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Preface

Why, you may ask, yet another book on Parkinson’s disease (PD) when excel-
lent works for specialists and the general public already exist on the subject? 

Our answer is twofold. First, most are written as clinical neurology textbooks 
directed towards the practical management of the disease or from a neurosci-
entifi c perspective geared toward an understanding of disease fundamentals. 
Rarely, however, are the two approaches examined together. It was our view 
that both are essential components in disease management given that treat-
ment of PD requires an excellent understanding of the brain’s anatomy, physi-
ology, and pharmacology. Secondly, with the many recent major discoveries in 
the fi eld of basic and clinical research, an update of this information, particu-
larly in the context of the novel and emerging therapies for PD, is timely. 

What has become clear over the years is that PD is not a single anatomoclini-
cal entity, but rather comprises a spectrum of several entities. Thus, it is now 
more appropriate to speak of Parkinson’s diseases, and a collection of clini-
cal features that may constitute a syndrome. Indeed, from now on, one must 
speak of parkinsonian syndrome given the multitude of clinical phenotypes, 
not to mention the many and varied histopathological features of the disorder 
that differ from one patient to another. That being the case, why use the name 
Parkinson for these diseases, a designation that has not changed since Jean-
Martin Charcot fi rst used it? At the time, it was a tribute to James Parkinson; 
later on, however, it became a habit as a result of grouping together all the 
clinical presentations under one illness. While far from perfect, it is probably 
still the best designation for a group of disorders that all have an akinetic-rigid 
syndrome.

Caring for PD patients implies fi rst and foremost being sure of the diag-
nosis, offering as far as possible a prognosis, and then implementing treat-
ment that can be adapted over time. This is a challenging task because the 
very notion of PD has changed much in recent decades. The history of PD can 
be schematically illustrated in four major successive stages. Since its initial 
description in 1817, PD has been considered a movement disorder, hence its 
place as the fl agship disease of the Movement Disorder Society. In the 1970s 
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and 1980s, the existence of cognitive disorders in PD was widely debated be-
fore being acknowledged. In the 1990s, the psychiatric aspects of the disorder 
came to the forefront. And today, we have fi nally come to understand that the 
disorder primarily impacts on quality of life and social integration, raising 
various public health issues. 

The clinical presentation of PD, which can almost be described as a neuro-
psychiatric disorder, can be polymorphous, characterized by features that dif-
fer from one patient to another and vary over time. The neuropathological 
features are still not yet fully known and, as we shall see in the following 
chapters, include various brain lesions and histopathological stigmata not 
solely limited to Lewy bodies. Greater insight into the anatomicopharmaco-
logical mechanisms grows daily as evidence of both dopaminergic and non-
dopaminergic lesions comes to light. The biochemical mechanisms involved 
in the neuronal dysfunction and death responsible for PD are countless and 
are not necessarily the primary causes of the disorder which may or may not 
be hereditary.

Hopefully, the reader can now appreciate why so many internationally re-
nowned experts in the fi eld were asked to contribute to what we believe is an 
original work. The book’s intent is threefold. First, the book should be instruc-
tive: practitioners must be better able to treat patients on the basis of a rigor-
ously defi ned semiological system and modern physiopathological interpreta-
tion thereof. Secondly, the book should also be practical: in other words, how 
during the consultation can a practitioner manage the patient in the best pos-
sible way? Lastly, the book should be interesting: hence the idea of presenting 
the reader with different clinical scenarios, both typical situations requiring a 
consensus or atypical ones involving extensive discussion.

This initiative, therefore, consists of three chapters. First, a compilation of 
the major brain lesions typically seen in PD. The second chapter seeks to sum-
marize the treatment of PD, based upon the lessons learned in the fi rst chapter. 
Then there are 25 case studies designed to test the reader and the practical 
application of the information supplied in the fi rst two chapters. The aim is 
to summarize the main clinical symptoms, discuss other diagnostic possi-
bilities, and cite the main anatomobiochemical defects in order to draw major 
treatment conclusions. The ultimate goal is that the reader should have an up-
to-date, clear, and logical idea of what caring for parkinsonian patients entails 
– a challenge that will undoubtedly continue for many years to come.

Yves Agid, Anthony Schapira, Andreas Hartmann
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Introduction

Contrary to what is often thought, the management of parkinsonian patients is a 
complex, time-consuming, and diffi cult task. First, because the therapeutic chal-
lenge includes not only the patient’s physical and psychological well-being, 
but also the quality of life of the patient and his family and, perhaps even more 
importantly, his social integration within the family, the workplace, and soci-
ety in general. Secondly, treatment is challenging because it must constantly 
be adapted as symptoms evolve with passing time. Whenever a physician sees 
a patient with probable or possible Parkinson’s disease (PD), the same three 
nagging questions come to mind: Is the diagnosis correct? What does the future 
hold for the patient? Should symptomatic treatment be initiated or, if already 
in place, should it be modifi ed? Patients and/or the persons who accompany 
them are almost always plagued by these questions, but very often they are 
too embarrassed or dare not ask them. The physician must, therefore, exercise 
tact to determine if these questions should be broached openly straight away 
or discussed more cautiously during subsequent consultations.

The diagnosis of PD is far from easy. Two different situations must be distin-
guished depending on whether the examination occurs early on in disease 
progression or later. At the onset of the disorder, there is a risk of confus-
ing it with postural tremor, focal dystonia or an even rarer condition such as 
Wilson’s disease. It is here that a precise semiological system is paramount in 
several ways. First, by listening to allow the patient to describe his main dif-
fi culties and his psychological pain. Next by adopting an overall, behavioral 
approach to the actual examination, namely by making the patient walk to 
observe his gait and then having him write (“the neurologist’s two best tools 
are a smooth carpet and a pen“). Lastly, by being aware of certain examina-
tion maneuvers that can reveal resting tremor (mental counting) or rigidity 
(Froment’s sign).

As PD progresses, most if not all patients are treated with levodopa or its 
derivatives. As a result, patients can suffer either from PD symptoms, from 
motor and psychiatric complications related to antiparkinsonian treatment, 
or often from both. Thus it is convenient to classify PD patients into three dif-



Introduction xi

ferent categories: those who respond well to levodopa; those who do not; and 
those whose initial good response diminishes with time.

In approximately 15% of cases, patients experience dramatic improvement 
with levodopa. These forms of the disorder are sometimes characterized by 
severe motor complications combining various kinds of dyskinesia (mono-
phasic, biphasic, “off“-period dystonia) and motor performance fl uctuations 
(wearing-off, “on”/“off” periods), the very observation of which suggests the 
diagnosis of levodopa-responsive PD.

At the other extremity of the disorder spectrum are the 15% of patients who 
do not respond or respond only marginally to levodopa. These cases represent 
the “cousins” of classical PD within the framework of what is conventionally 
referred to as Parkinson-plus syndromes. Patients do not suffer from levodo-
pa-related motor complications as the patients do not respond to replacement 
therapy. On the other hand, other typical symptoms are present, namely the 
so-called axial symptoms: dysexecutive syndrome or even dementia; ocular 
anomalies; dysarthria and swallowing problems; nuchal rigidity and postural 
problems; sphincter problems and dysautonomia; gait disorders and postural 
instability. While we can treat levodopa-responsive symptoms, there are few 
drugs that are effective against these other symptoms, hence the severity of 
Parkinson-plus syndromes.

In the remaining 70% of PD patients, symptoms respond well to replace-
ment therapy initially. An apparent tolerance to treatment develops over time, 
however, as a result of non-dopaminergic lesions – obviously unresponsive to 
the restoration of dopaminergic transmission – that accumulate in the brain. 
One can understand, therefore, why it is essential for the neurologist to distin-
guish symptoms that respond to levodopa from those that do not. The former 
can be easily improved with various replacement therapies while the latter 
should benefi t from other treatments (antidepressants, anxiolytics, physical 
and speech therapy, etc.).

Determining a prognosis on seeing a PD patient for the fi rst time, especially 
early on in the disease, is even more diffi cult. Initially, there is the risk of mis-
diagnosis, although if the accepted criteria for PD are followed (asymmetric 
bradykinetic rigid syndrome with unilateral resting tremor that responds to 
levodopa treatment), the diagnosis is highly accurate. The observation of in-
tellectual inertia, subtle memory defi cits, axial rigidity, postural instability, 
urinary urge or incontinence and relative dopamine unresponsiveness indi-
cates a rather poor prognosis. Most of the time, the response to replacement 
treatment with levodopa or dopamine derivatives must be waited for before 
reaching a decision (provided that the treatment is adequate and the patient 
adjusts to it well). In broad terms, although this is not always the case, young 
patients, particularly those with akinetic-rigid PD, respond dramatically to 
levodopa. They quickly develop motor complications (dyskinesias, “on“/“off“ 
effects), however, that in some instances can be severe. Older patients tend to 
present with a slightly different form of PD, typically tremor-type PD, which, 
although not responding as well to replacement therapy with levodopa – a 
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problem per se – presents fewer treatment-related motor complications. At 
this stage, namely once the adjustment to replacement therapy is at its best, 
it is primarily the evaluation of those symptoms that persist at the maximum 
effect of treatment that determine the prognosis. If the patient no longer has 
problems while on treatment, levodopa and its derivatives have a good chance 
of continued effi cacy; if there is insuffi cient improvement of the motor impair-
ment, primarily of the axial signs, the prognosis is probably poor. As for what 
the future holds for the patient and his family, extreme caution is de rigueur 
as one may be wrong. But it is also important for the patient that the positive 
aspects of treatment and the rapid pace of research in improving therapies be 
emphasized. The progression of motor, intellectual, and psychiatric disorders 
must be monitored during follow-up.

Treatment of parkinsonian symptoms implies a good knowledge of brain physiology. 
It is essential that the therapist have a solid understanding of basal ganglia 
neuronal dysfunction in PD, implying solid training in the fi elds of neuro-
anatomy, neurophysiology, and neuropharmacology. A very comprehensive 
therapeutic armamentarium is available to restore defi cient dopaminergic 
transmission in the central nervous system. Levodopa, which is converted to 
dopamine, is the gold standard for treating PD. It is an effective and power-
ful drug, but not without side effects, primarily motor, that can be disabling. 
Other commonly used drugs are dopamine agonists which act directly at the 
dopamine receptor level and do not need to be converted to dopamine. Other 
adjuvant agents include catechol-O-methyltransferase inhibitors, monoamine 
oxidase B inhibitors, amantadine, and anticholinergics. By contrast, there is a 
dearth of drugs that improve symptoms unresponsive to or only marginally 
responsive to dopaminergic therapy, namely “axial” symptoms present at the 
outset in Parkinson-plus diseases or which can develop in some advanced 
forms of the disease. It is in such cases that psychotherapy and physical and 
speech therapy play an essential role.

Whatever the case, however, physicians recognize that commitment to 
treatment is for the patient’s entire existence. Patient care implies discretion 
and judgment because every patient has specifi c, individual needs. It also de-
mands a logical long-term strategy and strong personal involvement in order 
to ensure quality of life and social reintegration for both patients and their 
families. 
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CHAPTER 1

What is Parkinson’s disease? 
From pathophysiology to symptoms

Andreas Hartmann, Yves Agid, Anthony Schapira

What are the pathophysiological alterations underlying Parkinson’s disease 
(PD) and how do these alterations translate into clinical symptoms? This is 
what this chapter aims to discuss. Specifi cally, we will defi ne which dopamin-
ergic and non-dopaminergic systems are affected in PD. Next, we will look at 
the consequences of this disease on brain circuitry. Then, we will ask why and 
how these pathophysiological alterations occur. Finally, we will examine the 
symptoms that result from these multiple cerebral dysfunctions. Understand-
ing these links will enable the reader to make rational therapeutic decisions 
when treating PD patients based on how the brain dysfunctions.

I. Pathophysiology of Parkinson’s disease

1. Dysfunctions of the main neuronal pathways in Parkinson’s disease
Historically, PD has been considered a “motor” disease linked to degeneration 
of midbrain dopaminergic neurons. However, this assumption can no longer 
be maintained. PD is now known to be a disease with numerous non-motor 
symptoms that affects multiple, non-dopaminergic neuronal populations. 
“Non-motor” does not, however, equate with “non-dopaminergic.” Motor 
symptoms are also provoked by dysfunctions of non-dopaminergic systems. 
With this in mind, the reader is prepared to enter the complexities of PD. Once 
these are understood, the therapeutic rationale in treating PD becomes appar-
ent and logical.

a. An overview of neuronal systems affected in Parkinson’s disease
Cellular loss in PD affects dopaminergic and non-dopaminergic neurons 
(Fig. 1.1). Dopaminergic neuronal loss can be subdivided into two categories: 
that affecting the nigrostriatal system where the brunt of the pathology occurs, 
and extra-nigrostriatal dopaminergic systems. The latter can be subdivided 
into three parts: (i) dopaminergic systems originating from the mesencepha-
lon but targeting structures other than the dorsal striatum, i.e. the mesolimbic, 
mesocortical, and mesopallidal systems; (ii) dopaminergic neurons located 
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2 Chapter 1

outside the mesencephalon, e.g. the hypothalamus and parathalamic neurons 
projecting towards the spinal cord; and (iii) extracerebral dopaminergic neu-
rons, e.g. the mesenteric plexus.

Non-dopaminergic neuronal loss is widespread and heterogeneous. It can 
be subdivided into degenerative lesions of (i) ascending noradrenergic, sero-
tonergic, and cholinergic ascending neuronal systems, and (ii) of the nucleus 
vagus, the peduncolopontine nucleus, and neurons of the cerebral cortex. Fi-
nally, additional non-degenerative lesions, independent of the primary patho-
logical process, such as diffuse white matter lesions sometimes seen in aged 
patients, may also contribute to the clinical picture in PD.

b. Dopaminergic neurons
Dopaminergic neurons can be found in multiple areas of the central nervous 
system. To understand the symptoms of PD, it is helpful to separate mesen-
cephalic from extra-mesencephalic dopaminergic populations.

In PD patients, the loss of dopaminergic neurons in the midbrain is selec-
tive. The characteristic pathological changes are the loss of pigmented dopa-
minergic neurons, particularly in the ventral tier of the substantia nigra pars 
compacta (80–90%), less so in the ventral tegmental area (40–50%), and mini-
mal (2–3%) in the central gray substance (Fig. 1.2). The loss of dopaminergic 
neurons in the substantia nigra pars compacta is responsible for the dopamine 
defi ciency in the dorsal and anterior striatum, the putamen being more af-

Figure 1.1 Overview of neuronal cell loss in Parkinson’s disease.
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fected than the caudate nucleus. It is the nigrostriatal dopaminergic pathway 
that contributes to the control of motor functions and its disruption results in 
the classic PD motor triad (akinesia/bradykinesia, rigidity, and rest tremor).

Although it is generally assumed that at least 50% of dopaminergic neurons 
in the substantia nigra pars compacta must degenerate before symptoms ap-
pear, this is an oversimplifi cation. In fact, nigral dopaminergic neurons de-
generate heterogeneously in the substantia nigra with some areas heavily bur-
dened by pathology and others that remain functional until late in the disease 
course (Fig. 1.3). For symptoms to occur, specifi c areas within the substantia 
nigra may lose up to 90% of dopaminergic neurons with an accordingly dras-
tic reduction in striatal dopamine concentrations at precise somatotopic loca-
tions (Fig. 1.4). This explains why PD symptoms manifest in restricted parts 
of the body (mainly the distal limbs) at the beginning of the disease and then 
extend bilaterally to the remaining parts of the body.

Figure 1.2 Regional and intranigral loss of dopamine-containing neurons in Parkinson’s 
disease. Cell loss: CGS (2–3%); Mv (40–50%); SN 80–90%. A8, dopaminergic cell group 
A8; CGS, central gray substance; CP, cerebral peduncle; DBC, decussation of brachium 
conjunctivum; M, medial group; Mv, medioventral group; N, nigrosome; RN, red nucleus; SNpd, 
substantia nigra pars dorsalis; SNpl, substantia nigra pars lateralis; III, exiting fi bers of the third 
cranial nerve. The colorimetric scale indicates the estimated amount of cell loss (least = blue; 
most = red). Across the mesencephalon, dopaminergic cell loss was weak in the central gray 
substance and the red nucleus, and intermediate in the dopaminergic cell group A8 and the 
medioventral group of the ventral tegmental area. Within the substantia nigra pars compacta, 
dopamine-containing neurons in the calbindin-rich regions (“matrix”) and in fi ve calbindin-poor 
pockets (“nigrosomes”) were identifi ed. The spatiotemporal progression of neuronal loss in the 
substantia nigra pars compacta is as follows: depletion begins in the main pocket (nigrosome 
1) and then spreads to other nigrosomes and the matrix along rostral, medial and dorsal axes 
of progression. Adapted from Damier P, Hirsch EC, Agid Y, Graybiel AM. Brain 1999; 122(Pt8): 
1437–48.

III
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Besides the degeneration of the nigrostriatal dopaminergic pathway, other 
dopaminergic neuronal pathways degenerate in the disease: the mesolimbic 
pathway projecting to limbic brain areas, especially the ventral striatum and 
the nucleus accumbens; the mesocortical pathway innervating the cerebral 
cortex; and the mesopallidal pathway connecting the substantia nigra to the 
pallidum (Fig. 1.5). Neuronal loss within these dopaminergic pathways is less 

Figure 1.3 Selective symptoms in Parkinson’s disease originate from discrete cell loss. 
Dopaminergic neurons in the substantia nigra degenerate in regions linked to specifi c areas in 
the putamen that cause selective symptoms in Parkinson’s disease.

Figure 1.4 Depletion of dopaminergic neurons in the substantia nigra in Parkinson’s disease. 
Upper panel, tyrosine hydroxylase (TH) staining (as an indicator of dopamine content) of the 
mesencephalon. In control subjects, TH staining is strong and confl uent in the substantia 
nigra, whereas it is much weaker and spotted in Parkinson’s disease patients. Microscopically, 
this is refl ected by a much lower density of dopaminergic neurons (lower panel). Also note 
that dopaminergic neurons in Parkinson’s disease are shrunken, and that signifi cantly fewer 
dopaminergic fi bers can be detected. Images courtesy of Etienne Hirsch, INSERM UMR 679, 
Hôpital de la Pitié-Salpêtrière, Paris, France.
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severe and variable across subjects, and contributes to mood (mesolimbic), 
cognitive (mesocortical), and motor (mesopallidal) disturbances.

Dopaminergic systems outside the mesencephalon are also affected in PD, 
albeit to a lesser degree, such as parathalamic neurons projecting to the spinal 
cord (potentially involved in restless legs syndrome) and hypothalamic neu-
rons resulting in endocrine disturbances.

Catecholaminergic neurons outside the central nervous system may also 
degenerate, in particular dopaminergic neurons in the gut (plexus mesen-
tericus) and noradrenergic nerve terminals in the heart (resulting in cardiac 
sympathetic denervation). These pathological alterations are assumed to play 
a role in dysautonomic symptoms such as neurogenic orthostatic hypotension 
and gastrointestinal motility disorders.

c. Non-dopaminergic neurons
Widespread and progressive neurodegeneration in the PD brain affects non-
dopaminergic neurons, leading to the emergence of a variety of both motor 
and non-motor features. Ascending neuronal pathways originating from the 
raphe nucleus, the locus coeruleus, and the nucleus basalis of Meynert degen-
erate in PD (Fig. 1.6). As a result of these lesions, the serotonergic, noradren-
ergic, and cholinergic ascending neuronal systems are damaged. Symptoms 
include depression, apathy, and cognitive impairment. Other neurons are lost 
in the brainstem (nucleus vagus, peduncolopontine nucleus) and in the cere-
bral cortex. Their respective contribution to parkinsonian symptomatology 

Figure 1.5 Dopaminergic pathways. Dopamine is the principal neurotransmitter in three major 
neuronal systems in the midbrain: the nigrostriatal pathway (orange), the mesolimbic system 
(red) and the mesocortical pathway (blue). 
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includes barorefl ex failure, gait and posture abnormalities, and cortical de-
mentia.

Non-degenerative lesions such as diffuse white matter abnormalities, con-
sidered to be of vascular origin, may also contribute to the clinical picture of 
PD. These lesions are non-specifi c, but they must be taken into account with 
regard to treatment response and prognosis (see below).

Further reading
Fearnley JM, Lees AJ. Ageing and Parkinson’s disease: substantia nigra regional selectivity. 

Brain 1991; 114(Pt 5): 2283–301.
Damier P, Hirsch EC, Agid Y, Graybiel AM. The substantia nigra of the human brain. II. Pat-

terns of loss of dopamine-containing neurons in Parkinson’s disease. Brain 1999; 122(Pt 
8): 1437–48.

Lang AE, Obeso JA. Time to move beyond nigrostriatal dopamine defi ciency in Parkinson’s 
disease. Ann Neurol 2004; 55(6): 761–5.
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Figure 1.6 Multicentric neurodegeneration in Parkinson’s disease. STN, subthalamic nucleus; 
GPi, globus pallidus internal segment; GPe, external segment; SNc, substantia nigra pars 
compacta; VTA, ventral tegmental area. The fi gure is a schematic representation of the 
monoamine neurotransmitter pathways (except for acetylcholine) affected in Parkinson’s 
disease. “Non-dopaminergic” clinical manifestations in PD are probably caused by the loss 
of neurons in many cortical, subcortical, brainstem, and peripheral autonomic sites owing to 
the same neurodegenerative process that affects the nigrostriatal system. Reprinted from The 
Lancet Neurology, Vol. 3, Lang AE, Obeso JA. Current challenges in Parkinson’s disease: 
restoring the nigrostriatal dopamine system will not suffi ce, pp. 309–16. Copyright 2004, with 
permission from Elsevier.
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2. Consequences of dopaminergic neuronal lesions on basal ganglia 
circuits
a. The dopaminergic nigrostriatal system: pre- and postsynaptic 
compensatory mechanisms
PD symptoms appear only after considerable degeneration of the dopaminer-
gic nigrostriatal system, i.e. a 50% neuronal loss in the substantia nigra and 
80% depletion of striatal dopamine. This means that there is a substantial 
presymptomatic period of the disease, during which major compensatory 
mechanisms take place delaying the appearance of symptoms. To date, these 
mechanisms have been studied exclusively in the nigrostriatal system and 
with the help of animal models of PD. It is plausible, however, to assume that 
similar mechanisms may also play a role in other dopaminergic and non-
 dopaminergic systems affected in PD.

These compensatory mechanisms can be subdivided into two sorts: pre- 
and postsynaptic. Presynaptically, compensation for dopaminergic cell loss 
in the substantia nigra may occur at the level of the cell body, the axon, and 
the synapse. Specifi cally, it has been proposed that (i) increased dopamine 
synthesis and turnover in the remaining nigral dopaminergic neurons, (ii) 
sprouting of dopaminergic (and possibly serotonergic) fi bers in the striatum 
(axogenesis), and (iii) increased synaptic contacts (synaptogenesis) may occur. 
All three processes may be regulated by retrograde transport of trophic factors 
originating from striatal GABAergic neurons and/or surrounding astrocytes. 
Postsynaptically, striatal D1 and D2 receptor up-regulation may contribute to 
compensation of early nigral dopaminergic cell loss. In later disease stages, 
these same modifi cations of receptor sensitivity, especially D1 (see below), 
may contribute to the emergence of motor fl uctuations.

Research into the respective contribution of these mechanisms is ongoing. 
It is probable that these are active beyond the presymptomatic disease phase 
and, perhaps more importantly, may form the basis for new therapeutic strate-
gies in PD.

Further reading
Mounayar S, Boulet S, Tande D et al. A new model to study compensatory mechanisms in 

MPTP-treated monkeys exhibiting recovery. Brain 2007; 130(Pt 11): 2898–914.
Agid Y, Javoy-Agid F, Ruberg M. Biochemistry of neurotransmitters in Parkinson’s disease. 

In: Marsden CD, Fahn S, eds. Movement Disorders 2. London: Butterworth, 1987:166–230.

b. Pathologic alterations of nigrostriatal circuits in Parkinson’s disease
The consequences of dopaminergic lesions (lesion being defi ned as cell loss, 
rather than histopathological features such as inclusion bodies, see below), 
specifi cally those affecting the nigrostriatal pathway, have come under intense 
research over the past two decades. Importantly, they have made it possible 
to identify targets for functional neurosurgery in PD. In contrast, the brain 
circuit dysfunctions resulting from non-dopaminergic lesions remain widely 
unexplored, possibly because the contribution of these lesions to parkinso-
nian symptomatology has only recently aroused renewed interest. Thus, the 
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following section will focus on basal ganglia circuits affected by dysfunctions 
of the nigrostriatal system.

Nigral dopaminergic neurons are linked to striatal neurons by postsynaptic 
dopamine receptors. These are characterized by ligand specifi city and cou-
pling to adenylate cyclase, and are subdivided into two classes: D1 and D2. The 
D1 class stimulates the adenylate cyclase pathway while the D2 class inhibits 
it. These neurons can also be distinguished by their specifi c neuropeptide con-
tent, i.e. dynorphin and substance P for D1 receptors, and enkephalin for D2 re-
ceptors. Currently, fi ve human dopamine receptors have been identifi ed: sub-
types D1 and D5 in the D1 family, and subtypes D2, D3, and D4 in the D2 family. 
D1 and D2 receptor activation produces synergistic effects in the striatum. The 
antiparkinsonian effects of most dopamine agonists are related to the stimula-
tion of D2 receptors, whereas mixed D1/D2 agonist activity may be important 
for a full reversal of PD motor defi cits. This is why the effects of levodopa on 
motor function are usually superior to those of dopamine agonists. It is also 
believed, however, that stimulation of D1 receptors partly underlies the occur-
rence of dyskinesia, explaining why most dopamine agonists are less likely to 
cause these motor complications than levodopa (Chapter 3, case study 11).

D3 and D4 receptors are more selectively associated with limbic brain areas, 
mainly associated with emotional functions, which receive their dopamine 
input from the ventral tegmental area (Chapter 3, case study 12). D5 receptors 
are expressed in the hippocampus, the hypothalamus and the parafascicular 
nucleus of the thalamus, with as yet unclear functional consequences in PD.

When striatal dopaminergic deafferentiation of D1 and D2 receptors occurs, 
the basal ganglia circuitry is profoundly altered. The basal ganglia consist of 
the caudate nucleus, the putamen, the globus pallidus (subdivided into an in-
ternal and external part), and the subthalamic nucleus. The caudate and puta-
men together are called the striatum, which is the target of cortical input to 
the basal ganglia. The globus pallidus is the source of output to the thalamus. 
The basic motor circuit of the basal ganglia is a loop where information cycles 
from the cerebral cortex through the basal ganglia and thalamus, and then 
back to the cortex, particularly the supplementary motor area. One of the main 
functions of this loop seems to be the selection and automatic execution of 
voluntary movement. In addition, there are associative and limbic territories 
within the basal ganglia organized in loops which mainly control cognitive 
and emotional functions.

Figure 1.7 represents the classic model of the basal ganglia motor circuit in 
normal and parkinsonian states. This model proposes that the striatum, the 
major input region of the basal ganglia, is connected to the major output re-
gion, the globus pallidus (internal part) and the substantia nigra (pars reticu-
lata), by a “direct” pathway (considered to be D1 receptor-dependent) and by 
an “indirect” pathway (considered to be D2 receptor-dependent) that has syn-
aptic connections with the globus pallidus (external part) and the subthalamic 
nucleus (Chapter 3, case study 13). In normal subjects (Fig. 1.7a), dopaminergic 
neurons in the substantia nigra act to excite inhibitory neurons in the direct 
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pathway and inhibit the excitatory infl uence of the indirect pathway. In PD 
(Fig. 1.7b), dopamine depletion leads to overactivity in the globus pallidus 
(internal part) and substantia nigra (pars reticulata) with excess inhibition of 
the thalamus and reduced activation of cortical motor regions, which translate 
into the development of parkinsonian features.

Although this model has many merits, the past decade has also shown that 
it contains errors and unanswered questions. For example, while hypoactiv-
ity of the direct pathway has been confi rmed experimentally, hyperactivity 
of the indirect pathway remains a subject of debate. Moreover, recent studies 
call into question the exclusive segregation of the direct and indirect path-
ways. They report a larger amount of collateralization between both pathways 
in primates than that reported for rodent basal ganglia. Furthermore, recent 
studies suggest that motor, associative, and limbic territories within the basal 
ganglia territories are separated by functional gradients, not by sharp bound-
aries, and converge from the cortex to the striatum to the globus pallidus and 
fi nally the subthalamic nucleus. The subthalamic nucleus may, therefore, rep-
resent a nexus for the integration of motor, cognitive and emotional aspects of 

a. b. 

Figure 1.7 Basal ganglia circuit: classic model in normal subjects (a) and in Parkinson’s 
disease (b). In parkinsonism, dopaminergic cell loss in the substantia nigra pars compacta 
(SNpc) globally results in a disinhibition of basal ganglia output structures, notably the 
subthalamic nucleus (STN) and globus pallidus internal (GPi), which are the prime targets 
for functional neurosurgery in PD. GPe, external global pallidus; SNpr, substantia nigra pars 
reticulata; PPN, pendunculopontine nucleus; VL, ventral lateral nucleus.
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behavior (Fig. 1.8). This explains the primary role of the subthalamic nucleus 
as the target for deep brain stimulation in basal ganglia disorders other than 
PD, such as obsessive-compulsive disorder. Conversely, the integrative func-
tions of the subthalamic nucleus may also underlie psychiatric disturbances 
following deep brain stimulation.

Further reading
Graybiel AM. The basal ganglia: learning new tricks and loving it. Curr Opin Neurobiol 2005; 

15(6): 638–44.
Levesque M, Parent A. The striatofugal fi ber system in primates: a reevaluation of its or-

ganization based on single-axon tracing studies. Proc Natl Acad Sci USA 2005; 102(33): 
11888–93.

3. Histopathology of Parkinson’s disease
The histopathological criteria for PD are given in Table 1.1. In contrast to 
progressive supranuclear palsy, a Parkinson-plus syndrome, there are no 
tau- positive inclusions in PD. Senile plaques, as seen in Alzheimer’s disease, 
can be observed in PD brains, especially in cortical areas. Gliosis, as a conse-

Figure 1.8 Schematic illustration of the convergence of projections from the cerebral cortex 
(CX), caudate nucleus (CD), and globus pallidus (GP) on the subthalamic nucleus (STN). 
These projections can be divided into three functional territories – sensorimotor (green), 
associative (mauve), and limbic (yellow) – and converge in the STN. Adapted from Mallet L, 
Schüpbach M, N’Diaye K, et al. Proc Natl Acad Sci USA 2007; 104(25):10661–6.
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quence of cell death, occurs in several brain regions in PD, particularly in the 
substantia nigra. It is the presence of nigral and cortical Lewy bodies (Fig. 
1.9), however, that plays a paramount role in diagnosing PD. Yet, they are not 
pathognomic for PD and can be observed in other parkinsonian syndromes 
such as multiple system atrophy or dementia with Lewy bodies. Lewy bod-
ies are cytoplasmic inclusions consisting of a large variety of proteins such 
as α-synuclein (the main constituent), synphilin-1, ubiquitin, neurofi laments, 
oxidized/nitrated proteins, parkin, proteasomal elements, and heat shock 
proteins, among  others.

Table 1.1 Proposed criteria for histopathological confi rmation of Parkinson’s disease

1 Substantial nerve cell loss with accompanying gliosis in the substantia nigra.
2 At least one Lewy body in the substantia nigra or in the locus coeruleus. (Note: it may 
be necessary to examine up to four non-overlapping sections in each of these areas before 
concluding that Lewy bodies are absent.)
3 No pathological evidence for other diseases that produce parkinsonism, e.g. progressive 
supranuclear palsy, multiple system atrophy, corticobasal degeneration. (Note: in excluding 
other diseases that produce parkinsonism, published consensus criteria should be used when 
available.)

http://www.medicalcriteria.com/criteria/neuro_parkinson.htm

l

Figure 1.9 Lewy bodies in Parkinson’s disease. The characteristic histopathological changes 
in PD are the loss of pigmented dopaminergic neurons, particularly in the ventral tier of 
the substantia nigra pars compacta, and the presence of Lewy bodies in a proportion of 
the surviving neurons. Lewy bodies are intracytoplasmic inclusions measuring 5–30 µm in 
diameter. They often have a dense hyaline eosinophilic core composed of concentric lamellae, 
surrounded by a pale halo. The Lewy body is composed of a number of different proteins that 
exhibit staining for ubiquitin, α-synuclein and proteasomal components. If on close examination 
of several sections of the midbrain, no Lewy bodies are found in the substantia nigra, a 
diagnosis of PD can usually be excluded and other causes of parkinsonism considered. Images 
courtesy of JJ Hauw, Department of Neuropathology, Hôpital de la Pitié-Salpêtrière, Paris, 
France.
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In recent years, the staging of Lewy body distribution (by detection of in-
tracellular α-synuclein-positive inclusion bodies) across the brain in PD by 
Braak and colleagues has received widespread attention (Table 1.2). This stag-
ing provides an elegant explanation for the occurrence both of motor and 
non-motor symptoms in PD, and maybe more importantly for the kinetics of 
symptom appearance.

Substantia nigra
compacta

Neocortex 
   • 

neocortex
   • neocortex

prosencephalon
Mesocortex

–
mesocortex

– Allocortex
neocortex 

Neocortex
• 

     
   • Premotor  
   •

 
   • 

Bradykinasia

Neuropsychiatric
i

e

raphe
Gigantocellular

Coeruleus-subcoeruleus

hyposmia

stage

Table 1.2 Progression of neurodegeneration in Parkinson’s disease according to Braak and 
coworkers

The traditional view that the pathological process in PD initiates with the degeneration of dopaminergic 
neurons in the substantia nigra is challenged by Braak and colleagues who introduced the concept of 
a six-stage neuropathological process allowing differentiation of initial, intermediate, and fi nal stages 
of PD-related histopathological lesions. The table displays this staging, which is based on distribution 
of α-synuclein-positive inclusion bodies (not neuronal degeneration) throughout the brain. Based on 
Braak H, Rüb U, Gai WP, Del Tredici K. J Neural Transm 2003; 110: 517–36.



What is Parkinson’s disease?  13

Braak stage 1 denotes Lewy body deposition of the olfactory bulb and the 
anterior olfactory nucleus, which can clinically manifest as olfactory dysfunc-
tion. Braak stage 2 characterizes progression of the pathological process to 
the lower brainstem. These areas, implicated in the preclinical stages 1 and 
2 of PD, are also thought to be key areas that mediate non-motor symptoms 
such as olfaction, sleep homoeostasis, and autonomic symptoms. For instance, 
sleep might be affected by abnormalities in the sleep–wake cycle-related path-
way that mediates thalamocortical arousal, including brainstem nuclei such 
as the raphe nucleus (serotonin) and the locus coeruleus (noradrenaline). The 
locus coeruleus, subcoeruleus nucleus, and raphe nucleus are also thought 
to be key areas related to the origin of visual hallucinations and rapid eye 
movement (REM) sleep behavior disorder in PD (Chapter 3, case studies 1 and 
6). Furthermore, medullary nuclei, which play an important part in central 
autonomic control, may be affected at this stage, explaining early autonomic 
disturbances in PD.

The typical motor triad of akinesia, rigidity, and rest tremor only emerge 
at Braak stages 3 and 4 when the neurodegenerative process has affected the 
substantia nigra. This stage is when “true” neurodegeneration (as evidenced 
by cell loss rather than the presence of Lewy bodies) fi rst occurs in PD and 
crosses the threshold from a premotor to a motor disorder. The fi nal two stag-
es, Braak stages 5 and 6, correlate with the presence of Lewy bodies in limbic 
structures and the neocortex. Patients may have neuropsychiatric symptoms 
such as depression, cognitive impairment, and visual hallucinations at this 
stage.

However, justifi ed criticisms of this model have been raised. Specifi cally, 
the presence of Lewy bodies is not necessarily a sign of neuronal damage, 
and “genuine” lesions involving neuronal loss in extranigral areas have been 
described in PD, but their chronological appearance remains unknown. In 
line with this, one of the central questions in PD pathophysiology remains 
whether Lewy bodies cause cell death, prevent cell death, or are mere bystand-
ers. A recent and intriguing hypothesis suggests that accelerated formation of 
nonfi brillar α-synuclein oligomers is the critical process in PD pathogenesis. 
These oligomers are precursors of Lewy bodies, suggesting that Lewy body 
formation may even be neuroprotective by sequestering the toxic species. Alter-
natively, Lewy bodies may occur as an epiphenomenon of the primary pathol-
ogy and have little or no effect on neuronal viability. Finally, Lewy bodies 
may be toxic, since they are composed of abnormal neurofi laments and their 
presence may indicate a general aberration of the cytoskeleton. In addition, 
entrapment of vital cellular organelles and inhibition of axonal transport by 
Lewy bodies have been described.

While awaiting answers to these questions, the Braak staging remains 
a hypothetical model of neuronal dysfunction related to the presence of 
α-synuclein-positive neuronal inclusions. For now, it is safe to assume that 
the presence of Lewy bodies can be considered a “fi ngerprint” of past or pres-
ent neuronal suffering, and thus remains a valid hallmark of PD.
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Further reading
Braak H, Bohl JR, Muller CM, Rub U, de Vos RA, Del Tredici K. Stanley Fahn Lecture 2005: 

The staging procedure for the inclusion body pathology associated with sporadic Par-
kinson’s disease reconsidered. Mov Disord 2006; 21(12): 2042–51.

Halliday GM, McCann H. Human-based studies on alpha-synuclein deposition and rela-
tionship to Parkinson’s disease symptoms. Exp Neurol 2008; 209(1): 12–21.

Harrower TP, Michell AW, Barker RA. Lewy bodies in Parkinson’s disease: protectors or 
perpetrators? Exp Neurol 2005; 195(1): 1–6.

4. The etiopathogenesis of Parkinson’s disease
The development of successful disease-modifying therapies depends upon an 
exact understanding of the pathogenesis of PD. Effective “neuroprotective” 
therapies will hopefully delay or prevent degeneration of dopaminergic and 
non-dopaminergic pathways. Multiple cellular alterations leading to neuronal 
demise have been identifi ed to date. Schematically, two main pathways of cell 
toxicity coexist. The fi rst pathway is related to protein misfolding and aggre-
gation, either as a consequence of an increased production (e.g. α-synuclein 
aggregation) or decreased elimination (proteasomal dysfunction) of toxic pro-
teins. The second pathway is related to mitochondrial dysfunction, especially 
of the mitochondrial respiratory chain. Both pathways ultimately lead to an 
increase in oxidative stress and intracellular energy depletion (Fig. 1.10).

Another important notion relates to the selective vulnerability of neurons to 
undergo cell death, especially dopaminergic neurons. In particular, dopamine 
metabolism, neuromelanin accumulation, iron content, and decreased con-
centrations in anti-oxidant enzymes, all resulting in free radical formation, are 
obvious vulnerability factors for the degeneration of dopaminergic neurons. 
In recent years, the glial microenvironment has also been increasingly recog-
nized as a potential vulnerability factor for nigral dopaminergic neurons.

All these alterations and vulnerability factors are believed to be caused ei-
ther by genetic and/or environmental factors. Their consequence in terms of 
cell death are probably equal; not so the therapeutic consequences, which are 
more complex.

a. The genetics of Parkinson’s disease: any clues for the sporadic forms?
Until the late 1990s, PD was considered to be a sporadic disease. In a signifi -
cant number of cases (10–15%), however, the disease runs in families without 
a clear-cut Mendelian pattern of inheritance. This observation suggests that 
in such patients, PD is a complex trait determined by several genetic as well as 
non-genetic factors. More rarely, the PD phenotype is transmitted as a Mende-
lian trait, with either autosomal dominant or recessive inheritance (Table 1.3). 
Of note, non-genetic factors and disease modifi ers that modulate the penetra-
tion of a certain mutation, onset age, and clinical features may still be critical 
in these patients (Chapter 3, case studies 22 and 24).
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In light of these fi ndings, our view on PD has changed in three major as-
pects.

First, it is hoped that understanding the function of the proteins encoded by 
mutated genes may deepen our understanding of pathophysiological altera-
tions relevant to the sporadic disease form. Alpha-synuclein is an illustration of 
that principle, as this gene is both mutated in autosomal-dominantly inherited 
forms of PD, and the encoded protein is also the main constituent of Lewy 
bodies in sporadic PD. In a similar vein, genes responsible for early-onset 
autosomal-recessive parkinsonism have pointed towards major intracellular 
mechanisms involved in nigral dopaminergic neurodegeneration: Parkin as a 
ubiquitin ligase points to the importance of the proteasome degradation ma-
chinery; PTEN-induced putative kinase 1 (PINK1) as a mitochondrial protein 
kinase points to the importance of mitochondrial dysfunction; DJ1 as a sensor 
for oxidative stress points to the deleterious actions of reactive oxygen species 
for nigral cellular survival.

Second, although many genetic forms are exceedingly rare, some are suf-
fi ciently common to be relevant in everyday clinical practice. For example, the 

m

–•

Figure 1.10 Mitochondrial dysfunction and cell death. ATP, adenosine triphosphate; PTP, 
permeability transition pore; UPS, ubiquitin proteasome system; ΔΨm, Mitochondrial membrane 
potential.



16 Chapter 1

Ta
b

le
 1

.3
 G

en
es

 id
en

tifi
 e

d 
in

 fa
m

ili
al

 fo
rm

s 
of

 P
ar

ki
ns

on
’s

 d
is

ea
se

 w
ith

 M
en

de
lia

n 
in

he
ri

ta
nc

e

Lo
cu

s 
C

hr
om

os
om

al
 

re
gi

on
G

en
e

P
ut

at
iv

e 
bi

ol
og

ic
al

 s
ig

ni
fi c

an
ce

 o
f t

he
 

ab
no

rm
al

 p
ro

te
in

A
ge

 o
f 

on
se

t
In

he
rit

an
ce

C
lin

ic
al

 p
he

no
ty

pe

P
A

R
K

1 
4q

21
-q

23
α-

sy
nu

cl
ei

n
α

-s
yn

uc
le

in
 is

 o
ne

 o
f t

he
 p

ri
nc

ip
al

 
co

m
po

ne
nt

s 
of

 L
ew

y 
bo

di
es

. M
ut

an
t 

is
of

or
m

s 
of

 a
lp

ha
 s

yn
uc

le
in

 a
gg

re
ga

te
 

m
or

e 
re

ad
ily

. I
t h

as
 b

ee
n 

su
gg

es
te

d 
th

at
 th

ei
r 

te
nd

en
cy

 to
 a

gg
re

ga
te

 in
to

 
m

is
fo

ld
ed

 s
tr

uc
tu

re
s 

m
ay

 c
on

fe
r 

to
xi

c 
pr

op
er

tie
s 

to
 th

e 
pr

ot
ei

n

Y
ou

ng
A

D
S

im
ila

r 
to

 id
io

pa
th

ic
 P

D
 (

IP
D

),
 r

ap
id

 
pr

og
re

ss
io

n

P
A

R
K

2 
6

q
25

.2
-q

27
P

ar
ki

n 
P

ar
ki

n 
fu

nc
tio

ns
 a

s 
an

 E
3 

lig
as

e,
 

ub
iq

ui
tin

at
in

g 
pr

ot
ei

ns
 fo

r 
de

st
ru

ct
io

n 
by

 th
e 

pr
ot

ea
so

m
e

;  a
cc

um
ul

at
io

n 
of

 
ub

iq
ui

tin
at

ed
, i

ns
ol

ub
le

 a
nd

 u
nf

ol
de

d 
fo

rm
s 

of
 a

 n
or

m
al

 s
ub

st
ra

te

Y
ou

ng
A

R
S

ym
pt

om
at

ic
 im

pr
ov

em
en

t f
ol

lo
w

in
g 

sl
ee

p,
 m

ild
 d

ys
to

ni
a,

 g
oo

d 
re

sp
on

se
 to

 
le

vo
do

pa
, s

lo
w

 p
ro

gr
es

si
on

P
A

R
K

3
2p

13
U

nk
no

w
n

–
S

im
ila

r 
to

 IP
D

A
D

D
op

a-
re

sp
on

si
ve

 p
ar

ki
ns

on
is

m
 w

ith
 a

 
m

ea
n 

ag
e 

at
 o

ns
et

 o
f 5

9 
ye

ar
s

P
A

R
K

4
4p

15
.1

U
nk

no
w

n
–

Y
ou

ng
A

D
R

ap
id

ly
 p

ro
gr

es
si

ve
, d

op
a-

re
sp

on
si

ve
 

pa
rk

in
so

ni
sm

 in
 e

ar
ly

 o
r 

m
id

-3
0

s;
 

ea
rl

y-
st

ag
e 

w
ei

gh
t l

os
s,

 d
em

en
tia

 in
 

la
te

r 
st

ag
es

P
A

R
K

5 
4p

14
U

C
H

L1
Im

pa
ire

d 
pr

ot
ei

n 
cl

ea
ra

nc
e 

th
ro

ug
h 

ub
iq

ui
tin

–
pr

ot
ea

so
m

e 
sy

st
em

s 
S

im
ila

r 
to

 IP
D

A
D

S
im

ila
r 

to
 IP

D



What is Parkinson’s disease?  17

P
A

R
K

6 
1p

3
5

-p
3

6
P

IN
K

1
A

lte
re

d 
ph

os
ph

or
yl

at
io

n 
of

 ta
rg

et
 

m
ito

ch
on

dr
ia

l p
ro

te
in

s 
le

ad
in

g 
to

 
ab

no
rm

al
 s

tr
es

s 
re

sp
on

se
 a

nd
 

ne
ur

od
eg

en
er

at
io

n

Y
ou

ng
A

R
B

en
ig

n 
co

ur
se

, l
ev

od
op

a-
re

sp
on

si
ve

P
A

R
K

7 
1p

3
6

D
J1

Im
pa

ir
m

en
t o

f p
ro

te
ct

io
n 

ag
ai

ns
t 

to
xi

ci
ty

 m
ed

ia
te

d 
by

 fr
ee

 r
ad

ic
al

s 
Y

ou
ng

A
R

Le
vo

do
pa

-r
es

po
ns

iv
e

P
A

R
K

8 
12

q1
2

LR
R

K
2

D
ys

re
gu

la
tio

n 
of

 c
yt

os
ke

le
ta

l 
re

sp
on

se
s 

to
 e

xt
er

na
l s

tim
ul

i a
nd

 
ve

si
cu

la
r 

tr
af

fi c
ki

ng

S
im

ila
r 

to
 IP

D
A

D
S

im
ila

r 
to

 IP
D

 (
LR

R
K

2 
m

ut
at

io
ns

 a
re

 
th

e 
co

m
m

on
es

t c
au

se
 o

f e
ith

er
 fa

m
ili

al
 

or
 “

sp
or

ad
ic

” 
P

D
) 

P
A

R
K

9
1p

3
6

A
T

P
13

A
2

–
Y

ou
ng

A
R

Le
vo

do
pa

-r
es

po
ns

iv
e 

pa
rk

in
so

ni
sm

 
w

ith
 a

d
di

tio
na

l f
ea

tu
re

s 
su

ch
 a

s 
sp

as
tic

ity
, d

em
en

tia
, o

r 
su

pr
an

uc
le

ar
 

ga
ze

 p
ar

al
ys

is
P

A
R

K
10

1p
32

U
nk

no
w

n
–

25
–7

5 
ye

ar
s

?
S

im
ila

r 
to

 IP
D

P
A

R
K

11
2q

3
6

-q
37

U
nk

no
w

n
–

6
0

?
U

nk
no

w
n

P
A

R
K

12
X

q
21

-q
25

U
nk

no
w

n
- 

S
im

ila
r 

to
 IP

D
X

-l
in

ke
d

U
nk

no
w

n

P
A

R
K

13
2p

12
O

m
i/

H
tr

A
2

S
er

in
e 

pr
ot

ea
se

 ta
rg

et
ed

 to
 

m
ito

ch
on

dr
ia

S
im

ila
r 

to
 IP

D
A

D
Le

vo
do

pa
-r

es
po

ns
iv

e 
pa

rk
in

so
ni

sm

A
bb

re
vi

at
io

ns
: A

D
, a

ut
os

om
al

 d
om

in
an

t;
 A

R
, a

ut
os

om
al

 r
ec

es
si

ve
; U

C
H

-L
1,

 u
bi

qu
iti

n 
ca

rb
ox

y-
te

rm
in

al
 h

yd
ro

la
se

 L
1;

 P
IN

K
1,

 p
ho

sp
ha

ta
se

 a
nd

 te
ns

in
 h

om
ol

og
 

de
le

te
d 

on
 c

hr
om

os
om

e 
10

 (
P

T
E

N
)-

in
du

ce
d 

ki
na

se
 1

; L
R

R
K

2,
 le

uc
in

e
-r

ic
h 

re
pe

at
 k

in
as

e 
2

; I
P

D
, i

di
op

at
hi

c 
P

ar
ki

ns
on

’s
 d

is
ea

se
.



