspiratory sighs

o Severe autonomic failure in the first five years of disease. This can include:

a. Orthostatic hypotension—orthostatic decrease of blood pressure within three 
minutes of standing by at least 30 mm Hg systolic or 15 mm Hg diastolic, in the 
absence of dehydration, medication, or other diseases that could plausibly explain 
autonomic dysfunction, or

b. Severe urinary retention or urinary incontinence in the first five years of disease 
(excluding long-standing or small amount stress incontinence in women), that 
is not simply functional incontinence. In men, urinary retention must not be 
attributable to prostate disease, and must be associated with erectile dysfunction

o Recurrent (more than one per year) falls because of impaired balance within three 
years of onset
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o Disproportionate anterocollis (dystonic) or contractures of hand or feet within the 
first 10 years

o Absence of any of the common nonmotor features of disease despite five year disease 
duration. These include sleep dysfunction (sleep-maintenance insomnia, excessive 
daytime somnolence, symptoms of REM sleep behavior disorder), autonomic 
dysfunction (constipation, daytime urinary urgency, symptomatic orthostasis), 
hyposmia, or psychiatric dysfunction (depression, anxiety, or hallucinations)

o Otherwise-unexplained pyramidal tract signs, defined as pyramidal weakness or clear 
pathologic hyperreflexia (excluding mild reflex asymmetry and isolated extensor 
plantar response)

o Bilateral symmetric parkinsonism. The patient or caregiver reports bilateral symptom 
onset with no side predominance, and no side predominance is observed on objective 
examination
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