18 Chapter 1

autosomal-dominant leucine-rich repeat kinase 2 (LRRK2) mutations account 
for 1–2% of sporadic cases in most European populations, with even higher 
fi gures in North African Arabs, Ashkenazi Jews, and Chinese populations. 
Importantly, LRRK2 cases may be clinically undistinguishable from idio-
pathic PD and owing to incomplete penetrance, a clear family history is not 
always apparent. If these results are confi rmed in subsequent series, LRRK2 
mutations will become the fi rst genetic test with relevance for patients with 
the typical, late-onset form of PD.

Third, genes mutated in monogenic variants of PD may also play a role 
in a large proportion of patients without clear Mendelian inheritance. These 
genetic effects are mediated by common variants (polymorphisms) that cause 
subtle alterations in gene expression and/or the function of the encoded pro-
tein. These polymorphisms are not disease-causing mutations in the classic 
sense, but may predispose an individual to develop PD, either in combina-
tion with other gene polymorphisms or with external, environmental causes 
(“multiple hit” hypothesis of PD). Furthermore, genes not implicated in famil-
ial PD forms may play a role as susceptibility factors. One recent example is 
the glucocerebrosidase gene which is mutated in Gaucher’s disease but may 
cause or at least predispose to PD in certain populations, i.e. Ashkenazi Jews 
(Table 1.4) (Chapter 3, case study 19).

The importance of genetic testing is therefore expected to increase in the 
near future for patients presenting with parkinsonism. Despite the impor-
tance of genetic studies for the research into the etiopathogenesis of PD, how-
ever, their utility in clinical practice for diagnostic or predictive (presymptom-
atic) purposes remains a matter of debate. As long as specifi c treatments are 
not available for PD patients carrying a certain gene mutation, genetic testing 
bears no immediate practical consequences for the management of these pa-
tients.

Table 1.4 Other genes associated with PD and parkinsonism

N-acetyltransferase 2 (NAT2)
Nuclear receptor related 1 (NURR1)
Cytochrome P450 2D6 (CYP2D6)
Dopamine D2 receptor gene (DRD2)
Monoamine oxidase B (MAOB)
Ferritin (light chain)
Glutathione S-transferase theta 1 (GSTT1) 
Tau H1 haplotype 
Glucocerebrosidase beta (GBA) 
Synuclein alpha (SNCA) (PARK1) promoter polymorphism 
UCHL1 (PARK5) polymorphism
Spinocerebellar ataxia (SCA3)

Mutations of these genes may not be causative, but rather predispose an individual to develop 
PD, possibly in association with other genes and/or environmental factors.
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b. Relevant environmental factors: focus on mitochondria
Support for an environmental etiology of PD comes from the occurrence 
of post-encephalitic parkinsonism, from two known geographical clusters 
of PD-like neurodegenerative diseases (the “Guam complex” and “Guade-
loupean parkinsonism”), and from the discovery of toxic models of parkin-
sonism caused by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) and 
rotenone. Furthermore, there is possibly an epidemiological association of 
common PD with environmental factors such as rural living and occupation-
al exposure to pesticides. Finally, as discussed above, genetic susceptibility 
factors may interact with environmental toxins (“multiple hit” hypothesis of 
PD).

Many pesticides, as well as MPTP, rotenone, and annonacin (the causative 
agent in Guadeloupean parkinsonism) are inhibitors of complex I in the mito-
chondrial respiratory chain. Complex I defi ciency has long been recognized in 
sporadic PD, although its cause remains unknown in the absence of clear toxin 
exposure. Mutations of the nuclear or mitochondrial genome may be caus-
ative, or at least contributive. Interestingly, mutations of the mitochondrial 
genome may appear spontaneously (possibly caused by toxin and/or radia-
tion exposure), blurring the boundary between genetic and environmental 
causes. Mitochondrial dysfunction may lead to oxidative stress, proteasomal 
overload, protein aggregation, and changes in neuronal fi ring properties. 
Most important of all, however, is energy (adenosine 5′-triphosphate, ATP) 
depletion, as energy supply is the primary cellular function of mitochondria. 
Thus, therapies aimed at correcting this energy defi cit, such as creatine or 
coenzyme Q10, have shown promise in exploratory neuroprotection trials in 
PD (see Chapter 2).

c. Mechanisms of cell death in Parkinson’s disease: therapeutic 
implications
In the substantia nigra of PD patients, dopaminergic neurons can be divided 
into three groups: (1) normal neurons, (2) diseased neurons, and (3) dying 
neurons (Fig. 1.11). One of the major questions over the past decade has been 
whether dopaminergic (and possibly other) neurons in PD die by apoptosis 
(programmed cell death) or necrosis.

Programmed cell death was long considered identical to apoptosis but 
has been shown to encompass other forms of cell death such as autophagy. 
In theory, programmed cell death is an attractive candidate for drug ther-
apy in PD for two reasons. First, specifi c molecular pathways are engaged 
to induce degradation of intracellular constituents and, ultimately, phago-
cytosis of the cell. These molecular pathways can be targeted pharmaco-
logically. Second, programmed cell death is the common endpoint and thus 
denominator for multiple pathogenic processes leading to cell death. Since 
programmed cell death in PD, however, seems to be a consequence of cel-
lular dysfunction rather than a primary disease phenomenon, questions 
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have been raised whether it represents a worthwhile therapeutic target. The 
major concern relates to whether programmed cell death inhibition is suf-
fi cient to protect and restore function of neurons in PD. This is probably not 
the case. Rather, it is plausible to assume that programmed cell death inhibi-
tion will result in the survival of diseased neurons, while treatment should 
aim at restoring these cells (Fig. 1.12).

Therefore, therapeutic interventions to rescue diseased neurons must tar-
get pathways upstream of the molecular cascade regulating programmed cell 
death. Before undergoing programmed cell death, a dopaminergic neuron 

Figure 1.11 Mechanisms of neuronal death in Parkinson’s disease. Dopaminergic neurons in 
Parkinson’s disease can be found in three states: (1) Normal. Neurons display strong tyrosine 
hydroxylase (TH) staining, indicative of dopamine content. The neuron has several dentrites 
and a well-developed axon. (2) Diseased. The cell body begins to shrink. TH staining is weak 
and dentrites/axons begin to retract. (3) Dying (apoptotic). The nucleus is condensed, and 
the cell body maximally shrunken. TH staining is weak or absent, and dentrites/axons are 
completely retracted.

 1

Figure 1.12 Function of a dopaminergic neuron during normal aging and in Parkinson’s 
disease. When apoptosis occurs, neuronal function has already signifi cantly declined. Thus, 
while anti-apoptotic therapies may “rescue” sick neurons, they fail to restore adequate function.

 2  3
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does not degenerate abruptly (although the exact kinetics in humans remain 
unknown), but crosses several intermediate stages, possibly over the course of 
years. This means that a proportion of neurons may be suffering and dysfunc-
tional, but morphologically intact. Early rescue of diseased neurons may clini-
cally result in an improvement in symptoms or, with the prospect of future 
preclinical identifi cation of PD, delay the symptomatic phase of the disease 
and halt its progression.

One of the main problems, however, is to understand what the causes and 
the consequences of the primary disease process (“sporadic,” genetic, and/or 
environmental) are. Indeed, it is extremely diffi cult to disentangle the primary 
from the secondary events in this cascade, where all intracellular pathophysi-
ological alterations potentially interact. Once neuronal suffering occurs, mul-
tiple pathways are probably engaged in parallel and not sequentially. This 
means that a neuroprotective/neurorestorative treatment should probably 
target as many pathways as possible (“cocktail approach”) instead of relying 
on a single, highly specifi c “magic bullet.”

Further reading
Abeliovich A, Flint Beal M. Parkinsonism genes: culprits and clues. J Neurochem 2006; 99(4): 

1062–72.
Benmoyal-Segal L, Soreq H. Gene-environment interactions in sporadic Parkinson’s dis-

ease. J Neurochem 2006; 97(6): 1740–55.
Hardy J, Cai H, Cookson MR, Gwinn-Hardy K, Singleton A. Genetics of Parkinson’s disease 

and parkinsonism. Ann Neurol 2006; 60(4): 389–98.
Hartmann A. Programmed cell death in Parkinson’s disease. In: Recent Breakthroughs in 

Basal Ganglia Research, Ed. Bezard E. New York: Nova Science Publishers, 2006: 303–12.
Sulzer D. Multiple hit hypotheses for dopamine neuron loss in Parkinson’s disease. Trends 

Neurosci 2007; 30(5): 244–50.
Schapira AHV. Mitochondria in the aetiology and pathogenesis of Parkinson’s disease. Lan-

cet Neurol 2008; 7(1): 97–109.

5. Conclusions
a. Parkinson’s disease or Parkinson’s syndromes?
Despite decades of intense research, the etiology of PD remains unknown. 
One fundamental point which has begun to emerge over the past decade, 
however, is that PD is not a single entity. Both environmental agents and ge-
netic causes as well as age-related effects have been identifi ed with potentially 
important interactions. In particular, the discovery of Mendelian forms of PD 
are challenging the concept that PD is one disease, as well as the validity of the 
current clinicopathological disease defi nition.

Another important paradigm shift in our understanding of PD concerns 
non-motor symptoms. Clinicians involved in the care of PD patients have 
known for a long time that this disorder comprises far more than the classic 
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motor triad of symptoms (akinesia/bradykinesia, rigidity, and rest tremor, see 
below). Rather, a multitude of non-motor symptoms either co-occur with the 
motor triad, appear later in the disease course, or may even precede the motor 
triad. The underlying neuropathological and neurochemical central nervous 
system alterations explaining these symptoms are just beginning to be identi-
fi ed, however, and their treatment is complex.

Finally, it is important to understand that the cellular dysfunctions leading 
to cell death observed in PD brains occur gradually. Thus, the nigrostriatal 
dopaminergic system and other systems may be dysfunctional, although mor-
phologically intact at the perikaryal, axonal, and/or synaptic level. This has 
major therapeutic implications, since rescue of these neurons may well suf-
fi ce to achieve adequate clinical improvement, potentially without additional 
symptomatic therapies being required.

Thus, the holy grail of PD research is to stop disease progression by pro-
tecting healthy neurons (neuroprotection) or even reverse the disease course 
by restoring the function of diseased neurons (neurorescue). Both patients 
and the medical community express the same priority, despite or maybe even 
because of the availability of multiple effi cient symptomatic treatments (see 
Chapter 2).

b. What Parkinson’s disease is not
In light of these observations, however, it is also helpful to recall what PD is 
not:
• PD is a multisystem, but not a generalized disease of the brain: Although many 
different neuronal populations may be involved, especially in late disease 

Theoretical norm

Normal aging
Normal aging

Moderate PD

Severe PD

Figure 1.13 The temporal pattern of dopaminergic cell loss in Parkinson’s disease. Whereas 
in normal aging, a slow and steady decline in the number of dopaminergic neurons occurs, this 
decline is much sharper in Parkinson’s disease (variable, either relatively slow in some forms 
of the disease, or abrupt in severe cases), beginning (presumably) in middle age for the classic 
forms of the disease.
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stages, the majority of neurons in the central nervous system remain undam-
aged.
• PD is not an accelerated form of aging: Although neuronal death probably oc-
curs slowly (both at the systemic and at the cellular level), the decline is still 
much sharper than during normal aging (Fig. 1.13). Thus, it is estimated that 
nigral neuronal loss is 1% per year in PD patients, while neuronal loss with 
aging may be minimal, although connectivity and cellular function do de-
cline. Furthermore, the type and localization of neurons most affected by PD 
or by aging differ. Thus, cell loss is more pronounced in the ventral tier of the 
substantia nigra in PD, whereas in normal aging, loss that does occur affects 
the dorsal tier. Finally, the recognition of juvenile forms of PD contradicts the 
notion that PD is necessarily an age-related disease.
• PD is not an embryopathy: Although the precise moment when neuronal de-
generation starts is unknown, nuclear imaging data have provided compel-
ling evidence that the neuronal loss (but not necessarily subclinical neuronal 
dysfunction) begins in adulthood. Moreover, the period between the onset of 
neuronal loss and the appearance of clinical symptoms probably spans less 
than a decade.
• PD is not a well-defi ned, consensual entity: Although both clinical and histo-
pathological criteria for PD exist, familial forms have shed doubt on the valid-
ity of these criteria. In addition, the renewed interest in non-dopaminergic 
lesions in PD, which may even precede the onset of the parkinsonian motor 
triad, has triggered a debate to what extent the multisystemic nature of PD 
must be taken into account when formulating diagnostic criteria.

In conclusion, PD consists of dopaminergic lesions, both cerebral and extra-
cerebral, and non-dopaminergic cerebral lesions. The extent and evolution of 
these lesions varies greatly from patient to patient. Although the Braak staging 
is an elegant attempt to provide a general frame for the evolution of lesions 
and symptoms, it is merely a model that does not suffi ce to predict individual 
prognosis. Rather, there is still progress to be made in semiology which re-
mains, by and large, the best refl ection of brain function. Thus, the different 
clinical features of PD will be addressed in the following section and corre-
lated with the underlying pathophysiology.

II. Clinical features of Parkinson’s disease

1. Motor symptoms
To diagnose PD requires identifying parkinsonism fi rst. Parkinsonism is char-
acterized by akinesia and rigidity, of which idiopathic (“sporadic”) PD is the 
main cause. PD is a clinical and neuropathological entity (loss of pigmented 
dopaminergic neurons in the brain stem, particularly in the sustantia nigra 
along with the presence of Lewy bodies) that is included within the spectrum 
of parkinsonism. In theory, therefore, the only way to confi rm a diagnosis of 
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PD is by autopsy. Nevertheless, patient history and examination by skilled cli-
nicians can predict the pathological fi ndings with high certainty. PD is usually 
asymmetrical, characterized by the presence of akinesia and rigidity, often 
associated with rest tremor, and is responsive to dopaminergic treatment. Fur-
thermore, historical or examination factors suggesting an alternative cause for 
symptoms are lacking (Table 1.5).

The cardinal feature of parkinsonism remains akinesia, that is a diffi culty in 
initiating a movement, which can be measured by increased reaction time. Bra-
dykinesia or slowing of movements is less specifi c than akinesia. Hypometria or 
incomplete movement is revealed by alternate movements of the extremities. 
In addition, sequential movements (for instance drinking, which associates 
grasping a glass followed by fl exion of the elbow) or concomitant movements 
(executing two movements at the same time in different limbs) are altered. 
Moreover, akinesia is also infl uenced by decreased motivation and mood and 
is thus a complex symptom whose origin is not strictly sensorimotor. In clini-
cal practice, these symptoms are revealed by reduced arm swing when walk-
ing, micrographia, and diffi cult execution of fi ne movements (e.g. fi shing a 
coin out of a pocket). The patient’s face is unexpressive, walking is slow, and 
the feet are not raised suffi ciently.

Rigidity is not a symptom but a sign. It is detectable in distal joints (for in-
stance the wrist). If present in proximal joints, the neck and/or the trunk, 
prognosis is worrying since axial rigidity does not respond as well to dopa-

Table 1.5 Clinical diagnostic criteria for Parkinson’s disease

Clinically possible
One of:
• asymmetric resting tremor (4–6 Hz; 70% 
of PD patients)
• asymmetric rigidity
• asymmetric bradykinesia

Exclusion criteria
• Exposure to drugs that can cause 
parkinsonism, such as neuroleptics, some 
anti-emetic drugs, tetrabenazine, reserpine, 
fl unarizine and cinnarizine
• Cerebellar signs
• Corticospinal tract signs
• Eye-movement abnormalities other than 
slight limitation of upward gaze
• Severe dysautonomia
• Early moderate to severe gait disturbance or 
dementia
• History of encephalitis, recurrent head injury 
(such as seen in boxers)
• Evidence of severe subcortical white-
matter disease, hydrocephalus or other 
structural lesions on MRI that may account for 
parkinsonism

Clinically probable
Any two of:
• asymmetric resting tremor
• asymmetric rigidity
• asymmetric bradykinesia

Clinically defi nite
Criteria for clinically probable, plus:
• substantial and sustained response to 
antiparkinson drugs

Samii A, et al. Lancet 2004; 363: 1783–94; Calne DB, et al. Ann Neurol 1992; 32(Suppl): 
S125–7; Ward CD, Gibb WR. Adv Neurol 1990; 53: 245–9.
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minergic treatment or may even indicate a Parkinson-plus syndrome. By na-
ture, parkinsonian rigidity is plastic, often giving way in a series of small jerks 
(“cogwheel rigidity”). If subtle, rigidity can be increased following the Fro-
ment maneuver (active mobilization of the contralateral limb). Parkinsonian 
(“lead-pipe”) rigidity must be distinguished from pyramidal (“clasp-knife”) 
rigidity and oppositional rigidity (“gegenhalten”), the latter being provoked 
or increased by movements and owing to diffuse cerebral lesions.

Rest tremor is usually the fi rst symptom noticed by the patient, although it 
can occasionally be absent. It is regular (4–6 Hz frequency) and increases with 
emotional and mental stress (e.g. counting backwards). Rest tremor is usually 
most visible when the patient is walking, and does not always disappear dur-
ing posture or action when it is, however, weaker than at rest.

Postural instability, sometimes considered a cardinal symptom, is non-spe-
cifi c and absent early on in the disease, particularly in younger patients. If 
present, it is often the consequence of non-dopaminergic brain lesions, as seen 
in patients with Parkinson-plus syndromes (see below).

The three cardinal PD symptoms respond well to levodopa therapy, since 
they result from the degeneration of the nigrostriatal dopaminergic pathway. 
Their pathophysiology is not entirely understood. Bradykinesia is considered 
to result from the demodulation of striato-pallido-thalamo-frontal circuits by 
the damaged nigrostriatal dopaminergic system. Rigidity has the same origin, 
but additional dysfunction of neuronal pathways connecting the basal ganglia 
to lower brain structures has been hypothesized. Parkinsonian rest tremor is 
equally of basal ganglia origin, since its characteristic frequency can be de-
tected in these structures. However, a cerebellar component is also probably 
involved, as suggested by the spectacular improvement of tremor by lesioning 
the cerebellar relay of the thalamus following stereotactic neurosurgery.

Motor symptoms in advanced PD patients, however, can also result from 
non-dopaminergic lesions. These symptoms are called “axial” because they 
evolve around the body’s central axis. Nine typical axial symptoms can be 
distinguished: memory impairment (subcorticofrontal syndrome), abnormal 
ocular movements, nuchal rigidity, dysarthria, swallowing diffi culties, pos-
ture abnormalities, sphincter problems, postural instability, and abnormal 
gait. Looking out for these symptoms is an integral part of the examination 
of patients presenting with parkinsonism (Table 1.6). In addition, autonomic 
symptoms – sexual dysfunction, constipation, orthostatic hypotension, sebor-
rhea – and sleep disturbances may be present. If doubts persist, four tests may 
contribute to the diagnosis: (1) neuropsychological examination ; (2) ocular 
movement recording, (3) cystomanometry; (4) brain MRI.
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Further reading
Tolosa E, Wenning G, Poewe W. The diagnosis of Parkinson’s disease. Lancet Neurol 2006; 

5(1): 75–86.

2. Non-motor symptoms
The excellent control of parkinsonian motor symptoms provided by dopamin-
ergic therapies and functional neurosurgery means that it is now common 
to see patients with disease progression over a period of 15–20 years or even 
longer. As a result, non-motor symptoms seem to occur more frequently in 
advanced PD patients. These symptoms, which may also appear early or even 
precede the characteristic parkinsonian motor features, include psychiatric 
symptoms (depression, anxiety, apathy, cognitive impairment); sleep disor-
ders; autonomic symptoms (cardiovascular system, gut, and bladder) and 
sensory symptoms (Table 1.7). Even though these non-motor symptoms are 

Table 1.6 How to examine a Parkinson’s disease (PD) patient. When examining a PD patient, 
20 items (in four parts) can be used to obtain a complete assessment

Assessment Items

History Age, symptom onset, type and localization of 
fi rst symptom(s), family history of PD

Parkinsonian syndrome Akinesia/bradykinesia, rigidity, rest tremor
Effect of dopaminergic/dopamimetic therapy Effi cacy, dyskinesia, motor fl uctuations, 

psychiatric side effects (visual hallucinations)
“Axial” symptoms
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frequently the ones that trouble patients the most and contribute signifi cantly 
to morbidity and impaired quality of life, they are often insuffi ciently recog-
nized and inadequately treated.

a. Depression
Depression is the most common psychiatric symptom of PD, and is a major 
determinant of poor quality of life. It is said that some 50% of early PD patients 
suffer from depression, many even before the appearance of motor symptoms. 
A signifi cant biological rather than a purely reactive basis for depression as-
sociated with PD is thus highly probable (Chapter 3, case study 12).

The clinical profi le of PD depression is characterized by depressed mood 
and loss of motivation and initiative, anhedonia, anxiety, panic attacks, loss 
of appetite, and social withdrawal. Suicidal ideation, self-reproach, and feel-
ings of guilt are less common, however. This explains why most depressed PD 
patients fulfi ll criteria for minor depression or dysthymic disorder rather than 
for major depression.

Depression can occur in patients who have been treated with suboptimal 
doses of dopaminergic treatment that keep them in a prolonged “off” period, 
usually associated with painful dystonia and anxiety. More frequently, how-
ever, depressive states in PD patients result from the dysfunction of dopamin-
ergic, noradrenergic, and serotonergic neuronal systems. Since there is a clear 

Table 1.7 Non-motor symptoms

Neuropsychiatric symptoms
Depression, anxiety
Apathy
Anhedonia
Attention defi cit
Hallucinations, illusions, delusions (can be drug-induced)
Dementia
Obsessional behavior (can be drug-induced) and repetitive 
behavior
Confusion (can be drug-induced)

Sleep disorders
Restless legs and periodic limb movements
Rapid eye movement (REM) sleep behavior disorder 
Excessive daytime somnolence
Sudden onset of sleep (“sleep attacks”)
Insomnia

Autonomic symptoms
Bladder disturbances
Sweating
Orthostatic hypotension
Sexual dysfunction (erectile impotence)
Hypersexuality (likely to be drug-induced)

Gastrointestinal symptoms
Drooling 
Dysphagia and choking
Nausea (can be drug-induced)
Constipation
Unsatisfactory voiding of bowel

Sensory symptoms
Pain
Paresthesia
Olfactory disturbance

Other symptoms
Fatigue
Diplopia
Blurred vision
Seborrhea
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dopaminergic effect on mood and anxiety, dopaminergic supply (via levodo-
pa or dopamine agonists) represents the fi rst-line treatment of parkinsonian 
depression. The mechanism of action of levodopa and dopamine agonists 
may involve the stimulation of dopamine receptors located in limbic areas 
of the basal ganglia and the cerebral cortex. This also means, however, that 
hypomania can sometimes be observed when patients are overtreated with 
dopaminergic agents, especially dopamine agonists. Moreover, there is a con-
stant although partial degeneration in PD of noradrenergic and serotonergic 
neurons (originating respectively in the locus coeruleus and raphe nucleus). 
Dysfunction of these neuronal systems is known to play a role in depression. 
Therefore, treatment with serotonin and/or noradrenaline reuptake inhibi-
tors, which reestablish normal concentrations of noradrenaline and serotonin 
in limbic brain areas, are used in most depressed PD patients in addition to 
baseline dopaminergic treatment.

b. Apathy
Apathy, which can be summarized as decreased motivation, has now been 
established as a distinctive symptom of PD independent of depression and 
fatigue. The features of apathy in PD do not respond to dopaminergic drugs 
in all patients, possibly indicating more extensive contributions from other 
neurotransmitter systems.

c. Cognitive impairment
It is estimated that about 40% of all PD patients develop dementia, a rate about 
six times higher than that in healthy individuals matched for age. Whereas 
severe cognitive impairment is observed late during the disease, subtle cogni-
tive alterations are common even in early PD, mainly affecting frontal execu-
tive functions (Chapter 3, case study 14). Intellectual impairment in patients 
can be subdivided into two categories: subcortical and cortical.
1 The slight cognitive alterations seen early during the course of the disease 
are usually of the “subcortical” type, characterized by a dysexecutive syn-
drome, including attention defi cits, cognitive slowing and decreased concen-
tration abilities. Moderate memory impairment can be observed, defi ned by 
a retrieval defi cit rather than an impairment in information storage. It is not 
always easy to differentiate such frontal lobe-like symptomatology from de-
pression. In clinical practice, such distinction is important since the treatment 
of depression and cognitive impairment is different. These symptoms result 
from the “demodulation” of prefrontal areas as a result of the progressive de-
generation of subcortical neurons, including the long ascending dopaminergic 
(ventral tegmental area), cholinergic (nucleus basalis of Meynert), noradren-
ergic (locus coeruleus), and serotonergic (raphe nucleus) systems. In patients 
in whom a dysexecutive syndrome or depression is suspected, various neu-
ropsychological tests are of interest in clinical practice to distinguish them 
from full-blown dementia (Table 1.8). This cognitive profi le is characteristic 
enough to distinguish cognitive impairment in PD patients from that found 
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in other parkinsonian disorders such as progressive supranuclear palsy, cor-
ticobasal degeneration and dementia with Lewy bodies (Table 1.9). This is not 
the case for multiple system atrophy, however, since the pattern of intellectual 
impairment is identical to that of PD.
2 Beside these slowly evolving cognitive diffi culties of “subcortical” origin, an 
authentic dementia of cortical origin can occur in PD patients, usually at end-
stage disease (Chapter 3, case study 20). The clinical picture of dementia con-
sists of a severe memory disorder: here, not only the retrieval of information is 
altered, but also its storage. This cortical memory impairment is not associated 
with other cognitive symptoms of cortical origin such as seen in Alzheimer’s 
disease; language, praxic, and gnosic capabilities are spared. Cortical demen-
tia comprises disseminated neuronal losses in the cerebral cortex associated 
with various histopathological stigmata, namely neurofi brillar tangles and/or 
Lewy bodies. The debate whether PD plus dementia and dementia with Lewy 
bodies form separate entities or are located within the same disease spectrum 
is still ongoing. Clinically, they seem to be undistinguishable (Table 1.10) al-
though dementia and visual hallucinations are seen early during the course of 
the disease in patients with Lewy body disease.

In sum, most patients with PD remain intellectually intact. If present, cogni-
tive impairment evolves in two steps during the course of the disease. A fi rst 
period is characterized by slight to moderate frontal subcortical cognitive im-
pairment which remains isolated for several years, followed by the occurrence 

Table 1.8 Proposed neuropsychological battery to diagnose movement disorders

 Test Assessment

Dementia Mattis Dementia Rating Scale “Subcortico-frontal” dementia
Memory California Verbal Learning Test Strategic learning impairment in non-

demented patients
Grober and Buschke Test Distinguish retrieval defi cits from genuine 

amnesia in demented patients

Instrumental functions
 Language Boston Diagnostic Aphasia 

Examination
Differentiate true aphasia from lexical 

evocation defi cits using at least the 
naming and comprehension subtests

 Gesture Apraxia examination Single out true apraxia using at least the 
imitation of symbolic gestures and actual 
utilization of objects 

Executive functions Detect a frontal lobe-like syndrome
 Sorting
 Fluency
 Series
 Interference
 Shifting
 Behaviors

Wisconsin Card Sorting Test
Lexical fl uency
Graphic and motor series
Stroop Test
Trail Making Test
Prehension, utilization, imitation

 

Based on Pillon B, Dubois B, Agid Y. Testing cognition may contribute to the diagnosis of 
movement disorders. Neurology 1996; 46(2): 331.
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of true cortical dementia in a minor proportion of patients. Whatever the type 
of cognitive disability, the symptomatic treatment of intellectual disturbances 
is diffi cult, since most drugs are ineffi cacious. Nevertheless, the use of cho-
linesterase inhibitors can be helpful since cholinergic cell loss in the nucleus 
basalis of Meynert, resulting in severe cholinergic demodulation of the cere-
bral cortex, has been described in advanced demented PD patients.

d. Sleep
The prevalence of sleep disorders in PD patients is probably superior to 75%. 
Most if not all patients suffer from insomnia. The causes of insomnia are mul-

Table 1.10 Features of Parkinson’s disease plus dementia and dementia with Lewy bodies

Dementia is mild to moderate compared to Alzheimer’s disease
Insight is usually preserved
Impaired attention with fl uctuations: these patients are better in the morning and worse in the 

evening
Impaired executive functions
Impaired internally-cued behavior
Impaired memory: these patients can store information, but have problems accessing it
Poor visual-spatial function
Language by and large is intact
Prominent behavioral symptoms which include frequent delusions, hallucinations, and mood 

and personality changes

Table 1.9 Neuropsychological pattern in patients with movement disorders

 PD MSA CBD PSP PDD HD DLBD AD+EP

Dementia
 Global impairment – – – + + + + ++
 Fluctuations – – – – – – + –
Memory
 Storage disorders – – – – – – + ++
 Recall disorders + + + ++ ++ ++ + +
Instrumental disorders
 Linguistic – – + ± ± ± + ++
 Praxic – – ++ ± ± ± + +
Executive disorders
 Planning + + + ++ ++ + + +
 Behavior ± ± + ++ + ± ± ±
Psychosis – – – – ± + ++ +

Abbreviations: PD, Parkinson’s disease; MSA, multiple system atrophy; CBD, corticobasal 
degeneration; PSP, progressive supranuclear palsy; PDD, Parkinson’s disease with dementia; 
HD, Huntington’s disease; DLBD, diffuse Lewy body disease; AD+EP, Alzheimer’s disease plus 
extrapyramidal signs.
- = absent; ± = mild or discussed; + = moderate or present in a proportion of patients; ++ = 
severe and present in a majority of patients. Highlighting underlines the neuropsychological 
characteristics of each disease.
Pillon B, Dubois B, Agid Y. Neurology 1996; 46(2): 331.



What is Parkinson’s disease?  31

tifactorial. Nocturnal akinesia, often associated with painful dystonia (usu-
ally during bouts of severe anxiety), is a major contributive factor.

REM sleep behavior disorder is a pathological sleep structure (parasomnia) 
characterized by the loss of REM sleep muscle atonia, allowing patients to 
physically act out their dreams which are often violent. Bed partners com-
monly complain of vocalizations (talking, shouting, threats) and abnormal 
movements (waving arms or legs about, falling out of bed, violent outbursts). 
Whether REM sleep behavior disorder may ultimately serve as a preclinical 
marker for PD remains to be demonstrated, but it is now well established that 
REM sleep behavior disorder precedes the appearance of parkinsonian motor 
features in up to a third of patients (Chapter 3, case studies 1 and 6).

Excessive daytime sleepiness affects up to 50% of PD patients. It is probably 
caused by a combination of the disease process, the effect of nocturnal sleep 
disruption, and antiparkinsonian drugs including levodopa and dopamine 
agonists. In these patients, sleep latency is severely reduced (< 5 min) and epi-
sodes of sudden-onset sleep are often observed. The occurrence of sudden-
onset sleep must be taken very seriously, since it interferes with the ability of 
patients to drive.

To ascertain diagnosis of sleep disorders, polysomnography may be helpful 
(i) to quantify the length of insomnia periods, (ii) to evaluate potential dangers 
derived from daytime sleepiness and sudden-onset sleep, and (iii) to confi rm 
the existence and the semiology of REM sleep behavior disorder.

The causes of these sleep disorders are still a matter of debate. Degeneration 
of central sleep regulation centers in the brainstem (pedunculopontine nucle-
us and nucleus subcoeruleus) and dysfunction of thalamocortical pathways 
have been implicated in the pathogenesis of these sleep disorders. Further-
more, the loss of hypocretin-containing neurons in the hypothalamus very 
likely contribute to the occurrence of narcolepsy-like episodes.

e. Autonomic dysfunction
Contrary to previous beliefs, cardiovascular dysfunction, which includes or-
thostatic hypotension and increased heart rate at rest, may occur early in the 
disease. This results mainly from reduced sympathetic noradrenergic inner-
vation of the heart and barorefl ex failure (nucleus vagus lesions). Symptoms 
only tend to become severe in late disease stages, however. Treatment with 
dopaminergic agents (which induce peripheral vasodilation) may exacerbate 
orthostatic hypotension, but is rarely the main contributor.

Gastrointestinal dysfunction manifests as impaired swallowing, impaired 
gastric motility and, most bothersome to PD patients, constipation. Degen-
eration of dopaminergic neurons in the mesenteric plexus, causing colonic 
sympathetic denervation, is one of the underlying mechanisms for constipa-
tion. Constipation does not respond well to dopaminergic treatment, however, 
suggesting that non-dopaminergic mechanisms are also implicated.

Urogenital symptoms include impaired bladder function, leading to urinary 
emergencies and incontinence. Patients suffer either from a hypoactive bladder 
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or, more frequently, from a hyperactive bladder. The latter is correlated with ni-
grostriatal denervation, since physiological basal ganglia output has an overall 
inhibitory effect on the micturition refl ex, which is decreased in PD.

Sexual dysfunction affects up to two-thirds of PD patients. As a direct con-
sequence of the disease process, erectile dysfunction may occur. Although 
libido can be reduced, it can also be enhanced by antiparkinsonian dopamin-
ergic medications, in particular by dopamine agonists. This can result in hy-
persexuality, which is part of the “dopaminergic dysregulation syndrome” 
(see below).

f. Sensory symptoms
Various types of abnormal sensations, most importantly pain, can be observed 
in advanced PD patients. Sensory symptoms can be distinguished into pain-
ful cramps related to “off”-period dystonia, and diffuse painful sensations 
also usually associated with “off” periods. The cerebral structures involved 
in altered pain processing are poorly characterized, but may comprise mesen-
cephalic dopaminergic projections to the caudal thalamus.

Further reading
Chaudhuri KR, Healy DG, Schapira AH; National Institute for Clinical Excellence. Non-

motor symptoms of Parkinson’s disease: diagnosis and management. Lancet Neurol 2006; 
5(3): 235–45.

Emre M. Dementia associated with Parkinson’s disease. Lancet Neurol 2003; 2(4): 229–37.
Goldstein DS. Dysautonomia in Parkinson’s disease: neurocardiological abnormalities. Lan-

cet Neurol 2003; 2(11): 669–76.

3. The different forms of Parkinson’s disease: relevance for prognosis
Numerous studies have attempted to defi ne prognostic factors for PD. All of 
these studies were retrospective, however, and only two factors have clearly 
emerged as valid to prognose progression of disability: higher age at disease 
onset and the occurrence of postural instability. The clinician, nevertheless, is 
often confronted with the understandable wish of patients and their families 
to estimate disease prognosis. From a practical perspective, several factors 
would seem to be helpful in anticipating the course of the disease:
1 The rate of symptom progression can be estimated during the patient’s in-
terview by calculating the approximate ratio between the severity of motor 
symptoms and the period of time elapsed since the appearance of the fi rst 
symptom (Fig. 1.14).
2 The detection of axial signs always indicates a bad prognosis. At early dis-
ease stages, axial signs point towards Parkinson-plus syndromes. In advanced 
forms of PD, axial signs become the source of substantial handicaps, as they 
are poorly responsive or unresponsive to dopaminergic replacement therapy.
3 The response of patients to levodopa treatment is a key factor for the prognosis. 
At the beginning of the disease, a dramatic response to levodopa treatment 
will very likely lead to severe levodopa-induced motor complications. Even 
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more alarming is a poor or absent response to levodopa treatment. Assess-
ment of a patient’s levodopa response may require several weeks of levodopa 
exposure, eventually using high dosages of the drug (up to 1000 mg/day) to 
exclude Parkinson-plus syndromes (Fig. 1.15).
4 Good prognostic factors also include: the absence of a proximal lead-pipe rigid-
ity; the absence of early morning painful foot dystonia; and the absence of 
parkinsonian symptoms in the morning before the fi rst dose of medication.
5 In diffi cult cases, a brain MRI can be useful, in particular in patients who re-
spond poorly to levodopa replacement therapy. The prime role of imaging in PD 
is to exclude Parkinson-plus syndromes (severe enlargement of the third ven-
tricle, cerebellar atrophy, severe atrophy of the mesencephalon, focal atrophy of 
the cerebral cortex). Non-degenerative features such as ventricular dilatation, 
lacunes, and diffuse white matter lesions can explain diminished response to 
dopaminergic treatment, and thereby indicate an unfavorable prognosis.

Further reading
Post B, Merkus MP, de Haan RJ et al. Prognostic factors for the progression of Parkinson’s 

disease: a systematic review. Mov Disord 2007; 22(13): 1839–51.

Figure 1.15 Response to levodopa treatment.

Figure 1.14 Rate of progression. The rate of symptom progression can be hypothesized in 
individual patients.
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4. The differential diagnosis of Parkinson’s disease
While PD is the most common cause of parkinsonism (defi ned as an akineto-
rigid syndrome) and represents approximately 75% of cases, the remaining 
25% may have multiple causes (Fig. 1.16). These parkinsonian patients pose 
a considerable diagnostic problem and, ultimately, a therapeutic challenge to 
the clinician, depending upon whether parkinsonism results from degenera-
tive or non-degenerative lesions.

The most important differential diagnosis to PD to be considered are ill-
nesses that can be cured; these are, however, extremely rare (Chapter 3, case 
study 3). Epidemiologically, essential tremor is the most common differential 
diagnosis for PD patients with tremor (Table 1.11). Typical essential tremor is 
characterized by bilateral, usually symmetrical, visible and persistent upper 
limb postural and/or kinetic tremor. The presence of a head or voice tremor, 
a robust autosomal dominant family history, and improvement with alcohol 
all favor the diagnosis of essential tremor. In contrast, a clear asymmetry of 
tremor, the selective involvement of the lower extremities, and the presence 
of bradykinesia or rigidity support a diagnosis of PD. The duration of symp-
toms is different: several years to decades in essential tremor, far less in PD. If 
doubts persist, nuclear imaging of dopaminergic terminals using single posi-
tron emission computed tomography (SPECT) with a dopamine transporter 
ligand can distinguish essential tremor from PD (Chapter 3, cases studies 2 
and 16).

Drug-induced parkinsonism is most commonly induced by antipsychotic 
neuroleptic drugs that selectively block dopaminergic neurotransmission. 
These causes can easily be identifi ed through a precise interview. It is impor-
tant to bear in mind that patients are often also treated with other medications 

  Familial

Figure 1.16 A decision tree for the differential diagnosis of parkinsonian syndromes. 
PSP, progressive supranuclear palsy; MSA, multiple system atrophy; CBD, corticobasal 
degeneration; DLB, dementia with Lewy bodies.
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that can block dopaminergic neurotransmission. These include anxiolytics, 
anti-nausea drugs, calcium channel blockers, and dopamine-depleting drugs 
(tetrabenazine). Drug-induced parkinsonism is classically characterized by 
symmetry of symptoms, absence of tremor, and lack of response to dopamin-
ergic treatment, but slight asymmetry is often present. In the case of isolated 
parkinsonian features without a clear drug history, diagnosis of drug-induced 
parkinsonism can be challenging. Upon closer inspection, however, other 
symptoms may be associated, such as acathisia, freezing gait, facial dyskinesia 
or axial dystonia, favoring the diagnosis of tardive dyskinesia.

Table 1.12 gives other rare causes of parkinsonisms that also should be con-
sidered. In these cases, clinicians need to be attentive to atypical features in 
the history and during the examination of patients (Chapter 3, case studies 4, 
5, 17, 19 and 23).

Table 1.11 Parkinson’s disease and essential tremor: differential diagnosis

 Parkinson’s disease Essential tremor

Family history Usually negative Positive in the majority of cases
Usual patient’s 

complaint
Dysfunction resulting from 

their various disabilities
Tremor

Alcohol intake May reduce the tremor Marked tremor reduction
Tremor type Resting Postural, kinetic
Body part affected Hands, legsa Hands, head, voice
Disease course Progressive over months Slowly progressive but with many 

periods of stasis, over years and 
decades

Bradykinesia, rigidity, 
postural instability

May be present Never present

Tremor amplitude 
and frequency

4–6 Hz: slower than essential 
tremor, constant amplitudeb

6–12 Hz: slightly faster than PD, 
varying amplitude

Treatment test
 Levodopa Effective No effect
 Propranolol May decrease tremor Effective
 Primidone No effect Effective

aWhile head tremor is unusual in PD, parkinsonian tremor can also affect legs, lips, jaw, and 
tongue, either alone or in combination with tremors of other body parts.
bTremor in PD is commonly described as “pill rolling” because of a unique, 4–6 Hz rhythmic 
oscillation of fl exion and extension movements of the thumb and fi ngers compared to the style of 
early pharmacists who rolled hand-made pills into little balls by using the thumb and forefi nger.

Table 1.12 Treatable/curable causes of parkinsonism

Wilson’s disease
Hypoparathyroidism
Whipple’s disease
Drug-induced: neuroleptics, lithium, reserpin, tetrabenazin, fl unarizin, cinnarizin, amphetamines
Brain tumors
Toxin-induced: manganese, carbon monoxide, 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine 

(MPTP)
Encephalitis 
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The most frequent differential diagnosis of PD, however, are Parkinson-plus 
syndromes. These include corticobasal degeneration, multiple system atro-
phy, progressive supranuclear palsy, and dementia with Lewy bodies. When 
examining a patient with parkinsonism, the clinician regularly faces this 
problem as approximately 10% of patients who have received an initial clini-
cal diagnosis of PD are ultimately found to have Parkinson-plus syndromes. 
Signifi cantly diminished or absent response to levodopa treatment in these 
disorders occurs because of degeneration of striatal neurons and the result-
ing absence of postsynaptic dopamine receptors. These lesions, located down-
stream from lost dopaminergic nerve terminals (“in series” to the primary 
lesion) (Fig. 1.17), explain the severity of these neurodegenerative syndromes 
which cannot benefi t from effi cacious substitutive treatments to the same ex-
tent as PD. Typical features of Parkinson-plus syndromes compared to PD are 
listed in Table 1.13 (Chapter 3, cases studies 7, 8, 15 and 25).

Further reading
Ahlskog JE. Diagnosis and differential diagnosis of Parkinson’s disease and parkinsonism. 

Parkinsonism Relat Disord  2000; 7(1): 63–70.
Schapira AHV. Parkinson’s disease. In: Schapira AHV, ed. Neurology and Clinical Neurosci-

ence. Boston, MA: Elsevier; 2006. 
Tolosa E, Wenning G, Poewe W. The diagnosis of Parkinson’s disease. Lancet Neurol 2006; 

5(1): 75–86.

Figure 1.17 Brain lesions in patients with parkinsonism. The response to levodopa treatment 
depends on the presence of dopaminergic and non-dopaminergic lesions. When lesions 
only affect the nigrostriatal dopaminergic pathway (A), patients display an excellent levodopa 
response (15% of patients). When lesions occur postsynaptically of the nigrostriatal 
dopaminergic pathway (B), the levodopa response is poor or absent (15% of patients). When 
lesions occur in parallel to the nigrostriatal dopaminergic pathway (C), the levodopa response 
is intermediate (70% of patients). Adapted from Agid Y. Parkinson’s disease: Pathophysiology. 
Lancet 1991;337:1321–24.
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5. Treatment-related symptoms
a. Motor complications
Nowadays, PD is an eminently well-treatable neurological disorder. Yet, the 
available treatments also cause a multitude of side effects and complications 
that can profoundly affect quality of life and may require therapeutic solu-
tions of their own.

Motor fl uctuations are classically distinguished into two categories: (1) 
“wearing-off” periods during which levodopa-induced improvement in par-
kinsonian motor disability smoothly disappears at the end of action of a single 
dose of levodopa (Chapter 3, case study 9); and (2) “on-off” phenomena, i.e. 
motor fl uctuations characterized by the abruptness with which immobil-
ity under levodopa treatment appears or disappears. Wearing-off phenom-
ena correlate with the pharmacokinetics of levodopa. “On-off” phenomena 
require additional pharmacodynamic alterations, including sensitization of 
dopaminergic receptors (Chapter 3, case study 10). These changes refl ect a 
gradual narrowing of the therapeutic window for levodopa as the disease pro-
gresses and daily treatment doses are increased. In advanced forms of PD, it 
may, therefore, become impossible to fi nd a levodopa dose that has an antipar-
kinsonian effect without causing dyskinesias.

Dyskinesias develop at a rate of approximately 10% per annum, although 
this rate is much greater in young-onset PD patients, 70% of whom will de-
velop dyskinesias within 3 years of levodopa initiation. Levodopa-induced 
dyskinesias can be subdivided into three types (Chapter 3, case studies 10 
and 11):

Table 1.13 Frequency of clinical characteristics in Parkinson’s disease and in Parkinson-plus 
syndromes 

 PD DLB MSA PSP CBD

Dementia +
Apraxia +
Akinesia + + + + +
Rigidity + + + + +
Tremor + +
Gait disturbances + + + +
Falls + + +
Dysarthria + + + +
Dysphagia + +
Gaze palsy +
Autonomic failure   +   

+, symptoms present in more than 70% of patients in postmortem series.
PD, Parkinson’s disease; DLB, dementia with Lewy bodies; MSA, multisystem atrophy; PSP, 
progressive supranuclear palsy; CBD, corticobasal degeneration. 
Adapted from Tolosa E, Wenning G, Poewe W. The diagnosis of Parkinson’s disease. Lancet 
Neurol 2006; 5(1): 75–86.
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1 “Peak-dose” dyskinesias, which occur most frequently, are choreatic and pre-
dominant in the upper extremities. Patients, generally, do not feel particularly 
disabled by these dyskinesias, but consider them more as a social handicap.
2  “Diphasic” dyskinesias, which occur when the effect of levodopa either starts 
or ends, are dystonic and predominant in the lower extremities. They are often 
painful and thus disabling.
3 “Off” dystonia, which might be a variant of diphasic dyskinesias, is painful, 
predominates in the lower extremities, and occurs usually in the morning be-
fore taking the fi rst dose of medication. In clinical practice, the different types 
of abnormal involuntary movements are often extremely diffi cult to assess as 
they are intermingled.

The pathophysiology of levodopa-induced dyskinesias is not entirely clear. 
It is generally admitted that three mechanisms contribute to the appearance 
of dykinesias: (1) loss of dopaminergic neurons within the nigrostriatal path-
way: the severity of levodopa-induced dyskinesias correlates positively with 
loss of dopaminergic nerve terminals in the motor part of the striatum; (2) 
the priming (sensitization) of striatal dopamine receptors: following chronic 
levodopa treatment, these receptors become hypersensitive to stimulation. 
In contrast to the tolerance (desensitization) obtained with most drugs, the 
administration of levodopa induces an exaggerated motor response; (3) the 
mode of administration of levodopa during the disease course: this is both a 
function of the pulsatile administration of levodopa, and the amount of indi-
vidual levodopa doses used. Given that none of the compounds tested to date 
have unequivocally demonstrated neuroprotective properties, all PD patients 
will require levodopa treatment sooner or later. Clinicians therefore have to 
modulate, as much as possible, the mode of administration of levodopa and 
its derivatives, the goal being to delay the introduction of levodopa as long 
as possible by early administration of dopamine agonists, and to administer 
the minimal dose of levodopa able to induce an optimal clinical benefi t while 
avoiding the onset of motor side effects.

b. Non-motor complications
Neuropsychiatric symptoms in PD induced by dopaminergic therapy – espe-
cially high-dose dopamine agonist therapy – include euphoria, hypomania, 
hypersexuality, pathological gambling, punding (complex prolonged, pur-
poseless, and stereotyped behavior), and dopamine dysregulation syndrome 
(self-medication and addiction to dopaminergic drugs) (Chapter 3, case study 
18). Although there is little hard evidence at present, abnormality of dopamine 
regulation within the nucleus accumbens and increased activation of the me-
solimbic reward system have been proposed as possible mechanisms.

Visual hallucinations in PD patients develop late in the disease course and 
are usually benign. The clinical phenomenology is characterized as a complex 
visual image occurring in the alert state with open eyes. More sinister symp-
toms such as delusions, paranoid ideation, and delirium may become more 
frequent as the disease progresses. Visual hallucinations have been commonly 
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viewed as an adverse effect of antiparkinsonian treatment, especially follow-
ing treatment with dopamine agonists. Factors such as disease severity, de-
mentia, depression, and decreased visual acuity, however, are more important 
determinants for visual hallucinations than dosage or duration of antiparkin-
sonian medication. Their treatment is diffi cult and sometimes disappointing. 
There are essentially three strategies which can be successively used: (1) adapt 
antiparkinsonian treatment, essentially to avoid dopamine agonists and to 
stop additional symptomatic treatment (e.g. amantadine or anticholinergics) 
which can cause hallucinations or confusion; (2) increase cholinergic trans-
mission through the use of cholinesterase inhibitors which can improve visual 
hallucinations; and (3) in diffi cult cases, add atypical antipsychotics which 
have no extrapyramidal effects, such as clozapine.

Further reading
Cenci MA. Dopamine dysregulation of movement control in L-DOPA-induced dyskinesia. 

Trends Neurosci 2007; 30(5): 236–43.
Pontone G, Williams JR, Bassett SS, Marsh L. Clinical features associated with impulse con-

trol disorders in Parkinson disease. Neurology 2006; 67(7): 1258–61.
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CHAPTER 2

Treatment of Parkinson’s disease

Anthony Schapira, Andreas Hartmann, Yves Agid

I. Antiparkinsonian agents

The treatment of Parkinson’s disease (PD) comprises several stages deter-
mined by the natural progression of the disease and by the complications that 
can develop as a consequence of drug use (Fig. 2.1). Dopaminergic agents are 
the drugs that are most effective in improving the motor defi cits of PD and in-
clude levodopa, dopamine agonists, and the monoamine oxidase B (MAO-B) 
inhibitors. Several new drugs will shortly be released and refl ect the rapid 
increase in treatment options for PD.

s

Figure 2.1 Hoehn and Yahr staging of Parkinson’s disease. (Hoehn MM, Yahr MD. 
Parkinsonism: onset, progression and mortality. Neurology 1967;17: 427-42.)

Parkinsonian Disorders in Clinical Practice   Edited by A. H.V. Schapira, A. Hartmann and Y. Agid

© 2009 Blackwell Publishing Ltd.  ISBN: 978-1-405-19601-7



Treatment of Parkinson’s disease 41

1. Levodopa
Levodopa was the fi rst drug to be used to replace the dopamine defi ciency 
of PD and remains the “gold standard” against which the effi cacy of other 
drugs is judged. Only 1% of an oral dose of levodopa is absorbed into the 
blood because of extensive metabolism in the gut. Consequently, it is routinely 
combined with a dopa decarboxylase (DDC) inhibitor to reduce peripheral 
metabolism that in turn both increases absorption to 10% and decreases side 
effects. Dual inhibition of peripheral metabolism with a combination of both 
a DDC inhibitor and an inhibitor of catechol-O-methyltransferase (COMT) 
is now possible. Levodopa and other dopaminergic agents improve both the 
quality of life and life expectancy of PD patients. It provides rapid and effec-
tive relief of bradykinesia, rigidity, and associated pain, and improves tremor 
in many patients. Levodopa improves symptoms in early PD patients by 12 to 
13 Unifi ed Parkinson’s Disease Rating Scale (UPDRS) points after 3 months.

Side effects are mainly gastrointestinal and comprise nausea, vomiting, and 
anorexia. These usually disappear over 2–3 weeks, but may persist in some 
patients. They can be prevented or treated with domperidone 10–20 mg t.i.d., 
taken usually for a period of 2–4 weeks.

Levodopa has a long duration response in early disease that enables ad-
equate symptomatic control with dosage schedules of three times daily (Fig. 
2.2). Disease progression and the direct pharmacological effects of levodopa 
erode its utility, however, as 70% of patients develop motor complications 
within 6 years of initiation of the drug. Wearing-off, the re-emergence of dop-
amine-related symptoms, frequently requires modifi cation of dosage and/or 
dose frequency, or the introduction of additional or alternative therapies, e.g. 
COMT inhibition (see Chapter 3, case study 9). Interestingly, so long as the 
plasma levodopa concentration is maintained, the clinical response will per-
sist; wearing-off does not occur if the drug is given by continuous infusion.

Another signifi cant long-term complication of levodopa use is the develop-
ment of dyskinesias which, together with wearing-off, constitute the motor 
complications caused by levodopa. Dyskinesias develop at a rate of approxi-
mately 10% per annum, although this rate is much greater in young-onset PD 
patients, 70% of whom will have dyskinesias within 3 years of levodopa initia-
tion. The mechanisms by which these motor complications develop are not 
completely understood, but pulsatile stimulation of dopamine receptors by 
short-acting agents including levodopa, and the degree of striatal denervation 
have been implicated. Dyskinesias may occur at the time of maximal clinical 
benefi t and peak concentration of levodopa (peak-dose dyskinesias) or appear 
at the onset and decline of the levodopa effect (diphasic dyskinesias). Motor 
complications can be an important source of disability for some patients who 
cycle between “on” periods which are complicated by dyskinesias and “off” 
periods in which they suffer severe parkinsonism (see Chapter 3, case studies 
10 and 11).
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Thus, levodopa offers a rapidly effective means to treat the motor symptoms 
of PD, with a tolerable early side-effect profi le, but more serious long-term 
complications.

2. COMT inhibitors
The routine combination of levodopa with a DDC inhibitor improves absorp-
tion but the majority of levodopa is still metabolized in the gut by COMT 
which produces 3-O-methyldopa. COMT inhibition, therefore, offers a strat-

Figure 2.2 Response to levodopa and progression of Parkinson’s disease. Treatment 
complications with levodopa. Early use of levodopa produces a long-duration response. With 
disease progression, this shortens and in clinical terms, patients begin to oscillate between 
being “on” with dyskinesias and being “off.” The pharmacokinetics of levodopa do not change 
with disease progression, but the progress of the disease and the changes induced by levodopa 
produce downstream changes that are thought to induce the motor fl uctuations. (Obeso JA, 
Olanow W, Nutt JG. Levodopa motor complications in Parkinson’s disease. Trends Neurosci 
2000;23(Suppl.):S2-7.)
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egy to increase levodopa absorption and improve kinetics (Fig. 2.3). Two selec-
tive COMT inhibitors, entacapone and tolcapone, are available for clinical use 
for the treatment of PD. These drugs improve levodopa kinetics by increasing 
its bioavailability and elimination half-life. This allows more stable levodopa 
plasma levels to be obtained via the oral route and, conceivably, more sus-
tained brain dopaminergic stimulation to be attained.

Entacapone is a selective, reversible COMT inhibitor. It does not cross the 
blood–brain barrier and acts primarily in the gut. Entacapone essentially in-
creases both the peripheral and central availability of levodopa. The plasma 
elimination of a 200 mg oral dose of entacapone is 1–2 h. The pharmacokinetics 
of entacapone, particularly its elimination characteristics, are similar to those 
of levodopa, allowing coadministration of these agents. The recommended 
dose of entacapone is a 200 mg tablet administered with each dose of levodo-
pa/carbidopa, up to a maximum of 10 times daily in Europe and 8 times daily 
in the United States. It should be noted that only the dose of levodopa should 
be titrated; the dose of entacapone administered with each dose of levodopa 
should remain the same, i.e. 200 mg.

Entacapone is effective in patients with wearing-off-type motor fl uctuations 
and can produce an increase in “on” time and a reduction in “off” time by 
60–90 min each per day. The most common adverse effect seen with enta-
capone is dyskinesia, which refl ects increased central dopaminergic activity. 
Reducing the daily levodopa dosage by about 25% may be necessary to mini-
mize possible dopaminergic adverse effects. This reduction may be made at 
the time of entacapone introduction in those patients on more than 800 mg 
of levodopa daily or in those with dyskinesias, but generally it is better to 
delay changing the levodopa dose until the patient’s response can be evalu-
ated. Physicians should be aware that dopaminergic adverse events gener-
ally occur within 24 h of initiating entacapone and may require an immediate 

Figure 2.3 Strategies to improve levodopa delivery: effect of levodopa/dopa-decarboxylase 
inhibitor (DDCI) and entacapone on levodopa profi le. COMT inhibition increases the half-life of 
levodopa and produces a parallel improvement in motor control.



44 Chapter 2

adjustment of the levodopa dosage. Entacapone may be combined with both 
standard and controlled-release formulations of levodopa/carbidopa and may 
be administered with or without food.

The introduction in 2003 of Stalevo®, a combination of levodopa, carbidopa, 
and entacapone in one tablet, offered an opportunity to simplify the dosage 
regimen for patients on entacapone. Patients stable on levodopa and entaca-
pone given separately can be converted directly to the equivalent dose of Sta-
levo. Stalevo tablets should not be cut or crushed; only one should be taken at 
each dose time and must not be combined with additional entacapone.

Tolcapone, unlike entacapone, can cross the blood–brain barrier and may 
produce some central COMT inhibition although the clinical effect of this 
action is likely to be minimal. A study in newly diagnosed, levodopa-naïve 
patients with PD failed to show any clinical effi cacy with the introduction of 
tolcapone either alone or with selegiline. Tolcapone has a similar half-life to 
entacapone; however, owing to a greater bioavailability and smaller volume 
of distribution, tolcapone produces a greater inhibition of COMT and is only 
required on a t.i.d. regimen. Although tolcapone is available now both in Eu-
rope and North America, its use is restricted by its potential to cause severe 
hepatic toxicity. It should not be given to patients with impaired liver function, 
and those PD patients taking tolcapone require regular monitoring of hepatic 
enzymes. This toxic effect on liver function is not seen with entacapone and 
probably refl ects their differing potency in inducing mitochondrial permeabi-
lization. The use of tolcapone is generally limited to those patients who have 
failed to derive signifi cant benefi t from entacapone. Both entacapone and tol-
capone can induce diarrhea, which is more common and may be severe and 
explosive with the latter.

3. Dopamine agonists
Several dopamine agonists are available for use in PD and fall broadly into 
two groups: ergot and non-ergot. Ergot agonists include bromocriptine, cab-
ergoline, lisuride, and pergolide. Non-ergot agonists include apomorphine, 
piribedil, ropinirole, and pramipexole. Bromocriptine, cabergoline, pergolide, 
pramipexole, and ropinirole have all been studied for monotherapy use in 
early PD as well as for adjunctive treatment in more advanced PD. They have 
all demonstrated a signifi cant benefi cial effect on motor function and activi-
ties of daily living. Their side-effect profi le is similar to levodopa in terms 
of inducing dopaminergic-related symptoms such as nausea, vomiting, and 
postural hypotension, but they are associated with a higher rate of peripheral 
edema, somnolence, and hallucinosis, particularly in the elderly. Somnolence 
with dopamine agonists is mainly seen during the early dose-escalation phase 
and patients should be warned of this and the rare but important side effect 
of sudden onset of sleep. In patients with early PD, mean age 61 years, halluci-
nosis also occurred more frequently during dose escalation but, like sedation, 
settles to a rate no higher than levodopa during maintenance.



Treatment of Parkinson’s disease 45

The use of dopamine agonists is rarely associated with the development of 
pleural, pericardial, or peritoneal fi brosis. During the last 3 years reports have 
linked pergolide and cabergoline with fi brotic cardiac valvular disease in a 
pattern similar to that seen with other agents that also stimulate the 5HT2 re-
ceptor including methysergide and fenfl uramine. There are insuffi cient data 
at present to know whether this complication is associated with ergot agonists 
alone, all dopamine agonists, or all dopaminergic drugs, and whether the ef-
fect is dose and/or time related.

Dopamine agonists and levodopa have been reported to cause behavioral 
abnormalities such as obsessive traits including compulsive shopping, gam-
bling, and hypersexuality. These effects seem to be more common with dop-
amine agonists. Younger patients seem more susceptible, however (although 
older ones can be affected too), and these are the patients more likely to be 
on dopamine agonists. Thus, as with all dopaminergic-related side effects, 
caution is required before assuming that only one type of compound is caus-
ative.

Dopamine agonist monotherapy can effectively control dopaminergic 
symptoms for a period of time. Two follow-up studies of long-term monother-
apy indicate that approximately 85%, 68%, 55%, 43%, and 34% of PD patients 
initiated on pramipexole or ropinirole are still controlled on monotherapy at 1, 
2, 3, 4, and 5 years, respectively. This is dependent, however, upon the agonist 
being used at an appropriate dose. Nevertheless, patients will require levodo-
pa supplementation at some point during their disease. If used correctly, it 
can produce symptom control comparable to levodopa. Although the studies 
cited above showed superiority for levodopa in UPDRS scores by up to fi ve 
points, patients in the agonist arms had comparable quality-of-life scores and 
could have taken supplemental levodopa if the physician or patient felt it was 
required. The explanation for this discrepancy might be because the UPDRS 
does not capture all the benefi t that a patient might derive from a dopamine 
agonist, including possible non-motor effects such as an antidepression ac-
tion.

Several trials have now confi rmed that bromocriptine, cabergoline, per-
golide, pramipexole, and ropinirole are associated with a signifi cantly re-
duced risk for the development of motor complications in comparison to 
levodopa (Fig. 2.4). In the pramipexole study, quality-of-life scores were also 
equivalent for the 4-year period. This implies that the patients were equally 
well controlled on agonist (with levodopa supplementation when required) or 
levodopa alone. Of course the levodopa group had more dyskinesias, but at 
4 years these did not intrude signifi cantly into patient quality of life, nor yet 
start to limit treatment options for motor control.

In conclusion, dopamine agonists provide effective control of PD-related 
motor symptoms with a good tolerance profi le, delay the onset of motor com-
plications, delay the introduction of levodopa, enable a lower dose of levodopa 
to be used, and in the case of pramipexole and ropinirole in particular, offer 
the possibility for some disease-modifying effect (see below).
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4. Monoamine oxidase B inhibitors
Two compounds of the propargylamine group, selegiline (deprenyl) and rasa-
giline, both of which are irreversible MAO-B inhibitors, have demonstrated 
symptomatic effect in PD patients and neuroprotective effi cacy in the labora-
tory.

Selegiline has been available for several years and showed benefi t as adjunc-
tive treatment for PD. The DATATOP study was a prospective double-blind, 
placebo-controlled trial that investigated the effect of selegiline 5 mg twice 
daily and/or 2000 IU vitamin E as putative neuroprotective therapies. The 
time until PD patients required levodopa was used as the primary endpoint. 
No benefi cial effect of vitamin E was detected at the dose given. In contrast, 
selegiline signifi cantly delayed the need for levodopa compared to placebo, an 
effect consistent with slowing of disease progression. Selegiline was also found 
to exert a mild symptomatic effect, however, that confounded interpretation 
of the study. In a long-term follow-up study of the DATATOP cohort, levodopa 
patients who had been taking selegiline for 7 years compared to those who 
were changed to placebo after 5 years, had a signifi cantly slower decline, less 
wearing-off, “on-off” and freezing, but more dyskinesias. Although one study 
did suggest that selegiline use might be associated with excess mortality, a 
recent large meta-analysis indicates that no such effect is evident and confi rms 

Figure 2.4 Dopamine agonists delay the development of dyskinesias. Results are from Rinne 
UK, Bracco F, Chouza C et al. Early treatment of Parkinson’s disease with cabergoline delays 
the onset of motor complications. Results of a double-blind levodopa controlled trial. (The 
PKDS009 Study Group. Drugs 1998; 55(Suppl 1): 23–30; Rascol O, Brooks DJ, Korczyn AD, 
De Deyn PP, Clarke CE, Lang AE. A fi ve-year study of the incidence of dyskinesia in patients 
with early Parkinson’s disease who were treated with ropinirole or levodopa. 056 Study Group. 
N Engl J Med 2000; 342(20): 1484–91; and Parkinson Study Group. Pramipexole vs levodopa 
as initial treatment for Parkinson disease: A randomized controlled trial. JAMA 2000; 284(15): 
1931–8.)
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the clinical effi cacy of this drug in PD with total UPDRS score being improved 
by 2.7 points at 3 months. There is no evidence at present that MAO-B inhibi-
tion itself delays the development of motor fl uctuations other than through 
the delay in introduction of levodopa and an ability to use a lower dose.

Rasagiline (N-propargyl-1(R)-aminoindan) is a relatively selective irrevers-
ible MAO-B inhibitor at recommended doses. This selectivity is important in 
avoiding the “cheese effect” of MAO-A inhibitors. Rasagiline is structurally 
related to selegiline, but is approximately 10 to 15 times more potent. It has 
good central nervous system penetration and a long half-life that allows a 
once-daily dosage schedule. Rasagiline is metabolized to aminoindan in con-
trast to selegiline which is metabolized to metamphetamine. This difference 
may have clinical relevance in terms of side-effect profi le and the potential for 
disease modifi cation (see below).

Rasagiline has been studied in patients with early PD. Patients were ran-
domized to placebo or rasagiline (1 or 2 mg/day). In the placebo and rasa-
giline 1 mg and 2 mg groups, 81%, 83%, and 80%, respectively, were still on 
“monotherapy” at 6 months. There were no statistical differences in the rates 
for either levodopa supplementation or patient withdrawal. At the end of the 
6-month period, the 1 mg rasagiline group had an improved UPDRS score 
compared to placebo of 4.2 units and 3.56 for the 2 mg group (Fig. 2.5). The 
degree of motor improvement over the 6-month period was comparable to 
that seen for selegiline in the DATATOP study, but not as great as that seen 
for dopamine agonists. There were no signifi cant differences in the adverse-
event profi le between the treatment arms and placebo. At 6 months, the two 
treatment arms were almost back to their respective baseline UPDRS scores. 
The initial 6-month period was extended by a further 6 months. Patients were 
continued on their original dose of rasagiline or, if on placebo, were given ras-
agiline 2 mg/day. Patients requiring additional dopaminergic therapy were 

Figure 2.5 Twelve-month results of the TEMPO study: mean change in UPDRS-total. (From 
Parkinson Study Group. A controlled, randomized, delayed-start study of rasagiline in early 
Parkinson disease. Arch Neurol 2004; 61(4): 561–6.)
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prescribed either levodopa or a dopamine agonist. For the whole 12-month 
period, deterioration from baseline scores was 3.01, 1.97, and 4.17 UPDRS units 
for the 1 mg, 2 mg, and delayed 2 mg cohorts. Those given rasagiline 1 mg/day 
for 12 months compared to those on the 2 mg dose for only the last 6 months 
maintained a total UPDRS improvement of 1.82 UPDRS units. The 12-month 
rasagiline 2 mg group had a 2.29-unit improvement over the 2 mg 6-month 
group. There was no signifi cant excess of adverse events in the rasagiline arms 
compared to the placebo.

Two studies have been published on the effi cacy of rasagiline in PD pa-
tients already taking levodopa. The PRESTO trial investigated PD patients 
on stable levodopa with at least 2.5 h of “off,” i.e. poor motor state. Placebo de-
creased “off” time by 0.9 h (15% of “off” time) and rasagiline 1 mg/day by 1.9 h 
equating to 29% reduction of “off” time. Benefi ts were seen within 6 weeks 
of randomization and maintained throughout the 26-week study period. The 
improvement in “off” time was accompanied by a corresponding increase in 
“on” time, but 32% of the extra “on” time in the 1 mg group was with trouble-
some dyskinesia although this did not lead to any early terminations. The 
1 mg rasagiline dose also resulted in signifi cant improvements in the UPDRS 
score. The LARGO study investigated the effect of 1 mg/day rasagiline com-
pared to entacapone or placebo in PD patients on stable levodopa but with at 
least 1 h of motor fl uctuations per day. Placebo reduced “off” time by 0.4 h; 
both rasagiline and entacapone decreased “off” time by 1.2 h. There was a 
comparable and signifi cant increase in “on” time without dyskinesias of 0.8 h 
with both drugs. These two studies demonstrate that once-a-day rasagiline 
(1 mg) signifi cantly improves PD control in patients optimized on levodopa 
with or without additional therapy. Its effi cacy is comparable to entacapone, 
but probably less than that of dopamine agonists which induce a 1- to 2-h im-
provement in PD control.

5. Other drugs
Anticholinergics were used to treat the symptoms of PD prior to the introduc-
tion of levodopa. Relatively little data are available on their potency and toler-
ance. Clinical trials have shown a modest benefi t for anticholinergics in im-
proving bradykinesia and rigidity, but this was at the expense of impaired 
cognitive function. Benztropine was equivalent to clozapine in producing a 
mild improvement in tremor.

Amantadine produces mild and transitory improvement in PD symptoms, 
benefi ts usually lasting 6–9 months, although some have suggested that the 
effects are more long lasting. It is generally considered unsuitable for mono-
therapy in PD and is mostly used as an adjunct. Improvements in bradykinesia 
and rigidity are generally of the same order of magnitude as anticholinergics, 
but their combination is additive. Amantadine use is also limited by its poten-
tial to induce cognitive defects.
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II. Medical management

1. Initiation of treatment
Treatment for PD is always tailored to the specifi c needs and circumstances 
of the patient. Traditionally, drug treatment has only been initiated when the 
patient’s symptoms interfere signifi cantly with their employment or social ac-
tivities. The rationale for this was very reasonable: the treatments available 
were considered symptomatic only, and incapable of modifying the course 
of the disease. Advances in our understanding of the pathophysiology and 
pharmacology of PD and the availability of new treatments for the disease 
have required us to reevaluate this strategy.

The clinical onset of PD motor features is directly associated with a series 
of functional changes in basal ganglia circuits and their target projections. 
Basal ganglia output becomes abnormal and clinical features appear when 
dopamine levels fall to < 7% in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-treated non-human primates. The corresponding fi gure in humans is 
not known, but may be around 20–30%. The estimated asymptomatic latent 
period of approximately 6 years in idiopathic PD (and longer in familial PD) 
indicates the remarkable capacity of the basal ganglia to cope with progres-
sively lower levels of dopamine, the compensatory mechanisms maintaining 
apparently normal motor function over the intervening years to diagnosis. 
These compensatory mechanisms include increased striatal dopamine turn-
over and receptor sensitivity, up-regulation of striatopallidal enkephalin lev-
els, increased subthalamic excitation of the globus pallidus pars externa, and 
maintenance of cortical motor area activation. These observations, although 
neither completely defi ned nor understood, support the notion that declin-
ing dopamine levels during the early phase of PD put the basal ganglia level 
under stress. The onset of clinical symptoms denotes the point of failure to 
deal adequately with dopamine depletion. It might be that early correction of 
the basal ganglia functional abnormalities caused by dopaminergic cell loss 
and dopamine defi ciency is a means to support the intrinsic physiological 
compensatory mechanisms and both limit and delay the circuitry changes 
that evolve as PD progresses. Review of the outcomes of the DATATOP, ELL-
DOPA, and TEMPO studies may support such a proposition. In these studies, 
those patients who received effective symptomatic treatment earlier in the 
course of their PD fared signifi cantly better clinically than those initiated on 
placebo even when, as in the case of TEMPO, they were switched to the active 
drug after only 6 months.

Given the above, consideration of treatment initiation at the diagnosis of PD 
seems to be an increasingly viable and indeed attractive option for patients. 
Early restoration of basal ganglia physiology will support the compensatory 
events and delay the irreversible modifi cation of circuitry that characterizes 
the clinical progression of PD. Such an effect may lead to lasting clinical ben-
efi t for the patient. Dopaminergic treatment can, however, be associated with 
unwanted side effects that may include gastrointestinal disturbances, cogni-
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tive problems, and sedation (see above). These need to be weighed against the 
symptomatic improvement that the patient will experience and the hypotheti-
cal long-term benefi t outlined here.

Once an agreement has been reached between physician and patient on the 
introduction of drug therapy, consideration needs to be given to the choice of 
drug to start. As emphasized above, this needs to be individualized to the pa-
tient. The following, therefore, represents a general view of initiation options 
and is summarized in the algorithm of Fig. 2.6.

Those aged 75 years or younger with no cognitive impairment and no signif-
icant comorbidity should be considered for introduction of a dopamine ago-
nist or an MAO-B inhibitor. The agonist will improve motor dysfunction more 
than an MAO-B inhibitor, but the latter is probably better tolerated. The choice 
between these agents will depend upon the patient’s degree of symptomatic 
dysfunction. For those patients aged over 70 years, or those with cognitive 
dysfunction or signifi cant comorbidity, levodopa would be the drug of choice 
for the initiation of therapy.

2. Maintenance of treatment (Fig. 2.7)
Most PD patients respond well to the initiation of dopaminergic therapy in 
small doses. Some require regular up-titration of their dose, however, before 
an adequate control of motor function is reached. This is particularly true of 
the dopamine agonists that may need to be increased (e.g. to 3 mg pramipexole 

s
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Figure 2.6 Decision pathway for the initiation of drug treatment for Parkinson’s disease. 
(Schapira AH. Arch Neurol 2007; 64(8): 1084. Copyright © 2007, American Medical Association. 
All rights reserved.)
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or 12–15 mg ropinirole) before there is a good response. Some patients will 
need these doses to be increased yet further as their disease progresses. As in-
dicated above, regardless of what drug is fi rst used, PD patients will eventual-
ly require levodopa. This is most often introduced as a t.i.d. regimen, although 
the short half-life of the drug means that this falls well short of providing 
continuous dopaminergic stimulation. A higher frequency of administration 
would provide better symptom control and possibly less risk of the devel-
opment of motor complications, but needs to be balanced against a probably 
lower rate of compliance.

3. Motor complications
The majority of PD patients will develop wearing-off or dyskinesias at some 
point in the course of their disease. Although the use of dopamine agonists 
will delay the onset, once levodopa is introduced the risk for their appearance 
increases. It is possible that the initiation of levodopa with a COMT inhibitor 
might delay the onset of motor complications, but evidence for this is lack-
ing at present. The development of dyskinesias is probably related to dose of 
levodopa as well as duration and so the continuation of the dopamine agonist 
or MAO-B inhibitor to limit the levodopa dose is benefi cial.

Wearing-off equates to the loss of effectiveness of a given dose of dopamin-
ergic therapy and to the emergence of the primary motor features of PD (i.e. 
bradykinesia and rigidity) that still remain responsive to dopaminergic treat-
ment. Patients recognize this as a return of symptoms prior to their next dose 
i.e. “end-of-dose failure,” although some mistakenly associate it with the ad-
ministration of the next dose given the medication’s latency of effect. Wearing-
off is eliminated by continuous administration of either levodopa or a dop-

Figure 2.7 Decision pathway for the sequence and combination of drugs in early Parkinson’s 
disease. (Schapira AH. Arch Neurol 2007; 64(8): 1084. Copyright © 2007, American Medical 
Association. All rights reserved.)
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amine agonist. While these methods are effective, they are not practical for 
the majority of patients. The simplest strategy is to increase the frequency of 
administration of levodopa, although this too may become diffi cult as dosage 
regimens increase to six or more times per day. Controlled-release formula-
tions have proved disappointing with often little improvement in duration 
of response and problems with unpredictability of absorption and motor re-
sponse. One open-label study demonstrated that the addition of cabergoline, 
a long-acting ergot dopamine agonist, to patients taking pramipexole or rop-
inirole, both non-ergots, resulted in improved motor control.

The addition of a COMT inhibitor to levodopa signifi cantly improves “off” 
time (see above) and is an easy and effective strategy for managing wearing-
off.

Dyskinesias are typically choreiform, occasionally dystonic involuntary 
movements induced predominantly by exposure to levodopa or other short-
acting dopaminergic drugs. At fi rst, the impact of dyskinesias on quality of 
life is limited. Patients may even be unaware of them, but they may be noticed 
by relatives or friends who are frequently more troubled by them than the 
patient. This changes, however, as dyskinesias become more severe. They not 
only cause diffi culty and embarrassment to the patient, but also begin to re-
strict options for improving motor control.

The practical management of dyskinesias depends on the severity of the in-
voluntary movements and their relationship to the medication dosage sched-
ule. They may be peak dose, biphasic, or random. Peak-dose dyskinesias are 
related to high plasma concentrations of levodopa and can be managed by 
fractionating levodopa doses to avoid such peaks. This may or may not require 
an increase in the total daily dose. Alternative strategies include the introduc-
tion of a dopamine agonist if the patient is not already taking such an agent 
and if they remain a suitable candidate. Long-acting agonists are particularly 
useful in the management of dyskinesias, presumably owing to their ability 
to provide more continuous dopaminergic stimulation while avoiding rapid 
fl uctuations in receptor stimulation. Biphasic dyskinesias occur when plasma 
levodopa concentration is rising or falling, and are associated with generally 
lower plasma levodopa concentrations. They tend to be more stereotypic and 
repetitive and to involve the lower extremities. They are more troublesome 
to manage but may respond to higher levodopa doses designed to keep the 
plasma concentrations above a critical level.

Amantadine has demonstrated effi cacy in improving peak-dose dyskine-
sias. The effective dose is 200–400 mg per day in two divided doses, the se-
verity of dyskinesias may be reduced by 24–56% and the effect sustained at 
1 year.

The potential for the continuous parenteral administration of dopamine 
agonists or levodopa to improve or abolish motor fl uctuations including dys-
kinesias has been discussed above. Apomorphine infusions or duodenal in-
fusion of levodopa offer signifi cant benefi ts for selected patients and can be 
considered an option prior to surgery (Fig. 2.8).
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4. Management of non-motor complications
Depression and to some extent apathy (anhedonia) may respond to tricyclics 
such as amitriptyline, or to selective serotonin reuptake inhibitors (SSRIs). 
Pramipexole may be useful as an antidepressant, separate from its action to 
improve the motor features of PD. Anxiety and panic attacks can be promi-
nent in PD and these may sometimes relate to wearing-off and so respond to 
strategies outlined above for this complication. Additional anxiolytic therapy 
may, however, be needed in some patients.

Hallucinations, if due to drugs, usually respond to a reduction in dose. In 
some patients, however, this is diffi cult owing to the re-emergence of motor 
features. Alternatively, hallucinations may respond to clozapine or quetia-
pine. Hallucinations are of course an important symptom of diffuse Lewy 
body disease, and their emergence early in the course of PD is a risk factor for 
dementia. PD patients who demonstrated dementia within 2 years of diagno-
sis showed a modest but signifi cant improvement in cognitive function with 
rivastigmine, to a degree similar to that seen with this drug in Alzheimer’s 
disease.

Several strategies are available to improve both nighttime sleep and day-
time alertness in PD. These include improving sleep hygiene, treating noctur-
nal motor problems, better management of nocturia, modifying medication, 
and the use of modafi nil in patients with refractory daytime drowsiness.

Figure 2.8 Decision pathway for the treatment of advancing and complex Parkinson’s disease. 
(Schapira AH. Arch Neurol 2007;64(8):1084. Copyright © 2007, American Medical Association. 
All rights reserved.)



54 Chapter 2

Viagra or apomorphine can in selected cases usefully manage the sexual 
dysfunction associated with PD. Bladder abnormalities particularly cause 
problems at night but can be improved by a range of options that include non-
pharmacological as well as pharmacological strategies. The latter include the 
use of oxybutinin, tolterodine, or amitriptyline in patients with concomitant 
depression. Sialorrhea and drooling is often the result of reduced frequency 
of swallowing and may be helped simply by chewing gum or sucking sweets. 
Anticholinergic drugs may sometimes help, but often cause unwanted side 
effects. Botulinum toxin can be used for refractory cases.

Constipation and orthostatic hypotension are less common and are seen 
more often in the elderly population. Constipation usually responds to stan-
dard treatments, including increased fl uid, bowel training, timing of evacua-
tion to the patient being “on,” and increased fi ber intake. Symptomatic ortho-
static hypotension may respond to simple advice regarding postural change, 
maintaining hydration, the use of pressure stockings, antidiuretic hormone, 
midodrine, or fl udrocortisone.

III. Non-medical management

1. Surgery
Surgical approaches to the management of PD have been practiced since the 
mid-twentieth century. The discovery of dopamine depletion and the subse-
quent introduction of oral levodopa made surgery less attractive. The recog-
nition of motor complications and the development of severe dyskinesias in 
some patients led to a resurgence of interest in lesioning the brain to control 
these features. Advances in surgical techniques, in neurophysiology and in 
molecular cell biology have provided the stimulus for the generation of a wide 
range of non-medical options for PD.

2. Destructive lesions
Thalamotomy may produce a reduction in tremor and bradykinesia. The best re-
sults have been achieved with lesion in the ventrointermediate (VIM) nucleus. 
Thalamotomy is not particularly helpful for bradykinesia or rigidity, however, 
and the procedure can be associated with signifi cant morbidity related to the 
placement of the lesion. Thalamotomy has largely been replaced by medical 
therapies or deep brain stimulation (DBS).

Posteroventral pallidotomy can provide long-lasting improvement in contra-
lateral dyskinesia and some improvement in bradykinesia and rigidity in PD 
patients. Like thalamotomy, pallidotomy has become less common as DBS has 
become more available. Both destructive lesions may still be offered, howev-
er, when symptoms signifi cantly affect one side (bilateral destructive lesions 
cause increased complications including bulbar dysfunction) and when the 
opportunity for regular and expensive follow-up is limited.

Subthalamotomy has been shown to improve parkinsonian motor abnormali-
ties including dyskinesias in animal models and in PD patients. Dyskinesia 
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and hemiballismus have, however, also been reported following subthalamo-
tomy, the latter being permanent in a few cases.

Deep brain stimulation was fi rst proposed as a treatment in PD by Benabid 
based on his experience with high frequency stimulation as a means of con-
fi rming the target site for an ablative lesion. DBS can be used for bilateral pro-
cedures with relative safety. Also the stimulator can be adjusted to maximize 
benefi ts and reduce side effects. DBS simulates the effect of a destructive brain 
lesion but avoids the need to make such a lesion. The precise mechanism of 
action is unknown, but possibilities include depolarization blockade, release 
of inhibitory neurotransmitters, back fi ring, and/or inhibition of aberrant 
neuronal signals.

VIM DBS signifi cantly improves contralateral tremor and is comparable in 
effect to destructive lesions but is superior in terms of side effects. Benefi ts 
are long-lasting, and have been shown to persist for more than 10 years. Only 
tremor is improved, however, and there is no effect on bradykinesia, rigid-
ity, or dyskinesias. Thus VIM DBS is not as attractive as DBS of other targets. 
DBS of the subthalamic nucleus (STN) or globus pallidus pars interna (GPi) 
improve all of the cardinal features of PD as well as dyskinesias. Patients who 
could not be further improved with medical therapies (typically because of 
motor complications) experienced a substantial reduction in disability follow-
ing DBS of the STN or GPi. Long-term studies demonstrate that benefi ts of 
DBS persist over more than 5 years of follow-up, although disability still pro-
gresses from year to year, refl ecting degeneration in both dopaminergic and 
non-dopaminergic sites. There is now evidence from Deuschl and coworkers 
that DBS can improve quality of life more than optimized medical therapy in 
advanced disease.

Adverse events with DBS can be related to the intracranial procedure, the 
electrode system and stimulation. The surgical procedure can be associated 
with hemorrhage, tissue damage, and infection. In one multicenter study, 7 of 
143 patients experienced hemorrhage, and neurological defi cits persisted in 
four. Problems can also occur in relation to the device, including lead breaks, 
lead migration, infection and skin erosion. These occur in about 2–3% of cases 
and occasionally require replacement of the electrode. Severe depression and 
suicidal ideations or riotous laughing have been observed with stimulation 
of the STN, suggesting that basal ganglia circuits are involved with higher 
cortical and/or limbic as well as motor functions. The use of diathermy dur-
ing surgical procedures should be avoided in patients with DBS as excess heat 
might be conducted to the brain by the electrode wire and cause necrosis.

DBS, particularly of the STN or GPi, now offers a signifi cant benefi t to those 
patients who suffer severe dyskinesias that are not controlled by standard 
means. Parkinsonian features are also improved, but no more than can be 
achieved by dopaminergic medication. DBS is relatively safe if performed by 
an experienced surgeon but still carries some small risk of permanent neu-
rological defi cit (often quoted as less than 1%). Patients should be carefully 
selected; those with cognitive impairment, acute psychiatric disease, or pre-
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dominantly axial symptoms are excluded because of the risk of exacerbating 
this with surgery. Continuous follow-up is required and the procedure is ex-
pensive (see Chapter 3, case study 13).

3. Cell therapy
Fetal nigral transplantation has been evaluated in two double-blind, placebo-
controlled studies. The fi rst study randomized 40 patients to receive a trans-
plantation or placebo procedure and followed them for 1 year. Modest benefi ts 
of transplantation were observed in UPDRS scores of activities of daily living 
and motor function in patients younger than 60 years of age. There was a 
signifi cant increase in striatal fl uorodopa uptake on positron emission tomog-
raphy (PET), and there was modest survival of implanted cells at postmortem. 
The procedure was well tolerated, but approximately 15% of transplanted pa-
tients developed dyskinesias that persisted for days or weeks after levodopa 
was discontinued and were a source of major disability in some patients. 
Quality of life, the primary end point, was not improved. The second trial was 
a 2-year double-blind, placebo-controlled study that used a slightly different 
implantation protocol. Transplanted patients were not signifi cantly improved 
in comparison to placebo patients, despite having signifi cant increases in stri-
atal fl uorodopa uptake on PET and survival of implanted dopaminergic neu-
rons at postmortem. Over half (56%) of the transplanted patients in this study 
developed dyskinesia during the practically defi ned “off” state when they 
had been held off levodopa for more than 12 h (“off-medication dyskinesia”). 
This phenomenon was not observed in non-transplanted patients. The precise 
mechanism responsible for off-medication dyskinesia remains unknown.

4. Growth factors
Glial-derived neurotrophic factor (GDNF) has attracted attention as a poten-
tial treatment for PD because of its capacity to protect or rescue dopaminer-
gic neurons in tissue culture and in MPTP-treated monkeys. One open-label 
study used an infusion pump to directly administer GDNF into the striatum 
in fi ve PD patients. There was an improvement in UPDRS motor scores during 
practically defi ned “off” periods as well as a small increase in striatal fl uoro-
dopa uptake around the catheter tip. A randomized controlled trial by Lang 
et al., however, suggested that PD patients on GDNF were not signifi cantly 
improved compared to placebo.

Gene and stem cell therapies are the subject of intense research but have yet 
to lead to clinically applicable treatments superior to those currently avail-
able.

IV. Neuroprotection

The limitations of symptomatic dopaminergic treatment has led to the search 
for agents to slow the progression of neurodegeneration in PD and thereby 
help prevent or slow clinical progression, or even reverse defi cits by restoring 
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normal function to defective neurons. It is accepted that such a strategy will 
only be successful if degeneration is ameliorated in multiple neurotransmitter 
systems, preventing the progression of both motor and non-motor features. 
The drugs that have received most attention in relation to neuroprotection 
include the MAO-B inhibitors and dopamine agonists, although others in-
cluding coenzyme Q10, growth factors, antiapoptotic agents, and glutamate 
inhibitors have also been the subjects of clinical trials in PD.

1. MAO-B inhibitors
Selegiline can protect cultured dopaminergic neurons against the toxicity of 
1-methyl-4-phenylpyridinium (MPP+) and in animal models can reduce dop-
aminergic cell loss in response to MPTP. Selegiline also protects against apop-
totic cell death induced by serum and growth factor withdrawal, possibly via 
an increased production of Bcl-2. Selegiline, by virtue of its MAO-B activity, 
reduces the turnover of dopamine and thus free radical generation. The pro-
duction of reactive oxygen species and free radical-mediated damage to lipids 
and proteins have been implicated in PD pathogenesis. These properties of 
MAO-B inhibition and reduced oxidative stress together with the ability of 
selegiline to protect against MPTP toxicity, led to the evaluation of this drug 
in the fi rst clinical trial for neuroprotection in PD.

The results of the DATATOP study and others using selegiline and the 
TEMPO study investigating rasagiline have been discussed above. There 
seemed to be some benefi t for selegiline, but interpretation is diffi cult in view 
of trial design and the compound’s inherent symptomatic action. The results 
of the delayed-start design for TEMPO rasagiline were positive and support 
a neuroprotective action of the drug, but additional confi rmatory trials are 
required before this drug can be accepted as neuroprotective.

2. Dopamine agonists
Dopamine agonists have antioxidant activity as a result of their hydroxylated 
benzyl ring structure. Numerous laboratory studies have demonstrated neu-
ronal protection against free radical generating systems. These include attenu-
ation of the effects of MPP+, dopamine, 6-hydroxydopamine, and nitric oxide, 
and up-regulation of protective scavenging enzymes such as catalase and su-
peroxide dismutase (SOD). These benefi ts are predominantly seen, however, 
at relatively high concentrations that may not be relevant in clinical practice. 
Dopamine agonists have demonstrated antiapoptotic activity in laboratory 
studies. For instance, pramipexole reduces cell death, prevents the release of 
cytochrome c and caspase activation in dopaminergic cells treated with MPP+ 
or rotenone, and prevents a fall in mitochondrial membrane potential. Impor-
tantly, this dopamine agonist has also shown protective effects in the MPTP 
primate model of PD. Several studies suggest that dopamine agonists exert 
their protective effects not through stimulation of either D2 or D3 receptors, but 
rather via some alternative mechanism. The potential for dopamine agonists 
to protect non-dopaminergic cells, if translated to the clinic, would have pro-
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found implications for disease modifi cation and in particular for preventing 
the development of non-motor features in PD.

Two studies have sought to determine whether the neuroprotective benefi ts 
of dopamine agonists seen in the laboratory can be transferred to patients to 
modify the course of PD (Fig. 2.9). The CALM-PD study used 2β-carbomethoxy-
3β-(4-iodophenyl)tropane (β-CIT) single photon emission computed tomogra-
phy (SPECT) to follow the rate of loss of dopamine transporter as a marker of 
dopaminergic nigrostriatal cell density. Patients with early PD were random-
ized to pramipexole or levodopa and followed for a total of 4 years, levodopa 
supplementation was allowed in both arms. At 2, 3, and 4 years there was a 
signifi cant reduction in the rate of transporter loss in the pramipexole group, 
averaging out at approximately 40%, consistent with the drug having a rela-
tively protective effect in comparison to levodopa. A similar result was seen 
in the REAL-PET ropinirole study that used a similar trial design but used 
PET to follow loss of nigrostriatal cell density with fl uorodopa. This demon-
strated a circa 34% reduction over 2 years in the ropinirole group compared 
to those on levodopa. These studies have generated considerable interest and 
debate. Both studies demonstrate that dopamine agonists are associated with 
a signifi cant delay in the rate of decline of a surrogate imaging marker of ni-
grostriatal function.

One interpretation of these fi ndings is that these two dopamine agonists 
slow the rate of cell loss in the substantia nigra of PD patients, and this is 
consistent with the laboratory fi ndings outlined above. Neither showed a cor-
responding clinical benefi t, however, but it can be argued that the time course 
of the trials was too short to permit such an effect to be detected in the context 
of viable compensatory mechanisms and powerful symptomatic effects, and 
this will only become apparent with longer follow-up.
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Figure 2.9 Results of SPECT and PET data from dopamine agonist neuroprotection studies. 
(From: Parkinson Study Group. Dopamine transporter brain imaging to assess the effects of 
pramipexole vs levodopa on Parkinson disease progression. JAMA 2002;287(13):1653-61; 
and Whone AL, Watts RL, Stoessl AJ et al. Slower progression of Parkinson’s disease with 
ropinirole versus levodopa: The REAL-PET study. Ann Neurol 2003;54(1):93-101.)
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Another interpretation of these studies is that levodopa is toxic to nigral 
neurons. There is concern that levodopa might be toxic as it undergoes oxi-
dative metabolism and has the potential to generate cytotoxic free radicals. 
Levodopa has been shown to be toxic to cultured dopamine neurons, but there 
is no convincing evidence that levodopa is toxic in in vivo models or in PD pa-
tients. The ELLDOPA trial investigated the possibility that levodopa may be 
toxic in PD patients but produced confl icting results. In this study, untreated 
PD patients were randomized to a total daily dose of 150, 300, or 600 mg of 
levodopa or placebo. β-CIT SPECT was used as an end point for integrity of 
the nigrostriatal system. Levodopa was associated with a signifi cant increase 
in the rate of decline of imaging marker over 9 months compared to placebo, 
consistent with a toxic effect. Clinical evaluation, however, showed that those 
patients on levodopa had better UPDRS scores compared to placebo after 
2 weeks of washout. This would, in contrast, be indicative of a protective effect 
of levodopa. Intellectual parsimony, however, would dictate that the simplest 
explanation for this clinical effect was that the washout period was too brief 
to eliminate the symptomatic benefi ts of levodopa.

Finally, it has been proposed that the differences between the effects 
of levodopa and dopamine agonists seen in the CALM-PD and REAL-PET 
studies are not related to any direct effect of the drugs on dopamine neuron 
survival or degeneration, but rather to a pharmacological difference in the 
capacity of these drugs to regulate the dopamine transporter or fl uorodopa 
metabolism. A review of studies testing the effects of levodopa and dopamine 
agonists on transporter and fl uorodopa metabolism, however, reveals that the 
data are confl icting and that at present there is insuffi cient information for or 
against such an effect.

In conclusion, the results of the two clinical trials of dopamine agonists 
using imaging end points support, but do not prove, a disease modifying ef-
fect in patients.

3. Coenzyme Q10

Coenzyme Q10 has been evaluated in a pilot study of early PD patients to de-
termine whether it might have disease-modifying capabilities. The rationale 
for the use of coenzyme Q10 in PD was based upon the observation that mi-
tochondrial complex I activity is decreased in the PD substantia nigra, PD 
patients have reduced levels of coenzyme Q10, and this compound protects 
against MPTP toxicity. Coenzyme Q10 is both an antioxidant and an integral 
component of oxidative phosphorylation that has been shown to enhance elec-
tron transport. It is presumed not to have any symptomatic effect. Patients 
were randomized to either a placebo arm or one of three doses of coenzyme 
Q10 (300 mg, 600 mg, or 1200 mg) and followed for 16 months. There was a sig-
nifi cant benefi t for coenzyme Q10 1200 mg in terms of change from baseline in 
total UPDRS compared to placebo at 16 months, and a non-signifi cant trend to 
benefi t for lower doses. This interesting and important result is suffi cient to 
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support further study of coenzyme Q10, but insuffi cient at present to advocate 
that PD patients should use this compound.

4. Creatine
Creatine is converted to phosphocreatine and can transfer a phosphoryl group 
to adenosine diphosphate (ADP) to synthesize adenosine 5′-triphosphate (ATP) 
and so enhance energy production. It can reduce dopaminergic cell loss in the 
MPTP rodent model of PD. At a dose of 10 g daily, creatine was well tolerated 
and satisfi ed the predetermined criterion for non-futility based on time to re-
quirement for symptomatic therapy for 66 early PD patients. Another blinded 
placebo-controlled study of 2 g daily for 6 months (after a loading dose of 20 g 
for 6 days) then 4 g daily for 18 months in 31 PD patients compared to 17 on 
placebo showed no signifi cant difference in UPDRS scores or dopamine trans-
porter density as assessed by SPECT. There was a signifi cantly lower require-
ment for dopaminergic symptomatic treatment in the creatine arm, however, 
that could be indicative of a positive effect of creatine.

5. Antiapoptotic drugs
TCH346 is a drug that incorporates a propargyl ring within its molecular 
structure and so resembles selegiline. But since it does not inhibit MAO-B, 
it was not anticipated to have symptomatic effects in PD in clinical trials. 
TCH346 has been shown to prevent the death of dopamine neurons in vari-
ous in vitro models of apoptosis, and to protect against behavioral abnormali-
ties and neurodegeneration in animal models of PD. Propargylamines such 
as TCH346 have been shown to prevent the stress-induced translocation of 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) from the cytoplasm 
to the nucleus where it promotes nerve cell death by blocking the transcrip-
tional up-regulation of protective molecules such as Bcl-2 and SOD. A trial 
of TCH346 in early untreated PD patients using three doses of the drug com-
pared to placebo showed no benefi t in the primary end point which was time 
to additional dopaminergic drug intervention. The reason for the failure to 
demonstrate effect may simply be due to TCH346 not acting as a neuropro-
tective agent in PD patients. Other possibilities, however, including use of an 
incorrect dose or a benefi t that extended beyond the 12 to 18 months of the 
study cannot be excluded.

CEP1347 is a mixed lineage kinase inhibitor that should prevent apoptosis 
by intervening at the level of caspase activation. The results of the clinical 
trial of this drug have appeared only in abstract form, but have also failed to 
demonstrate clinical effectiveness.

V. Conclusion

The current range of medical and surgical therapies available for the treat-
ment of PD is impressive. They offer excellent symptom relief for much of 
the duration of the disease. Their use is a complex matrix of decision-making 



Treatment of Parkinson’s disease 61

that includes patient profi le, disease stage, drug sequencing, and drug side 
effects. The use of surgical interventions, particularly DBS, has been an im-
portant advance for PD patients. Despite these important successes, there are 
two critical areas of unmet need; neuroprotection and adequate therapies for 
the non-motor features of PD. There is an important research focus on both 
these, however, and so new drugs and treatment strategies are likely to further 
improve the management of PD in the future.
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3 Case study 1

Case presentation

A 67-year-old man was referred on January 2002 to the Sleep Disorders Clinic 
because of a 33-year history of talking, screaming, crying, laughing, punch-
ing, and kicking while asleep, as reported by his wife. Occasionally during 
these spells he had hit the bedside table or his wife, and had once fallen out 
of bed. The patient, unaware of this behavior, recalled having frequent night-
mares such as being attacked or robbed. Rapid eye movement (REM) sleep 
behavior disorder (RBD) was considered.

The patient was a non-smoker. His previous medical history included arte-
rial hypertension, and hyperlipidemia. One month prior to his visit to the Sleep 
Disorders Clinic, he had a right thalamic infarction during which he sustained 
transient sensory loss in his left-sided limbs. After this event he had been 
taking aspirin, enalapril, and simvastatin. Additionally, during the last year, 
he had been treated with sertraline 25 mg per day because of a 5-year history 
of depression. Treatment resulted in an improved mood. He had undergone 
surgery for removal of a benign prostatic hyperplasia 8 years before. About 
2 years later, he developed erectile dysfunction and mild urinary urgency.

A one-night video-polysomnography in June 2002 revealed lack of atonia 
during REM sleep, associated with prominent limb jerking and talking, and 
confi rmed the diagnosis of RBD. Brain magnetic resonance imaging (MRI) 
showed a right lacunar thalamic infarction but no other lesions. Sertraline 
was withdrawn without improvement of RBD symptoms. He was thought to 
suffer from idiopathic RBD and was started on clonazepam 0.5 mg at bedtime, 
with good response.

The patient described his sense of smell as having always been “poor” with 
no taste disturbances. There was no history of nose or head trauma, or sinus-
itis. He complained of troublesome constipation over the last 8 years, although 
he had never sought medical help for this.

The patient remained well over the next 3 years, during which sertraline was 
reintroduced because of a relapse of depression. In September 2005, at 71 years 
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of age, right leg tremor appeared, spreading to his right upper limb within 1 
month. The patient was referred then to the Movement Disorders Clinic where 
bradykinesia, rest tremor, and rigidity of the right arm and leg were detected. 
His face was slightly masked and his gait was normal, scoring 9 on Unifi ed 
Parkinson’s Disease Rating Scale (UPDRS) III. He was given a diagnosis of 
possible early Parkinson’s disease (PD) (Hoehn & Yahr I; Schwab & England, 
100%). A second brain MRI revealed no changes suggestive of other causes 
of parkinsonism. Dopamine transporter (DAT) single photon emission com-
puted tomography (SPECT) showed bilateral decrease of striatal tracer uptake 
that was more pronounced on the left. Fourteen months later, in November 
2006, parkinsonism had progressed (UPDRS-III score of 14; Hoehn & Yahr II), 
and the patient had modest functional impairment (Schwab & England, 90%). 
Pramipexole was introduced and gradually increased to 0.7 mg t.i.d., resulting 
in clinical improvement (UPDRS-III score of 6).

Differential diagnosis

Considering the diagnosis of probable early PD in the patient reported here, 
the presence of RBD [1,2], depression [3], constipation [4], and hyposmia [5,6] 
prior to the development of the cardinal motor symptoms can be seen retro-
spectively to be part of the neurodegenerative process and hence an example 
of premotor PD. Sertraline therapy could have been the cause of RBD (drug-
induced RBD), but the persistence of symptoms after a prolonged drug wash-
out period supported a diagnosis of idiopathic RBD. His mood disturbance 
resembled major depression, unrelated to PD. No information is available on 
whether premotor PD-related depression differs from primary depression in 
the essential clinical features and response to treatment. In light of the de-
scribed link between depression and subsequent development of PD, it is now 
reasonable to consider that it may have been part of premotor PD in our patient. 
Other premotor features in this case, such as hyposmia or constipation, were 
mild and only documented when looked for through careful anamnesis.

A diagnosis of multiple system atrophy (MSA), a synucleinopathy in which 
progressive parkinsonism frequently occurs in association with dysautono-
mia and RBD, seems a possible alternative. RBD is very frequent in MSA and 
can also antedate the development of parkinsonism [2]. Urinary urgency and 
erectile dysfunction are also common in MSA and may antedate motor fea-
tures in this disease as well. Several factors, however, do not favor the diag-
nosis of MSA in our patient. His asymmetrical, typical 4–6 Hz rest tremor and 
good response to dopaminergic treatment support PD. Furthermore, brain 
MRI lacked a putaminal hyperintense rim, characteristic of the parkinsonian 
variant of MSA. Although DAT SPECT is not helpful in distinguishing PD 
from MSA, the asymmetry in tracer uptake observed in this patient favors the 
diagnosis of PD. As for autonomic disturbances in this patient, both urinary 
urgency and erectile dysfunction were not progressive and were thought to 
be related to prostate surgery. This patient did not have symptomatic postural 
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hypotension, which is very common in MSA and has been found to be more 
predictive of this synucleinopathy than urinary dysfunction. The presence of 
hyposmia, although not formally confi rmed with smell tests, favors the diag-
nosis of PD as it is uncommon in atypical parkinsonisms including MSA [5].

Hence, the most likely diagnosis in this patient is PD. The symptoms of RBD, 
depression, hyposmia and constipation that antedated the classical motor fea-
tures suggest that this neurodegenerative disorder might have started dec-
ades before the onset of motor symptoms.

Final diagnosis: PD with a history of premotor symptoms.

Discussion of premotor PD

Several studies have suggested that sleep disturbances (such as RBD), depres-
sion, constipation, and hyposmia, as well as other non-motor symptoms, can 
occur in the so-called premotor phase of PD [1–7]. These non-motor symptoms 
are thought to refl ect involvement of non-dopaminergic structures in the cen-
tral nervous system. Still, it is during this premotor phase that dopaminergic 
cell loss in the substantia nigra is thought to start, as has been suggested by 
neuroimaging studies [6,8]. DAT imaging of patients with unilateral PD, for 
example, has shown nigrostriatal dopamine loss contralateral to the clinically 
normal side.

RBD can precede the motor symptoms of PD by several years [1], and in one 
descriptive study, up to 20% of patients with RBD developed PD after a mean 
follow-up of 5 years [2]. Several studies have found that some PD premotor 
symptoms, such as hyposmia and impaired autonomic function (constipation, 
urinary, and bladder dysfunction), were more frequent in RBD patients than 
in controls, supporting RBD as a marker of underlying neurodegeneration and 
a premotor sign of PD [8,9].

Depression is common in PD and can occur in up to 27.6% of early PD pa-
tients. Depression has been shown to precede the development of motor mani-
festations in about 20% of cases [3]. It can predate PD diagnosis by as much 
as 20 years, but it occurs especially during the 3–6 years before the diagnosis. 
Depressed patients have a 2.24- to 3.22-fold risk for developing PD compared 
to non-depressed controls [3]. A recent study found a threefold rate of marked 
PD-like substantia nigra (SN) hyperechogenicity in depressed non-parkinso-
nian patients compared to the normal population [10].

Constipation and smell loss are other non-motor symptoms that are present 
frequently in de novo PD patients [4–7]. Epidemiological studies have shown 
that constipation can precede motor symptoms by many years [4]. The olfactory 
defi cits are independent of disease severity and duration as they are detected 
even in untreated, newly diagnosed patients and are bilateral in patients with 
unilateral PD [5]. A case-control study found that 68% of PD patients reported 
hyposmia at the onset of motor defi cits, whereas smell loss was only observed 
in 3% of controls [11]. In another study, 11 of 30 patients with idiopathic olfac-
tory loss presented hyperechogenicity in the SN on transcranial sonography, 
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fi ve of whom featured decreased tracer uptake on DAT SPECT [6]. Olfactory 
dysfunction has also been observed in some asymptomatic relatives of pa-
tients with either familial or sporadic forms of PD, with some having altered 
DAT imaging [12]. In the Honolulu-Asia Aging Study, those who scored in 
the lowest tertile on the Brief Smell Identifi cation Test were signifi cantly more 
likely to have incidental Lewy body pathology [13]. Similar observations have 
been made in the same cohort regarding constipation [14]. Less well-studied 
premotor features of PD include anxiety, apathy, fatigue, non-specifi c pain, ex-
cessive daytime sleepiness, mid-life obesity, slow reaction time, and impaired 
color discrimination [7].

The recent proposal by Braak and coworkers that synuclein pathology (Lewy 
bodies and neurites) in PD progresses following a predictable caudal–rostral 
pattern lends support to the notion that some non-motor features can antedate 
the classical motor features of PD [15] (Table 3.1.1). Early hyposmia is in line 
with neuropathological changes observed in structures involved in the sense 
of smell, corresponding to the earliest neuropathological stage (stage 1). Simi-
lar clinicopathological correlations can be made regarding other premotor fea-
tures such as constipation associated with degeneration of the dorsal nucleus 
of the vagus (stage 1), or even more peripherally and caudally at the level of the 
gastric and enteric plexuses. Premotor RBD can be linked to the early derange-
ment of the pedunculopontine nucleus and the locus subcoeruleus (stage 2). 
The locus coeruleus and the raphe nuclei also in the mid brainstem have been 
implicated in the pathophysiology of depression in PD.

The study of the premotor phase of PD is of enormous importance as it 
could provide relevant information about where within the nervous system 
PD is beginning and what are its possible causes. However, this raises numer-
ous challenges:
• How often and in what sequence do symptoms known to antedate the motor 
features of PD occur?
• What other symptoms should be looked for at this stage of disease develop-
ment and in whom?

Table 3.1.1 Non-motor symptoms occurring in the premotor phase of PD

 Symptoms Potential CNS structures involved Braak staging

Smell loss Olfactory bulb, anterior olfactory nucleus 1
Depression Locus coeruleus, raphe nuclei 2
Constipation Dorsal nucleus of the vagus, enteric plexus 

neurons
1

REM sleep behavior disorder Locus subcoeruleus, pedunculopontine 
nucleus

2

Other premotor manifestations of PD

Excessive daytime sleepiness, anxiety, pain, apathy and fatigue, mid-life obesity, impaired color 
discrimination
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• Which neural structures are involved and what is the neuropathology of the 
premotor symptoms of PD: synuclein deposition, cell loss, neuronal dysfunc-
tion unrelated to α-synuclein deposition?
• How can individuals in the premotor phase of PD be identifi ed? That is, 
when do symptoms like smell loss, RBD, or excessive daytime sleepiness rep-
resent premotor PD, and when do they not? Is imaging of the dopaminergic 
system with PET or SPECT useful in identifying such individuals?
• What is the risk of developing PD among individuals suffering from differ-
ent combinations of these so-called premotor symptoms?

These and other questions remain unanswered today and are currently 
the focus of intense research. It is not possible now to reliably diagnose PD 
prior to the development of the cardinal motor signs. If treatment with disease 
modifying or neuroprotective potential in PD becomes available, identifying 
individuals in the premotor phase will become a serious priority. Application 
of such treatments in the premotor phase of PD could lead to a delay or preven-
tion of the full-blown disorder.

Eduardo Tolosa, Carles Gaig, Yaroslau Compta, Alex 
Iranzo, Francesc Valldeoriola
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3 Case study 2

Case presentation

A 68-year-old professor of theology presented with a history of occasional 
involuntary tremulous movements affecting both hands and, to a lesser ex-
tent, the head. He described these rhythmical tremulous movements as only 
occurring when he was holding objects, for example when reading, drinking, 
or eating. At the time, he was being treated for depression with a selective 
serotonin reuptake inhibitor (citalopram 20 mg once daily) and he noted that 
in periods of anxiety, the tremulous movements were worse.

The patient maintained that both hands were affected symmetrically and 
that he had not observed this tremor when at rest with his hands supported by 
an armchair or when lying in bed. Furthermore, he had never noted tremor in 
the hands when standing with his arms hanging by his side.

His family history was unremarkable. He did not recall any of his relatives 
having suffered from tremor or other types of involuntary movements, and 
there were no known cases of Parkinson’s disease (PD) in his family.

When the patient fi rst consulted, both hands were affected by a clear pos-
tural and action tremor with mild amplitude and a frequency of approximate-
ly 8–10 Hz. Subtle asymmetry was noticeable with slightly larger tremor am-
plitudes in the left hand, but no rest tremor. There was no detectable rigidity in 
his arms or legs, and no slowing of speed or amplitude of rapid fi nger or hand 
movements. His gait and arm swing were normal. His facial expression was 
somewhat diminished and he spoke with a low and soft voice. He acknowl-
edged feeling depressed.

The patient was given a diagnosis of possible essential tremor. He was told 
that there was no clinical sign of his tremor being caused by PD, but that 
there was a possibility that citalopram might be a contributor. He was given 
a prescription for propranolol with a starting dose of 10 mg twice daily to be 
increased in 10-mg increments to 2 × 20 mg if needed.

When seen again approximately 12 months later, the patient reported that he 
had decided not to take propranolol. His family physician had recommended 
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biperiden instead, but he had likewise refrained from taking this drug. He felt 
that the tremulous movements had become worse and would now sometimes 
appear at rest, such as when sitting quietly watching TV. He felt no reduction 
in his overall mobility, and no loss of dexterity in his hands other than the 
tremor. He described his walking as normal and his depression as slightly 
improved.

At the time of this examination, the patient again displayed roughly sym-
metrical postural and kinetic tremor affecting both hands. During the exami-
nation there were two very brief episodes where a right-sided resting tremor 
became apparent. There was still no sign of rigidity in his extremities or at 
the neck, no slowness or amplitude reductions in repetitive movements of his 
fi ngers or hands, and gait was still normal.

A dopamine transporter (DAT) single photon emission computed tomog-
raphy (SPECT) imaging study was ordered and revealed a disturbance of the 
presynaptic DAT system on both sides of the striatum (ratio between striatum 
and cerebellum: right, 3.2; left, 3.4). A levodopa test was performed and con-
tinuous treatment with levodopa was started. Since then, the patient has been 
on regular oral levodopa (100 mg t.i.d.) with overall acceptable tremor control, 
but he still describes tremor breakthroughs in emotionally tense situations. 
His overall mobility has not been affected. He still plays the piano and he goes 
for long walks without diffi culty. Recently, he had dystonic cramps in the toes 
of the right foot.

Discussion

On his fi rst consultation, the patient fulfi lled the Movement Disorder Society 
consensus criteria for the diagnosis of essential tremor (ET) [1], presenting 
with a mild postural and action tremor affecting both hands, with a frequen-
cy of approximately 8–10 Hz and without PD features or other neurological 
signs.

Interestingly, after 12 months a parkinsonian tremor became apparent, 
presenting as unilateral resting tremor with a frequency of 4–6 Hz [1]. The 
parkinsonian tremor occurred in the right arm and showed a good response 
to levodopa. There was still no detectable rigidity in his arms or legs and no 
slowing of speed or amplitude of rapid fi nger or hand movements.

This case is instructive for a number of reasons, as given below.
Do ET patients carry a higher risk for developing PD than normal controls? ET is 

the most common adult movement disorder with a prevalence ranging from 
2.8% to 4% in individuals aged over 40 years, and a prevalence of 14% in people 
older than 65 [2]. The prevalence of PD is estimated at 1.6% [3]. The incidence 
of both ET and PD increases with age, and coexistence of these frequent move-
ment disorders in a single patient may occur by chance, but several studies 
have reported an association between ET and PD [4]. Some studies have found 
that ET patients carry an increased risk for PD compared with the general 
population, and studies have described an increased risk for PD in fi rst-degree 
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relatives of ET patients [5]. One study showed that 70% of twins with postural 
tremor had PD themselves or a twin with PD [6]. In a study of 678 ET patients, 
of whom 6.1% had PD features, the authors concluded that the frequency of PD 
in ET is more than that reported in the general population [7].

A further link between a subset of ET patients and PD is supported by path-
ological fi ndings in the brains of ET patients. Six out of ten ET patients studied 
at the Essential Tremor Centralized Brain Repository at Columbia University 
exhibited a distinctive pattern of Lewy bodies in the locus coeruleus. This 
observation further supports the theory that a proportion of ET patients could 
have a form of Lewy body disease [8]. All these studies lead to the hypothesis 
that our patient, who subsequently developed a parkinsonian tremor, may 
refl ect a subgroup of ET patients at higher risk for developing PD.

The concept of “benign tremulous PD.” In our patient, tremor remains the pre-
dominant feature in the course of the disease. Hypokinetic symptoms are still 
mild and do not seem to progress, despite a disease duration of 8 years. Several 
studies have examined possible risk factors for the progression of PD. Roos 
et al. showed that patients with tremor reach Hoehn & Yahr (HY) stage III 
signifi cantly later than patients with hypokinesia and rigidity [9]. Marttila & 
Rinne found that patients presenting predominantly with tremor had a better 
prognosis than those presenting with other parkinsonian signs [10]. Of those 
patients starting with tremor, 70% remained in HY stage I and II, compared to 
60% of those starting with other symptoms.

Recently, a study of 16 PD patients with tremor as the predominant feature 
and only mild progression called this condition “benign tremulous parkin-
sonism” or “isolated tremor with very mild parkinsonian signs” [11]. The au-
thors concluded that benign tremulous parkinsonism may be a distinct entity 
characterized by tremor predominance (often not very responsive to levodo-
pa therapy) with minimal progression of other aspects of parkinsonism. The 
clinical presentation of this form of parkinsonism refl ects the heterogenicity 
of neurodegenerative diseases. Whether patients with tremor as the predomi-
nant feature and mild progression exhibit a different pathophysiology will 
have to be elucidated in further studies.

DAT-SPECT investigation into the differential diagnosis of parkinsonian and non-
parkinsonian tremor. Despite different phenomenology, the differentiation of 
parkinsonian and non-parkinsonian tremor may be a diagnostic challenge. 
There may also be some doubt in differentiating between “true” rest tremor 
and incomplete muscle relaxation in patients with moderate postural tremor.

The use of DAT SPECT has been shown to facilitate the differential diag-
nosis in patients with isolated tremor symptoms [12]. Loss of function of the 
striatal dopamine nerve terminal is a hallmark of neurodegenerative parkin-
sonism and is strongly related to a decrease in DAT density. This can be mea-
sured by SPECT. Patients with possible ET without other neurological features 
consistently have normal DAT imaging. Some SPECT studies are thought to be 
90% sensitive in differentiating PD from normal subjects or ET. Brooks et al. 
[13] showed that patients with isolated rest tremor had consistently abnormal 
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striatal 18F-dopa uptake, whereas those with isolated postural tremor did not. 
Lee et al. performed a brain SPECT study in patients with a long duration of 
isolated postural tremor, in whom rest tremor developed after the onset of 
postural tremor [14]. Many of these patients demonstrated reduced levels of 
striatal DAT, comparable to levels seen in typical PD. The authors concluded 
that later in their clinical course, some patients with postural tremor may 
acquire rest tremor in association with mild substantia nigra neuronal loss. 
Chaudhuri et al. showed that long-standing isolated asymmetrical postural 
tremor may evolve to PD, supported in 5 of 13 reported cases (38%) by abnor-
mal [123I] 2β-carbomethoxy-3β-(4-iodophenyl)tropane (β-CIT) SPECT, whereas 
uncertain parkinsonian signs and normal [123I]FP-CIT led to a change of diag-
nosis to ET in 5 of 24 cases [15].

In our patient, DAT SPECT imaging revealed a disturbance of the presynap-
tic DAT system on both sides of the striatum. These results provided helpful 
additional information, leading to the diagnosis of early PD and the initia-
tion of levodopa therapy. DAT SPECT imaging may differentiate parkinso-
nian tremor from essential tremor and confi rm the diagnosis of early PD in 
ET patients who subsequently develop parkinsonian tremor with only subtle 
extrapyramidal signs.

Final diagnosis: early Parkinson’s disease.
Heike Stockner, Werner Poewe
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3 Case study 3

Case presentation

A 32-year-old man with no history of neurological disease presented with gait 
disorder and tremor. First symptoms appeared 6 months ago with gradual 
progression. For the past year, he had been tired with diffi culties concentrat-
ing, especially at work. Friends and family members had noticed behavior 
modifi cations, with inappropriate joviality or irritability. His gait was un-
steady, cautious and with small steps. Arm swing was reduced. On examina-
tion, bilateral extrapyramidal rigidity and akinesia of the upper limbs was 
observed, with slight axial rigidity. There was no rest tremor, but a postural 
tremor when the patient’s arms were outstretched. In view of his fatigue, his 
primary care physician had prescribed a blood test that revealed a thrombocy-
topenia (platelets, 60 000/mm3). Liver tests were normal. Biological examina-
tions guided us to the diagnosis.

Differential diagnosis

Idiopathic Parkinson’s disease (PD): The clinical presentation of this patient in-
dicates a parkinsonian syndrome, with akinesia and extrapyramidal rigidity. 
However, the initial absence of asymmetry, the nature of the tremor and his 
biological anomalies make it necessary to continue our investigation before 
settling on a diagnosis of idiopathic PD.

Genetic PD: When a parkinsonian syndrome is encountered in such a young 
patient, a genetic cause must be considered. With a mutation of the Parkin gene, 
the disease generally starts earlier. The patient’s thrombopenia, action tremor 
without rest features, and his behavioral problems, however, do not concur 
with this hypothesis.

Wilson’s disease (WD): The association of behavioral abnormalities, parkin-
sonian syndrome and action tremor is highly suggestive of WD. The absence 
of any abnormalities in the liver tests does not rule out the hypothesis of WD, 
especially in its neurological forms.
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The diagnosis of WD is suggested by a decrease in serum copper and ceru-
loplasmin levels and an increase in 24-h urinary copper excretion (Table 3.3.1). 
Serum copper level is less helpful, as it refl ects total copper levels and not free 
toxic copper (i.e. non-ceruloplasmin-bound). Slit-lamp examination revealed 
a Kayser–Fleischer (K-F) ring (Fig. 3.3.1). Fluid-attenuated inversion recovery 
(FLAIR) magnetic resonance imaging (MRI) revealed hypersignals in the 
central gray matter and in the cerebellar peduncles (Fig. 3.3.2). These explo-
rations (biological, ocular, and MRI) enabled the diagnosis to be confi rmed 
and treatment to be initiated, even before receiving the results of the direct 

Table 3.3.1 Biological results

 Value Normal range

Ceruloplasmin 0.1 g/L 0.22–0.61
Serum copper 4.51 µmol/L 12.7–22.2
Urinary copper 2.45µmol/24h 0.2–1.0

Figure 3.3.1 Kayser–Fleischer ring.

Figure 3.3.2 FLAIR MRI with hypersignals in the central gray matter and in the cerebellar 
peduncles.
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genetic analysis. This analysis found one H1069Q mutation of the ATP7B gene 
on chromosome 13 (exon 14). Even though a second mutation was not found 
(autosomal recessive disorder), this does not rule out the diagnosis.

Final diagnosis: Wilson’s disease.

Discussion

Wilson’s disease is an autosomal recessive disorder linked to a mutation of the 
ATP7B gene mapped to chromosome 13. The ATP7B protein plays an essential 
role in copper homeostasis (Fig. 3.3.3). Its two main functions are fi rst to bind 
copper to ceruloplasmin to avoid toxic unbound copper from circulating in 
the blood, and second to transport excess hepatic copper into the bile canal-
iculus for excretion, thereby preventing copper overload [1].

Diagnosis of WD can be made at various stages in the illness: (1) the pre-
symptomatic stage following family testing or the fortuitous discovery of 
biological anomalies; (2) the hepatic stage with liver failure, cirrhosis or ful-
minant hepatitis; and (3) the neurological stage [2]. The hepatic form is more 
common in children. The neurological form occurs in young adults, but some 
rare cases have been observed later (up to 55 years of age in our personal 
cohort).

There are three main neurological manifestations: 
• Dystonic syndrome starts with focal signs or with functional dystonia and, 
if left untreated, progresses to generalized dystonia. It often affects facial 
muscles, resulting in a fi xed sardonic smile. A dystonic dysarthria can touch 
laryngeal or pneumophonatory muscles and may be associated with choreic 
movements.

Figure 3.3.3 Physiopathology of Wilson’s disease.
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• Parkinsonian syndrome causes rigidity and akinesia, as seen in our patient. 
Hypomimia is present, as well as dysarthria with hypophonia, tachylalia, 
and sometimes pseudo stuttering. Gait is unsteady with small steps, reduced 
postural refl exes with instability on turning around, reduction in arm swing, 
festination, and freezing. Rest tremor is rarely isolated.
• The trembling form is characterized by postural and action tremor with 
high amplitude and low frequency, and increases with goal-directed move-
ment. Its proximal component can be well observed when a patient’s arms are 
outstretched in what is called wing-beating tremor. This tremor can also be 
associated with cerebellar syndrome.

These neurological manifestations often occur simultaneously as illustrated 
by the patient presented here [3].

On a neuropsychological level, patients often suffer from a dysexecutive 
syndrome linked to subcorticofrontal lesions. Attention defi cits can cause dif-
fi culties in professional activities. Psychiatric disturbances can be limited to 
behavioral changes or irritability. Depression is frequent. Psychotic distur-
bances are rare, but can sometimes be the starting point of the illness.

The initial biological exploration should include serum copper levels (low 
or normal), serum ceruloplasmin levels (low in 90% of cases) and 24-h uri-
nary copper excretion (increased). In our experience, a K-F ring (a deposition 
of copper at the periphery of the cornea) is always present in the neurologi-
cal form of the disease (> 98% in the literature [1]). Structural brain MRI is 
always abnormal, revealing widespread atrophy and hypersignals in FLAIR 
and diffusion sequence in the basal ganglia, cerebellar peduncles, and the 
mesencephalus [4]. Hyposignals in FLAIR and T2 sequences can be seen at 
a later stage of the illness. In hepatic forms with a portacaval shunt, bilateral 
hypersignals in the striatum can be seen on T1 sequences, although these are 
not specifi c to WD.

Liver exploration results can be normal in neurological forms of the disease, 
even if the liver is histologically overloaded with copper or there is cirrhosis 
with hypersplenism, which explains our patient’s thrombopenia. A biopsy is 
not necessary for the diagnosis in the majority of neurological forms. It can, 
however, be useful for the diagnosis and prognosis in hepatic forms to weigh 
intrahepatic copper and to evaluate the degree of fi brosis.

On a genetic level, we now know of more than 350 mutations of the “Wil-
son” gene. There is no genotype–phenotype correlation and the discovery of 
a mutation does not automatically enable the prognosis or the response to 
treatment to be determined. As in this case, the two mutations cannot always 
be found. Family testing, based on indirect genetic analysis (haplotype study) 
is important to detect presymptomatic forms among siblings early and to treat 
these before symptoms appear. Our patient had a heterozygous brother – an 
unaffected carrier who can transmit the gene.

Once the diagnosis of WD is confi rmed, it is necessary to give life-long treat-
ment. Treatment options are the copper chelators D-penicillamine and trieth-
ylene tetramine (TETA), and zinc salts.
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• D-penicillamine is the treatment of choice for symptomatic forms of WD 
and its effi cacy has been well established. Its use, however, requires regular 
clinical and biological monitoring owing to numerous side effects. Early side 
effects include immunoallergic reactions or glomerulopathy, while lupus and 
elastopathy have been observed later. Our patient was given increasing doses 
of D-penicillamine to reach a daily dose of 1500 mg.
• TETA has fewer side effects than D-penicillamine. It is used either as initial 
treatment for symptomatic Wilson’s disease, or as replacement therapy if D-
penicillamine is poorly tolerated.
• Zinc salts reduce digestive copper absorption. This treatment is well toler-
ated with few digestive side effects. This is the fi rst-line treatment for pre-
symptomatic forms of the disease. It is also prescribed as maintenance therapy 
to replace initial chelator treatment once the disease has been stabilized. In 
severe forms, a chelator and zinc can be combined.

Neurological worsening is more frequent with D-penicillamine (14%) than 
with TETA (8%) or zinc (4%) [5].

Ammonium tetrathiomolybdate is a promising drug especially in early 
stages of the disease, but needs further study to determine how it can be best 
used in disease management.

Liver transplant is necessary in cases of acute hepatitis, but is open to dis-
cussion when neurological deterioration continues despite treatment.

In our patient, neurological symptoms improved after 6 months of treat-
ment. After 2 years, his gait was normal and trembling, slight. He, neverthe-
less, continued to have behavioral abnormalities.

Response to treatment varies from patient to patient. Among those studied 
by Merle et al. [6], 54% of patients with neurological symptoms improved with 
treatment, 22% showed a stable neurological condition and 24% experienced 
worsening of symptoms. These data highlight the need to diagnose the dis-
ease as early as possible and the importance of family screening to treat pa-
tients before symptoms appear.

Jean-Marc Trocello, France Woimant
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3 Case study 4

Case presentation

A 47-year-old man initially presented an asymmetrical resting tremor in the 
right leg and soon after, in the left leg as well. He was diagnosed with Parkin-
son’s disease (PD) and treated with levodopa which improved his symptoms 
by 80% according to his own estimation. When the patient was fi rst examined 
by us 14 years after the onset of the disease, he was 61 years old and presented 
the typical parkinsonian triad with bradykinesia, rigidity, and resting tremor. 
Levodopa responsiveness remained marked and improvement reached 70% 
with treatment. He fulfi lled the diagnostic criteria for defi nite PD and present-
ed no atypical signs – extensor plantar response, ophthalmoplegia, dementia 
(MMS was 30/30), or autonomic failure. His Unifi ed Parkinson’s Disease Rat-
ing Scale (UPDRS) score 3 h after 150 mg of levodopa and 2.5 mg of bromocrip-
tine was 31, and his Hoehn & Yahr score, 2.5. Cerebral magnetic resonance 
imaging (MRI) was normal.

There was a positive family history of parkinsonism. His father, who had 
died at the age of 75, apparently had parkinsonism. His brother presented 
extrapyramidal symptoms, but they were attributed to antipsychotic thera-
py prescribed for bipolar disorder. Our patient had never taken neuroleptic 
drugs.

Twenty-three years after the onset of symptoms, the patient presented se-
vere gait instability. Neurological examination at this time showed predomi-
nant parkinsonism but also pyramidal signs (brisk refl exes in upper and 
lower limbs, bilateral Babinski sign) and loss of vibration sense in his lower 
limbs. Ocular pursuit was saccadic without ophthalmoplegia. There was also 
cognitive impairment with a Mini Mental State Examination score of 22/30. 
The response to levodopa persisted, and interruption of treatment induced se-
vere motor degradation. Electrophysiological data confi rmed the existence of 
sensory and motor axonal neuropathy. Cerebral MRI showed only moderate 
cerebellar atrophy involving both the vermis and the hemispheres.
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Differential diagnosis

Genetic molecular analyses were proposed on the basis of our patient’s fam-
ily history and the early onset of his parkinsonism which was too early for 
idiopathic PD. Wilson’s disease with autosomal recessive inheritance was 
not investigated because onset was too late and the family history was con-
sistent with dominant transmission. Among autosomal dominant PD genes, 
the common G2019S mutation in the LRRK2 gene was excluded. As the fi nal 
neurological examination suggested a more diffuse neurodegenerative dis-
order with pyramidal and cerebellar involvement, supported by MRI fi nd-
ings, analysis of the SCA2, 3 and 17 genes was proposed. No expansions were 
detected at the SCA3 and SCA17 loci, but we found an expanded SCA2 allele 
with 37 CAG repeats.

Final diagnosis: spinocerebellar ataxia.

Discussion

Spinocerebellar ataxias (SCAs) are a heterogeneous group of autosomal domi-
nantly inherited, progressive neurodegenerative diseases linked to more than 
28 loci. These diseases are often caused by expansion of trinucleotide repeats 
encoding polyglutamine (polyQ) tracts. Although ataxia is often the predomi-
nant symptom, the phenotype and the age at onset are highly variable, even 
within families. Extrapyramidal features consistent with neuropathological 
evidence of basal ganglia involvement may also occur [1]. Parkinsonism has 
been reported in SCA1, 2, 3, 7 and 17. SCA2 is the second most frequent SCA 
gene worldwide and is linked to expansion of a CAG nucleotide repeat in the 
coding region of the ataxin-2 gene, located on chromosome 12q23–24. Most 
normal alleles range from 14 to 31 repeats, whereas the expanded alleles have 
from between 34 and 35 to approximately 200 repeats.

SCA2 expansion results in typical PD. Expansion of SCA2 CAG repeats usual-
ly results in progressive cerebellar gait and limb ataxia, dysarthria with slow 
saccades, and decreased tendon refl exes. The phenotype, however, is almost 
always enriched by the variable association of pyramidal and extrapyramidal 
signs, peripheral neuropathy, cognitive signs, and other ophthalmologic fea-
tures. This clinical variability is partly accounted for by the size of the expan-
sion [2]. Our patient presented typical levodopa-responsive parkinsonism, 
with no additional neurological features at least until his last examination. 
As previously reported, SCA2 has been recognized as an uncommon cause of 
pure parkinsonism, indistinguishable from idiopathic PD [3–10].

SCA2 expansions mimicking PD are rare in families with autosomal dominant par-
kinsonism (ADP). In our series of patients with familial PD, SCA2 expansions 
were detected in 3 of 164 ADP families, which represents 2% [10]. This result 
is consistent with previous studies where SCA2 expansions contributed to 
familial parkinsonism with variable frequencies according to ethnic origin 
(Table 3.4.1). The range in Caucasians was 0–2% [4,7,9,10] and up to 10% in 
Asian populations, especially the Chinese [5,6,8,11].
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SCA2 expansions mimicking PD induce moderate symmetrical PD. Compared 
to our series of familial autosomal dominant PD patients, patients with SCA2 
expansions had fewer asymmetric symptoms (P < 0.001) on examination, a 
characteristic noted in previous studies [6], and less rigidity (P < 0.01). Despite 
similar disease durations, SCA2 patients under treatment (“on”) had lower 
UPDRS scores (P < 0.01), less frequent fl uctuations (P < 0.05), and took less 
levodopa (P < 0.05). These observations are consistent with a recent study in 
Italian families where parkinsonism linked to SCA2 mutation was described 
as benign [9].

SCA2 expansions mimicking PD are small and interrupted. In our three families, 
the expanded alleles had 37 to 39 repeats. This is in the lower range of SCA2 
expansions, and is consistent with previous reports in which most expansions 
in SCA2 families with ADP had < 40 repeats [3,5,6,8,10–14]. The expansion size 
itself is not suffi cient to explain the parkinsonian phenotype, as only 26% of 
ataxic patients with SCA2 expansions in the same size range (35 to 39 repeats) 
had slight parkinsonian signs [10].

In SCA2, CAG repeat expansions inducing ataxic phenotypes are usually 
unstable upon transmission with a tendency to increase in size, resulting in 
phenotypic variability and anticipation of the age at onset [14]. In our series, 
the SCA2 expansions differed in size, but all carried four CAA interruptions 
and were stably transmitted within each family [10]. These results suggest 
that the confi guration of the SCA2 CAG/CAA repeat expansions plays an im-
portant role in phenotypic variability.

SCA2 expansions mimicking PD have later onset than those with an ataxic phe-
notype. Onset of symptoms in SCA2 patients with parkinsonism in our series 
occurred at age 50.1 ± 13.2 years vs. 35 ± 14 years for the ataxic phenotype. This 
difference in onset was not only the result of expansion size, because it persist-
ed when we included only ataxic patients with the expansions in the same size 
range (44.4 ± 10.9 years). These results are consistent with those reported by Lu 
et al. [6], who found mean ages at onset of 47 and 27 years, respectively, for the 
parkinsonian and ataxic phenotypes, but no correlation with allele size.

Are there families with both ataxic and parkinsonian phenotypes? In the Chinese 
family described by Gwinn-Hardy et al. [11], both ataxic and parkinsonian 
phenotypes were present in the same family. Interestingly, the CAG repeat 
expansion was greater in the patient with an ataxic phenotype (43 CAG) than 
in the patients with parkinsonism (33, 35, or 36).

Parkinsonism is associated with nigral degeneration and striatal dysfunction. Brain 
MRI of SCA2 patients with pure parkinsonism does not show cerebellar atro-
phy, at least in the early stages of the disease. Neuropathological examinations 
of ataxic SCA2 cases have shown nigral degeneration with neuronal loss in 
the substantia nigra, striatum and pallidum [1,2]. Measurements of dopamine 
transporter and D2 receptor function using functional brain imaging have re-
vealed striatal dysfunction [12,15], even in patients with an ataxic phenotype 
without parkinsonism [15].
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Conclusion

Genetic factors play an important role in the pathogenesis of parkinsonism 
in young patients. Several genes have been implicated. SCA2 expansions may 
manifest as typical parkinsonism. Although this is a rare cause of parkin-
sonism in Caucasians, a molecular analysis of SCA2 should be included in 
genetic screening of families with dominant parkinsonism or patients with 
parkinsonism and family histories of neurodegenerative disorders.

Perrine Charles, Alexandra Dürr, Alexis Brice
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3 Case study 5

Case presentation

A 39-year-old French woman was referred to our hospital for diagnosis and 
management of gait diffi culties and memory decline. 

Two years earlier, she had begun to have diffi culty walking. She was trou-
bled by forgetfulness and personality changes, often feeling depressed. On 
initial examination, her blinking rate was decreased and her facial expression, 
fi xed. Her gait was shuffl ing, and arm swing was reduced bilaterally. Muscle 
strength was normal and she had brisk refl exes and bilateral ankle clonus. 
Plantar refl exes were fl exor. Eye gaze was normal. There were no sensory or 
cerebellar signs and no tremor, myoclonus, or chorea. Cognitive functions 
were preserved, with normal performances in Luria’s fi st-edge-palm test.

The patient progressively developed symmetric rigidity and global bradyki-
nesia, as well as mild dysarthria and swallowing diffi culties. Limb hypertonia 
was mixed with both spastic and extrapyramidal features. Her gait became 
markedly impaired owing to axial rigidity and postural instability, with fre-
quent backward falls. Levodopa therapy (250 mg, t.i.d.) had no impact on her 
rigid-akinetic syndrome. At age 45, she was unable to stand or walk without 
aid. She also showed progressive cognitive decline with severe executive dys-
function. Depression and behavioral changes became more prominent. Dur-
ing the 10-year follow-up, the patient never developed choreic movements and 
oculomotor examination remained normal. Brain magnetic resonance imag-
ing (MRI), performed 9 years after onset, showed marked cortical atrophy and 
reduced size of caudate nuclei.

She had no personal medical history, but a positive family history. Her 
mother had progressive cognitive decline along with involuntary movements 
and died at the age of 38. Her brother had recently been diagnosed with Hunt-
ington disease (HD), confi rmed by genetic analysis.
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Differential diagnosis

The clinical diagnosis of a movement disorder combined with early cognitive 
features offers the opportunity to discuss a number of neurological disorders. 
Three main aspects can be highlighted in our patient: (1) a parkinsonian syn-
drome, (2) cognitive and mood dysfunction, and (3) family history of neuro-
logical disorders. The clue to the diagnosis of this case is the familial history 
of HD. It is important to note that clinical phenotypes among members of a 
single family can differ from one affected person to the other. Our patient’s 
mother and brother had typical HD with chorea and cognitive decline, mak-
ing the diagnosis possible in our patient even though her clinical presentation 
was very atypical.

Parkinsonism with a poor response to levodopa and cognitive/behavioral 
changes in a patient without a clear family history of neurological disorders 
might suggest a diagnosis of dementia with Lewy bodies (DLB). This condi-
tion is also characterized by visuospatial and dysexecutive symptoms with 
fl uctuations in attention. The disease may start either with motor or cognitive 
symptoms. Importantly, the hiatus of < 1 year between the onset of both symp-
toms suggests this diagnosis. When parkinsonism is followed by dementia 
many years after disease onset, is it usually classifi ed as PD with dementia 
(PDD). It is arguable that the distinction between DLB and PDD is theoretical 
and that these conditions are only different expressions of the same underly-
ing disease process. PDD could have been a diagnostic consideration for our 
patient, were it not for the family history of neurological disorders.

Frontotemporal dementia (FTD) is a group of disorders in which cognitive 
symptoms may occur simultaneously with parkinsonism and motor neuron 
disease. The disease may be either sporadic or transmitted as an autosomal 
dominant trait with mutations in the tau (MAPT) or progranulin (PGRN) 
genes. Cognitive problems may manifest as language disorder (semantic de-
mentia or primary progressive aphasia) or a frontal syndrome with personal-
ity changes, memory decline, and disinhibition. A hyperkinetic syndrome, 
however, as presented by the patient’s mother, makes this diagnostic very 
unlikely.

Parkinsonism with poor response to levodopa, oculomotor abnormalities, 
and frequent backward falls early on in the disease course suggest a diagno-
sis of progressive supranuclear palsy (PSP). Although our patient developed 
postural instability later in the disease course, eye movement abnormalities 
were never detected.

In all the conditions described above, levodopa has a minimal impact on 
parkinsonian symptoms. Drug-induced parkinsonism with depression can be 
seen in some countries where medications such as cinnarizine and fl unarizine 
are sold over the counter to palliate vestibular symptoms.

Five to ten per cent of Parkinson’s disease cases are transmitted as an au-
tosomal dominant or recessive trait. In the small proportion of families in 
which a specifi c mutation in a single gene can be found, phenotypes range 
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from mild parkinsonism with slow disease progression and prolonged re-
sponse to levodopa to phenotypes indistinguishable from sporadic PD.

In all the cases above, the diagnosis is clinical and can only occasionally 
be aided by supplementary methods. Neuropsychological examination with 
tests that indicate cortical (predominant memory loss) and specifi c subcortical 
(predominant attention defi cits) involvements are usually recommended. In 
FTD, imaging may disclose frontal and anterior or posterior temporal atrophy. 
Functional imaging studies (fMRI, PET, and SPECT) are useful as research 
tools, but still need numerous methodological improvements before being con-
sidered for clinical practice. Molecular analyses are possible for some families 
with FTD, for which we now know of disease-causing mutations in at least two 
genes. In PD, 11 different loci have been ascribed for autosomal dominant and 
recessive modes of transmission. In the case of positive screening, this allows 
adequate genetic counseling to be given to all family members.

The combination of cognitive decline, parkinsonism, and a family history of 
involuntary movements leaves little doubt as to the diagnosis of Huntington 
disease.

Final diagnosis: PD-mimicking Huntington disease confi rmed by the pres-
ence of one allele with an abnormally expanded CAG trinucleotide stretch 
with 46 repeats in the HD1 gene on chromosome 4.

Discussion

This diagnosis would not have been so evident had the patient’s family history 
not been obtained. This is mandatory in current Movement Disorder guide-
lines. The disease usually starts with behavioral and personality changes, 
followed by chorea. In fact, executive and memory changes may be detected 
in otherwise asymptomatic mutation carriers [1]. Moreover, the personality 
changes are even more stereotyped and recognizable than the cognitive fea-
tures. In individuals displaying the full HD clinical picture, cognitive changes 
correlate with atrophy of the striatum, thalamus and frontal lobes. Decreased 
striatal metabolism also parallels cognitive impairment [2]. Postmortem eval-
uation of patients with overt dementia shows accumulation of neocortical 
ubiquitin-reactive neurites [3].

Parkinsonism at onset in HD is typically seen in young patients with large 
trinucleotide expansions (> 60 repeats). This was traditionally referred to as 
the Westphal variant of HD. A recent retrospective study showed that par-
kinsonism is not the main feature of juvenile HD, but that cognitive diffi cul-
ties occur early in the disease course [4]. Bradykinesia and rigidity are also 
detected in individuals with “classic” HD, in whom chorea predominates the 
clinical picture, and may correlate with the degree of neostriatal degeneration 
better than chorea [5]. It is not clear to what extent decreased dopamine plays 
a role in HD-related parkinsonism [6,7].

In summary, this case illustrates the notion that parkinsonism can be the 
presenting feature of HD later in life and not only during adolescence and 
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early adulthood. As is true with other forms of parkinsonism-plus, the patient 
being evaluated for parkinsonism may present with “red fl ags” of cognitive 
decline and unsatisfactory response to levodopa. Cognitive and/or personal-
ity changes may be noticeably more prominent than in the typical presenta-
tion of idiopathic PD. Finally, we suggest adopting a high level of suspicion 
for HD in individuals with early-onset atypical parkinsonism, particularly 
if there is a family history of movement disorders and even in its absence, as 
the lack of appropriate genealogical information can limit the evaluation of 
inherited disorders.

André R. Troiano, Leorah Freeman, Alexandra Dürr
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3 Case study 6

Case presentation

A 52-year-old right-handed male with no signifi cant past medical history de-
veloped progressive pain in his right shoulder.

He had been in his usual state of good health until 6 months before presenta-
tion, when he developed increasing pain in his right shoulder. He described 
soreness and stiffness that worsened with movement. He also reported that 
his range of motion was slightly restricted. He continued to work without 
limitation as a sales manager, but felt tired. In the last few months, he had 
begun taking a nap on the weekends. His wife reported that his sleep had de-
teriorated over the last few years, citing occasional nightmares and thrashing. 
He also described mild symptoms of depression, and his family added that he 
had become “irritable” and mildly withdrawn, being quieter than usual. The 
patient reported that his handwriting had become smaller but was legible. He 
also noted that sometimes his thumb would “twitch.”

The patient was seen by his family physician, who made a clinical diagnosis 
of rotator cuff injury. The patient took ibuprofen 600 mg t.i.d. for 3 weeks with 
some improvement in his shoulder pain. Laboratory studies included normal 
complete blood count, electrolyte panel, liver function, thyroid-stimulating 
hormone, and sedimentation rate. Radiographs of the shoulder were normal.

On general examination the patient appeared well. His vital signs and gen-
eral condition were normal. He demonstrated a mildly depressed mood and 
blunted affect. He scored 29/30 on the Mini Mental State Examination (losing 
one point for recall). His language function was normal. His speech was soft, 
with a mild hypokinetic dysarthria. His cranial nerve examination was nor-
mal, including full extraocular, saccadic, and smooth pursuit eye movements. 
His motor examination demonstrated normal bulk and strength throughout. 
He had mild cogwheel rigidity in the right arm, with activation of the left 
arm; otherwise his tone was normal. When distracted, an intermittent, low 
frequency resting tremor was noted in the right thumb. This was also evident 
while walking. His refl exes were normal and symmetrical. No pathological 
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refl exes were noted. His sensory exam was normal to touch, pinprick, tem-
perature, joint position sense, and vibration. Cortical refl exes were intact, with 
normal graphesthesias and stereographia. His coordination was normal and 
he did not demonstrate apraxia. His gait was notable for slightly decreased 
right arm swing. Pull test was negative. A writing sample demonstrated sub-
tle micrographia. His UPSIT (University of Pennsylvania Smell Identifi cation 
Test) score was 23/40.

Differential diagnosis

The differential diagnosis for this patient largely revolves around parkinson-
ism. He has monomelic involvement of the right arm characterized by resting 
tremor, cogwheel rigidity, bradykinesia (decreased arm swing), and subse-
quent shoulder pain. Other subtle features of his history and examination 
support this, including micrographia and hypophonia. The asymmetrical 
fi ndings, in conjunction with microsmia, support a likely diagnosis of Parkin-
son’s disease (PD). He has other associated features including fatigue, depres-
sion, and rapid eye movement (REM) sleep behavior disorder (RBD).

Other causes of parkinsonism should be considered. There is no history 
to suggest a secondary cause of parkinsonism. The asymmetrical nature of 
this patient’s symptoms would make drug or toxin-induced causes, normal 
pressure hydrocephalus, or metabolic diseases such as Wilson’s disease or 
neurodegeneration with brain iron accumulation (NBIA-1), unlikely causes 
of his parkinsonism. There is no history to suggest an infectious process. A 
structural, left-sided basal ganglia mass lesion could cause focal parkinson-
ism. It would be unusual, however, to fi nd parkinsonism in isolation, without 
any other neurological defi cits or exam abnormalities. Similarly, vascular par-
kinsonism is possible, but unlikely in this young, otherwise healthy patient.

Atypical parkinsonian syndromes can also be considered, but are unlikely 
given the history and clinical fi ndings. These degenerative disorders often 
have accompanying features that this patient lacks. Progressive supranuclear 
palsy (PSP) can present with parkinsonism, but vertical gaze palsy and pos-
tural instability are also usually present. Corticobasal degeneration (CBD) 
can present with asymmetrical parkinsonism, but is characterized by limb 
apraxia, and ultimately alien limb syndrome. Furthermore, CBD and PSP 
typically do not have tremor. If prominent autonomic or cerebellar symptoms 
were present, multiple system atrophy (MSA) could be considered. Patients 
suffering from dementia with Lewy bodies (DLB) or Alzheimer’s disease (AD) 
can present parkinsonism and depression, but these disorders are character-
ized by prominent cognitive dysfunction which usually overshadows motor 
symptoms. DLB can also involve fl uctuating mental status, visual hallucina-
tions and signifi cant sleep disturbance (RBD). Frontotemporal dementia par-
kinsonism is unlikely given the absence of dementia.

Shoulder pain is often of musculoskeletal origin. Joint disease is a common 
cause of asymmetrical pain and/or loss of movement, as are osteoarthritis, 
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tendonitis, and bursitis. A cervical radiculopathy can also result in shoulder 
pain. These diagnoses, however, would only explain our patient’s pain and 
not his other symptoms. Although chronic pain can cause depression, rigidity 
and tremor would not be expected. Therefore, these pathologies alone would 
not provoke his symptoms.

Parkinson’s disease is largely a clinical diagnosis. Adjunctive testing, how-
ever, can further support this conclusion in lieu of a defi nitive pathological 
diagnosis. Magnetic resonance imaging (MRI) of the brain would rule out 
structural or vascular causes, which are particularly important if fi ndings are 
unilateral or abrupt in onset. An MRI is not generally necessary if symptoms 
are typical. In idiopathic PD, one would expect a normal MRI of the brain. Ol-
factory defi cits can precede motor defi cits in PD. Therefore, smell testing may 
be a sensitive screening tool for early PD [1]. However, because this is non-
specifi c, other testing can be helpful. If Wilson’s disease is suspected, serum 
and urine copper levels, plasma ceruloplasmin levels and a slit-lamp exam (to 
rule out Keyser–Fleischer rings) are indicated.

Although not performed routinely, cardiac sympathetic imaging studies 
using 123I-MIBG (meta-iodobenzylguanidine) scintigraphy may also prove 
useful in differentiating idiopathic PD from PSP and MSA [2]. In preliminary 
studies, patients with PD demonstrated cardiac sympathetic denervation while 
patients with PSP and MSA did not. PD patients also have visual abnormalities 
including defi cits in contrast sensitivity and color discrimination [3]. Prolonged 
visual evoked potential latencies can be seen as well [4]. Whether these novel 
tests of other non-motor systems become useful in medical practice, particular-
ly in early or even premotor disease, will be determined by further research.

Neuroimaging may also prove useful in the diagnosis of early PD. Fluoro-
dopa positron emission tomography (PET) and 2β-carbomethoxy-3β-(4-
iodophenyl)tropane (β-CIT) single photon emission computed tomography 
(SPECT) are useful if the diagnosis of PD is in doubt. Research is under way 
to determine the utility of PET and SPECT both as a preclinical diagnostic 
tool and as a means of determining progression of nigrostriatal dysfunction 
in PD [5,6].

Final diagnosis: early Parkinson’s disease.

Discussion

The cardinal signs and symptoms of Parkinson’s disease are well recognized 
in the medical community: resting tremor, bradykinesia, and rigidity. Less 
recognized, however, are the more subtle or early features of PD. Early clinical 
features of motor involvement can be slight and initially attributed to normal 
aging. It is common for patients to refl ect on early symptoms that went unrec-
ognized. Bradykinesia can manifest as a loss of spontaneous movement, such 
as reduced arm swing, loss of facial expressivity, or subtle changes in speech 
volume or clarity. Loss of manual dexterity is also an early sign. Patients may 
report diffi culty doing up buttons, or deterioration in their handwriting. Pain, 
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in general, can be an early and common symptom of PD. This may be a func-
tion of musculoskeletal discomfort from rigidity, dystonia, or lack of move-
ment, or present as a primary pain syndrome. This symptom often leads to a 
musculoskeletal diagnosis, as in this case.

Presymptomatic and non-motor features of Parkinson’s disease are gain-
ing support as preclinical markers or risk factors for PD [7]. Loss of smell, 
behavior al abnormalities, fatigue, sleep disorders, and autonomic dysfunction 
are all now recognized as presymptomatic or early features of PD. Depres-
sion, anxiety, and personality changes can precede motor symptoms and are 
common in PD [8,9]. It is not unusual for patients to experience RBD years 
prior to onset of motor PD symptoms [10]. Similarly, many PD patients report 
autonomic dysfunction, often constipation [11], which also can predate motor 
symptoms by years. Although non-specifi c, these non-motor symptoms can 
often be used to add confi dence to the clinical diagnosis of PD. In the future 
these symptoms may enable clinicians to identify at-risk populations in which 
to ultimately apply neuroprotective strategies [12].

Jayne R. Wilkinson, Matthew B. Stern
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3 Case study 7

Case presentation

A 62-year-old woman presented at our movement disorders clinic following 
3 years of progressive gait problems. Since the beginning, she had noticed 
some general slowing of her movements and an intermittent tremor of both 
arms, which mainly occurred during movement or while holding an object. 
She described her arm and hand movements as slow and of small amplitude, 
rendering the activities of daily living diffi cult. Some falls had occurred and 
she complained of an increasingly bent-forward posture. Since the previ-
ous year, urinary stress incontinence had appeared on different occasions. 
Recently, urinary urge incontinence had also been noticed. She had always 
slept well and nightmares were rare. Her husband, who attended with her, 
did not report snoring, signs of sleep apnea, or nocturnal stridor, but had ob-
served some motor agitation and his wife talking in her sleep. According to 
the patient and her husband, there were no relevant mood or memory distur-
bances. The family history was negative for neurodegenerative diseases and 
the patient had no relevant pre-existing medical condition.

Following disease onset, the patient had been treated with Requip® (ropini-
role) up to 16 mg per day, with only a minor improvement in her symptoms. 
Requip® had been replaced with 150 mg Stalevo® fi ve times per day (levodo-
pa 150 mg/carbidopa 37.5 mg/entacapone 200 mg) and 100 mg Sinemet® fi ve 
times per day (levodopa 100 mg/carbidopa 10 mg) during the second year of 
her disease.

The neurological examination showed saccadic horizontal and vertical pur-
suit eye movements without any other signs of oculomotor dysfunction. Mild 
to moderate dysarthria and hypomimia were observed. Finger-tapping and 
foot-tapping revealed moderate bradykinesia, predominantly on the left. Ri-
gidity was moderate in the left arm and only mild in the right arm and neck. 
The patient had bilateral postural tremor that was only present while count-
ing. Her posture was slightly bent forward. Gait was wide-based, slow and 
unstable, with reduced step length and diffi culties while turning. Automatic 
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movements of the left arm were reduced while walking. Stance became more 
unstable when joining both feet and she would have fallen during the tandem 
Romberg maneuver had she not been helped. Postural responses were mod-
erately impaired. Limb dysmetria was absent. No sensorimotor defi cit could 
be detected. Tendon refl exes were very brisk but symmetrical and plantar re-
sponses were fl exor. She had a Mini Mental State Examination score of 27/30 
and frontal lobe testing only revealed minor disturbances. Testing for ortho-
static hypotension was normal.

In her diagnostic work-up, the patient underwent cerebral magnetic reso-
nance imaging (MRI) which revealed a hyperintense rim of the right putamen 
on T2-weighted imaging and a putaminal hypointensity on T2*-weighted gra-
dient echo images (Fig. 3.7.1). Testing of bladder function revealed a postmic-
turition residual volume of 220 mL, detrusor hyperrefl exia during the fi lling 
phase causing urinary leakage, and detrusor-external sphincter dyssynergia 
during the voiding phase.

Differential diagnosis

Parkinson’s disease (PD) is characterized by an asymmetrical bradykinetic-
rigid syndrome. Although postural instability with falls is common after sev-
eral years of PD, the signs of cerebellar impairment in our patient exclude the 
clinical diagnosis of PD. Autonomic dysfunction exists in PD, but it is usually 
less severe and the motor symptoms respond to dopaminergic treatment, in 
contrast to the present case.

Figure 3.7.1 MRI of the patient’s brain. (A) T2-weighted imaging; white arrowheads, 
hyperintensive rim of the right putamen. (B) T2*-weighted gradient echo images; white 
arrowheads, putaminal hypointensity.
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Parkinsonism can also be found in frontotemporal dementia, Lewy body 
dementia, and Alzheimer’s disease. The cognitive decline in these patients, 
however, is prominent whereas our patient’s cognitive functions remained 
intact.

Patients presenting progressive supranuclear palsy (PSP) show a vertical 
supranuclear palsy or at least slowing of vertical saccades, as well as promi-
nent postural instability with frequent falls. Supportive features of PSP are 
early cognitive impairment such as apathy, impairment in abstract thought, 
decreased verbal fl uency, utilization or imitation behavior, or frontal release 
signs. Findings on MRI and functional imaging mainly show a reduced mid-
brain diameter and frontotemporal atrophy. The response to dopaminergic 
treatment is usually poor and transient, as in our patient. The diagnosis of 
PSP is unlikely, however, since the clinical exam did not fi nd a supranuclear 
palsy, and furthermore postural instability was not a major feature despite 
some falls in the past.

Patients suffering from corticobasal degeneration (CBD) have asymmetrical 
parkinsonism. Asymmetrical limb dystonia is common, often evolving to a 
painful “dystonic clenched fi st.” Higher cortical dysfunction such as aphasia, 
ideomotor or constructive apraxia, sensory abnormalities, an alien-limb phe-
nomenon, and frontal lobe release signs belong to the clinical features of CBD. 
Cortical atrophy is more severe in CBD compared to other movement disor-
ders. The response to dopaminergic treatment is usually poor and transient. 
Our patient had asymmetrical parkinsonism with poor levodopa-response, 
but did not show signs of higher cortical dysfunction, ruling out the clinical 
diagnosis of CBD.

Spinocerebellar ataxia 3 can resemble PD, but patients usually have a family 
history of dominant inheritance and show other symptoms such as a cerebel-
lar syndrome, pyramidal signs, supranuclear vertical gaze palsy, and some-
times lower motor neuron disease with amyotrophy and fasciculations.

Multiple system atrophy (MSA) is associated with autonomic failure, par-
kinsonism, cerebellar dysfunction, and pyramidal signs. Other clinical signs 
such as orofacial dystonia, nocturnal stridor, sleep apnea, and rapid eye move-
ment (REM) sleep behavior disorder (RBD) may also be found. The response 
to dopaminergic treatment is usually poor and transient. In Western coun-
tries, a predominantly parkinsonian phenotype (MSA-P) is present in two-
thirds of patients, while one-third shows a predominant cerebellar phenotype 
(MSA-C).

Final diagnosis: multiple system atrophy.

Discussion

Our patient’s poorly levodopa-responsive asymmetrical parkinsonian syn-
drome with signs of cerebellar impairment and bladder dysfunction is in line 
with the diagnostic criteria of “probable” MSA [1]. These defi ne “probable” 
MSA as reaching the criterion for autonomic failure (orthostatic fall in blood 
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pressure by at least 30 mmHg systolic or 15 mmHg diastolic) and/or urinary 
incontinence (persistent, involuntary partial or total bladder emptying, ac-
companied by erectile dysfunction) plus poorly levodopa-responsive parkin-
sonism (bradykinesia plus rigidity, postural instability, or tremor) or cerebel-
lar dysfunction (gait ataxia plus ataxic dysarthria, limb ataxia, or sustained 
gaze-evoked nystagmus). The diagnosis further distinguishes between “pos-
sible” MSA with a lower degree of clinical evidence and “defi nite” MSA, the 
latter being the postmortem confi rmation of typical α-synuclein-containing 
intracytoplasmic glial inclusions.

The clinical diagnosis of MSA is further supported by the fi ndings of cere-
bral MRI showing a hyperintense rim of the right putamen on T2-weighted 
images and a putaminal hypointensity on T2*-weighted gradient echo im-
ages. These fi ndings are frequent in patients with MSA-P and are indicative of 
reactive microgliosis, astrogliosis, and iron deposition [2,3]. In patients with 
MSA-C, olivopontocerebellar atrophy, the so-called hot-cross bun sign (cross-
shaped signal hyperintensity on T2-weighted sequences within the pons), and 
atrophy of the middle cerebral peduncle may be found on MRI [3]. Diffusion-
weighted imaging with calculation of the apparent diffusion coeffi cient can 
be useful in distinguishing MSA from other movement disorders such as PD 
[4].

The patient had a postmicturition residual volume of > 200 mL, detrusor 
hyperrefl exia during the fi lling phase, and detrusor-external sphinter dys-
synergia during the voiding phase. Bladder dysfunction can be seen in PD, but 
is usually less frequent, less severe, and occurs at later stages of the disease. 
Detrusor hyperrefl exia during the fi lling phase is more common in PD than 
in MSA [5]. A residual volume of > 100 mL, however, has a positive predictive 
value of 91.6% for MSA [6], and detrusor-external sphincter dyssynergia is 
observed in 50% of MSA patients, while absent in PD [5]. The performance of 
an external urethral or anal sphincter electromyography can be useful in the 
differential diagnosis, since it shows denervation in MSA, but not in PD [7,8].

No signs of orthostatic hypotension were observed. Cardiovascular au-
tonomic function can be assessed by the Ewing test battery. This comprises 
the measurement of the variability of arterial blood pressure and heart rate 
after standing up and during sustained isometric handgrip, as well as the 
assessment of heart-rate variability during deep breathing and the Valsalva 
 maneuver.

Tests that are useful to distinguish autonomic failure in MSA from PD are 
cardiac 123I-metaiodobenzylguanidine (MIBG) SPECT [9] and the arginine-
growth hormone test [10]. MIBG SPECT shows impaired MIBG uptake in PD 
but not in MSA, in line with postganglionic autonomic failure in PD and the 
degeneration of preganglionic sympathetic fi bers in MSA.

It is probable that, in line with her husband’s description, the patient also 
presents RBD which is present in almost all patients suffering from MSA [11]. 
By contrast, no signs of sleep apnea or nocturnal stridor were reported. Since 
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these are frequent in MSA and probably related to a poorer outcome [12], they 
should be looked for systematically.

In conclusion, the clinical diagnosis of MSA is based on the association 
of autonomic failure plus poorly levodopa-responsive parkinsonism and/or 
cerebellar dysfunction. Additional paraclinical tests such as MRI, autonomic 
function tests, and sphincter electromyography may be helpful to endorse the 
diagnosis of MSA. The differential diagnosis between PD and MSA-P can be 
very diffi cult in early stages of the disease, mainly when MSA-P patients re-
spond to dopaminergic treatment, as seen in 10–30% [11]. In these patients, the 
presence of other clinical features, the so-called “red fl ags” (Table 3.7.1), should 
orient the diagnosis towards MSA-P.

Wassilios Meissner, François Tison
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3 Case study 8

Case presentation

A 65-year-old right-handed white female with a college education complained 
of balance and visual disturbances. She presented with a 3-year history of 
progressive postural instability and falls. Initially, she would fall back into 
the chair when attempting to get up. Later she began to fall when reaching 
for something, and now she was falling once or twice a day when walking 
unaided.

For the past 2 years looking up had progressively become diffi cult, and late-
ly, also looking down and reading. For approximately 2 years, she had suffered 
from progressive dysphagia, from dysarthria for the past 6 months, and from 
slowness and emotional lability. She denied urinary or orthostatic hypoten-
sion symptoms. She was taking aspirin once per day and had never taken 
dopaminergic therapy. She had undergone partial thyroidectomy. Family his-
tory was non-contributory.

General examination of the patient was normal, with no signs of orthostatic 
hypotension. The patient was alert, oriented to time, person, and space. Her 
Mini Mental Status Examination score was 25/30 (owing to attention errors). 
Mattis Dementia Rating Scale was 120/144 (mild dementia); she had concep-
tualization, attention, and construction errors. Frontal lobe function testing 
showed a lack of conceptualization, diffi culty with sequencing, and decreased 
verbal fl uency. There were no ideomotor apraxia, cortical sensory defi cits, or 
language disturbances.

Cranial nerves were normal except for the presence of limited upward more 
than downward voluntary gaze, absence of vertical saccades, and optokinetic 
nystagmus. Pursuit and vestibular refl ex in the vertical direction were pre-
served. Horizontal saccades were slow but there was no limitation in horizon-
tal voluntary or pursuit gaze. Horizontal optokinetic nystagmus was normal. 
There was no convergence. Her blink rate was decreased and she had hypo-
mimia and slight staring face.
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Motor examination showed full strength. Tone was increased axially more 
than distally. Bradykinesia was more axial than in the limb muscles. No trem-
or, dystonia, or myoclonus were observed. She had normal deep tendon re-
fl exes, and downgoing plantar refl exes. Sensory examination was normal.

The patient was unable to get up from her chair without holding onto the 
arms. When sitting down, she tended to let herself fall into the chair. Her gait 
was wide-based and unstable, requiring a walker. Furthermore, she would 
fall with the pull test unless assisted by the examiner. Finally, coordination 
was normal.

Differential diagnosis

Our patient presented at 62 years of age with postural instability and falls, fol-
lowed by vertical supranuclear gaze palsy, parkinsonism affecting axial more 
than limb muscles, dysarthia, dysphagia, and frontal lobe-type features. She 
presented with all the typical features of progressive supranuclear palsy (PSP) 
and meets the clinically defi nite criteria for this disorder [1]. The main inclu-
sion criteria for the diagnosis of clinically defi nite PSP is the presence after age 
40 of progressive vertical supranuclear gaze palsy, severe postural instability, 
and falls within the fi rst year of symptom onset. Mandatory exclusion criteria 
include lack of severe lateralized motor signs or ideomotor apraxia, autonomic 
features, oculomasticatory myorrhythmia, and structural lesions revealed by 
magnetic resonance imaging (MRI).

Our patient’s fi rst symptom, severe postural instability, manifested as non-
explained and unexpected falls or tendency to fall. This is the most frequent 
symptom in PSP. Unexplained postural instability and falls occurring within 
the fi rst year of symptom onset makes PSP the most likely diagnosis [2]. When 
falls occur after the fi rst year, multiple system atrophy (MSA) is equally pos-
sible; however, instability and falls in MSA are usually present once patients 
already exhibit autonomic disturbances. Instability or falls rarely develop 
early in patients with corticobasal syndrome (CBS) that may associate with 
corticobasal degeneration. When they occur, they are usually due to unilateral 
limb involvement, a feature not observed in our patient. In Parkinson’s disease 
(PD), falls are not an early feature; however, falls may occur early in dementia 
with Lewy bodies (DLB), and usually are associated with early cognitive dis-
turbances and hallucinations that are not drug-related.

In our patient, the presence of vertical supranuclear gaze palsy allows the 
diagnosis of PSP to be made. Vertical supranuclear gaze palsy is rarely present 
at symptom onset; it usually takes 3–4 years to develop. Slowing of saccades 
(distinctly slowed eye movements when attempting to move the eyes rapidly 
between two stimuli) usually precedes the development of the supranuclear 
gaze palsy, and allows for an earlier diagnosis of the disease. Our patient also 
exhibited slowing of horizontal saccades, usually preceding the development 
of the horizontal supranuclear gaze palsy.
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Although key in diagnosing PSP, vertical supranuclear palsy may occasion-
ally be present in patients with DLB, arteriosclerotic pseudoparkinsonism, 
CBS, Creutzfeldt–Jakob disease, or Whipple’s disease. Symptom progression, 
however, is usually helpful to differentiate between these disorders. In PSP, as 
in our patient, vertical supranuclear gaze palsy precedes the development of 
the horizontal gaze palsy. In CBS, ocular motor apraxia usually precedes the 
development of supranuclear gaze palsy which usually affects both horizon-
tal and vertical gaze. The saccades in CBS may have an increased latency but 
normal speed, and are similarly affected in the vertical and horizontal plane, 
whereas in MSA the saccades have normal speed and latency. In our patient, 
the upward gaze palsy was the fi rst indication of an ocular motor abnormal-
ity. This may need to be differentiated from the limitation of upward gaze 
observed in elderly patients, which is associated with normal saccades. The 
diagnosis in our patient did not require this distinction as she had no vertical 
saccades or optokinetic nystagmus on examination and had some downward 
gaze limitation. She also exhibited a profoundly sparse blink rate, typical of 
PSP. Although blink rate is often diminished in PD and MSA, this is usually 
to a lesser degree than in PSP.

Our patient also presented with symmetric parkinsonism involving axial 
muscles more than limb muscles, a characteristic typically observed in pa-
tients with PSP. Patients with PD, DLB, or CBS usually have more limb than 
axial involvement, and the limb involvement is usually asymmetric. She also 
presented with speech and swallowing diffi culties within the fi rst 3 years of 
symptom onset. Prominent early or severe dysarthria may also be present in 
CBS and MSA, but is rare in PD.

She also exhibited frontal lobe symptomatology manifested by attention-
al disturbances, diffi culty with conceptualization and sequencing, and de-
creased verbal fl uency, features usually present at early stages in PSP. Execu-
tive dysfunction of PSP patients also manifests as diffi culty with planning and 
problem solving. Frontal behavioral disturbances (primarily apathy, but also 
disinhibition) are also frequent. Frontal lobe features in PD and MSA are usu-
ally mild, and revealed only through detailed neuropsychological testing, in 
contrast to what is observed in PSP. Because patients with PSP usually exhibit 
early frontal lobe cognitive and/or behavioral disturbances, they occasionally 
are confused with patients with frontal dementia or Alzheimer’s disease [3]. 
However in PSP, features of “cortical” dementia are rare or only mild, unless 
the patient also suffers from Alzheimer’s disease. Our patient did not exhibit 
either the lateralized cognitive features (unilateral ideomotor apraxia, cortical 
sensory signs, or aphasia) observed in patients with CBS. Finally, she did not 
exhibit autonomic signs (e.g. incontinence or presyncope) or cerebellar distur-
bances suggestive of MSA.

The diagnosis of PSP in our patient is obvious for clinicians familiar with 
this condition. Infrequently, however, PSP may be associated with unusual 
traits, which make the diagnosis of this disorder more challenging. There are 
reports of neuropathologically confi rmed cases of PSP with parkinsonism that 
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respond to dopaminergic medication and lack ophthalmoplegia (PSP-parkin-
sonism); with dementia or akinesia as the only presenting symptom; with uni-
lateral dystonia and apraxia; or with motor aphasia and speech apraxia [4].

Survival in patients such as ours who present with all the typical features 
of PSP within the fi rst 2 years of symptom onset is around 5 years. Early falls, 
supranuclear gaze palsy, and dysphagia are predictors of a shorter survival in 
several studies.

Final diagnosis: progressive supranuclear palsy.

Discussion

Presently, there are no biological markers for the diagnosis of PSP; this is usu-
ally a clinical diagnosis eventually confi rmed by pathology. Neuropsycholog-
ical evaluation is particularly helpful to support the diagnosis since, as in our 
patient, almost all PSP patients examined demonstrate an early and promi-
nent diffi culty in executive dysfunction. Similarly, apathy but not depression 
is usually present early in patients with PSP and can be easily identifi ed by 
using the Neuropsychiatric Inventory.

Brain MRI may show defi nite atrophy of the midbrain and of the region 
around the third ventricle in PSP patients. Thinning of the quadrigeminal 
plate, particularly in its superior part, better seen in sagittal MRI sections, sup-
ports a diagnosis of PSP. Minimal signal abnormalities in the periaqueductal 
region may also be seen in proton density MRI. Brain MRI can also aid in rul-
ing out other diagnoses (e.g. multi-infarct states, hydrocephalus, or tumors, 
as well as MSA when atrophy of the pons, middle cerebellar peduncles, and 
cerebellum, or altered signal intensity in the putamen are observed).

Transcranial sonography (TCS) may be able to differentiate PSP from other 
parkinsonian disorders [5]. TCS in PSP shows characteristic changes such as 
abnormal hyperechogenicity of the lenticular nucleus and normal echogenic-
ity of the substantia nigra. In contrast, patients with PD have hyperechogenic-
ity of the substantia nigra and normal echogenicity of the lenticular nuclei. 
Lenticular nuclei hyperechogenicity is also observed in MSA, but dilation of 
the third ventricule (> 10 mm) so far has been only described in PSP. TCS can 
differentiate PSP from CBD as the latter has markedly increased echogenicity 
of the substantia nigra.

Currently, there are no effective therapies that slow disease progression but 
symptoms can be ameliorated, and close follow-up can help prevent complica-
tions. Our patient should try dopaminergic medication, although the majority 
of PSP patients usually have an absent, poor, or waning response to levodopa. 
Very few PSP patients have a moderate or transient response to dopaminergic 
agents. This may be because typical PSP patients have little or no limb par-
kinsonism to begin with, and because there is a widespread involvement of 
dopaminergic and non-dopaminergic neurotransmitter systems in this disor-
der. These agents should be tried when patients have parkinsonism, however, 
as lack of sustained and/or marked benefi t from levodopa therapy effectively 
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rules out PD, and helps supports the diagnosis of PSP or other atypical par-
kinsonism. To evaluate dopaminergic response, we recommend a trial with 
levodopa–carbidopa up to 1000 mg a day or maximum tolerated dose for at 
least a month. Dopaminergic agonists are usually less effective but could be 
tried. PSP patients may develop blepharospasm or retrocollis, and more rarely 
limb dystonia. In such cases, dopaminergic medication should be cautiously 
reduced or discontinued to rule out the possibility of treatment-induced dys-
tonia. While PSP patients may develop hallucinations secondary to high doses 
of medication, hallucinations are not a feature of PSP.

To prevent aspiration, our patient should have a videofl uoroscopic modifi ed 
barium swallow evaluation that could determine if change in food consist-
ency or head position is needed (i.e. thickeners, chin-tuck position). She could 
also benefi t from speech therapy.

A safety inspection of the house by an occupational therapist could prevent 
the patient from falling, by removing carpets or cluttered furniture. Physical 
therapy is indicated to improve balance and teach safe transfers. For patients 
with PSP, we recommend the use of weighted walkers, and physical therapy 
can train patients how to use them safely. These measures can improve the 
quality of life and survival of our PSP patients by preventing falls leading to 
fractures and head injury.

We also refer our patients to an ophthalmologist who can prescribe visual 
prisms that may help some. Our patient could benefi t from using her pre-
served pursuit to direct her eyes. She should be shown that if she follows her 
fork she can see the food on her plate. Elevating the plate is also useful. She 
may benefi t from talking books. Natural or artifi cial tears can treat the kerati-
tis secondary to her severely decreased blinking.

She and her family need to receive education and support to avoid caregiver 
burden. They can be referred to PSP support groups, if available. It is hoped 
that in the near future, biological therapies could slow the course of PSP.

Irene Litvan
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Figure 3.9.1 The relationship between medication, “off” time and levodopa plasma levels.

Case presentation

A 73-year-old woman with a 7-year history of Parkinson’s disease (PD) of the 
akinetic-rigid type consulted because her motor function had become pro-
gressively worse over the past 4 months.

The patient had initially shown a good motor response to a symptomatic 
treatment with levodopa (in combination with carbidopa) and amantadine. 
(See Fig. 3.9.1 for doses and medication schedule.) The patient now complained 
about recurring episodes during which she experienced a marked decline in 
her motor abilities (so-called “off” time). During these “off” episodes, the pa-
tient felt a general stiffness, exhibited a disturbed gait with short shuffl ed 
steps and reported diffi culties rising from a chair. At fi rst, these motor impair-
ments had only occurred when the patient had forgotten to take the drugs at 
the usual time. During the preceding months, however, motor function had 

Amantadine
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regularly got worse about 3 h after taking her levodopa medication, and it took 
up to 1 h after her next dose for motor function to be completely restored. In 
the morning, it took her at least half an hour after taking her morning medica-
tion before she was able to wash and dress.

No painful or involuntary movements were reported. The patient did not 
show tremor at any time. When we inquired about non-motor symptoms, the 
patient reported an urge incontinence which got worse during her “off” epi-
sodes.

The patient exhibited no psychiatric symptoms such as hallucinations, delu-
sions, or depression. Intellectual abilities were unaltered.

The physical examination was performed in an “on” state 2 h after the pa-
tient had taken her drugs. The patient exhibited mild hypomimia and mini-
mal general bradykinesia. Aside from reduced swinging of the left arm and 
a slightly stooped posture, gait was normal. When we tested rapid alternat-
ing movements, the patient exhibited a moderate bradydiadochokinesia on 
both sides, with the left side being predominantly affected. Slight rigidity was 
found in the upper and the lower extremities. No dyskinesias or tremor were 
seen during the examination. The remainder of the neurological examina-
tion, including cranial nerve testing, motor function, sensory perception, and 
coordination, was also unremarkable. Mental status testing revealed no major 
cognitive defi cits. There were no hints of psychiatric disturbances.

Final diagnosis: fl uctuations in motor performance: wearing-off.

Discussion

In most patients with early phase PD, symptomatic relief of motor impairments 
can be achieved with levodopa (in combination with a peripheral L-amino 
acid decarboxylase (AADC) inhibitor such as benserazide or carbidopa) or a 
dopamine receptor agonist. Motor abilities are regained owing to the pharma-
cological substitution of the striatal dopaminergic defi cit.

After long-term use of levodopa, however, many PD patients experience 
motor fl uctuations, namely variable levels of motor performance during the 
course of the day. Several facts account for this phenomenon. First, the neu-
rodegenerative process results in the progressive failure of endogenous com-
pensatory mechanisms, i.e. the number of intact nerve cells that can produce 
and store dopamine declines and the patient’s motor performance depends 
to a greater extent on the pharmacological substitution of the dopaminergic 
defi cit. Second, levodopa is a short-acting drug with a half-life of about 1.5 h. 
Third, drug absorption may be impaired by delayed gastric emptying, which 
is a frequent non-motor symptom in PD patients.

In summary, the variable levels in motor response during the course of the 
day correlate with the availability of synaptic dopamine in the striatum. When 
striatal availability of levodopa falls below a certain level (illustrated as the 
dotted line in Fig. 3.9.1) the typical PD motor symptoms of akinesia, rigidity 
and tremor emerge.
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Autonomic non-motor features of PD (e.g. urge to micturate, sweating, and 
increased salivation) as well as PD-related psychiatric symptoms (e.g. depres-
sive mood and anxiety) often correlate with “on” and “off” states and thus get 
worse during “off” episodes [1].

The decline in motor performance between two levodopa doses (with a 
consecutive recovery between 30 min and 1 h after the next levodopa dose) 
is termed “wearing-off.” Wearing-off presents as relatively predictable “off” 
episodes with a temporal relationship to the administration of antiparkinso-
nian drugs. Advanced PD patients can also develop unpredictable “on”/“off” 
states.

Therapeutic options [2–6]
Adjustment of levodopa dosage
To optimize the continuous striatal availability of the neurotransmitter dop-
amine, the frequency of levodopa doses can be increased [3]. In the presented 
patient, we would recommend reducing the temporal window between two 
levodopa administrations. For example, 100 mg levodopa (in combination with 
25 mg carbidopa) could be given every 3 h instead of every 4 h. Thus it should 
be possible to maintain levodopa above the critical level (i.e. high enough level 
to ensure a benefi cial symptomatic effect).

Addition of a catechol-O-methyltransferase (COMT) inhibitor
Peripheral inhibitors of the endogenous dopamine-degrading enzyme 
COMT are able to stabilize levodopa plasma levels to a certain extent and 
can, therefore, improve motor fl uctuations. At present, two COMT inhibitors 
are available on the market: entacapone and tolcapone. Tolcapone is clinically 
superior to entacapone in reducing “off” time, but is potentially hepatotoxic 
requiring regular liver enzyme monitoring. It is, therefore, considered as a 
second-line therapy in patients who do not respond to or who cannot tolerate 
 entacapone. Both drugs have shown effi cacy in improving wearing-off. In the 
presented patient, one could add 200 mg entacapone to every levodopa dose. 
For  tolcapone, the standard dosage is 300 mg per day given in three divided 
doses (3 × 100 mg).

Other therapeutic options
Other therapeutic options to alleviate wearing-off are: (1) addition of a (non-
ergot) dopamine receptor agonist; (2) addition of a monoamine oxidase B 
(MAO-B) inhibitor (e.g. rasagiline 1 mg once a day or selegiline 5 mg once 
a day); or (3) to switch from standard levodopa formulations to controlled-
release (CR) levodopa formulations. In patients who do not respond to these 
strategies, addition of amantadine can also reduce “off” time. Jejunal levodopa 
infusion via a portable pump and subcutaneous apomorphine injections rep-
resent other high-end therapeutic means for advanced PD patients with motor 
fl uctuations. In severely handicapped patients with an insuffi cient response to 
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these therapeutic options (i.e. patients who still exhibit marked motor fl uctua-
tions (and dyskinesias)), deep brain stimulation should be considered.

Soluble levodopa formulations (which act faster than the standard levodopa 
formulations) can be used to treat early morning akinesia. CR levodopa for-
mulations at night can reduce nocturnal akinesia.

The goal of the therapeutic options discussed above is to enhance dopamin-
ergic stimulation in the striatum. As an untoward side effect, however, these 
can induce or worsen dyskinesias.

It seems reasonable to switch from standard levodopa to CR levodopa for-
mulations to treat wearing-off. This approach, however, is not always success-
ful due to the variable levels of absorption of levodopa (see above).

Dietary proteins hamper the absorption of levodopa in the small intestine, 
thereby decreasing levodopa levels, and consequently can provoke or wors-
en motor fl uctuations. Hence, PD patients should be instructed to take their 
levodopa doses 1 h prior to or 1 h after a (protein-rich) meal.

Marcus M. Unger, Wolfgang H. Oertel
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Case presentation

Mrs CB developed Parkinson’s disease (PD) when she was 41 years old. On 
the fi rst examination, she had resting tremor on the left hand, mild bradyki-
nesia and muscular rigidity on the same side. Gait and postural stability were 
normal. She had no family history for neurological diseases and she had not 
been exposed to drugs or toxins. She was put on a dopamine agonist with 
good response. When levodopa was added about 4 years later, she was taking 
4.5 mg of pramipexole plus 3 mg of cabergoline – a strategy used to prolong 
dopamine agonist monotherapy. She was now generally slow, her left hand 
was not functioning properly and she also had signs on the right-hand side. 
She responded well to levodopa, Sinemet 100/25 q.i.d. However, about 2 years 
later, she started to complain about “strange movements and cramps in the left 
foot” which appeared around lunch time and lasted for about 15–20 min.

On examination, her parkinsonism was well controlled but she showed 
mild dyskinesias of the trunk and head of which she was not aware. Cabergo-
line was decreased to 2 mg/day and withdrawn after 2 months because of the 
persistence of abnormal movements. In the mean time, she was still complain-
ing about the movement of her left foot.

After a few more months, the movements became more severe and painful 
and involved also the left arm and leg. She was hospitalized for observation. 
On taking the morning dose of levodopa and pramipexole, her parkinsonism 
was very well controlled; she only had mild bradykinesia in her left hand, but 
otherwise was normal. There were no dyskinesias during the morning. At 
12.15 hours, after the second dose of levodopa and pramipexole, she started to 
develop painful dystonia of the foot and choreic movement of the left arm and 
leg. She was unable to walk or perform any tasks with her left side, whereas 
on the right she just became more bradykinetic. After 30 min, these symptoms 
disappeared and her condition returned to normal. At this point a genetic 
study was performed which did not show any of the then-known mutations.
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Pramipexole was reduced to 3 mg/day; but the movements persisted and 
were followed by 1 h of akinesia and rigidity (“off” period). At this point 
pramipexole was increased back to 4.5 mg/day and levodopa increased to 
100/25 fi ve times (3-h intervals).

The patient remained well controlled on this regime for a few years, but oc-
casionally she had periods of severe choreic/dystonic movement during the 
day and in the evening. Mild choreic dyskinesias were present continuously.

Some time later, the crises reappeared but were now very severe, involving 
the whole body but especially the legs. These always started in the left foot. 
During the crises, the patient looked like an out-of-control marionette. The 
crises were always followed by profound “off” periods. To fi nd the correlation 
with levodopa levels, concentrations in the blood were measured and revealed 
that the crises followed the decrease of levodopa levels and fi nished when the 
level was close to zero. It was clear that the patient was suffering from severe 
diphasic dyskinesias.

Different strategies were tried, including the administration of a catechol-O-
methyltransferase (COMT) inhibitor and anticholinergics, but to no avail. The 
injection of apomorphine by penject did stop the movements, but very often 
they reappeared 45–60 min later. Apomorphine infusion was successful but 
had to be discontinued after a few months because of psychiatric side effects.

Eventually, intrajejunal levodopa infusion was given. The abnormal move-
ments disappeared during the day but were always present at the end of the 
day when the pump was turned off. After some months, the abnormal move-
ments appeared after 10 h of infusion despite the pump being on. Analysis 
showed that the movement started when the plasma levodopa concentra-
tion was still at the usual constant level and disappeared once the pump was 
turned off when levodopa was close to zero (Fig. 3.10.1).

Today the patient is on 10 h continuous levodopa infusion and has 15–20 min 
of abnormal movement before the pump is switched off.

Figure 3.10.1 Levodopa plasma level during intrajejunal infusion of levodopa. Arrow, the time 
when the dyskinesias started. Dyskinesias disappeared at 19.45 hours when the levodopa level 
was close to zero.
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Differential diagnosis

Abnormal involuntary movements (AIMs) are a commonly observed side ef-
fect in chronically levodopa-treated PD patients [1]. AIMs in fl uctuating par-
kinsonian patients may be classifi ed on the basis of their course and clinical 
phenomenology following a regular or over-threshold dose of oral levodopa. 
In this respect the most common forms of AIMs are off-period dystonias, 
diphasic dyskinesias (onset- and end-of-dose dyskinesias), and peak-dose 
dyskinesias.

“Off”-period dystonia is generally correlated to the akinesia which precedes 
the full effect of levodopa. It mainly involves the foot on the more affected side 
and includes painful toe extension [2]. It can also appear in the morning before 
the fi rst levodopa intake (early morning dystonia). It is generally assumed 
that onset- and end-of-dose dyskinesias correlate respectively with the rise 
and fall of plasma levodopa levels, while peak-dose (or benefi t-of-dose) dys-
kinesias correlate with plateau plasma levodopa levels. Peak-dose dyskinesias 
are typically choreiform, but may manifest as dystonia, myoclonus, or other 
movement disorders. They are most prominent in the head, face, neck, trunk, 
and upper extremities. The less common diphasic dyskinesias [3,4] consist 
of repetitive, alternating, asymmetric, stereotypic movements that primarily 
involve the lower extremities [5–7]. In contrast to peak-dose dyskinesia, di-
phasic dyskinesias are associated with relatively low plasma levodopa levels 
and characteristically disappear with higher or lower plasma levodopa con-
centrations. Diphasic dyskinesias are frequently observed in conjunction with 
parkinsonian features in other body regions [8].

AIMs commonly appear fi rst in the foot, ipsilaterally to the most affected 
parkinsonian side of the body, with inversion of the foot and ankle. This fi nd-
ing is explained by the early loss of dopaminergic innervation in the dorsola-
teral striatum, which corresponds somatotopically to the foot area innervated 
by the substantia nigra [9]. Later in the course of the disease, dyskinesias may 
spread to other areas of the body. This pattern may follow the same pattern of 
progression of parkinsonian symptoms. The various forms of dyskinesias are 
not mutually exclusive, and combination of choreic and dystonic movements, 
and peak-dose and end-of-dose dyskinesias often occur in the same patient.

Most of the time, patients are not aware of mild benefi t-of-dose dyskinesias 
and usually they do not complain about them. In contrast, patients always 
complain about diphasic dyskinesias, which are very distressing, sometimes 
painful, and accompanied by periods of limited mobility. They usually appear 
when levodopa starts to produce its effect and when levodopa wears off, but 
they can also be present during only one of the two phases. Usually, end-of-
dose dyskinesias are more prolonged than those at onset of dose and more 
disabling for the patient.

Our patient was suffering from mild peak-dose dyskinesias but also from 
severe diphasic dyskinesias that sometimes appeared during the day and, 
most often, in the evening. Once she was treated with continuous intrajejunal 
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levodopa infusion, peak-dose dyskinesias disappeared, but diphasic dyski-
nesias persisted, especially at the end of the day. Movements were primarily 
comprised of asymmetric, rhythmic, alternating, stereotypic movements that 
predominantly affected the leg [4,7]. Dyskinesias in our patient occurred in 
association with incomplete improvement in parkinsonian status. We have 
observed similar dyskinesias to those we report here during continuous infu-
sion of dopaminergic therapies associated with periods of incomplete motor 
improvement. These patients experienced prolonged periods of repetitive, 
stereotypic, dyskinetic movements of the legs accompanied by parkinsonism 
in other body regions that subsided with increases in the infusion rate or by 
ending the infusion [10].

Final diagnosis: mild peak-dose and severe diphasic dyskinesias.

Discussion

The pathophysiology of diphasic dyskinesias is not clear; however, the ob-
servation that these movements appear when levodopa reaches a threshold 
above which the patient turns “on” leads to the hypothesis that they are the 
consequence of suboptimal stimulation of the dopaminergic system. Diphasic 
dyskinesias can be very long if the level of levodopa remains at the threshold 
level such as during a suboptimal dose during an infusion or during treat-
ment with slow-release preparations of levodopa.

In some cases (such as the one reported here), diphasic dyskinesias may ap-
pear even if the plasma levodopa level is suffi ciently high. This could be owing 
to a saturation of the system with a consequent dopaminergic hypostimula-
tion. They could also represent a phenomenon owing to tolerance caused by 
continuous infusion which, instead of producing immediate “off” periods, 
produces diphasic dyskinesias followed by the “off” period. This hypothesis 
may be supported by the fact that the patient becomes a responder again the 
day after a drug-free night.

A severe form of dyskinesias similar to those observed in our patient has 
been reported in PD patients who have undergone fetal nigral transplanta-
tion [11–13]. These dyskinesias persisted following complete withdrawal of 
dopaminergic medication and were defi ned as “off-medication dyskinesias.” 
This contrasts with classical levodopa-induced dyskinesias (either peak-dose 
or diphasic), which typically disappear after stopping the drug. The authors 
formulate the hypothesis that these dyskinesias, phenomenologically similar 
to diphasic dyskinesias, may refl ect partial but inadequate graft survival that 
is suffi cient to produce, store, and release low doses of dopamine for a pro-
longed period after a dose of levodopa, but insuffi cient to induce an antipar-
kinsonian response [13].

Treatment

Treatment of dyskinesias in general remains diffi cult and is sometimes 
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frustrating for patients and physicians. Diphasic dyskinesias are even more 
diffi cult to manage. Prolonged-release preparations of levodopa should be 
substituted with an immediate-release formula to avoid the prolongation of 
end-of-dose dyskinesias. Amantadine and sometimes anticholinergics, espe-
cially if dystonias are present, can be helpful. In some patients, apomorphine 
penject can be effi cacious. Continuous apomorphine subcutaneous infusion is 
effective in most patients; continuous levodopa intrajejunal infusion controls 
dyskinesias during the day but in some patients end-of-dose dyskinesias ap-
pear when levodopa is discontinued.

Fabrizio Stocchi
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3 Case study 11

Case presentation

A 54-year-old right-handed aeronautical engineer suffering from Parkinson’s 
disease (PD) was admitted to the hospital because of a 6-month history of 
increasingly severe evening attacks of abnormal lower-limb movements and 
chest pain.

PD had been diagnosed 7 years before, after the patient complained of 
right-hand clumsiness and micrographia. The initial treatment consisted of a 
dopamine agonist to which levodopa was added 2 years later. During this time, 
the functional impact of the disease was mild, enabling the patient to maintain 
his professional activities. However, 1 year before admission he began to suffer 
from disabling PD symptoms, which generally occurred 3–3.5 h after taking 
levodopa. He also reported painful contraction of the right leg and extension 
of the big toe in the morning, a few minutes after awakening.

During the 6 months prior to admission, his neurological status progres-
sively worsened and he was obliged to stop working. This period was marked 
by attacks of abnormal movements. The attacks usually started between 6:00 
and 6:30 PM and lasted until about 9:00 PM, whereupon he returned to his 
usual state. The abnormal movements consisted of repetitive violent “pedal-
ing” movements of the legs and were sometimes associated with intermittent 
contraction of the right upper limb with sustained hyperextension of the arm 
and fl exion of the fi ngers. Profuse sweating (the patient had to change his 
shirt at least once), tachycardia, anxiety, and constrictive chest pain accompa-
nied these movements. He was able to walk almost normally, but experienced 
diffi culty in writing or using a computer keyboard. Following an attack, the 
patient was exhausted.

The attacks worsened in severity and duration after the patient’s neurolo-
gist decreased his afternoon levodopa intake by 50 mg. During the 6 months 
before admission, the patient lost 6 kg in weight. He had no known health 
problems other than PD and no risk factors for vascular disease. Treatment at 
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admission was ropinirole 12 mg/day and levodopa 550 mg/day, in four doses 
(Table 3.11.1).

On examination (10:30 AM), the patient appeared tired but considered him-
self to be in a “good state.” He made abrupt, brief movements of the head, 
which were accentuated while speaking. The patient claimed not to be really 
aware of these movements, but explained that his wife had noticed them for 
about 1 year. The right side of his body was slightly akinetic, as evidenced 
by irregularities during alternate thumb-to-index tapping, hand closing and 
opening, and foot tapping. There was no PD rigidity and muscle tone was low. 
The remainder of the examination was normal.

Differential diagnosis

Our patient had a 7-year history of idiopathic PD. The good and sustained 
response to dopaminergic drugs, as attested by the paucity of residual PD 
symptoms during the examination 2.5 h after drug intake, and the absence of 
other neurological symptoms or signs supported the diagnosis. His attacks 
had started about 6 months after he had begun to suffer from motor fl uctua-
tions (i.e. fl uctuations occurring when the benefi cial effects of the treatment 
wore off prior to the next dose). The attacks consisted of chest pain in con-
junction with dysautonomic symptoms (sweating, tachycardia, anxiety) and 
abnormal movements.

Intercurrent medical conditions. The patient reported symptoms compatible 
with attacks of angina pectoris: constrictive chest pain and dysautonomic 
symptoms. They were not induced by physical exercise, though the severe 
movements that he complained of might be considered as an equivalent. The 
patient did not, however, report any similar pain during other physical activi-
ties. Furthermore, the attacks lasted for over 3 h, which would be unusual for 
angina pectoris, and he had no special risk factor for coronary artery disease. 
An electrocardiogram during an attack would help to verify this point.

Drug-induced dyskinesias. The development of intermittent abnormal move-
ments in a PD patient after several years of levodopa treatment, especially 
when motor fl uctuations have occurred, strongly suggests the diagnosis of 
levodopa-induced dyskinesias (LID). There are three main types of LID: “off”-
period dystonia, peak-dose dyskinesias, and diphasic dyskinesias [1] (see 
Figure 3.11.1). What type of LID was this patient suffering from during the 
evening attacks?

Table 3.11.1 Patient’s daily treatment at time of admission

Time of intake 8:00 AM 12:00 AM 4:00 PM 8:00 PM Total
Ropinirole (mg) 3 3 3 3 12
L-DOPA (mg) 150 150 100a 150 550

a Reduced from 150 mg four weeks before admission.
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“Off”-period dystonia. As suggested by the name, such LIDs present as dys-
tonia, i.e. a sustained muscle contraction leading to repetitive torsion move-
ments or abnormal posture, and accompanying a period of recurrence of 
PD symptoms (“off” state). Typically, it is localized in the foot on the more 
severely affected side, is usually observed a few minutes after awakening, 
and disappears when the treatment starts to improve PD symptoms. This pa-
tient reported this type of LID in the morning. The abnormal movements he 
experienced during the evening attacks, however, were different; they were 
not exclusively dystonic and were not concomitant with severe parkinsonism 
(“off” state).

Peak-dose dyskinesias. These are the most common type of LID and are mainly 
choreic, preferentially affecting the upper limbs, head and trunk. Muscle tone 
is low and the patient is more or less unaware of such movements. They are 
also typically reinforced during motor or mental tasks. Furthermore, they are 
observed when dopaminergic drugs exert their maximal benefi cial effect (best 
“on” state). This patient presented such movements during the neurological 
examination. These dyskinesias, which did not cause the patient any distress 
and were present at a time when he was greatly improved by the treatment 
were, however, different from the abnormal movements accompanying the 
evening attacks.

Diphasic dyskinesias (onset-of-dose and end-of-dose dyskinesias). In contrast to 
peak-dose dyskinesias, these LIDs usually predominate in the lower limbs 
and tend to be ballistic or dystonic. Some repetitive “pedaling” limb move-
ments have been reported. The abnormal movements presented by the patient 
during the evening attacks are thus highly suggestive of diphasic dyskinesias. 
As in this observation, diphasic dyskinesias are often distressing and can be 
accompanied by anxiety, tachycardia, thoracic oppression, and chest or ab-
dominal pain. They correlate with the rise and fall of the benefi cial effects 
of the dopaminergic drug. In this observation, the dyskinesias were prob-
ably concomitant with the decreasing benefi cial effects of the 4:00 PM drug 
intake, thus corresponding to end-of-dose dyskinesias. The patient reported 

“ ”

k

”

“O ”

“ ”

Figure 3.11.1 
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some diffi culty in writing or working with a keyboard, indicating a probable 
intermediate level of correction of parkinsonism. Moreover, the dyskinesias 
stopped one hour after the 8:00 PM drug intake, when the treatment attained 
a level able to correct PD symptoms. The worsening of the attacks induced 
by the decrease in the dosage of the 4:00 PM drug intake was fully compatible 
with the diagnosis. Given that this type of LID is concomitant with a level 
of dopaminergic correction just below that at which PD symptoms are fully 
improved, it is not surprising that such dyskinesias have been shown to be 
improved – at least in the short term – by increasing the dosage of levodopa 
(Table 3.11.2) [2].

Final diagnosis: end-of-dose dyskinesia.

Discussion

Diphasic dyskinesias occur in 15–20% of patients chronically treated with 
levo dopa. They are less well known than the more frequent peak-dose dys-
kinesias. It is important to differentiate between these two types of LID, as 
they are treated differently. Schematically, peak-dose dyskinesias and dipha-
sic dyskinesias can be contrasted point by point in terms of time of occur-
rence after drug intake, concomitant parkinsonian state, type of abnormal 
movement, and body localization (Table 3.11.2). Differentiating between them, 
however, can sometimes be challenging. Even with the help of the caregiver, 
the patient is not always able to accurately describe the time of occurrence 
and the type of movements. Moreover, in some patients there is a continuum 
between onset-of-dose, peak-dose, and end-of-dose dyskinesias. There may 
also be rapid oscillations between the two types of dyskinesias, which may 
even coexist in different segments of the body [3]. Clinical observation of the 
patient during a full day (during hospitalization or by specialized nurses at 
the patient’s home) or a levodopa challenge can be an invaluable source of 
information in such cases.

The management of LID is one of the most diffi cult problems in the treat-
ment of PD, and among the different forms of LID, diphasic dyskinesias are 
probably the hardest to improve. It must, however, be acknowledged that there 
have not been many trials to assess strategies for reducing LID and hardly any 
have specifi cally analyzed the effect on the different types of LID. The fol-
lowing proposals are thus mainly based on the views of experts in published 
review articles [1], and on our own clinical practice.

The fi rst step in LID treatment is to try to modify the antiparkinsonian 
medication. In contrast to peak-dose dyskinesias, for which the usual treat-
ment is to decrease the individual dose of levodopa immediately preceeding 
the dyskinesias (at the risk of worsening wearing-off phenomena), diphasic 
dyskinesias require the antiparkinsonian treatment to be slightly increased. 
Increasing levodopa dosage before the period of diphasic dyskinesias usually 
improves them [2]. The benefi cial effects of this strategy are limited in time, 
however, and the diphasic dyskinesias re-emerge with greater severity a few 
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weeks after such treatment. A better option is to try to increase the dosage of 
a dopamine agonist with a subsequent decrease in the individual levodopa 
dosage should peak-dose dyskinesias appear. In other words, the treatment 
should tend towards an almost “non-pulsatile” brain dopaminergic correc-
tion. In that way, hourly or even half-hourly administration of very low doses 
of liquid levodopa, subcutaneous apomorphine infusion, or intraduodenal 
infusion of levodopa gel may help some patients.

In a second step, some drugs such as amantadine or clozapine used as add-
on treatment could have some antidyskinetic activity, and thus may also lead 
to benefi cial effects on diphasic dyskinesias, although this has not yet been 
clearly demonstrated. Stereotactic surgery (pallidotomy, deep brain stimula-
tion (DBS) applied to the globus pallidus or to the subthalamic nucleus) reduc-
es LIDs, including diphasic dyskinesias, as has been clearly demonstrated in 
the case of subthalamic DBS [4]. Such a therapeutic option could be considered 
in the most severe cases.

Philippe Damier
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3 Case study 12

Case presentation

Ms M., a 74-year-old white female was admitted to our clinic because she was 
no longer able to successfully carry out activities of daily living. In the morn-
ing she was unable to get up and prepare her breakfast. She had told her physi-
cian that she had diffi culties concentrating and remembering, felt increasingly 
empty and hopeless, was tired of living, and had almost totally withdrawn 
from her relatives and friends.

Ms M. had been diagnosed with Parkinson’s disease (PD) 3 years previously 
by her neurologist, on presenting with gait instability followed by right-sided 
rigidity and akinesia. These motor symptoms were well controlled by treat-
ment with levodopa (425 mg per day). Around 2 years later, Ms M. gradually 
developed depressive symptoms including reduced appetite and weight loss, 
physical and social anhedonia, terminal insomnia, and the feeling of inner 
emptiness. Her motor symptoms, however, did not change. She had been 
treated by her physician with amitriptyline (100 mg per day) over a period 
of 6 weeks before being admitted to our clinic because of suicidal ideation in 
addition to her other symptoms. During her consultation with us, she related 
that these symptoms had worsened during the last 2 weeks. She had very little 
appetite and had lost almost 8 kg during the last 6 months. She was unable to 
sleep through the night and usually woke up early in the morning without 
being able to go back to sleep.

Ms M. recalled that she had experienced episodes of lowered mood earlier 
in her life, mostly during fall and winter, whereas during the summer she had 
experienced periods of happiness, elevated mood, and an increased level of 
activities. She had never, however, seen a doctor about these mood swings. In 
general, she described herself as a socially active person, who liked to travel 
and was normally very interested in what was going on around her. About 
8 years previously, she had consulted her general practitioner because she suf-
fered from depressed mood and lack of drive and was treated with St John’s 
wort (Hypericum perforatum) for 6 months until symptoms remitted.
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Differential diagnosis and treatment

On Ms M.’s admission to our clinic, laboratory tests including thyroid-stim-
ulating hormone, blood glucose, glycosylated hemoglobin (HbA1c), and cell 
counts, as well as an electrocardiogram (ECG) and an electroencephalograph 
(EEG), did not show any pathological alterations. Initially, she was treated 
with lorazepam (1 mg/day) and supportive psychotherapy because of sui-
cidal ideation. Thoughts about committing suicide were no longer present 
after 2 days of inpatient treatment. Amitriptyline was tapered because of lack 
of antidepressant effi cacy and intolerable side effects including constipation 
and impaired cognition. Subsequently, side effects related to anticholinergic 
mechanisms including constipation declined.

While reducing the amitriptyline, levodopa was kept at a stable dosage and 
treatment with fl uoxetine (20 mg/day) was initiated. After 2 weeks, fl uoxetine 
was increased to 40 mg/day because mood, cognitive functions, and sleep im-
proved only mildly. Despite antidepressant medication, 4 weeks later Ms M. 
was still suffering from depressive symptoms including reduced appetite, an-
hedonia, loss of interest, lack of drive, social withdrawal, and inability to per-
form her daily activities. Cognitive impairment, however, had disappeared. 
On the other hand, right dominating rigidity and cogwheel phenomena in 
upper and lower extremities had increased. Therefore, fl uoxetine was stopped. 
Motor phenomena including rigidity declined, but did not fully disappear.

Brain magnetic resonance imaging, conducted to exclude structural chang-
es that could cause the persistent symptoms of depression, did not show any 
signs of atrophy or other signifi cant pathological alterations.

Given that dopamine agonists are well tolerated in patients of higher age as 
shown in large study populations during treatment in clinical practice, the do-
pamine agonist pramipexole was started with a daily dosage of 0.35 mg gradu-
ally increased to 2.1 mg over 3 weeks. Dosage of levodopa was not altered. 
Initially, zolpidem was prescribed for sleep disturbances. Transient nausea, 
sweating, and feelings of slight agitation disappeared after 2 weeks. Ms M. 
developed more interest in her surroundings and in contact with her care-
givers. Appetite increased and Ms M. reported actually enjoying her meals 
for the fi rst time since the onset of depression. In addition, motor function 
improved. There were no side effects on gastrointestinal functions or motor 
performance, and no changes in blood count, ECG, or EEG.

After release from the hospital, pramipexole (2.1 mg/day) and levodopa 
(425 mg/day) were continued at stable dosages. Three months later, Ms M was 
socially active again and able to perform her daily activities.

Final diagnosis: PD-related depression.

Discussion

The case presented shows that depressive symptoms in PD need to be carefully 
evaluated. Depression is the most frequent neuropsychiatric complication in 
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PD, affecting about 40–50% of all patients. It reduces quality of life independ-
ent of motor symptoms, may manifest as one of the fi rst symptoms of PD, and 
seems to be underrated and undertreated [1,2]. The diagnosis is complicated 
because clinical symptoms of depression may overlap with or be mistaken for 
those of PD, including fl attening of affect, psychomotor retardation, sleep dis-
turbances, loss of desire, and anhedonia [3]. Depressive syndromes in patients 
with PD qualitatively differ from primary major depression. Guilt, sense of 
failure, self blame, suicide, but not suicidal ideation, are less frequent [4]. One 
ongoing European multicenter study, Profi le of Depressive Symptoms in PD 
(PRODEST-PD), has been designed to identify the relationship between the 
cognitive, mood, and motor symptoms of PD and patient scores on depression 
rating scales in a naturalistic setting [5].

Anxiety and depressive symptoms are not only associated with PD, but may 
be the fi rst manifestation of PD years before the onset of motor symptoms [6]. 
Patients suffering from major depression seem to be at a higher risk of de-
veloping PD. Depressive episodes, as demonstrated by the patient presented, 
may be part of the early progression of PD and it is unknown whether ad-
equate and rigorous treatment of depression may lower the risk of developing 
PD later on.

Depression is not purely a reaction to neurological defi cits in PD and there 
is no linear relationship between severity of depression and dopamine defi -
ciency caused by PD [1,4]. Ms M.’s depression was associated with rigidity, 
bradykinesia, and postural gait disturbances. The fi nding may indicate that 
depression is more likely associated with PD symptoms that are responsive 
to treatment with dopaminergic medication. In addition, experimental and 
clinical studies indicate non-dopaminergic cerebral lesions in PD that might 
explain depressive symptoms, for instance affecting brain stem nuclei includ-
ing the raphe nucleus and corresponding serotonergic projections, or the locus 
coeruleus and noradrenergic pathways [7].

Tri- and tetracyclic antidepressants (TCAs) such as amitriptyline have been 
the most commonly used antidepressants in depressed patients with PD. Only 
fi ve randomized, controlled, double-blind studies exist concerning the effi -
cacy of TCAs in PD [1]. The use of TCAs in elderly patients is restricted by their 
anticholinergic effects, which may improve motor functions but worsen cog-
nition. Selective serotonin reuptake inhibitors (SSRI) have a similar effi cacy to 
TCAs, but show a different profi le of adverse effects, and thus may perhaps be 
preferable in elderly patients [1]. There is, however, a lack of controlled studies 
in patients with PD and depression. Worsening of PD motor symptoms in the 
reported case may be the result of treatment with fl uoxetine. This has been 
indicated by single case reports before, but reported as a rare phenomenon in 
larger retrospective studies [8]. Motor symptoms such as rigidity, tremor, and 
akinesia are particularly prone to worsening during treatment with SSRIs and 
should be monitored carefully in the individual patient.

Experimental fi ndings indicate anxiolytic properties for ropinirole and anti-
depressant and anti-anhedonic effects for pramipexole, which may be related 
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to its specifi c action on D3/D2 receptors in mesolimbic and prefrontal corti-
cal projections [9]. In addition, clinical studies show antidepressant effects of 
dopamine agonists in patients with major and bipolar depression. Open and 
controlled studies in depressed patients with PD show therapeutic effects of 
pramipexole on motor functions, depressed mood and anhedonia and possi-
bly antidepressant effects of ropinirole. Randomized controlled data show at 
least comparable effects between the SSRI sertraline and pramipexole [10]. In 
addition, dopamine agonists are regarded as a well-tolerated and safe treat-
ment alternative in elderly patients, as has been shown in large observational 
studies [11]. To avoid multiple drug interactions and possible side effects of 
antidepressants, patients with PD and depression may benefi t from a global 
therapeutic approach with dopamine agonists improving both motor and de-
pressive symptoms [1].

Matthias R. Lemke
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3 Case study 13

Case presentation

A 56-year-old right-handed university professor of physics was admitted to 
the movement disorders unit to evaluate the possibility of deep brain stimula-
tion (DBS) for his Parkinson’s disease (PD).

The patient had been in excellent health until the age of 46, when fatigue, 
micrographia, and decrease in right arm swing while walking developed. PD 
diagnosis was made 4 months later when a small-amplitude rest tremor of the 
right fi ngers appeared. This patient had no noteworthy medical or surgical 
history except that his systolic blood pressure was often 150 mmHg. The pa-
tient’s father had had dementia (possibly Alzheimer’s disease) and had died 
at the age of 85. Pergolide was given at increasing doses up to 4.5 mg/day with 
major benefi t on all parkinsonian symptoms. Two years later, levodopa/carbi-
dopa was introduced because hand tremor was not well controlled.

The “honeymoon” period ended 3 years later with the appearance of end-of-
dose akinesia, tremor, and inverted dystonic posture of the right foot. “On”-
period mild repetitive dyskinesias of the neck and right leg were observed 
but not noticed by the patient. Entacapone was associated with levodopa/
carbidopa, which was divided into fi ve daily doses of 150 mg each every 3 h. 
Over the course of the next 4 years, “on” dyskinesias became disabling and he 
also suffered from motor fl uctuations with shuffl ing gait and painful akinetic-
rigid right hemibody during “off” periods that could last 2 h by the end of the 
afternoon. The patient had to stop working. He divorced his wife who com-
plained because he had become irritable, suspicious, and jealous. She reported 
that her husband spent almost all night long on his computer visiting por-
nographic websites. Pergolide was switched to ropinirole 18 mg/day and the 
daily dose was progressively decreased to 6 mg/day to control the behavioral, 
psychotic, and impulse control disorders. In parallel, all levodopa-induced 
motor complications worsened and periods of severe akinesia appeared, hin-
dering walking. The patient spent a mean total of 4 h/day with severe gait 
impairment associated with freezing, but no falls. Apomorphine injections 
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were effective for these periods. Getting up from bed at night was extremely 
diffi cult and leg pain became a major complaint. Brain imaging had not been 
done. One year before admission, a trial of apomorphine infusion was carried 
out but was discontinued after a few months because of the persistence of 
disabling biphasic dyskinesias. The patient was, therefore, sent by his neurolo-
gist to a center specializing in the surgical treatment of PD by DBS.

Physical examination showed general good health, and normal total body 
mass and vital signs. The blood pressure during on-motor periods was 
140/80 mmHg. Neurological examination revealed an alert, oriented, attentive 
man; however, he had diffi culties providing the details of his pharmacological 
history. He scored 28 out of 30 on the Mini Mental State Examination, and 15 
out of 18 on the Frontal Assessment Battery (2 out of 3 on the verbal fl uency, 
motor sequence and go/no-go task items). At the time of the examination dur-
ing which he was under the effect of levodopa, his speech was moderately 
dysarthric and hypophonic. He did not hallucinate or communicate paranoid 
ideas and had no delusions. His mood appeared normal and he was very en-
thusiastic about surgical treatment with the main expectation to be able to 
walk normally and speak around the clock. He had moderate chronic consti-
pation and frequent urinary emergencies, but no incontinence.

Neurological examination was normal, except for the signs and symptoms 
related to PD. During the examination, his entire body was affected by repeti-
tive choreic dystonic movements with a clear predominance on the right and 
in his neck. No tremor or rigidity was noticed.

The ability to make rapid, alternating movements was mildly reduced in the 
right arm, mainly because of the abnormal involuntary movements. He rose 
easily from a chair, walked normally, and his postural stability was almost 
normal as assessed by the pull test.

Magnetic resonance imaging (MRI) showed mild cortical atrophy and some 
hyperintensities in the white matter on T2-weighted sequences. Routine labo-
ratory test results including blood coagulation were normal. Chest X-ray and 
electrocardiogram were normal.

Discussion

Age
This patient was 56 years old, the mean age reported in several papers on the 
benefi cial effects of DBS, especially subthalamic nucleus (STN) stimulation 
in PD. Several studies found a less favorable outcome of bilateral STN stim-
ulation in older compared to younger patients [1,2]. Most DBS studies have 
excluded patients above age 75. An age above 70 is considered as a relative 
contraindication and above 75 as an absolute contraindication. It is common 
sense that elderly patients will have more surgical complications (e.g. brain 
surgery in old age is more likely to be complicated by brain hemorrhage). Age 
is a cofactor for comorbidities as well as classical postoperative complications 
such as deep vein thrombosis or pulmonary infection. The cognitive reserve 
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also changes with old age. Moreover, the non-dopaminergic motor signs such 
as dysarthria, dysphagia, postural instability, and gait disorders are also more 
prominent, thus decreasing the potential benefi t as non-dopaminergic signs 
do not respond to surgery. Life expectancy is shorter in elderly patients, there-
by also infl uencing the risk–benefi t ratio.

Comorbidities
This patient’s fair general health makes neurosurgery possible. Malignancies 
with markedly reduced life expectancy, unstable heart disease, active infec-
tion, marked subcortical arteriosclerotic encephalopathy, or other disabling 
cerebrovascular disease should be regarded as contraindications to DBS [3]. 
The borderline hypertension of this patient may increase the risk of intra-
cranial bleeding. One study showed a more than 10-fold increase in cerebral 
hemorrhage in patients with preoperative vascular hypertension [4]. A thor-
ough blood pressure investigation with possible antihypertensive treatment 
is needed before DBS.

Since the two most severe surgery-induced adverse effects are intracranial 
hematoma and infection, one should check for the absence of scalp infection 
and for use of any nonsteroidal anti-infl ammatory drugs that promote bleed-
ing, such as aspirin, anticoagulants, and lisuride.

Preoperative MRI screening is mandatory before any probe insertion in the 
brain to identify structural lesions with no clinical expression that could in-
crease the risk of surgery. The mild changes seen in this patient’s brain MRI 
were considered compatible with DBS although the risk of intracranial bleed-
ing may be increased.

Neuropsychological and neuropsychiatric evaluation
Although DBS surgery has relatively few permanent cognitive side effects 
in well-selected young and non-demented patients [5], elderly patients or 
those with preoperative cognitive deterioration, risk permanent postopera-
tive cognitive deterioration [6]. A thorough screening for cognitive defi cits 
is thus mandatory. Neuropsychological evaluation with special emphasis on 
memory and executive function is highly recommended [7]. For evaluation 
of overall cognitive function, this patient was investigated with the Mattis 
Dementia Rating Scale (MDRS). His score was 131, which was considered low 
given his high educational level. A large test battery of executive function was 
applied, which confi rmed a moderate frontal syndrome. As the MDRS score 
was similar 2 years previously, it was concluded that this impairment was sta-
ble and did not contraindicate surgery. In case of borderline scores, it is useful 
to repeat the evaluation after 1 year to verify that cognitive dysfunction has 
not progressed; progression could herald subcortical dementia which can be 
precipitated by surgery.

Mood changes and behavioral side effects are common after DBS surgery 
and occur especially in the fi rst postoperative weeks or months [8]. Psychiatric 
symptoms that are disease-related must be distinguished from the psychiatric 
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side effects of medication [9]. This patient had long interviews with a psychia-
trist and a psychologist specialized in behavioral and affective symptoms that 
can occur in PD patients taking dopamine agonists. His mood and apathetic 
state were also studied with standardized scales and found normal. Only on-
going severe depression should be considered as absolute contraindication to 
surgery because of the risk of suicide [8]. It was concluded that this patient had 
developed a dopamine dysregulation syndrome while on high doses of per-
golide, but that presently this syndrome had completely abated. Indeed, STN 
stimulation can be indicated in patients with hyperdopaminergic psychiatric 
symptoms thanks to the major decrease in dopaminergic drugs after STN 
stimulation [10]. Such patients are prone to develop perioperative psychiatric 
symptoms, however, and should be carefully followed during the postopera-
tive year with adjustment of electrical parameters and drug doses according 
to both their motor and psychiatric states.

Motor evaluation
This patient fulfi lled all the diagnostic criteria for PD, and 10-year duration 
ensures against an atypical form of parkinsonism. The best predictors of out-
come from DBS are the magnitude of the motor response to levodopa and the 
quality of the “on” period [1,2,11]. Since this patient had minimal complaints 
related to parkinsonism at the peak effect of levodopa and was simultane-
ously disabled by dyskinesias and severe “off” periods, he can be considered 
an excellent candidate for surgery. A formal assessment using the Unifi ed 
Parkinson’s Disease Rating Scale (UPDRS) is mandatory, however, to evalu-
ate worst-off/best-on motor function and the various types of dyskinesias, as 
recommended by the Core Assessment Program for Surgical Interventional 
Therapies in PD (CAPSIT-PD) protocol [12]. A suprathreshold dose of 250 mg 
of levodopa/carbidopa was given on an empty stomach in the morning after 
12 h without dopaminergic treatment. The UPDRS motor score (from normal 
= 0 to maximal disability = 108) was 47 while “off” with severe akinetic-rigid 
right hemibody, and 7 while “on.” Gait was severely impaired in “off” periods. 
The normalization of gait at the best levodopa effect with absence of freez-
ing and imbalance was an indication for DBS. Dysarthria was, however, still 
present during “on” periods. The patient should be informed that DBS will not 
improve his speech, which may even deteriorate, whereas his “off” gait and 
dyskinesias have a good chance to improve greatly.

Socioeconomic status, expectations and cooperation
This divorced patient with no companion or children will be less well sup-
ported during the perioperative period and in the long term, which represents 
a negative factor for surgery, but not a contraindication. Moreover, surgery 
may not enable the patient to resume his professional activities, as this dif-
fi culty is related to his frontal lobe syndrome that will not be improved by 
DBS. A favorable point for DBS is, however, that this patient has no personality 
disorder and is cooperative. We should provide him a realistic explanation of 
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what to expect from DBS, what the risks are, and we will check that these data 
match his expectations [13].

In conclusion, this patient fulfi lls the major criteria for DBS but will need 
intensive psychosocial support. The team neurosurgeon and anesthesiologist 
will be consulted fi nally to give the defi nitive agreement for neurosurgery.

Final diagnosis: PD with indication for DBS.
Pierre Pollak
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Case presentation

Mr L.C., a 71-year-old man whose Parkinson’s disease (PD) had been evolv-
ing for 8 years, was referred to our clinic. The patient reported good initial 
response to antiparkinsonian therapy associating levodopa (150 mg × 3) and 
bromocriptine (15 mg × 3). But over the past few months, he had been suffering 
from a dysuria – treated with propanthelin (15 mg × 3) by his GP – forgetful-
ness, and diffi culty in following several conversations. Despite his complaints, 
he was able to clearly describe his regular treatment: (1) Sinemet® 700 mg 
(Sinemet® 100 × 3 + Sinemet® LP 200 × 2); (2) Requip® 9 mg (3 × 1 mg, t.i.d.); 
(3) Comtan® 600 mg (200 mg × 3); and (4) Motilium® (30 mg).

The neurological examination showed amimia, dysarthria with hypopho-
nia, and an akineto-hypertonic syndrome with a Unifi ed Parkinson’s Disease 
Rating Scale (UPDRS) score of 24 and a Hoehn & Yahr score of 2. The neuro-
psychological evaluation (see Table 3.14.1) showed:
• a decrease of global cognitive effi ciency with a Mini Mental Status Exami-
nation (MMSE) score of 26 and a Mattis Dementia Rating Scale (MDRS) [1] 
score of 128/144
• a dysexecutive syndrome characterized by low lexical fl uency (only fi ve 
words beginning with S cited in one minute), a decreased ability to conceptu-
alize (with only 3/6 categories achieved on the Wisconsin Card Sorting Test 
[WCST] and a low performance on the similarities test of the Frontal Assess-
ment Battery [FAB] [2]) and a defi cit of behavioral control (high number of 
abandons on WCST; low performance on the confl icting instructions section 
of the FAB)
• a retrieval defi cit in episodic long-term memory as shown by a free- and 
cued-recall test [3] (with a low performance in free recall that was normalized 
by the semantic cues)
• visuoconstructive diffi culties as shown by a spontaneous clock drawing 
test contrasting with a normal copy of the clock.
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Other cognitive functions assessed, including visuoperceptive, gestural, 
and linguistic functions, were not signifi cantly impaired. Dysthymic features 
were noticed with the Montgomery–Asberg Depression Rating Scale.

Differential diagnosis

Cognitive changes are not infrequent in PD and the discussion should be based 
on the severity and the nature of the cognitive changes. In this patient, the 
changes are not severe enough to warrant a diagnosis of dementia, as shown 
by his MMSE and MDRS scores. Moreover, there was no impact on the pa-
tient’s activities of daily living, such as the management of his own treatment. 
This ability to describe his treatment can be considered as an index of mental 
organization and functioning in a situation of daily living [4]. Therefore, these 
changes are consistent with the new concept of mild cognitive impairment in 
PD (PD-MCI) [5]. The proposal of isolating a subgroup of PD patients with 
mild cognitive changes can be useful for investigating the infl uence of specifi c 
factors such as higher age at onset or more severe parkinsonism on the cogni-
tive performance of PD [6].

What might the lesions responsible for these cognitive changes in this pa-
tient be? From postmortem studies, it is now well established that neuronal 
PD lesions can be found outside the brain structures involved in motor control. 

Table 3.14.1 Performance of patient L.C.

 L.C. Abnormal values

Global effi ciency
 Mini Mental Status Examination (/30) 26 < 26
 Mattis Dementia Rating Scale (/144) 128 < 136
Executive functions
 Frontal Assessment Battery (/18) 12 < 16
 Similarities (/3) 2
 Lexical fl uency (/3) 1
 Motor series (/3) 2
 Confl icting instructions (/3) 2
 Go–no go (/3) 2
 Prehension behavior (/3) 3
Wisconsin Card Sorting Test
 Criteria achieved (n) (/6) 3 < 6
 Abandons (n) 6
 Perseverations (n) 3
Memory 
Free- and Cued-Recall Test
 Free recall (/48) 18 < 27
 Cued recall (/48) 46 < 44
 Delayed free recall (/16) 3 <10 
 Delayed total recall (/16) 15
 Intrusions (n) 1
 Recognition (/16) 16  
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Such lesions are described either in subcortical (non-motor basal ganglia and 
mesencephalic nuclei) or cortical areas. (See review in [7] and [8].) The later le-
sions can be of the Alzheimer’s type or consist in intracytoplasmic Lewy body 
inclusions. In our patient, the absence of a dementia syndrome and the late 
occurrence of cognitive impairment make it possible to rule out the diagnosis 
of dementia with Lewy bodies. In the same way, the nature of the cognitive 
changes reported in this observation makes it very unlikely that the patient 
has a superimposed Alzheimer’s disease (AD), even at an early predementia 
stage. Indeed, the retrieval defi cit described here is characteristic of a fronto-
striatal dysfunction and differs from the hippocampal amnestic disorders of 
AD where semantic cues only marginally improve the free-recall defi cit [9].

In fact, the cognitive changes observed in this patient are typical of those 
seen in PD characterized by a marked dysexecutive syndrome with a retrieval 
defi cit. They mainly result from the subcortical lesions of the disease involving 
the basal ganglia and/or the long ascending cholinergic and monoaminergic 
subcortico-cortical systems. The dysfunction induced by the brain lesions may 
also be aggravated here by the presence of: (1) medication with anticholinergic 
properties, such as propanthelin which can cross the blood–brain barrier and 
specifi cally interact with attention and executive functions in PD patients [10], 
and (2) depression which also impacts on performance in executive functions 
as shown by Starkstein et al. [11].

Final diagnosis: mild cognitive impairment in PD.

Discussion

PD-MCI is frequently observed and is mainly characterized by a dysexecu-
tive syndrome responsible for forgetfulness owing to a diffi culty to activate 
retrieval strategies. These executive functions refer to the processes that are 
needed for the completion of complex cognitive tasks requiring, for example, 
to select the information to be processed, to fi nd the rule to apply, to shift men-
tal sets, to resist cognitive interferences, or to actively self-retrieve information 
from memory. Most of these processes are strongly correlated with working 
memory, defi ned as the ability to maintain and manipulate pertinent informa-
tion during a brief period of time and to use this internal representation to 
elaborate a program of response. Miyake et al. [12] highlighted that among the 
executive processes, the unitary ones are: (1) mental set shifting, (2) informa-
tion updating and monitoring, and (3) inhibition of refl exive responses. The 
executive functions can be assessed by distinctive questionnaires or tests (see 
Table 3.14.2).

Given the close interconnections between the basal ganglia and prefron-
tal cortical areas, it is not surprising that neurodegenerative disorders that 
primarily involve these subcortical structures can induce frontal-related syn-
drome, and particularly an executive dysfunction. When present, it is impor-
tant to check the absence of any confounding factors such as anticholinergic 
therapy or depression. It is important to bear in mind that PD-MCI may evolve 
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toward full-blown dementia, especially when the patient is over 70 years old 
and has a long disease duration. Additional risk factors are more severe par-
kinsonism (in particular rigidity, postural instability, and gait disturbances), 
low lexical fl uency, and a diminished response to levodopa therapy, all signs 
that indicate a diffusion of brain lesions. Therefore, Mr L.C. is highly at risk of 
developing dementia in the near future.

Bruno Dubois, Virginie Czernecki
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Table 3.14.2 Executive functions and their assessment

Executive functions Neuropsychological assessment

Volition
 Motivation Apathy Scale
 Initiation Neuropsychiatric Inventory
Planning
 Working memory Digit Ordering Test
 Conceptualization Wisconsin Card Sorting Test
Execution Verbal fl uency
Set activation Free- and Cued-Recall Test
Flexibility Trail Making Test
Maintenance Stroop Test
Control
 Awareness and insight Questionnaires
 Cognitive evaluation Reward Associative Learning
 Behavioral autonomy Prehension, behavior
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Case presentation

A 60-year-old right-handed man was referred for evaluation at a movement 
disorders center after being diagnosed with Parkinson’s disease (PD) during a 
hospitalization 1 month earlier. The patient’s family reported that he had been 
in his usual state of health until approximately 6 months earlier. At that time 
he was living alone and taking care of himself. His family reported that since 
then, however, he had progressively deteriorated mentally and physically.

Four months ago, the patient was brought to his local emergency room with 
a complaint of palpitations. He was admitted for evaluation. He denied de-
pression but on examination his affect appeared fl at. Heart rate was 80 beats 
per minute with a regular rate and rhythm and no murmurs, rubs, or gallops. 
Chest X-ray, blood work, and electrocardiogram were normal. He was diag-
nosed as having an anxiety attack and was treated with alprazolam 0.25 mg/
day. He was also started on sertraline and titrated up to 150 mg/day for pos-
sible depression.

Over the next few months he experienced increasing confusion and short-
term memory diffi culty. The family reported that when he went to renew his 
driver’s license, he became confused and thought that he was being asked 
about illicit drugs rather than his prescription medications. His license was 
not renewed. His family found this episode surprising and out of character. 
In addition, his family reported that he saw people and heard voices at home 
at night a few times a week. He grew increasingly apathetic and his daily food 
intake declined.

The patient was hospitalized again 1 month ago for weight loss and de-
creased appetite. He also reported fatigue, memory diffi culty, and a few falls. 
Computed tomography scan of the brain was normal and magnetic resonance 
imaging (MRI) revealed mild microvascular ischemic changes involving the 
deep white matter of the cerebrum. He was examined by a neurologist who 
noted moderately slow movements, masked face, mild postural refl ex impair-
ment, and executive function diffi culty. A diagnosis of PD was made and he 
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was started on carbidopa/levodopa 25/100 t.i.d. with mild improvement in 
movement. He was no longer able to live independently, however, and moved 
in with his daughter.

At his initial evaluation with the movement disorder specialist, his fam-
ily reported that his movements were mildly improved with carbidopa/levo-
dopa and his depression and anxiety were fairly well controlled on sertraline 
150 mg/day. His daughter reported that his cognitive abilities varied through 
the day and at times he stared off into space. Past medical history included 
diabetes, hyperlipidemia, hypotension, insomnia, and sexual dysfunction. On 
review of systems, he reported mild swallowing diffi culties associated with 
occasional coughing. He also reported ongoing insomnia and constipation. 
His Mini Mental State Examination score was 26. He could name the president 
and vice president, but could only recall one of three objects at fi ve minutes. 
He had diffi culty with abstract concepts and comprehending new informa-
tion.

On neurological examination, he was seen to have mildly decreased facial 
expression, moderate hypophonia, and mild micrographia. Extraocular move-
ments were normal. Fine coordinated movements of the hands and fi ngers 
were moderately decreased on the right and moderate-to-markedly reduced 
on the left. Tone was slightly increased in both upper extremities, moderately 
increased in both lower extremities, and normal in the neck. Stride length was 
mildly shortened, posture was slightly fl exed, and balance was normal. Arm 
swing during ambulation was absent on the left and moderately decreased 
on the right.

Differential diagnosis

The differential diagnosis for this case includes dementia with Lewy bod-
ies (DLB), Parkinson’s disease with dementia (PDD), Alzheimer disease (AD), 
vascular dementia, progressive supranuclear palsy (PSP), multiple system at-
rophy (MSA), and frontotemporal dementia (FTD). The key features of the 
case that make DLB the most likely diagnosis include the concurrent develop-
ment of progressive dementia and parkinsonism, visual hallucinations, and 
fl uctuating cognition.

DLB is the second most common form of dementia after AD. The diagnosis 
can be challenging owing to the potential clinical overlap with other demen-
tias, and defi nitive diagnosis is dependent on autopsy confi rmation. McKeith 
et al. revised the criteria for DLB in 2005 and included a central feature, core 
features, suggestive features, and supportive features. The central feature re-
quired for the diagnosis is dementia with progressive cognitive decline. Defi -
cits on tests of attention, executive dysfunction, and visuospatial ability may 
be prominent. Core features include spontaneous parkinsonism, recurrent 
visual hallucinations, and fl uctuating cognition with variations in attention 
and alertness. Suggestive features include positron emission tomography or 
single photon emission computed tomography imaging demonstrating loss of 
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dopamine neurons in the striatum, rapid eye movement (REM) sleep behavior 
disorder (RBD), and severe neuroleptic sensitivity. Two or more core features 
or one core feature plus at least one suggestive feature are diagnostic of prob-
able DLB. In addition, in DLB dementia precedes or is concurrent with parkin-
sonism, whereas in PDD dementia emerges in the context of well-established 
PD. Typically, in DLB the dementia should begin no more than 1 year after the 
onset of parkinsonism.

Formal criteria for PDD have not been established. Dementia and hallucina-
tions are late features of PD, usually occurring several years after the onset of 
motor signs, although subtle cognitive impairment is not uncommon in early 
PD. The risk of dementia in PD increases with increasing age and duration of 
parkinsonism. PDD and DLB are both associated with α-synuclein pathology 
in the limbic and neocortical brain areas and share a high incidence of visual 
hallucinations and RBD. In addition, the overall pattern of cognitive impair-
ment and fl uctuations in attention are similar. Whether PDD and DLB repre-
sent the same or different disease processes has not yet been defi ned and the 
cutoff for onset of dementia within 1 year of motor signs in DLB is arbitrary.

AD is by far the most common cause of dementia. A diagnosis of probable 
AD requires defi cits in two or more areas of cognition, including memory, 
that progressively worsen and are not caused by delirium or other systemic or 
brain illnesses. To a large extent, AD remains a diagnosis of exclusion. Older 
series reported parkinsonism in as many as 30% of AD patients, but with im-
provements in staining techniques for Lewy bodies it is now thought that 
most if not all of these patients actually have DLB. Hallucinations occur in up 
50% of AD patients and delusions in up to 75%, but are generally later features 
of the disease. In the case described, parkinsonism and hallucinations were 
early features.

Vascular dementia occurs when cerebrovascular disease results in brain in-
jury that disrupts networks for memory and thinking. It is a heterogeneous 
disorder that can be related to a variety of vascular risk factors and caused 
by various types of vascular injury. The profi le of cognitive impairment var-
ies based on the pattern of brain injury. There are many proposed criteria 
that vary in their sensitivity and specifi city. All require evidence of dementia, 
vascular brain injury, and a presumed causal relationship between the vas-
cular brain injury and the dementia. Helpful diagnostic features may include 
abrupt onset, stepwise progression, history of stroke, focal neurological signs, 
and perhaps most importantly, evidence of cerebrovascular disease that can 
reasonably be judged to be etiologically related to the dementia. In the case 
described, there was no history of stroke, there appeared to be progressive 
rather than stepwise worsening, and the ischemic disease identifi ed on MRI 
was unlikely to explain the parkinsonism or dementia. Furthermore, unpro-
voked visual hallucinations are rare in vascular dementia.

PSP and MSA are atypical parkinsonisms characterized by relatively sym-
metric parkinsonism with little or no response to levodopa, and early speech 
and balance diffi culty. Clinical criteria for possible PSP include vertical su-
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pranuclear gaze palsy or both slowing of vertical saccades and prominent 
postural instability with falls within the fi rst year. Early onset of cognitive im-
pairment is a supportive feature of PSP. MSA is associated with a combination 
of parkinsonism, autonomic, cerebellar, and corticospinal dysfunction. Func-
tionally important cognitive impairment is not considered part of MSA. Hal-
lucinations unrelated to medication rule out both PSP and MSA. The patient 
described did not exhibit abnormalities of eye movement, prominent postural 
instability, cerebellar, or corticospinal dysfunction, and did experience visual 
hallucinations unrelated to medication.

FTD is characterized by prominent behavioral changes that herald the onset 
of dementia. These may include social disinhibition, apathy, overeating, re-
petitive motor behaviors, and loss of judgment and insight. Early cognitive 
dysfunction includes defi cits in executive and language ability with relatively 
preserved memory. Parkinsonian features may occur later in the disease. Fron-
totemporal dementia and parkinsonism linked to chromosome 17 (FTDP-17) 
is a rare autosomal dominant neurodegenerative disorder. It presents as an 
atypical parkinsonism and is frequently associated with falls and supranu-
clear gaze palsy. Additional characteristic features include positive family 
history, progressive neuropsychiatric disturbances, and poorly controlled sei-
zure disorder.

In the case described, the patient experienced concurrent dementia and par-
kinsonism with progressive decline. He also experienced visual (and audi-
tory) hallucinations early in the course of the illness that were not induced by 
medications. The history revealed fl uctuations in cognition with episodes of 
confusion and decreased attention. He did not exhibit eye movement abnor-
malities, prominent postural instability with falls, or cerebellar or corticospi-
nal signs. Ischemic lesions on MRI did not appear to account for his parkin-
sonism or dementia. He was therefore diagnosed with probable DLB.

Final diagnosis: dementia with Lewy bodies.

Discussion

Treatment of DLB is symptomatic. To date, there is no proven treatment to 
slow or modify the disease. This patient was treated with alprazolam and ser-
traline with good control of anxiety and depression. Quetiapine 25 mg q.h.s. 
was added and hallucinations resolved. In DLB, the response of parkinsonian 
motor features to levodopa is quite variable and patients are less likely to ex-
hibit a robust and sustained response compared to patients with PD. This pa-
tient had a modest improvement in parkinsonism with carbidopa/levodopa 
25/100 t.i.d., and the dose was slowly escalated to 25/100 two tablets q.i.d. with 
modest additional motor benefi t. Acetylcholinesterase inhibitors have not been 
well studied for the treatment of dementia in DLB, but a severe cholinergic 
defi cit is often present. Therefore, the decision was made to start the patient on 
rivastigmine transdermal patch and his response will be monitored clinically.

Terry McClain, Robert A. Hauser
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Case presentation

This 60-year-old man had developed a tremor of his right arm at the age of 53, 
spreading 2 years later to his left arm and legs. He also developed mild side-to-
side head tremor. After another 2 years, he started to slow down and noticed 
that his writing was becoming slow and tremulous and his voice strained. His 
walking was slow and he easily fatigued. His father and two of fi ve siblings 
had previously been diagnosed with Parkinson’s disease (PD), all having a 
tremor disorder with onset at age 40–60.

On examination at age 59, he had facial hypomimia and adductor dyspho-
nia. He had an asymmetrical tremor present at rest involving all four limbs, 
more marked in the right arm with intermittent pill-rolling of the right hand. 
Tremor was also present on posture and became more pronounced on action, 
particularly when writing and drawing a spiral. Increase of tone was mod-
erate in his legs, and mild in his arms. He had slowness and irregularity of 
alternating movements, but no clear fatiguing or decrement. On walking, he 
had diminished arm swing which was more pronounced on the left side. A 
levodopa challenge with up to 1000 mg over a period of 4 weeks did not im-
prove tremor. Additional investigations including brain magnetic resonance 
imaging (MRI) and DaTSCAN™ were all normal.

Differential diagnosis

With onset of tremor at this age, the fi rst diagnoses to consider would be PD, 
essential tremor (ET) and dystonic tremor (DT). With regard to PD, the cardi-
nal feature apart from rigidity and tremor is of course bradykinesia. Pointers 
towards PD in this patient are the onset of a rest tremor in one arm spread-
ing within 2 years to the other side and also involving the legs, as well as the 
general slowing of movements including gait, handwriting, and reduced arm 
swing. Postural tremor also occurs in PD and typically this is a faster re-emer-
gent tremor at 6–8 Hz compared to the pill-rolling rest tremor at 3–5 Hz.
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ET is characterized by a fairly symmetrical postural tremor of the arms, 
often associated with a positive family history and with a good response of the 
tremor to alcohol. ET has a bimodal distribution with onset peaks in the second 
and sixth decades [1,2]. Overall prevalence ranges from 305 to 1700/100 000. 
Patients with onset > 60 years have a faster progression than those with young 
onset. The subgroup with marked head/voice tremor has a positive associa-
tion with female sex. According to the accepted defi nition, “essential” tremor 
should have no associated features [3]. Hence true parkinsonism or dystonia 
should not be seen in typical ET. Some authors, however, describe an associa-
tion with dystonia (cervical dystonia, spasmodic dysphonia, or writer’s cramp) 
in up to 47% of their patients with ET [2], whereas others exclude patients with 
concomitant dystonia [1].

Another debate is whether patients with ET are at increased risk of PD. 
This link is supported by the observation that in some PD patients, a long-
standing postural tremor precedes the onset of parkinsonism by years or even 
decades and that dopamine transporter imaging was abnormal in some pa-
tients diagnosed with ET. Olfaction has also been reported to be reduced in ET 
compared to controls. Because different diagnostic criteria have been applied, 
ET is probably a heterogeneous disorder with differences in sex distribution, 
rate of progression and anatomic distribution of tremor, as well as the associ-
ated features. This heterogeneity is probably the reason why linkage has been 
found to three different loci [4] with a susceptibility variant (Ser9Gly) in the 
dopamine D3 receptor gene (DRD3), but no gene has as yet been found.

It has been speculated that ET is overdiagnosed and that some subgroups 
have another condition. In our patient, pointers towards ET would be a tremor 
with a postural component, neck and voice involvement, and a positive fam-
ily history. Pointers against ET are the marked asymmetry of tremor and the 
presence of rest tremor from onset. Although rest tremor has been described 
in ET, the occurrence is associated with more severe and advanced stages [5]. 
General slowing with reduced arm swing is also atypical for ET.

The examination of this patient revealed some pointers or “red fl ags” against 
the diagnosis of PD. Finger tapping was slow, but the patient did not have true 
bradykinesia as defi ned in the UK Parkinson’s Disease Society Brain Bank 
(PDSBB) diagnostic criteria, which states that apart from slowness of initiation 
of voluntary movement, there should be a “progressive reduction in speed 
and amplitude of repetitive actions.” It is worth pointing out that testing bra-
dykinesia in a patient by fi nger tapping can be diffi cult as tremor can super-
vene and be mistaken as decrement. Tremor of head and voice as well as the 
immediate worsening of the tremor on action is uncommon in PD although 
head tremor has been described. The immediate worsening of the tremor on 
postures or action as well as worsening when writing and drawing a spiral 
points away from typical PD tremor and rather suggests a dystonic compo-
nent. Finally the lack of response to an adequate dose of levodopa (1000 mg for 
4 weeks) raises doubts about the diagnosis of PD.
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The constellation of prominent tremor with only mild non-tremor compo-
nents of parkinsonism and absence of gait disorder with a slower disease pro-
gression and a tremor which is refractory to medications including maximally 
tolerated levodopa has also been called “benign tremulous parkinsonism” 
[6,7]. Although disease progression is very slow, the term benign is mislead-
ing because in most cases tremor has a prominent action component that im-
pairs eating and writing and can, therefore, cause marked disability. There is 
much uncertainty as to whether this diagnosis only represents one end of the 
bell-shaped curve of typical PD or if it may represent a unique disorder.

A third possibility in this patient is dystonic tremor (DT). Symptoms and 
signs in favor of this diagnosis are asymmetric or unilateral tremor with a 
resting component early on, neck and voice involvement, and the character-
istic position- or task-specifi city (writing or drawing a spiral). This entity is 
under-recognized and often misdiagnosed as PD or ET. It should be recog-
nized that patients with DT often have a rest tremor, sometimes even with 
classical pill-rolling, jaw tremor, facial hypomimia, and impaired arm swing 
in the affected arm – all features that may suggest PD to the unwary [8]. In 
addition, some dystonia patients have increased limb tone (distinct from cog-
wheeling alone in a tremulous limb). This does not necessarily equate with 
parkinsonian rigidity, but it may be diffi cult to make a distinction. What such 
patients do not have is true akinesia, as defi ned by progressive fatiguing and 
decrement of alternating repetitive movements. Dystonia may be present in 
patients in parkinsonism, and may sometimes be a presenting feature, but this 
applies mostly to patients with early-onset PD.

In comparison to ET, patients with DT tend to have more asymmetric or 
unilateral, involvement, more position- and task-specifi city, more frequent 
neck involvement, and additional presence of dystonia. They also seem to dis-
play intermittent “fl urries” of tremor more often. Following the Movement 
Disorder Society consensus criteria, our patient matched the diagnosis of 
“tremor associated with dystonia (laryngeal dystonia was present)” [3]. Pre-
synaptic dopaminergic defi cit (and hence PD) was ruled out with a normal 
DaTSCAN™.

Emphasizing this clinical diagnostic diffi culty are the results in two de novo 
clinical trials in patients with a clinical diagnosis of early PD, where 11–15% 
of patients studied had normal nigrostriatal uptake of presynaptic ligands. 
Thus, in the REAL-PET study, 21 (11%) of the patients enrolled in the imag-
ing substudy had normal fl uorodopa positron emission tomography (PET) 
scans, and in the 19 in whom the scans were repeated 2 years later, they were 
again normal [9]. In the ELLDOPA study, 21 (14.7%) patients scanned with 
123I-FP-CIT had scans without evidence of dopaminergic defi cit (SWEDDs), 
and follow-up scans remained normal in patients rescanned after 4 years [10]. 
In the ELLDOPA trial, patients with SWEDDs did not respond to levodopa. 
Since DaTSCAN™ is the gold standard to reveal presynaptic dopaminergic 
defi cit with high sensitivity, this relatively high percentage of patients with 
SWEDDs suggests a diagnosis other than PD. These patients may have ET or 
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more likely dystonic tremor as many have subtle features of dystonia which 
can be missed [8].

Final diagnosis: dystonic tremor.

Treatment

Treatment of DT is challenging and diffi cult. Levodopa is generally ineffec-
tive. Drugs used for ET (propranolol, primidone) could be tried, but in our 
experience are generally unhelpful. Anticholinergics may produce side ef-
fects which outweigh the benefi ts, especially given that most patients with 
SWEDDs are in their sixties or seventies. Deep brain stimulation may turn out 
to be the most valuable option in such patients, but the best target (thalamus, 
pallidum, or indeed subthalamic nucleus) has yet to be defi ned.

Georg H. Kägi, Kailash P. Bhatia
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Case presentation

A 78-year-old man was referred to our Movement Disorders Unit by his fam-
ily physician because of gait diffi culties. The patient’s main complaint was 
fatigue after walking 100 m. He experienced no leg pain or sensory abnormali-
ties while walking and denied any chest pain or dyspnea. He also reported 
having become slow in all activities and especially in walking. Neurological 
examination revealed a positive palmomental refl ex with no other primitive 
refl exes, left central facial palsy, and positive Babinski sign on the left. Speech 
was slow and monotonous but intelligible, with no dysarthria or dysphonia. 
Other fi ndings included psychomotor slowing, hypomimia, and mild rigidity 
of the hands, with no tremor. Limb movements were slow, as was his gait. The 
patient had to use the arm rest of the chair to stand up. While walking, he took 
short steps with mild stooped posture and postural instability. There was no 
associated hand tilt. Freezing of gait was not noted. The patient’s score on the 
Mini Mental State Examination (MMSE) was 27/30.

Brain magnetic resonance imaging demonstrated diffuse white-matter 
peri ventricular hypodensities, and multiple bilateral infarcts in the cortex and 
subcortex. The ventricles were mildly dilated, and there was also mild cortical 
atrophy.

Differential diagnosis

The patient had defi nite parkinsonian symptoms combined with pyramidal 
signs and positive primitive developmental refl exes. The differential diag-
nosis of parkinsonism is broad, but in this case it could be narrowed down 
fairly quickly. Some of the most common causes of parkinsonism in the eld-
erly, namely medications, normal pressure hydrocephalus (NPH), diffuse 
Lewy body disease, and progressive supranuclear palsy, were easily ruled 
out. The patient did not use any of the drugs known to induce parkinsonism 
(e.g. dopamine receptor blocking agents, valproic acid, selective serotonin re-
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uptake inhibitors, or calcium channel antagonists). The clinical examination 
and brain imaging fi ndings were not compatible with NPH. Also, the features 
typical to parkinsonian syndromes (gaze palsy, hallucinations, dementia, 
recurrent falls) were absent. Multisystem atrophy (MSA) was also unlikely, 
despite the symmetry of symptoms and the presence of pyramidal signs, as 
the patient did not present with recurrent falls, and the autonomic and/or 
cerebellar signs required for the diagnosis of MSA were absent. Therefore, the 
remaining diagnostic possibilities were Parkinson’s disease (PD) or vascular 
parkinsonism (VP).

PD generally appears in the fi fth or sixth decade, but onset in the elderly is 
not rare. By contrast, the incidence of VP increases with age. In general, VP 
accounts for an estimated 3–6% of all cases of parkinsonism [1]. Clinico-ana-
tomical studies of patients with a presumed diagnosis of PD revealed patho-
logical criteria for VP in 11% [2]. The two entities may also coexist in the same 
patient. Their clinical differentiation is based on the presence of risk factors, 
symptoms and signs on examination, and neuroimaging.

Risk factors
Several studies have shown that VP is characterized by a male preponderance, 
older age at onset, and high frequency of vascular risk factors, especially hy-
pertension and diabetes mellitus, followed by hyperlipidemia, ischemic heart 
disease, and documented cerebral stroke. Vascular risk factors have been 
found to be prevalent in elderly patients with mild parkinsonian signs, espe-
cially rigidity. They were noted in 83% of patients with VP compared to only 
31% of patients with PD [3]. Moreover, vascular risk factors occur signifi cantly 
less often in patients with idiopathic PD than in age-matched controls.

Clinical phenotype
Fatigue is one of the most frequent complaints of patients with PD and other 
forms of parkinsonism. It should be emphasized, however, that fatigue in gen-
eral is a non-specifi c symptom, and fatigue while walking is very common in 
systemic diseases, especially congestive heart failure. In patients with heart 
failure, however, fatigue is usually accompanied by chest pain and is relieved 
by rest. Early fatigue while walking is also characteristic of lumbar spinal ste-
nosis, but in these cases it is usually associated with back and thigh pain that 
is also rapidly alleviated by rest.

The presence of pyramidal signs in our patient was the fi rst indication of the 
diagnosis of VP. Pyramidal signs, usually a positive Babinski sign and hyper-
refl exia on the more affected side, can also be present in PD, and bilateral posi-
tive plantar refl exes may also be present in MSA, but in the absence of facial 
palsy, spastic dysarthria, and limb weakness. Additional signs of VP, though 
not fully present in our patient, are positive frontal release signs, cognitive 
deterioration, personality changes, and pseudobulbar signs. Acute onset and 
step-like progression of the disease course are considered a hallmark of VP, 
but are actually reported in only 25% of cases [4]. A history of step-like pro-
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gression of signs and symptoms has been documented in only fi ve pathologi-
cally proven cases of VP [5]. On the basis of a large clinical study, Winikates 
& Jankovic [4] proposed that the clinical phenotype of VP is heterogenous 
and includes one form with acute onset (possibly associated with basal gan-
glia infarctions) and another with insidious progression (possibly associated 
with a more diffuse subcortical white matter ischemia). This assumption was 
partially confi rmed by the clinicopathological study of Zijlmans et al. [6] in 
patients with a pathological diagnosis of VP where macroscopic lacunae in the 
basal ganglia or thalamus were observed in 4/4 patients with a progressive 
onset of parkinsonism after an acute hemiparetic stroke. These fi ndings were 
also noted, however, in nearly half the patients (7/13) with an insidious onset 
of parkinsonism.

It is generally accepted that the main feature of VP is bilateral symmetric 
parkinsonism affecting mainly the lower limbs; hence, the synonym “lower 
body parkinsonism.” By contrast, PD is generally characterized by tremor 
and/or rigidity and/or bradykinesia that starts in one hand, progresses to the 
unilateral leg, and then to the contralateral side. Furthermore, the involved 
limbs in VP show bradykinesia and rigidity but not tremor, either resting or 
postural. Nevertheless, several studies have reported an atypical tremor and 
even rest tremor in up to 20% of patients who were diagnosed with VP accord-
ing to clinical and radiological criteria [3,5,7]. Indeed, in one study, postural 
tremor was more common in patients with VP than in patients with PD [3]. 
Therefore, the diagnosis of VP cannot be excluded by the presence of tremor.

The limb rigidity in VP is sometimes diffi cult to defi ne as it might be a 
combination of lead-pipe rigidity, spasticity, or paratonia owing to the involve-
ment of the frontal lobe and pyramidal tract. Since the incidence of rigidity 
and bradykinesia is similar in VP and PD, their presence does not aid in the 
differentiation of these entities.

The gait disorder in VP dominates the clinical phenotype. The clinical de-
scription varies from a classic slow, shuffl ing gait with short steps, to a broad-
based gait with postural instability, start hesitation, and freezing. Stooped 
posture might be present, but is generally mild and does not reach the magni-
tude seen in patients with PD and camptocormia. Postural instability and falls 
are common as presenting symptoms in VP, whereas they tend to appear at a 
later stage in patients with PD [3].

Imaging studies
A fi nding of vascular lesions on brain imaging is mandatory for the diagno-
sis of VP; however, it does not always exclude other coexisting pathologies. 
Ischemic brain lesions have also been observed in patients with clinico-ana-
tomically proven PD; some studies even reported higher rates than in controls 
[3,8]. It is important to grade the vascular lesions and defi ne their location 
to establish a cause-and-effect relationship. Solitary cortical or subcortical 
infarcts do not cause the same symptomatology as widespread small-vessel 
disease. Critchley [9] was the fi rst to propose that multiple vascular lesions 
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in the basal ganglia are responsible for what he termed “arteriosclerotic par-
kinsonism.” Since then, efforts have been made to link the location and extent 
of the vascular lesions to the clinical phenotype. The vascular lesions in VP 
are located in the cortical and subcortical gray matter (especially the basal 
ganglia), in the subcortical white matter, or diffusely in the frontal and peri-
ventricular white matter. Widespread lesions in the frontal white matter seem 
to be more closely related to VP than lesions in the basal ganglia [7]. Further-
more, involvement of more than one vascular territory is common in VP [4,10]. 
Frontal atrophy and white matter lucencies are also a common fi nding, but 
may be less specifi c.

Taken together, in this patient, the presence of vascular risk factors, the clin-
ical phenotype of symmetrical onset of bradykinesia and rigidity, the lack of 
tremor, the presence of unilateral pyramidal signs, and the positive imaging 
fi ndings make VP the most likely diagnosis.

Final diagnosis: vascular parkinsonism.

Diagnosis confi rmation

Nuclear imaging
123I-FP-CIT single photon emission computed tomography (SPECT) can be 
used to distinguish presynaptic from postsynaptic dopaminergic impairment. 
The ligand 123I-FP-CIT binds with high affi nity to the presynaptic dopamine 
transporters. Therefore, since VP is theoretically a pathologically postsynap-
tic dopaminergic disorder, fi ndings on nuclear imaging with a presynaptic 
marker should be normal. By contrast, in PD, which is basically a presynaptic 
dopaminergic disorder and has a predominantly asymmetric onset, a corre-
sponding asymmetric reduction in ligand uptake is to be expected. These as-
sumptions were supported by studies of patients who fulfi lled the clinical cri-
teria for VP, in whom normal or near-normal presynaptic tracer binding was 
noted on SPECT imaging [11]. Other studies, however, reported a signifi cant 
presynaptic dopaminergic defi cit in patients with VP who had an insidious 
or acute onset of parkinsonism, affecting the striatum in the same manner as 
described in PD, though more symmetrically [12].

The inconsistency among these studies has several possible explanations. 
First, as VP and PD are both common entities, multi-infarcts may coexist in the 
same patient, with the Lewy body pathology being the cause of the reduced 
ligand uptake. Alternatively, strategic infarcts in the substantia nigra and/
or striatum may disrupt the basal ganglia motor output or the thalamocorti-
cal pathways and cause a presynaptic decrease in ligand uptake. Therefore, a 
different pattern of the vascular ischemic changes among the studies might 
explain the opposing results of studies with clinicoradiological correlation. 
Faulty diagnosis and the effect of medications on ligand uptake might also 
play a role. Postsynaptic D2 receptor SPECT or positron emission tomography 
(PET) imaging might be useful for complete visualization of the dopaminergic 
system within the striatum, but thus far only a few studies have evaluated the 
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role of this technique in VP, and the conclusions were equivocal. Interestingly, 
a study evaluating the clinical features of patients with a clinical diagnosis 
of VP against the imaging fi ndings yielded no clinical differences between 
patients with normal and abnormal scans [13]. Another nuclear imaging tech-
nique that might be useful for distinguishing PD from VP is cardiac 123I-meta-
iodobenzylguanidine (MIBG) scintigraphy. One study reported myocardial 
postganglionic sympathetic dysfunction in patients with PD, but not in most 
patients with VP.

Other measures
Patients with PD and other neurodegenerative parkinsonian syndromes have 
markedly impaired olfactory functions, even in the very early stages of the 
disease. This corresponds to the neuropathological fi ndings of Lewy bodies 
in the anterior olfactory nucleus. Olfactory function is substantially better in 
VP, and no different from that in elderly healthy patients. Therefore, tests for 
sense of smell might serve as an adjunctive diagnostic tool.

Treatment

The management of patients with VP is based on secondary prevention and 
symptomatic treatment. Hypertension, diabetes, and hyperlipidemia must be 
controlled and treatment with antiplatelet aggregation drugs initiated. It is 
not clear whether this approach effectively protects the patient against further 
neurological deterioration, but it might prevent further cardiac and cerebro-
vascular disease deterioration.

A trial of treatment with levodopa therapy is justifi ed in all patients with VP, 
because there is no way to predict who will benefi t. A substantial number of 
patients with clinically suspected VP respond to dopaminergic therapy, espe-
cially those with lesions in or close to the nigrostriatal pathway. The response 
to levodopa is not as remarkable as in patients with PD, and higher daily doses 
are needed; the dose of levodopa (with carbidopa) should be raised to 1500 mg/
day before such treatment is considered a failure. Possible explanations for the 
positive levodopa response in patients with VP is the presence of a remaining 
pool of striatal dopaminergic nerve terminals in the dysfunctional nigrostri-
atal pathway that is suffi cient to convert exogenous levodopa into dopamine 
and, thereby, to restore the intrinsic dopaminergic drive, or that the patient 
has coexisting VP and PD.

In patients with a dominant gait disorder, rehabilitation by a multidiscipli-
nary team is highly important. Some patients benefi t from the use of visual 
cues, e.g. walking with upturned walking sticks. Many patients are limited by 
fear of falling, and can be helped with behavior modifi cation therapy.

Conclusion

Vascular parkinsonism is a heterogeneous disorder. The diagnosis should not 
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be based on clinical grounds alone, and must also include the evaluation of 
risk factors, routine brain imaging, and nuclear imaging of the pre- and post-
synaptic dopaminergic components. Together, these will maximize the accu-
racy of the diagnosis and will assist the clinician in tailoring treatment to the 
individual patient and also in giving advice on the progression and prognosis 
of the disease.

Ruth Djaldetti, Eldad Melamed
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Case presentation

Mrs S., a 53-year-old female, was referred for psychiatric evaluation and treat-
ment by her movement disorders neurologist for depressed mood. Mrs S. was 
fi rst diagnosed with Parkinson’s disease (PD) at age 51. She has no other active 
medical or neurological conditions, and her only medications are pramipexole 
1 mg t.i.d. and several over-the-counter medications for constipation.

Mrs S. has a college education and has been married for 30 years. She has 
never smoked tobacco, rarely drinks alcohol, and has one cup of caffeinated 
coffee a day. There is no personal or family history of substance abuse or any 
other psychiatric disorder. She owns a small clothing store.

Mrs S. showed up for her initial psychiatric evaluation by herself, though 
she usually attended neurological appointments with her husband. At fi rst, 
the patient focused on her depressive symptoms, including sad mood, loss 
of interest in previously pleasurable activities, feelings of guilt, hopelessness, 
and passive suicide ideation. She stated that these symptoms had been present 
for the past 2 years, that she had never felt this way before, and that she was 
not sure if there were any psychosocial factors that might be contributing to 
her depression. She denied any symptoms of mania/hypomania (e.g. elevated 
mood, grandiose thinking, decreased need for sleep, or rapid speech), psycho-
sis, or cognitive impairment. She claimed that her PD symptoms were well 
managed and interfered minimally with her functioning. Mrs S. appeared 
somewhat guarded on interview, so the psychiatrist inquired about the state 
of her small business and her marriage. At this point the patient burst into 
tears and told the following story.

At the time of her PD diagnosis, the patient was started on pramipexole 
and coenzyme Q10. She also briefl y attended a PD support group, but did not 
fi nd it helpful. The initial pramipexole dosage was 0.125 mg t.i.d., which was 
slowly increased to 1.0 mg t.i.d. over the course of 18 months. Approximately 
4 months after starting PD pharmacotherapy, she started to frequent nearby 
casinos and gamble. Mrs S. soon thought about gambling constantly, had 
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strong urges to gamble, and felt a lack of control over the thoughts, urges, and 
gambling behaviors. She felt that she had become a different person, and that 
her personality had changed somehow. Once the symptoms developed and 
she reported sadness and other depressive symptoms to her neurologist, she 
was started on fl uoxetine 20 mg/day, but did not experience any benefi t.

The gambling behaviors steadily worsened over the next 18 months. Mrs S. 
ultimately lost approximately $500 000 and was forced to declare bankruptcy. 
During this period, to maintain her gambling behavior, she stole money from 
her husband and friends, and frequently lied to continue gambling.

When Mrs S. was asked during the initial interview why she did not inform 
her neurologist about her compulsive gambling, she stated that she was very 
ashamed of her behavior, and did not see how they were relevant to her PD.

Differential diagnosis

Multiple terms have been used to describe the clinical presentation of impul-
sive and compulsive behaviors in PD. Most behaviors described in PD have 
both impulsive (lack of forethought or consideration of consequences) and 
compulsive (repetitious behaviors with a lack of self-control) aspects. Impulse 
control disorders (ICDs) constitute a group of psychiatric disorders in the Di-
agnostic and Statistical Manual of Mental Disorders (DSM-IV-TR), and are 
characterized by a failure to resist an impulse, drive, or temptation to perform 
a typically pleasurable activity that is ultimately harmful to the person or to 
others owing to its excessive nature. Pathological or compulsive gambling is 
the most common ICD, and other ICDs without formal DSM-IV-TR diagnostic 
criteria include compulsive sexual behavior and compulsive buying. Binge 
eating disorder, classifi ed as an eating disorder in the DSM-IV-TR, shares 
many of the clinical features of ICDs.

Also reported to occur in PD is punding, non-pleasurable and non-harm-
ful compulsive behaviors characterized by complex, prolonged, purposeless, 
and stereotyped acts (e.g. fascination with manipulating small objects) [1]. 
A related disorder, termed walkabout, is characterized by excessive, aimless 
walking or driving. Thus, ICDs may represent the severe end of a spectrum 
of behavioral disturbances in PD that are characterized by poorly controlled 
repetitive behaviors.

The terms dopamine dysregulation syndrome (DDS), hedonistic homeo-
static dysregulation, dopamimetic drug addiction, and compulsive dopamin-
ergic drug use have been used to describe a syndrome in which patients 
increase on their own or take excessively large amounts of their PD medica-
tions, typically shorter-acting drugs such as levodopa or subcutaneous apo-
morphine. Patients with DDS typically develop cyclical mood disorders (i.e. 
mood elevation or hypomania secondary to dopamine replacement therapy 
use, followed by a dysphoric affective state when medications are withdrawn 
or reduced). When in an elevated state, patients may be excessively involved in 
pleasurable activities that have a high potential for painful consequences [2]. 
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This syndrome seems distinct from ICDs in many ways, as few PD patients 
with an ICD are reported either to compulsively use their PD medications 
or to experience mood elevation, and many patients with DDS do not have a 
comorbid ICD [3].

Other psychiatric disorders or behaviors that share features of ICDs have 
been reported to occur in PD. For instance, obsessive-compulsive disorder 
(OCD), an anxiety disorder characterized by the repetition of non-pleasura-
ble, non-harmful behaviors (e.g. checking or counting) to reduce anxiety, may 
occur at an increased frequency in PD, although it has not been reported in 
association with PD medications. It is important to note that the types of im-
pulsive and compulsive behaviors previously described also do not occur in 
the context of obsessive-compulsive personality disorder, a lifelong personal-
ity style characterized by preoccupation with orderliness, perfectionism, and 
control.

Case diagnosis and treatment

At the conclusion of the initial evaluation, the psychiatrist called the neurolo-
gist and informed him of Mrs S.’s diagnoses of an ICD (i.e. compulsive gam-
bling) and a depressive disorder secondary to the ICD. She did not have mood, 
cognitive, or behavioral changes consistent either with a manic episode or 
DDS secondary to overuse of PD medications. A decision was made to quickly 
taper and discontinue pramipexole treatment, substituting levodopa for the 
management of PD symptoms. As part of treatment cross-titration, controlled-
release levodopa was initiated at 25/100 b.i.d. At her next offi ce visit, Mrs S. 
reported that all thoughts and urges to gamble, as well as all gambling behav-
iors, were completely resolved within 1 month of pramipexole discontinuation. 
At a subsequent psychiatric appointment, the patient volunteered that she had 
also experienced compulsive eating behaviors, including a new-onset craving 
for sweets with a resultant 15 kg weight gain, in the context of pramipexole 
treatment. These symptoms also resolved with the change to levodopa.

Five years later, Mrs S. was taking carbidopa 37.5 mg/levodopa 150 mg/enta-
capone 200 mg b.i.d. and no other PD medications. Over this time period, she 
was also prescribed several antidepressants, including escitalopram and bu-
propion, for chronic depressive symptoms, but did not experience any benefi t. 
She eventually had to sell her business, and her husband divorced her. Though 
she had not gambled in the 5 years since stopping pramipexole treatment, Mrs 
S. stated that her life had been irreparably damaged by her gambling behav-
ior.

Final diagnosis: treatment-related impulse control disorder.

Discussion

Overview of ICDs in PD
Retrospective and prospective case reporting have indicated compulsive 
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gambling rates of 0.5–4.4% in PD [4,5], and a cumulative incidence rate of 2.4% 
was reported for compulsive sexual behavior [6]. Compulsive eating has been 
reported in PD, but its prevalence is not known [2,7]. In two recent large-scale 
screening studies, a frequency of 1.7% for compulsive gambling was reported 
in one [8], and the frequency of at least one active ICD (compulsive gambling, 
sexual behavior, or buying) was 4.0% in the other [9]. In the latter study, com-
pulsive sexual behavior was as common as problem gambling (2.6% vs. 2.2%, 
respectively), and the frequency of compulsive buying was 0.4%. Though 
fi nding an appropriate comparison group is diffi cult, a recent study found 
that PD patients were approximately 25 times more likely to have compulsive 
gambling than an age- and sex-matched control group [10].

Case reporting has implicated dopamine agonists (DAs), and much less 
commonly levodopa, as precipitating compulsive gambling [4,5] and sexual 
behavior [11] in PD. In one of the aforementioned screening studies [8], com-
pulsive gambling was signifi cantly more common in DA-treated patients than 
in those on levodopa monotherapy, and in the other study [9], all active ICD 
cases were currently taking a DA, with no differences in ICD frequency for 
the three DAs examined (pramipexole, ropinirole, and pergolide). Thus, the 
pharmacotherapy risk associated with ICDs seems specifi c to the DA medica-
tion class, and perhaps greatest at dosages at the high end of the therapeutic 
range [3,9].

Looking at other potential risk factors, PD patients with ICDs have dispro-
portionately been younger males in case reporting [11]. In one of the afore-
mentioned screening studies [9], a history of ICD symptomatology prior to 
PD was the only signifi cant predictor (other than DA use) of an ICD using 
multivariate analysis. In the other study [8], compulsive gambling was as-
sociated with earlier PD onset, and the majority of these patients had either a 
premorbid personal or family history of alcohol use disorder, or a family his-
tory of bipolar disorder. Similarly, in a study of DDS in PD, patients with DDS 
(over half of whom had comorbid ICDs) had younger age of PD onset and were 
more likely to have a past history of substance abuse [12].

Although the neurobiology of ICDs in PD is not well understood, the pro-
nounced depletion of dopamine in the nigrostriatal pathway (leading to dis-
ruption in cortical–subcortical circuitry) is thought to contribute to the de-
velopment of numerous psychiatric and cognitive disorders in PD. Second, 
PD patients, even those without dementia, commonly display impairment in 
executive abilities, and executive impairments such as poor decision-making 
and response inhibition are thought to contribute to the development of ICDs. 
Finally, DAs compared with levodopa have signifi cantly higher D3: D2 and D3: 
D1 striatal receptor activation ratios. The D3 receptor is concentrated in limbic 
areas of the brain, including the ventral striatum, and may mediate psychiat-
ric manifestations of dopamine receptor stimulation.

Clinically, the apparent under-recognition of ICDs in PD should be ad-
dressed through a careful history and patient education prior to initiating DA 
treatment, and by regular monitoring for ICDs throughout the course of treat-
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ment. If a clinician suspects the presence of an ICD and needs assistance in 
the assessment and management process, then the patient should be promptly 
referred to a psychiatrist for a comprehensive evaluation and ongoing care.

Regarding the neurological management of ICDs, case reporting and an-
ecdotal experience suggest that ICD behaviors often resolve after reducing 
the dose of the existing DA, switching to a different DA, discontinuing DA 
treatment entirely, or perhaps receiving counseling [4,13]. Although ICDs may 
worsen transiently immediately after subthalamic nucleus (STN) deep brain 
stimulation (DBS), chronic STN DBS is associated with improvement in ICD 
symptoms, perhaps secondary to an overall reduction in PD pharmacothera-
py postsurgery [14].

A range of psychiatric pharmacological treatments, most commonly selec-
tive serotonin reuptake inhibitors, have been used in the treatment of ICDs in 
PD, but there is no empirical evidence to support their use for this indication 
in PD. There are also individual case reports of successful treatment of com-
pulsive gambling in PD with either risperidone or quetiapine. Regarding non-
pharmacological approaches, behavioral treatments (e.g. cognitive behavioral 
therapy) and attendance at self-help groups have not been formally examined 
for the treatment of ICDs in PD.

Daniel Weintraub
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Case presentation

This 61-year-old man of French ancestry was born to non-consanguineous 
parents and had no personal or familial medical history. He had three chil-
dren and worked as a garage foreman. At the age of 57 years, he fi rst noticed 
diffi culties in walking and in moving his left arm. Neurological examination 
disclosed asymmetric akinesia and rigidity on his left side and a treatment 
with levodopa was introduced. No resting tremor was noticed. The Unifi ed 
Parkinson’s Disease Rating Scale (UPDRS) total motor score dropped from 26 
before levodopa treatment to 5 a few months later.

The patient was fi rst seen in our department when 60 years old. At that time, 
he was treated with levodopa/benserazide (800 mg/200 mg/day) in four di-
vided doses. He complained of diminished levodopa effectiveness. Examina-
tion showed severe bilateral akinesia and rigidity predominating in upper 
and lower left limbs, walking problems, and no resting tremor. The UPDRS 
motor score before and 40 min after a single dose of levodopa/benserazide 
(200 mg/50 mg) dropped from 40 to 28 (30% improvement). Mild dyskinesias 
consisting in right foot dystonia followed by trunk and upper limb choreic 
movements were noticed during the test. There was no orthostatic hypoten-
sion.

In addition to parkinsonism, the patient had marked cognitive problems. 
Mini Mental Status Examination (MMSE) was 21/30, the Frontal Assessment 
Battery (FAB) was 10/18, and the Mattis Dementia Rating Scale (MDRS) was 
117/144. Working memory was impaired as well as clock drawing, suggesting 
constructional apraxia. Bilateral gestural apraxia was also noticed.

Brain magnetic resonance imaging (MRI) was normal, but scintigraphy 
with technetium-99m ethyl cysteinate dimer (99mTc ECD) single photon emis-
sion computed tomography (SPECT) showed decreased perfusion of the pre-
frontal, parietal, and temporal cortex bilaterally. Positron emission tomogra-
phy (PET) scan with [18F]fl uoro-L-dopa revealed bilateral decreased binding 
of the marker in posterior thirds of putamina and to a lesser extent in both 
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heads of the caudate nuclei. Striatal binding of [11C]raclopride, a high-affi nity 
D2 dopamine receptor antagonist, was slightly decreased compared to control 
patients.

Systematic blood analysis was unremarkable, except for the presence of 
mild thrombocytopenia (around 100 000 platelets/mm3).

Differential diagnosis

Parkinsonism was initially unremarkable in our patient. Although there was 
no resting tremor, akinesia and rigidity were asymmetric, and responded well 
to levodopa, suggesting sporadic Parkinson’s disease (PD). Age at onset was in 
the expected range for PD and the presence of levodopa-induced dyskinesia 
was also in line with this diagnosis. There were, however, several atypical 
features. First, reactivity to levodopa progressively diminished with only 30% 
reactivity after 3 years. Second, the patient exhibited severe cognitive prob-
lems early within the disease course and at a relatively young age, together 
with signs of cortical involvement such as constructional and gestural apraxia 
and diffuse cortical hypoperfusion.

At the same time, the discovery of a thrombocytopenia led to further explo-
rations that revealed splenomegaly and high ferritin levels. A bone marrow 
biopsy analysis showed the presence of lipid-laden macrophages suggesting 
Gaucher disease (GD). Glucocerebrosidase activity was very low (10% of the 
normal value) and the patient was shown to be homozygote for the N370S 
mutation, confi rming GD. Further investigations did not reveal any osseous 
involvement. Given the mild systemic involvement and the presence of rapidly 
progressive parkinsonism and dementia, miglustat was introduced (100 mg 
t.i.d). After 12 months, however, cognitive function continued to deteriorate. 
An acute therapeutic test with levodopa/benserazide (200 mg/50 mg) showed 
weak levodopa responsiveness: the UPDRS motor score dropped from 36 
before treatment to 32. Cognitive problems had also worsened: MMSE was 
19/30, FAB was 4/18 and MDRS was 94/144. Treatment with miglustat was 
interrupted because of the lack of effi cacy on neurological progression and 
because GD was mild not necessitating treatment.

Final diagnosis: Gaucher disease complicated by parkinsonism.

Discussion

Gaucher disease and parkinsonism
GD is the most prevalent inherited lysosomal storage disorder. It is caused by 
a recessively inherited defi ciency of glucocerebrosidase (GBA). The enzymatic 
block results in the accumulation of glucocerebrosides mainly in macrophage 
lysosomes.

GD is classifi ed into three types based on age at onset, disease course, and 
the presence or absence of neurological signs. GD type 1 is the most com-
mon variant (around 95% of cases). Clinical symptoms appear at any age from 
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childhood to adulthood, and usually include hepatosplenomegaly, thrombo-
cytopenia, pancytopenia, bleeding, and osseous manifestations (pain and 
fractures). The course is chronic and, by defi nition, nervous system involve-
ment is absent. Some patients with GD type 1 remain virtually asymptom-
atic, being diagnosed during evaluation for a non-related disorder or familial 
screening of a symptomatic relative. GD type 2 is an acute “neuronopathic” 
disease which begins in early infancy and usually leads to death within the 
fi rst 2 years of life because of severe neurological signs. Type 3 is intermedi-
ate between types 2 and 1. It can begin at any age between childhood and 
adulthood, displays a chronic course, and involves the nervous system in ad-
dition to systemic signs. Characteristic neurological signs include horizontal 
oculomotor apraxia which can remain isolated, myoclonic epilepsy, cerebellar 
ataxia, dystonia, pyramidal signs, and extrapyramidal signs.

This classifi cation has been questioned in recent years, however, with the 
observations that some patients with GD type 1 do occasionally develop par-
kinsonism and that specifi c brain lesions may be observed independently of 
the presence or absence of neurological symptoms. These observations sug-
gest a continuum between neuronopathic and non-neuronopathic forms of 
GD.

From the analysis of 32 patients previously reported in the literature as well 
as 5 patients in our unit, the specifi city of parkinsonism in patients with GD 
type 1 can be defi ned as follows [1,2]: 
• Frequency of PD in GD: Bembi et al. [3] found 4 patients with parkinsonism 
in a series of 58 GD patients (6.9%). Neudorfer et al. [4] found 3 patients with 
PD in a series of 130 patients (2.3%). Thus the prevalence of PD seems at least 
10 times higher in GD patients than in the general population (0.1% under the 
age of 65 years).
• Age at onset of PD in GD: Mean age of onset of parkinsonism is 49 years in 
GD. This is 10 years earlier than in sporadic PD where the median age at onset 
is 60 or more.
• Clinical characteristics of PD in GD: Among 32 patients with PD and GD on 
whom data is available, sustained response to levodopa has been reported in 
only 5 patients (16%), whereas other patients exhibited no response, partial 
response or transient response (as in our patient). Atypical signs usually ab-
sent in PD have occasionally been observed, including perception deafness (2 
patients), horizontal oculomotor apraxia (2 patients), myoclonus (2 patients) 
or dementia (7 patients).
• Neuropathological abnormalities in patients with GD and PD: Eight patients with 
GD and PD have been studied at the neuropathological level by Wong et al. [5] 
and Tayebi et al. [6]. All exhibited neuronal loss and Lewy bodies in the sub-
stantia nigra. In addition, 5 patients among 8 (62.5%) presented diffuse Lewy 
bodies in hippocampal CA2–4 neurons, a feature usually not seen in PD but 
characteristic of dementia with Lewy bodies (DLB). Furthermore, Wong et al. 
reported astrogliosis of laminae 3, 4b, and 5 of the cortex and in the hippocam-
pal CA2 region, which is also a frequent feature in DLB.
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• Treatment of patients with PD and GD: Although systemic manifestations 
of GD do respond to enzyme replacement therapy, no effect was noticed on 
parkinsonism in all 12 patients reported with GD and PD treated with this 
therapy (which does not cross the brain barrier). Miglustat, an N-alkylated 
imino sugar that inhibits glucocerebroside synthesis and could in theory cross 
the blood–brain barrier, should be more effi cacious. Only one report, however, 
has claimed some stabilization of parkinsonism with this treatment. We have 
treated two patients with GD and PD for 12 months: one of the patients seems 
to be stable now; the other (presented here) clearly has some worsening of 
dementia and weaker levodopa responsiveness.
• Mutations of GBA in PD and DLB: Interestingly, mutations in the gene coding 
for GBA have frequently been found in patients with sporadic PD, suggesting 
that GBA mutations even in heterozygotes constitute a contributing risk fac-
tor for PD. In a fi rst postmortem study from North America, 8 patients with 
mutations in the GBA gene were discovered among 57 PD patients (14%) as 
opposed to zero mutations in 44 control brains [7]. In most cases, mutations 
were in the heterozygous state; but in two cases, mutations were homozygote. 
These results have been reproduced in different populations including Ash-
kenazi Jews where the frequency of heterozygotes is around 5–10 times higher 
(31% mutations among 99 PD patients against 6.2% in 1543 controls, and 4.1% 
in 74 patients with Alzheimer disease); Canadians (10.7% N370S mutation 
among 160 PD patients against 4.3% in 92 controls), Venezuelans (12% muta-
tions among 33 PD patients against 3% in 31 controls) and Taiwanese (4.3% 
mutations among 92 PD patients against 1.1% in 92 controls). The only nega-
tive study was in the Norwegian population where no difference was found 
between patients with PD and controls. Overall, these independent studies 
have demonstrated a statistical association between PD and mutations in the 
GBA gene. Papers are confl icting regarding whether PD in heretozygotes for 
the GBA mutation is different from idiopathic PD. In the largest series, no dif-
ference was found with respect to age at onset, type of symptoms, or levodopa 
response. Recently, however, it has been shown that heterozygotes were even 
more frequent among patients with DLB (23% mutations among 35 patients 
with DLB as opposed to zero mutations in 12 subjects with multiple system 
atrophy and only 4% in 28 patients with PD [8]).
• Pathophysiology: The link between glucocerebrosidase gene mutations 
and PD is not well understood. Glucocerebroside accumulation could have 
an excitotoxic effect by activation of ryanodin receptors that would in turn 
provoke the release of endogenous calcium from the endoplasmic reticulum. 
Another hypothesis comes from the observation that glucocerebrosides rec-
ognize α-synuclein and could therefore facilitate fi brillization of the protein 
in neurons, a process known to play a role in the pathology of PD and DLB. 
Observations that PD (and DLB) is observed with mutations in GBA both in 
heterozygotes and in homozygotes and that no glucocerebroside accumula-
tion has been demonstrated in these patients, however, challenge these hy-
potheses. A recently favored hypothesis is that mutated GBA could have an 
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abnormal conformation that interferes with chaperone-mediated autophagy 
of synuclein inside the lysosome. In favor of this “gain of function hypothesis,” 
all GBA mutations found so far in subjects with PD or DLB are missense muta-
tions that could potentially change the conformation of the protein.

Parkinsonism and inherited metabolic diseases
Parkinsonism can be found in numerous inherited metabolic diseases in-
cluding metal storage disorders (Wilson’s disease, hemochromatosis, ace-
ruloplasminemia, neuroferritinopathy), various mitochondrial cytopathies 
(polymerase gamma mutations, leber mutations, complex 1 defi ciency, Twin-
kle mutations, etc.), lysosomal storage disorders (ceroid lipofuscinoses, GM1 
and GM2 gangliosidosis, Niemann-Pick disease type C), dopamine synthesis 
defects (Segawa disease and related disorders), and miscellaneous disorders 
(polyglucosan body diseases, cerebrotendinous xanthomatosis, homocystin-
uria) (see Table 3.19.1). In most cases, typical features on brain MRI or associ-
ated clinical signs easily distinguish inherited metabolic diseases from PD. 
To our knowledge, among inherited metabolic diseases, isolated PD has only 
been observed in certain mitochondrial disorders, pyruvate dehydrogenase 
defi ciency, hemochromatosis, phenylketonuria, guanosine 5′-triphosphate cy-
clohydrolase (GTPC) 1 defi ciency, Wilson’s disease, and GD. DLB-like pheno-
type has only been reported in GD [9].

Frédéric Sedel
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3 Case study 20

Case presentation

A 76-year-old farmer with primary-school education was referred to the clinic 
for slowness of movement, apathy, and mental dysfunction.

The history revealed that his complaints had started gradually 3 years pre-
viously. His initial symptoms were slowing of walking with short steps and 
general slowing of body movements, soon followed by a resting tremor of the 
right hand. He was diagnosed as having Parkinson’s disease (PD). Treatment 
with levodopa was initiated. Response was moderate but clear, so the treat-
ment was maintained. Within the 6 months prior to the referral, new symp-
toms had emerged: he developed excessive daytime sleepiness and there were 
brief episodes of confusion with disorientation to place on awakening. He also 
became forgetful, sometimes had diffi culties fi nding his way or the right room 
in his home, and his speech became increasingly slurred. At that time, he did 
not suffer from hallucinations, delusions, or aggression. His wife mentioned 
that he spoke and moved during his sleep, something which had developed 
over the previous 3–4 years. In the last few months, he developed urinary ur-
gency and occasional incontinence.

His past medical history included long-standing hypertension. In the fam-
ily history, his mother was said to have been forgetful in the later years of her 
life.

The neurological examination revealed bradymimia with masked facies, 
moderate hypophonia, and dysarthria with brisk nasopalpebral refl ex. Eye 
movements were normal and the rest of the cranial nerves were inconspicu-
ous. There was moderate bradykinesia and rigidity on both upper and lower 
extremities, with slow and irregular fi nger and foot-taps that were more prom-
inent on the right side. Muscle tendon refl exes were symmetrical and normal; 
plantar refl exes were fl exor; muscle strength and sensory examination were 
normal; and there were no cerebellar signs. Gait was slow and short stepped 
with reduced arm swing and occasional festination, especially when turning 
around. The pull test was normal with no signs of retropulsion.
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In neuropsychological examination, he was cooperative with preserved in-
sight into his mental diffi culties. He was moderately apathetic and slow in 
responding. Attention was clearly impaired. He was unable to perform sub-
traction of serial sevens from 100 or recite the months of the years backwards. 
He recited the days of the week backwards with diffi culty and frequent paus-
es. Memory testing revealed primarily retrieval defi cits. After three encod-
ing trials, he was able to remember one of three words in delayed free recall, 
remembered another one after cueing, and correctly identifi ed the third one 
in recognition testing. His incidental memory was largely preserved; he was 
able to remember recent events and merely missed some details. Executive 
functions were clearly impaired: in verbal fl uency testing, he was able to pro-
duce six words beginning with the letter A, four words with S, and name 
seven animals within one minute. The clock-drawing test revealed planning 
errors (Figure 3.20.1), there were slight problems with response inhibition in 
go/no-go test, and in the Trails B test, he had problems switching the strat-
egy. Visuospatial functions were also signifi cantly impaired. He was unable 
to copy intersecting pentagons or a three-dimensional cube, and could not 
imitate intercalating fi ngers with his hands. Core language functions and 
ideomotor praxis were intact.

Laboratory screening tests, including thyroid hormones, vitamin B12 levels 
and VDRL, were normal. Brain magnetic resonance imaging revealed mild 
atrophy, predominantly in frontal, and medial temporal areas and more so in 
parieto-occipital areas.

Figure 3.20.1 A clock-drawing test revealing planning errors.
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Following the fi rst examination, levodopa dose was increased to 125 mg 
levodopa/carbidopa q.i.d., and modafi nil was added for daytime sleepiness. 
With this treatment, his gait and slowness of movements improved slightly, 
and daytime sleepiness was reduced. The patient developed vivid halluci-
nations, however, seeing children, old people, and animals. His confusion 
worsened, especially at night, and dream-enacting behavior became more 
prominent with frequent sleep interruptions. He was frequently disoriented 
to place, confusing his home and rooms, at times having blank stares, and 
not recognizing family members. He was no longer able to function indepen-
dently and became increasingly dependent on his family for activities of daily 
living. A treatment with the cholinesterase inhibitor rivastigmine was initi-
ated and titrated up to 4.5 mg b.i.d., and up to 2 mg of clonazepam was added 
for dream-enacting behavior. Following this treatment, the patient became 
more attentive, his confusion lessened, hallucinations and dream-enacting 
behavior improved, but his movements remained unchanged.

During further follow-up over 2 years, there was a slight decline from initial 
improvement in cognition, with occasional confusional episodes, hallucina-
tions and misperceptions occurring occasionally. His speech gradually wors-
ened with occasional diffi culties in swallowing. His axial symptoms, notably 
initiation and turning diffi culties, also got slightly worse. Levodopa was in-
creased to 250 mg q.i.d. and rivastigmine to 6 mg b.i.d. during this period. The 
patient remained stable over the next 6 months.

Differential diagnosis

This patient initially developed a movement disorder with slowing of gait, 
bradykinesia, rigidity, and tremor with an asymmetrical onset. His symp-
toms were responsive to dopaminergic treatment. Within 2.5 years of disease 
onset, cognitive and behavioral symptoms emerged with increased daytime 
sleepiness, mental slowing, apathy, forgetfulness, visuospatial disorientation, 
delusions, and hallucinations with a gradual onset and successive worsening. 
These symptoms improved moderately upon treatment with a cholinesterase 
inhibitor. The further course was of a slight decline, both in motor (notably 
speech and other axial symptoms) and cognitive functions over 2 years.

Based on the initial symptoms a diagnosis of PD was made. There were no 
atypical or additional features that would suggest another form of parkinson-
ism. There were no cerebellar features or prominent autonomic symptoms 
reminiscent of multiple system atrophy (MSA). Eye movements were pre-
served making progressive supranuclear palsy (PSP) unlikely. Furthermore, 
early mental dysfunction, prominent asymmetry, apraxia, and dystonic fea-
tures, which would raise the possibility of corticobasal ganglionic degenera-
tion (CBGD), were also absent. The gradual onset and presence of an asym-
metrical tremor are not typical for vascular parkinsonism, and brain imaging 
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did not show any relevant vascular lesions. Likewise the history did not reveal 
any features suggestive of a symptomatic form such as neuroleptic-induced 
parkinsonism. Good response to levodopa also suggested that the initial di-
agnosis of PD was justifi ed.

The emergence of cognitive dysfunction and behavioral symptoms within 
2.5 years of disease onset is the key diagnostic feature in this patient. As in 
all cases where dementia is suspected, the diagnosis involves two steps. The 
fi rst is to exclude other conditions associated with mental dysfunction which 
can mimic dementia, such as acute confusion (delirium) and depression. Con-
fusion can be excluded, as mental dysfunction had an insidious onset and 
showed progressive worsening. Likewise depression is unlikely to be the 
cause of mental dysfunction because of the broad spectrum and profi le of 
cognitive and behavioral symptoms, including visuospatial dysfunction and 
psychotic features. Based on the history and results of the neuropsychological 
examination, which revealed impairment in multiple cognitive domains and 
signifi cant functional impairment, the diagnosis of a dementia syndrome is 
justifi ed in this patient.

The differential diagnosis then includes all diseases that can present with 
a combination of parkinsonism and dementia. Dementia with Lewy bodies 
(DLB) is one of the most frequent of these conditions. This is, however, unlike-
ly as the diagnostic criteria for DLB stipulate that motor and mental symptoms 
should start within 1 year of each other. Other neurodegenerative diseases, 
such as PSP or CBGD which present with combined motor–mental dysfunc-
tion, are also unlikely based on the clinical presentation. MSA can be associ-
ated with cognitive dysfunction; however, it is usually not as prominent as in 
this case. Other features typical of MSA were also missing. Coincident Alz-
heimer’s disease (AD) can theoretically develop in a patient with PD; however, 
the profi le of cognitive impairment in this patient was not that of AD, which 
is characterized by prominent and progressive amnesia as the core feature. 
Cerebrovascular disease can result in a combined motor–mental impairment, 
but this can be excluded based on history, the profi le of parkinsonism, and the 
lack of vascular lesions in imaging. Likewise, normal pressure hydrocepha-
lus, other symptomatic forms of parkinsonism associated with dementia, such 
as space-occupying lesions, and systemic diseases can be excluded based on 
imaging and laboratory fi ndings. Central nervous system infections such as 
Creutzfeldt–Jacob disease are unlikely based on the disease course.

Given the initial, justifi ed diagnosis of PD and later, gradual emergence of 
dementia 2.5 years after the disease onset, the most likely diagnosis in this 
patient is Parkinson’s disease with dementia (PDD). The profi le of cognitive 
symptoms with predominant impairment of attention, executive and visuo-
spatial functions with less prominent amnesia, and multiple associated be-
havioral symptoms such as excessive daytime sleepiness, apathy, and halluci-
nations are typical for PDD. There are no auxiliary investigations to confi rm 
the diagnosis. Imaging usually reveals mild atrophy predominantly in medial 
temporal, frontal, and especially in parieto-occipital areas, which was the case 
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in this patient. The moderate response to cholinergic treatment is compatible 
with this diagnosis, as cholinesterase inhibitors have been shown to be of ben-
efi t in patients with PDD.

Final diagnosis: dementia associated with Parkinson’s disease.

Discussion

Dementia affects 30–40% of all PD patients during the course of their disease; 
the incidence of dementia in PD is six times higher than in the general popula-
tion. The clinical features of PDD are different than those seen in AD and can 
be summarized as a dysexecutive syndrome with impaired attention, execu-
tive dysfunction, early and prominent involvement of visuospatial functions, 
and a predominantly retrieval-type memory impairment. Behavioral symp-
toms such as hallucinations, apathy, and delusions are also frequent.

Although Alzheimer-type pathology, especially plaques, frequently accom-
pany PDD, the main pathological correlate is Lewy body-type pathology in 
limbic and association cortices. The main biochemical defi cit is loss of cho-
linergic markers, both in cholinergic nuclei as well as in the cerebral cortex. 
Therapeutic trials with cholinesterase inhibitors demonstrate moderate im-
provement in cognitive and behavioral symptoms. Based on these results, 
rivastigmine has been approved for treatment of PDD.

Murat Emre

Further reading

Emre M. Clinical features, pathophysiology and treatment of dementia associated with Par-
kinson’s disease. In: Koller WC, Melamed E, eds. Handbook of Neurology, Vol. 83. Amster-
dam: Elsevier BV, 2007: 401–20.

Emre M. Dementia associated with Parkinson’s disease. Lancet Neurol 2003; 2(4): 229–37.
Emre M. Dementia associated with Parkinson’s disease: features and management. In: Jan-

covic J, Tolosa E, eds. Parkinson’s Disease and Movement Disorders, 5th edn. Philadelphia: 
Lippincott, Williams & Wilkins, 2007: 152–60.



167

3 Case study 21

Case presentation

After being diagnosed with a colonic tumor, a 72-year-old Parkinson’s disease 
(PD) patient was admitted for surgical removal of the tumor and a partial 
colectomy. His parkinsonian syndrome was characterized by predominant 
akinesia and rigidity, associated with gait and balance disturbances and mild 
cognitive deterioration. He was under treatment with levodopa/carbidopa 
250/25 q.i.d. and quetiapine 25 mg at nighttime owing to the presence of oc-
casional hallucinations and delusions. Levodopa afforded only partial relief 
of motor symptomatology, as it did not have a signifi cant effect on axial symp-
tomatology (speech, swallowing, posture, gait, and balance).

Upon recovery from anesthesia, the patient remained in a stuporous state 
with evident confusion, marked rigidity, and bradykinesia, requiring respira-
tory assistance owing to impaired ventilatory muscle function; swallowing 
was impaired and a nasoduodenal tube had to be placed. The patient was 
diaphoretic but afebrile, and had increased blood pressure (150/100) with 
preserved cardiac function. Laboratory results were unremarkable, except for 
an elevated leukocyte count and a threefold increase in creatine kinase (CK), 
which in this case could also be attributed to the surgery. The tube could not 
be used for the administration of medication as there was signifi cant fl uid 
yielding from it owing to the presence of a paralytic ileus.

I was called 36 h later to the intensive care unit (ICU), as the patient’s condi-
tion was rapidly deteriorating. Faced with the impossibility of administering 
dopaminergic agents via the oral route or through the nasoduodenal tube, 
subcutaneous apomorphine was administered q.i.d. (5 mg) with a peripher-
ally acting dopamine receptor blocker (domperidone) to prevent nausea and 
vomiting. Bowel sounds reappeared 24 h later; the paralytic ileus resolved, 
and the nasoduodenal tube stopped yielding fl uid. Ventilatory assistance was 
stopped, and oral levodopa was started 48 h later. Administration of apomor-
phine not only allowed for recovery of intestinal transit, but improved respira-
tory function, and signifi cantly reduced rigidity and bradykinesia, allowing 
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for the withdrawal of the endotracheal tube as ventilatory function improved 
in parallel. The patient regained consciousness and became fully alert and 
oriented. A week later, he was discharged from the hospital to his home where 
he gradually recovered to a motor functional status that was somewhat worse 
than that in the preoperative period.

Discussion

This very brief clinical vignette is a clear example of some of the complications 
that can occur in the perioperative period when providing emergency care 
for PD patients, especially those who are elderly and have pre-existing axial 
motor and cognitive involvement. Such care requires the following points to 
be considered: 
• decisions regarding surgery in a parkinsonian patient
• pharmacological management in the preoperative and the immediate post-
operative period
• choosing the appropriate anesthesia in a PD patient
• respiratory and gastrointestinal factors infl uencing postoperative outcome 
in PD patients
• worsening of PD in the context of intercurrent disease.

Often we are confronted with PD patients who for different reasons have 
to undergo surgery and our opinion is sought regarding the risks involved in 
such situations. In cases where surgery is elective, we should carefully con-
sider the risk/benefi t ratio of the procedure given that complications in the 
perioperative period occur frequently in these patients. PD patients, especially 
elderly ones and those with predominantly axial involvement and cognitive 
deterioration, have increased chances of confusion, respiratory insuffi ciency, 
swallowing disorders, and reduced gastrointestinal motility in the postop-
erative period. Statistics show that 60% of hospitalized PD patients develop 
delirium or confusional states and that the inherent risk for its occurrence is 
eight times higher than in the control population.

The surgeon and anesthesiologist should also be aware that in PD patients, 
dysautonomia (including dysregulation of blood pressure in response to pos-
tural changes, propensity to develop arrhythmias, reduced gastric emptying 
and intestinal motility, etc.) is a frequent feature, and that respiratory abnor-
malities (both through impairment of central regulatory mechanisms and ab-
normal control and function of upper airway musculature) may be present 
and be aggravated by surgery.

An important contributing factor to postoperative outcome in PD patients 
is determined by the right choice of anesthesia. Anesthesiologists need to be 
instructed carefully on what drugs to avoid because of dangerous interactions 
or because they can aggravate the patient’s motor functioning. Among the 
analgesics, meperidine or pethidine derivatives have potential interactions, 
especially in patients receiving selegiline, while morphine, as well as fentanyl 
and alfentanil, may aggravate rigidity. Volatile agents such as halothane carry 
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the risk of inducing arrhythmias. Dopamine receptor blocking agents or an-
tiemetics with signifi cant central effects, such as metoclopramide, should also 
be avoided.

Regarding antiparkinson medication, the patient and carers should be 
made aware of the need to continue taking the medication until as close to the 
surgical procedure as possible. Furthermore, doctors and nurses have to be 
informed of the need to restart medication immediately after recovery from 
anesthesia, if possible via the oral route, or in cases where there is an impedi-
ment, through a nasogastric tube. As in the case of our patient, subcutaneous 
apomorphine can be used if it is necessary to bypass the gastrointestinal tract, 
which is frequently affected in the immediate postoperative period. The need 
for prompt restoration of dopaminergic stimulation is critical to the recovery 
of the patient as it helps in improving respiratory function, swallowing, prop-
er clearing of pharyngolaryngeal and bronchial secretions, gastric emptying, 
intestinal motility, defecation, and urinary voiding.

Deterioration of motor function in PD is frequently observed in the pres-
ence of intercurrent disease or following surgical procedures. Surgery of the 
gastrointestinal tract is very frequently responsible for such deterioration, 
probably through a multifactorial mechanism including impairment of drug 
absorption. In our patient, worsening of PD was probably the result of these 
factors and drug withdrawal, as dopaminergic medication was not promptly 
reinstated. The ICU doctors were unaware of the possibility of using subcuta-
neous apomorphine as the most effective alternative in such cases.

Intercurrent illnesses, surgery, and drug withdrawal, alone or in combina-
tion as in the present case, carry an inherent risk of signifi cant worsening 
of parkinsonism associated with additional clinical features. This syndrome 
has been recently reported in the literature as “parkinsonism–hyperpyrexia 
syndrome” (PHS). This term is used to refer to a clinical syndrome that is 
essentially identical to neuroleptic malignant syndrome (NMS) in the ab-
sence of exposure to neuroleptics, and often in the context of a reduction in 
dopamine agonist medications. This has also been referred to as an NMS-like 
syndrome and MS in PD. Clinically, symptoms include high fever, marked 
rigidity, disturbance of consciousness, autonomic dysfunction, and elevation 
of serum CK. Despite being observed frequently in the context of a reduction 
of dopaminergic therapy, they have been linked to other triggers such as inter-
current infections, surgery, heat exposure, and dehydration.

The term acute akinesia (AA) or acute akinetic crisis has also been used to 
describe a clinical syndrome of acute motor worsening in patients with PD. 
It is characterized by an akinetic state and transient unresponsiveness to an-
tiparkinsonian medication without necessarily presenting with the additional 
features of PHS (fever, elevated CK, etc.). It has been also noted to occur in 
the context of infection, surgery, gastrointestinal disease, or changes in the 
therapeutic regime. All these syndromes are in fact probably the same clinical 
entity with variations in clinical presentation, in which the underlying patho-
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genesis is dopaminergic hypofunction in the nigrostriatal, hypothalamic and 
mesocortical systems owing to a variety of causes.

Our patient presented with almost all the clinical features (severe bradyki-
nesia, increased rigidity, disturbance of consciousness, dysautonomia, a high 
leukocyte count and elevated CK) of PHS except for fever. It should be noted, 
however, that high CK in a patient having recently undergone surgery may 
not be attributed specifi cally to the syndrome. In addition, our patient did not 
show transient unresponsiveness to dopaminergic medication as the condi-
tion rapidly resolved with the administration of subcutaneous apomorphine.

This case underlies the need for careful evaluation of all the risk factors 
present in a PD patient undergoing surgery, and the crucial role that prompt 
restoration of dopaminergic stimulation has in avoiding postoperative com-
plications and leading to a better outcome.

Final diagnosis: parkinsonism-hyperpyrexia syndrome.
Oscar S. Gershanik
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Case presentation

At 14 years of age, this right-handed accountant developed gait problems with 
his legs turning inward causing him to stumble, especially when running. 
About 10 years later, in his mid-twenties, he noticed clumsiness and stiffness 
of his right hand when performing fi ne fi nger movements and had diffi culties 
with prolonged handwriting. Shortly thereafter, he started dragging his right 
leg. All of these symptoms were slowly progressive and began to involve the left 
hand side of his body over the course of the ensuing 5 years. At 30, the patient 
fi rst experienced an intermittent tremor of his right hand that was mainly trig-
gered by emotional stress. At this time, a diagnosis of Parkinson’s disease (PD) 
was established by a neurologist who initiated treatment with levodopa (100 mg 
t.i.d.) and selegiline (5 mg in the morning). All of the patient’s parkinsonian signs 
responded well to this therapy. His condition remained very slowly progressive, 
requiring little increase of his medication. At 42, now on a total dose daily of 
600 mg of levodopa, the patient started to develop mild peak-dose dyskinesias 
but no motor fl uctuations. Treatment trials with different dopamine agonists 
and amantadine were not tolerated by the patient owing to side effects.

His past medical history was unremarkable; in particular, there was no his-
tory of head trauma, meningoencephalitis, exposure to toxins, or intake of 
any drugs capable of inducing parkinsonism. He did not take any other regu-
lar medication, did not smoke, and drank alcohol only occasionally. He was 
divorced with two sons. The patient remained very active and continued to 
work full time. In addition, he engaged in different ambitious projects within 
the framework of a Parkinson’s disease self-support group.

According to the patient, among his fi rst-degree relatives, one of his sons 
showed possible mild signs of parkinsonism. In his more extended family, 
there was one maternal uncle with tremor, but no member with a diagnosis of 
defi nite Parkinson’s disease.

On neurological examination at the age of 54, the patient showed gener-
alized bradykinesia that was more pronounced on the right-hand side, and 
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slight rigidity in both arms. There was an intermittent rest tremor of both 
arms that was brought out by performing serial sevens. The patient had no ret-
ropulsion and was rated as Hoehn and Yahr stage 2.5. His Unifi ed Parkinson’s 
Disease Rating Scale (UPDRS) III score (motor part, rated on medication) was 
22 points (= moderate PD). In addition, he had mild choreiform dyskinesias of 
all four limbs. There were no cerebellar or pyramidal signs, no dysautonomia, 
or cognitive dysfunction. His Mini Mental State Examination score was 29/30. 
A magnetic resonance imaging scan was normal, as was routine laboratory 
testing. Transcranial ultrasound revealed marked bilateral hyperechogenicity 
of the substantia nigra. On fl uorodopa positron emission tomography (PET), 
he showed a uniform pattern of decreased presynaptic fl uorodopa uptake, 
most prominently in the posterior part of the putamen.

Differential diagnosis

Even in the absence of an obvious family history, a genetic form of parkinson-
ism should be considered in an individual with a very early age of disease 
onset. The patient developed unequivocal signs of parkinsonism in his mid-
twenties, preceded by a 10-year history of gait problems that were most likely 
owing to leg dystonia and probably the fi rst manifestation of his disorder.

Mutations in the recessively inherited Parkin gene are by far the most com-
mon known cause of early-onset parkinsonism (EOP) and account for > 70% 
of cases with an onset age below 30 years [1]. Although in many patients the 
clinical picture is indistinguishable from that of idiopathic PD, Parkin muta-
tion carriers tend to have an overall earlier age of onset, slower disease pro-
gression, a more symmetrical onset, more frequently dystonia as the initial 
sign, hyperrefl exia, and a tendency towards a better response to levodopa 
despite lower doses as compared to patients without Parkin mutations [2]. 
A practically identical clinical picture with a disease onset that is generally 
early has been associated with mutations in both the PINK1 and DJ1 genes 
that are also transmitted in a recessive fashion but that are much rarer than 
Parkin mutations. Finally, heterozygous mutations in the recently discovered 
ATP13A2 gene have been reported in a few cases with clinically typical EOP 
[3]. The signifi cance of this fi nding, however, will have to be evaluated in 
larger patient samples from different ethnic backgrounds. Homozygous and 
compound heterozygous mutations in ATP13A2 had previously been iden-
tifi ed in two families with a form of atypical parkinsonism termed Kufor–
Rakeb syndrome [4].

With respect to dominant parkinsonism, mutations in α-synuclein can 
cause EOP, but mutations in this gene are exceedingly rare [5]. In contrast, 
pathological changes in the dominantly inherited LRRK2 gene are a relatively 
frequent fi nding, but are usually associated with a later age of onset. (For re-
view of genetic parkinsonism, see [6,7].)

Dystonia is frequent in EOP and sometimes its presenting sign. Conversely, 
parkinsonian signs occur in dopa-responsive dystonia (DRD), especially in 
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later stages, and may even be the only fi nding in relatives of patients with 
clinically typical DRD [8]. Both conditions may have a similar age at onset and 
respond well to treatment with levodopa, thus adding mutations in the GCHI 
gene to the list of possible causes of parkinsonism. Of note, however, it is usu-
ally the DRD patients with a later age of onset who present with parkinsonism 
rather than dystonia.

In our patient, sequence and gene dosage analysis of the Parkin gene re-
vealed compound heterozygous mutations on different alleles. One mutation 
was a known missense change (c.924C>T p.R275W) and the other one, a het-
erozygous deletion of exon 4 (delExon4).

Final diagnosis: Parkin-associated parkinsonism.

Discussion

Mutations in the Parkin gene have been shown in numerous families of dif-
ferent ethnic backgrounds worldwide [9]. The wide spectrum of Parkin muta-
tions includes alterations in almost all exons. Importantly, > 50% of the muta-
tion carriers have exon rearrangements that, in the heterozygous state, are 
not detectable with qualitative screening methods [10,11]. Our patient was 
compound heterozygous for such an exon rearrangement (deletion of exon 
4) and a missense change on the other Parkin allele. The R275W mutation is a 
relatively frequent fi nding among patients of European background, probably 
owing to a founder effect [9].

Although the overall clinical picture of our patient closely resembled that 
of idiopathic PD, he featured some of the clinical fi ndings typically associated 
with Parkin parkinsonism, such as slow disease progression and a sustained 
response to antiparkinsonian medication after many years of treatment [2]. 
Since the patient’s dystonic gait was probably the fi rst manifestation of his 
disease, he would qualify as a case of juvenile parkinsonism (age of onset 
below 20 years). The identifi cation of Parkin mutations in our patient further 
confi rmed that mutations in this gene are a very common cause of parkinson-
ism in this age-of-onset group. The results of the additional investigations 
(transcranial ultrasound and PET) were typical of idiopathic PD and are not 
specifi c for genetic parkinsonism.

The family history of our patient was not strongly suggestive of a heredi-
tary form of parkinsonism, as is often seen with recessively inherited parkin-
sonism in small families. It is possible that the report of tremor in a paternal 
uncle and signs of possible parkinsonism in the patient’s son may be a clinical 
manifestation of heterozygous Parkin mutations. The role of heterozygous mu-
tations as a susceptibility factor for parkinsonism, however, remains a matter 
of lively debate [12].

Taken together, our patient further highlights the following notions: 
1 Role and diagnosis of Parkin-associated parkinsonism: Parkin-associated parkin-
sonism may mimic idiopathic PD at many levels, and a clear-cut diagnosis 
cannot be established solely on clinical grounds. Parkin mutations should be 
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considered as the fi rst possible cause of juvenile and early-onset parkinsonism. 
The differential diagnosis includes mutations in PINK1, DJ1, SNCA, LRRK2, 
GCHI and possibly ATP13A2.
2 Treatment and counseling of patients: Although the individual clinical course 
cannot be predicted in a specifi c Parkin mutation carrier, the majority will 
progress more slowly and respond better to treatment than patients without 
mutations. Genetic testing of this gene is cumbersome and expensive and 
does not affect treatment. Furthermore, genetic counseling is complicated by 
the possible role of heterozygous mutations as susceptibility factors.
3 General considerations: Owing to its many similarities to idiopathic PD, our 
case raises the important question of a better defi nition and classifi cation of 
idiopathic PD and other parkinsonian syndromes. Parkin-related parkinson-
ism may serve as a model for idiopathic PD, resulting in an improved under-
standing of shared pathogenetic pathways between Parkin-linked parkinson-
ism and idiopathic PD.

Christine Klein

References

 1 Lucking CB, Durr A, Bonifati V et al. Association between early-onset Parkinson’s disease 
and mutations in the parkin gene. French Parkinson’s Disease Genetics Study Group. N 
Engl J Med 2000; 342: 1560–7.

 2 Lohmann E, Periquet M, Bonifati V et al. How much phenotypic variation can be attrib-
uted to parkin genotype? Ann Neurol 2003; 54: 176–85.

 3 Di Fonzo A, Chien HF, Socal M et al. ATP13A2 missense mutations in juvenile parkinson-
ism and young onset Parkinson disease. Neurology 2007; 68: 1557–62.

 4 Ramirez A, Heimbach A, Grundemann J et al. Hereditary parkinsonism with dementia is 
caused by mutations in ATP13A2, encoding a lysosomal type 5 P-type ATPase. Nat Genet 
2006; 38: 1184–91.

 5 Berg D, Niwar M, Maass S et al. Alpha-synuclein and Parkinson’s disease: implications 
from the screening of more than 1900 patients. Mov Disord 2005; 20: 1191–4.

 6 Klein C, Schlossmacher MG. Parkinson disease genetics: implications for neurological 
care. Nature Clin Neurol 2006; 2: 136–46.

 7 Klein C, Schlossmacher MG. Parkinson disease, 10 years after its genetic revolution. Mul-
tiple clues to a complex disorder. Neurology 2007; Aug 29 [Epub ahead of print].

 8 Grimes DA, Bulman D, George-Hyslop PS, Lang AE. Inherited myoclonus-dystonia: evi-
dence supporting genetic heterogeneity. Mov Disord 2001; 16: 106–11.

 9 Hedrich K, Eskelson C, Wilmot B et al. Distribution and origin of Parkin mutations: re-
view and case studies. Mov Disord 2004; 19: 1146–57.

10 Hedrich K, Kann M, Lanthaler AJ et al. The importance of gene dosage studies: muta-
tional analysis of the parkin gene in early-onset parkinsonism. Hum Mol Genet 2001; 16: 
1649–56.
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Case presentation

A 32-year-old woman presented with a 6-month history of right leg stiffness 
and intermittent slurred speech. There was a history of autoimmune hypo-
thyroidism and a family history of thyroid disease and diabetes mellitus. The 
stiffness affected proximal and distal muscles of the right leg and interfered 
with voluntary movement of the leg. Muscle spasms were superimposed on 
the stiffness, further exacerbating the movement diffi culties. Any external 
stimulus, particularly noise, touch, or an unexpected visual stimulus, resulted 
in a spasm. The spasms began with increasing stiffness in the quadriceps, 
spreading throughout the leg, straightening the leg then involving the trunk, 
limiting trunkal motion. These spasms could persist for several hours at a time 
and were accompanied by sweating, pallor, and severe lower back pain. Sud-
den spasms of the right leg had led to three falls. Over the following months, 
stiffness and spasms had spread to the left leg.

On examination the patient had “thick” speech with slow facial and tongue 
movements. There was a full range of eye movement. There was no myoclonus 
in response to tapping the face or upper chest. Muscle tone and strength in the 
upper limbs were within normal limits. The anterior abdominal muscles were 
rigid to palpation and there was paraspinal rigidity with prominent paraspi-
nal muscle contours and an exaggerated lumbar lordosis. Passive rotation of 
the trunk was limited by rigidity. The right leg was rigid and passive move-
ment was limited in all directions. Manipulation of the leg in the course of the 
examination and even lightly stroking the leg markedly increased rigidity of 
the trunk and leg.

Tendon refl exes in the upper limbs and left leg were brisk. When the right 
leg was not in spasm, tendon refl exes were also brisk. Plantar responses were 
fl exor. Stimulation of the leg by touch or by tendon taps induced a small-am-
plitude myoclonic movement followed by a prolonged spasm with an increase 
in rigidity and extensor posturing of the leg. The amplitude of the initial myo-
clonic movement was restricted by the background rigidity. Sound induced 
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a similar response. Stimulation of the unaffected left leg also produced an 
increase in tone in the right leg. Sensation was normal. She walked with stiff 
extended legs and reduced mobility of the lower trunk. Vitiligo was evident 
on the trunk.

Electrolytes, hematological, and biochemical screens were normal. Blood 
sugar levels ranged from 5 to 6.8 mmol/L (normal range 3.8–5.5 mmol/L). 
Antiglutamic acid decarboxylase antibody (antiGADab) titer was 67.5 u/mL 
(reference range 0–0.9). Thyroid stimulating hormone level was 4.9 mIU/L 
(0.5–3.7) and thyroxine was 16 pmol/L (10–25) consistent with early hypothy-
roidism. Thyroid peroxidase (TPO) antibodies were high (473 IU/mL; normal 
range < 50). Antiparietal cell antibodies were not detected. Cerebrospinal fl uid 
contained four red blood cells, no white cells, 0.25 g/L protein (normal range 
0.1–0.65 g/L) and 4.1 mmol/L glucose. Antinuclear and extractable nuclear an-
tigen antibodies were not detected.

Magnetic resonance imaging (MRI) of the brain and spinal cord were nor-
mal. Mammography was normal. Electromyography (EMG) revealed con-
tinuous motor unit activity in muscles throughout the right leg and in the 
right paraspinal muscles despite attempted relaxation. Stimulation of the leg 
by touch or tendon taps induced a small-amplitude myoclonic movement 
followed by a prolonged increase in motor unit discharge. Surface EMG re-
cordings from the right paraspinal, quadriceps femoris, and tibialis anterior 
muscles following (single pulse) stimulation of the right median, tibial (at the 
medial malleolus), and left tibial nerves elicited a stereotyped exteroceptive 
or cutaneomuscular refl ex response in all muscles, beginning with one or two 
brief myoclonic potentials followed by a prolonged tonic response lasting > 1 s 
(Fig. 3.23.1). Magnetic stimulation of the brain elicited normal short latency 
“corticospinal” muscle action potentials followed by similar exteroceptive re-
sponses.

A slow infusion of diazepam (5 mg in 20 mL normal saline over 5 min) pro-
duced a dramatic reduction in stiffness and refl ex spasms. Her speech im-
proved and all movements of the trunk and legs, including walking, were 
much freer for the following 15 min.

Oral diazepam (15–30 mg) and baclofen (75 mg) daily improved the stimu-
lus-induced spasms, but there was no lasting effect on leg and trunk rigidity 
and stiffness. Intravenous immunoglobulin at intervals of 3–4 months provid-
ed further benefi t with a signifi cant reduction in stiffness. This benefi t began 
to wear off, however, around 3 months after each injection. She continues to 
receive infusions three to four times per month. Episodic spasms in response 
to unexpected stimuli, particularly sudden noise, emotional stress or surprise, 
continue to require additional doses of diazepam.

Differential diagnosis

The differential diagnosis of leg and trunk rigidity with an exaggerated lum-
bar lordosis [4] includes fi bromyalgia and its variants, especially when there 
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is accompanying pain; but continuous motor unit activity and rigidity are 
absent in contrast to stiff person syndrome (SPS). Axial dystonia, in which the 
abnormal trunkal posture settles during relaxation or when lying down, also 
needs to be excluded. The abnormal lumbar posturing of paraspinal myopa-
thies with contracture persists during sleep and, in contrast to SPS, a reduced 
pattern of myopathic paraspinal motor units are found on EMG and fatty 
changes are evident on MRI of lumbar paraspinal muscles.

Symptoms commonly begin in one leg as in the present case and then 
spread to the trunk and opposite leg over months or years [4]. Follow-up over 
subsequent years reveals evolution to typical SPS [4] with leg and trunkal stiff-
ness and rigidity. It is important to rule out structural or infl ammatory spinal 
lesions as a cause of segmental rigidity and spasms (of one limb). The fi nding 
of enhanced exteroceptive refl exes is again of diagnostic value for SPS [4].

Continuous motor unit activity in trunkal and limb muscles with cocon-
traction of antagonist muscle groups may be evident in SPS, but in isolation 
this is not diagnostic as both may be found in dystonia, peripheral neuromus-

erector spinae

Quadriceps femoris

Tibialis anterior

100 ms

Figure 3.23.1 Rectifi ed surface EMG recordings from the right erector spinae, quadriceps 
femoris, and tibialis anterior showing the response to electrical stimulation of the right median 
nerve (at the wrist). The average of fi ve trials is shown. Stimuli were delivered at the start of the 
sweep. The response consists of one or two brief myoclonic potentials followed by a prolonged 
spasm lasting > 1 s. The latencies of the initial myoclonic bursts were 54, 65 and 81 ms 
respectively for the three muscles. A similar pattern of response (at different latencies) was 
elicited by stimulation at different sites. Vertical calibration bar represents 100 µV.
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cular hyperexcitability syndromes, and spinal cord lesions with segmental 
 rigidity.

Stimulus-induced spasms may also be an early presenting feature of SPS. 
Initially these may be very brief and without other neurological signs on ex-
amination. The transient nature of the stimulus (such as sudden noise, sur-
prise, emotional stress) and the association with a brief spasm may escape 
notice, leading to a delay in diagnosis. In this situation and in the absence of 
trunkal or limb rigidity, a high degree of suspicion is required. When stimu-
lus-induced spasms dominate the clinical picture with myoclonus, the term 
“jerking stiff man syndrome” has also been used [4]. In this situation, the en-
hanced exteroceptive refl exes are the neurophysiological basis for the spasms 
and myoclonus.

In our patient, dysarthria (which was due to stiffness of facial and lingual 
muscles and was dramatically relieved by intravenous diazepam) and the 
complaint of arm stiffness (though there were never any objective signs of 
upper limb involvement) were unusual features. The former raises the pos-
sibility of a related and overlapping condition: progressive encephalomyelitis 
with rigidity and myoclonus (PERM). The precise relationship of PERM to 
SPS is not clear [4]. Both may exhibit trunkal rigidity, enhanced exteroceptive 
refl exes, brainstem myoclonus, and antiGADabs. Cranial nerve abnormalities, 
especially ocular motor disturbances, bulbar palsies, and cerebellar ataxia, 
occur in PERM but not typical SPS. Despite these differences, there is over-
lap on pathological examination with perivascular lymphocytic cuffi ng and 
variable neuronal and interneuronal loss in the spinal cord in both clinical 
syndromes [5].

The onset of SPS in the upper limb also raises the possibility of a paraneo-
plastic origin, particularly in association with breast cancer [6]. Other para-
neoplastic associations have also been described with antibodies to GAD and 
less commonly amphiphysin and gephyrin [6,7,8].

Final diagnosis: stiff person syndrome.

Discussion

The rarity of SPS adds to the diffi culty of diagnosis in the early stages. By the 
time the present patient was referred for neurological review, however, there 
were many pointers to the diagnosis of SPS, particularly the combination of 
axial and lower limb rigidity with superimposed stimulus-induced spasms.

The expression “fl uctuating muscular rigidity and spasm” in the original 
description of the “stiff man syndrome” by Moersch & Woltman emphasized 
the variability in severity of clinical signs and effect on functional capacity [1]. 
This remains a hallmark of the condition. The demonstration of enhanced ex-
teroceptive refl exes as the neurophysiological basis for the stimulus-induced 
spasms is also characteristic of SPS [2].

Other helpful diagnostic features included the presence of antiGADabs. 
These are detected in 60–80% of cases and are the same antibodies found in 
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type 1 diabetes mellitus (the titers are much higher in SPS) [3]. The presence 
of autoimmune endocrine disease (autoimmune thyroid disease is present in 
10% of patients with SPS) was an additional clue to SPS [3,4].

Treatment

A variety of drugs have been reported to be of value in treating SPS. The most 
useful are γ-aminobutyric acid (GABA) agonists such as baclofen and diaz-
epam in reducing spasms. A variety of anticonvulsants that modulate GABA 
transmission have also been shown to be of value in small series and case 
reports, but there have been no systematic trials into their effi cacy. The dem-
onstration of antiGADabs in SPS has raised the question of an autoimmune 
basis for the condition and prompted trials of immune modulatory therapies. 
Methyl prednisolone, plasma exchange, immunosuppression, and intrave-
nous immunoglobulin (IVIG) have all been tried. To date the only controlled 
trial evidence of benefi t is for the use of IVIG [9].

Philip D. Thompson
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3 Case study 24

Case presentation

A 52-year-old right-handed man was referred to the Neurology Clinic be-
cause of intermittent tremor and clumsiness of the left arm over the preced-
ing year.

The patient had been well until 2 years ago, when he developed slowly pro-
gressive gait disturbance and stiffness in his left leg. He was examined by a 
neurologist 6 months after the onset of these symptoms. Magnetic resonance 
imaging of the brain and entire spinal cord, cerebrospinal fl uid examination, 
and routine blood and urine tests were all normal. A diagnosis of lower limb 
spasticity of unknown cause was made. He was treated with baclofen and di-
azepam without any improvement. He therefore stopped taking these medi-
cations. About 4 months later he developed slowness and clumsiness of his left 
hand. This was followed by an intermittent rest tremor of the same hand that 
was aggravated by emotional distress. He was not taking any medications at 
that time.

His general health had always been good. He denied history of encephalitis, 
meningitis, head trauma, exposure to industrial toxins, psychotropic medica-
tions, or illicit drug usage. He denied depression, anxiety, and diffi culties with 
sleep or balance.

The patient was the oldest of three siblings; the two younger sisters were 
healthy. His father had died of a heart attack at 48 years of age. His mother had 
undergone mastectomy at 61 years of age for breast carcinoma. She died 5 years 
later. The paternal grandmother had suffered from tremor and progressive 
slowness of movements during the last decade of her life. The patient was 
unaware of his grandmother’s diagnosis, however, and her medical records 
were not available for inspection. A maternal aunt had been diagnosed with 
Parkinson’s disease (PD) at 63 years of age. The patient was not aware of any 
neurological disease in his parents or any other relatives.

General physical and cranial nerve examinations in the patient were nor-
mal. Mental status was normal, with a Mini Mental Status Examination score 
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of 29/30. Speech was normal. He had mild hypomimia. His resting tremor 
was intermittent, with a frequency of about 5 Hz and a moderate amplitude 
affecting his left hand. No postural or action tremor was visible. A mild rigid-
ity was present in his left extremities, with dystonic posturing of the left foot 
that was held in plantar fl exion and inversion at the ankle. Mild to moderate 
bradykinesia was noted in the left hand, but none on the right side. No muscle 
weakness or sensory abnormality was identifi ed. His gait was somewhat slow 
and shuffl ing. Deep-tendon refl exes were minimally exaggerated but sym-
metrical, and plantar responses were fl exor. No signs of autonomic dysfunc-
tion were present. Diagnostic procedures were performed.

Differential diagnosis

The movement disorder of this patient is characterized by left-sided parkin-
sonism with resting tremor, rigidity, and bradykinesia. There was also dys-
tonia affecting his left foot. The combination of parkinsonism and dystonia 
can occur in a number of movement disorders, including sporadic PD. Some 
dystonias (e.g. painful foot dystonias) are frequent in PD and can occur as a 
result of antiparkinsonian treatment. Dystonia can also be observed in un-
treated PD patients, however, although this is less common. When dystonia is 
present in PD prior to the initiation of levodopa therapy, it usually involves the 
lower extremities and is located ipsilateral to the parkinsonian symptomatol-
ogy. As in our patient, other symptoms of PD normally emerge shortly after 
the onset of dystonia.

The patient’s family history of parkinsonism provides diagnostic clues. His 
father died at a young age; therefore, the mode of inheritance could be au-
tosomal dominant, possibly with reduced penetrance. In the past few years, 
several genetic mutations have been identifi ed in familial parkinsonism, in-
cluding in a number of patients with a clinical presentation indistinguishable 
from sporadic PD. The fi rst gene identifi ed for autosomal dominantly inher-
ited parkinsonism (PARK1) was α-synuclein [1]. Three missense mutations, as 
well as multiplications of the complete wild-type gene, have been described. 
Clinically, most studied patients with α-synuclein mutations showed typical 
features of parkinsonism, including the cardinal features and a positive re-
sponse to levodopa treatment. Some mutation carriers presented a broader 
phenotype with prominent dementia, orthostatic hypotension, and myo-
clonus [2]. Compared with sporadic PD cases, most α-synuclein mutation car-
riers present with a relatively early disease onset, and disease progression is 
usually faster. Mutations in this gene are very rare, and genetic testing for this 
gene is not commercially available.

Recently, a large number of mutations have been found in the leucine-rich 
repeat kinase 2 (LRRK2) gene (PARK8) both in autosomal-dominant parkin-
sonism and patients with seemingly sporadic disease [3,4]. Clinically, most 
individuals with LRRK2 mutations have symptoms compatible with sporadic 
late-onset PD. The patients have asymmetric parkinsonism and the most com-
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mon initial presentation has been bradykinesia and unilateral resting tremor. 
Response to levodopa therapy has been reported as good, and motor com-
plications have developed in half the patients receiving treatment [5]. Few of 
the individuals presented with atypical symptoms, although a few patients 
have presented with a supranuclear gaze palsy, amyotrophy, and dementia 
[3]. Levodopa-responsive foot dystonia has been described as the initial symp-
tom in several patients.

Dystonia at disease onset is relatively frequent in parkinsonism associated 
with mutations in the Parkin gene. The disease course of Parkin disease is rela-
tively benign with slow disease progression, sleep benefi t and good response 
to levodopa, but complicated with early motor fl uctuations and development 
of dyskinesias. Parkin mutations were fi rst identifi ed in early-onset autosomal 
recessive parkinsonism, and numerous mutations (> 100), including exonic 
deletions, insertions, and point mutations, have now been found in patients 
of all ethnic backgrounds. Mutations in this gene are common in early-onset 
parkinsonism. The chance of fi nding Parkin mutations in a patient with PD, 
however, decreases signifi cantly with increased age at onset. Parkin mutations 
are rare in patients with late-onset disease (> 50 years) [6]. Commercial testing 
for Parkin mutations with complete gene sequencing and gene-dose assess-
ment is available.

The combination of parkinsonism and dystonia can also occur in primary 
dystonias, a group of disorders increasingly recognized as being inherited. 
Idiopathic torsion dystonia (DYT1) is a generalized form of dystonia inherited 
as an autosomal dominant trait with reduced penetrance. DYT1 mutations 
account for 90% of childhood-onset dystonia in Ashkenazi Jews and 50% in 
other populations, with a penetrance of 30%. The onset of disease symptoms, 
however, generally occurs before 26 years of age [7]. Genetic testing for DYT1 
gene is commercially available.

Dopa-responsive dystonia (DYT5) is characterized by progressive dystonia 
starting in one extremity and concurrent or subsequent parkinsonism with 
a dramatic response to levodopa. Disease onset is usually in childhood or 
adolescence, but adult-onset forms do exist. Parkinsonism is more frequent 
in patients with later disease onset. In most families this disorder is inher-
ited as an autosomal-dominant trait caused by mutations in the gene for GTP 
cyclohydrolase 1, an enzyme in tetrahydrobiopterin synthesis [8]. Tetrahyd-
robiopterin is an essential cofactor for tyrosine hydroxylase, the rate-limiting 
enzyme for dopamine synthesis, with a resulting dopamine defi ciency that 
explains the symptoms.

In this patient there was a family history of parkinsonism, but no family his-
tory of dystonia. Thus a form of familial parkinsonism clinically resembling 
sporadic PD is most likely. Dopa-responsive dystonia cannot be excluded, 
however, based on the available clinical information of the affected relatives. 
Therapeutic response to dopaminergic treatment would be an important di-
agnostic test. Dopa-responsive dystonia normally has a dramatic response to 
small doses of levodopa within a few days, while neurodegenerative parkin-
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sonism has a less dramatic response and could require higher doses of levo-
dopa. Dopamine transporter (DAT) imaging using single photon emission 
computed tomography (SPECT) or positron emission tomography (PET) may 
be useful in separating dopa-responsive dystonia, a disorder with preserved 
nigrostriatal projections, from neurodegenerative forms of familial parkin-
sonism with reduced striatal tracer uptake.

Final diagnosis: Autosomal-dominant parkinsonism caused by a 6055G>A 
mutation (Gly2019Ser) in the LRRK2 gene.

Discussion

In this patient, SPECT imaging after injection of 123I-FP-CIT showed bilaterally 
reduced tracer uptake in the putamen (Fig. 3.24.1). The reduction was more 
pronounced on the right side and tracer uptake in the caudate nuclei was less 
affected. These fi ndings are typical for sporadic PD and similar results have 
been obtained in patients with familial parkinsonism. Abnormal DAT imag-
ing excludes dopa-responsive dystonia as a diagnosis. Pramipexol, a dopamine 
agonist, was started and slowly increased up to a dose of 0.7 mg t.i.d. The pa-
tient reported a marked improvement in his symptoms. The dystonic posture 
of the left leg disappeared completely and the bradykinesia improved. The 
patient’s tremor decreased, but was still present in stressful situations.

Genetic testing of the most common LRRK2 mutations was performed and 
the patient was heterozygous for a 6055G>A mutation in exon 41, leading 
to a Gly2019Ser amino acid substitution of the Lrrk2 protein sequence. The 
LRRK2 gene is a large gene with 51 exons and encodes a protein kinase with 
largely unknown function. Since the discovery of the LRRK2 gene in 2004, 
a large number of variants have been identifi ed in this gene, but there are 

Figure 3.24.1 SPECT imaging with 123I-FP-CIT; left, the patient; right, the normal control 
subject. Tracer uptake in the putamen is bilaterally reduced with a more pronounced reduction 
on the right side. Tracer uptake in the caudate nuclei is less affected.
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only six genetically proven pathogenic mutations. These mutations, including 
Gly2019Ser, are linked with disease in families and clearly segregate with dis-
ease. The Gly2019Ser mutation is a relatively frequent cause of parkinsonism, 
with mutation frequencies varying between 0.5% and 5% in most sporadic PD 
populations [9].

The presented case highlights several features of LRRK2-associated dis-
ease. In LRRK2-associated parkinsonism the age of onset is variable, but most 
patients develop parkinsonian symptoms after the age of 50 years. The pen-
etrance of LRRK2 mutations is reduced and age-dependent, increasing from 
17% at age 50 years to 85% at age 70 years [10]. Mutations are therefore fre-
quently found in patients without a clear autosomal-dominant family history 
of parkinsonsim.

Several hundred patients with the LRRK2 Gly2019Ser mutation have been 
reported in the literature, and few of these patients had any atypical symp-
toms. Dementia, autonomic dysfunction, and other neurologic signs do not 
seem to be more frequent than in patients with sporadic PD [11]. Also DAT 
imaging has been reported to be comparable to the fi ndings in sporadic dis-
ease [12]. On neuropathological examination, the mutation is associated with 
Lewy body disease [13]. Autosomal dominant parkinsonism associated with 
the LRRK2 Gly2019Ser mutation can therefore be both clinically and path-
ologically indistinuguishable from sporadic PD. Whether dystonia is more 
frequent in LRRK2-associated parkinsonism than sporadic PD has so far not 
been studied in detail.

Mathias Toft, Zbigniew K. Wszolek
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Case presentation

A 65-year-old right-handed surgeon presented for evaluation of a 4-year his-
tory of progressive left-sided clumsiness and stiffness. He had initially noted 
diffi culties coordinating the movements of his left hand when putting on his 
surgical gloves or when using his surgical instruments, and this had forced 
his early retirement. He had also developed a tendency to catch the toes of his 
left foot when climbing stairs. In the year prior to his evaluation, he had begun 
having diffi culty using his right hand, and his left arm had begun to posture 
involuntarily. He had lost the ability to write and could no longer read, prin-
cipally because of diffi culty moving his eyes across the page. He was tripping 
frequently and occasionally falling. His intellectual abilities had not declined; 
however, he needed help to dress, eat, shave, and shower. He stated that it was 
as if he had forgotten how to perform these and other “automatic” activities 
previously taken for granted.

On our initial evaluation, the patient’s left arm was held in a dystonic pos-
ture, fl exed at the elbow, wrist and fi ngers. The right hand tended to levitate 
involuntary towards the face. Occasionally, the right shoulder would elevate 
and the left foot would intort. Mental status testing was normal, apart from 
marked impairment of clock drawing and fi gure copying. Cranial nerve ex-
amination revealed slowed tongue movements, mild oral-buccal apraxia, and 
minor diffi culty initiating voluntary saccades. Motor examination demon-
strated appendicular rigidity, slowed hand and fi nger movements, and an 
action tremor, all worse on the left. The patient was unable to carry out pur-
poseful movements with the left upper limb, and made hand-as-object apraxic 
errors on the right. Gait was mildly apraxic. The remainder of the examination 
was unremarkable.

Computed tomography revealed moderate atrophy of the posterior fossa 
structures and mild cortical atrophy, more pronounced on the right hemi-
sphere than on the left. Neuropsychological testing suggested frontotemporal 
lobe dysfunction. A limited metabolic workup was unremarkable.
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The patient presented with a chronic, progressive neurological disorder, 
characterized by early asymmetric rigidity, dystonia, arm levitation, and 
apraxia which ultimately came to dominate the clinical picture. As the pa-
tient’s disease progressed, he developed a variety of additional features, in-
cluding cortical sensory loss, hemisensory neglect, and myoclonus. The dis-
ease process therefore localizes to both cortex and basal ganglia. Symptoms 
suggestive of cortical involvement are apraxia, cortical sensory loss, hemisen-
sory neglect, and myoclonus; the features typically, although not exclusively 
[1], referable to basal ganglia dysfunction are represented by bradykinesia, 
dystonia, and tremor.

Differential diagnosis

The patient’s age and the slow time course of his disease suggest a neurode-
generative condition. In the broadest sense, his presentation can be character-
ized as an atypical parkinsonism or a “Parkinson plus” syndrome. Its com-
plexity and especially the features suggesting focal and asymmetric cortical 
involvement, however, justify the more specifi c classifi cation of “corticobasal 
syndrome” (CBS). The core clinical features of CBS are progressive asymmet-
ric rigidity and apraxia. Numerous additional fi ndings suggestive of either 
cortical or basal ganglia pathology may be present. CBS was once thought rela-
tively specifi c for a pathological diagnosis of corticobasal degeneration (CBD), 
but as awareness of the condition has grown, so too has our understanding 
that a variety of pathologies producing focal and asymmetric topographies of 
neurodegeneration can present with the core clinical features of the syndrome 
[1–3] (Table 3.25.1).

Conversely, it has become equally clear that pathologically confi rmed CBD 
may present clinically with features more typical of other neurodegenerative 
conditions, including a primary progressive aphasia, frontotemporal demen-
tia, a posterior cortical atrophy syndrome, progressive hemiparesis, and a 
pure progressive apraxia [4–6]. These observations highlight an important 
principle in the conceptualization of neurodegenerative syndromes: the clini-
cal presentation of a patient depends on the topography of the brain targeted 
by the pathologic process rather than the pathology itself.

Final diagnosis: corticobasal degeneration.

Discussion

At the time of the patient’s initial evaluation in our clinic in the early 1980s, 
his presentation was felt to be most consistent with CBD. Four years later, this 
diagnosis was confi rmed on autopsy.

CBD is a rare disease: its prevalence has been estimated in one study to 
be 4.9–7.3 per 100 000, as compared to 100–250 per 100 000 for PD [7]. This is 
at best a tenuous estimate, however, as the proportion of patients presenting 
with the classical syndrome vs. one of the alternative manifestations remains 



188 Chapter 3

unknown. The classical syndrome typically presents in the sixth to eighth 
decades of life, with some manifestation of progressive asymmetric rigidity 
and apraxia, most commonly involving a hand, and occasionally with addi-

Table 3.25.1 More common causes of the corticobasal syndrome (CBS)

Pathology Typical clinical featuresa

Corticobasal degeneration Apraxia, dystonia, asymmetric rigidity
Cortical fi ndings: sensory loss, myoclonus, 
dementia
Alien limb: uncommon at presentation; develops 
in 50%

Progressive supranuclear palsy Early vertical supranuclear gaze palsy (but can be 
absent in early or atypical disease)
Rigidity: typically axial and symmetric rather than 
appendicular and asymmetric
Early falls
Wide-eyed severely masked facies

Dementia with Lewy bodies Early dementia, fl uctuations
Psychosis, hallucinations

Pick’s disease Frontotemporal dementia syndrome, personality 
change
Often in younger patient

Vascular parkinsonism Stepwise progression is typical
MRI: multiple infarcts

Alzheimer’s disease Early “cortical” dementia

Frontotemporal dementia with 
parkinsonism-17

Family history of parkinsonism or dementia 
(typically frontotemporal) including CBS
Can occur in younger patient

Progranulin mutations Family history of parkinsonism or dementia 
(typically frontotemporal) including CBS
Can occur in younger patient

Neurofi lament inclusion body disease Young patient (under age 50)
Rapid course 2.5–5 years

Dementia with ubiquitin-positive inclusions 
(with and without motor neuron disease)

Rapidly progressive disease
Typically frontotemporal dementia

Creutzfeldt–Jakob disease Rapid progression < 2 years (rare cases with 
more prolonged course reported)
Dementia typically pronounced and early
MRI/Flair and diffusion-weighted images: 
increased signal in basal ganglia and cortical rim
Electroencephalogram: periodic sharp wave 
complexes

a These disorders may present with all of the classical features of CBS. Their “Typical Clinical 
Features” usually assist us in differentiating them one from another and from corticobasal 
degeneration; however, at the onset of disease and even throughout much of its course, these 
features may not always be evident.
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tional features such as stimulus-induced or action myoclonus. As the disease 
progresses, a mixture of movement disorders develops, including dystonia 
(typically involving the distal limbs), myoclonus, postural and action tremor, 
alien limb phenomena, and parkinsonism. The latter may begin in a markedly 
asymmetric manner, but typically progresses to produce postural instability 
and falls, as well as dysarthria and dysphagia.

Apraxia is almost universal during the course of CBD. The spectrum in-
cludes limb-kinetic apraxia, often a very early feature, and ideomotor and 
ideational apraxia, which may evolve later in the disease. Alien limb phenom-
enon is reported in up to 50% of patients, with the most common form likely 
being utilization behavior – compulsive groping and manipulation of objects. 
More purposeful movements such as intermanual confl ict are less frequently 
seen. Levitation of a limb, sometimes called the posterior variant of alien limb, 
also occurs but is not specifi c for CBD. Cortical sensory loss is another im-
portant feature of the disorder. Oculomotor impairment is common and may 
present with an ocular gaze apraxia which may then evolve to a supranuclear 
gaze palsy, often equal in vertical and horizontal vectors. Isolated apraxia of 
speech or non-fl uent aphasia may be the initial manifestations of the disorder. 
Finally, cognitive dysfunction is now recognized as a common feature of CBD. 
It may also dominate the presentation early in the disease course, to the point 
where patients are initially classifi ed as having a frontotemporal dementia.

In the absence of validated diagnostic criteria and specifi c biomarkers for 
CBD, accurate antemortem diagnosis remains challenging [8]. Results of rou-
tine blood and cerebrospinal fl uid analysis are typically normal. No imaging 
features are specifi c to the diagnosis, as current modalities delineate only the 
topography of the brain affected by the pathology rather than specifi c features 
of the pathology itself. Anatomical and functional imaging studies can none-
theless support a diagnosis of CBD by revealing asymmetric cortical fronto-
parietal and subcortical disturbances, more prominent contralateral to the 
side of the body most affected clinically.

Mean survival is 8 years after symptom onset. The disease progresses to 
bilateral involvement and eventually produces a bed-bound state, with death 
typically resulting from aspiration pneumonia or urosepsis. Early bilateral 
bradykinesia or frontal dementia predict a shorter survival [9]. The disorder is 
sporadic, but a genetic predisposition is suggested by rare reports of similarly 
affected relatives and an association with certain haplotypes of the microtu-
bule-associated protein tau (MAPT) gene.

CBD is classifi ed as a tauopathy in which isoforms of the protein contain-
ing 4 repeats of a microtubule binding domain predominate. Other members 
of this class of neurodegenerative diseases include progressive supranuclear 
palsy and frontotemporal dementia with parkinsonism linked to chromosome 
17. Gross pathological features of CBD include asymmetric frontoparietal cor-
tical and subcortical atrophy and ventricular dilatation. Microscopic changes 
include neuronal loss and gliosis in a wide cortical and subcortical distribu-
tion, including the substantia nigra where basophilic “corticobasal inclusions” 
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may also be found. Immunohistochemistry is now required for diagnosis, and 
should demonstrate prominent tau-positive neuropil threads and astrocytic 
plaques. Swollen “ballooned” achromatic neurons identical to Pick cells are a 
common but non-specifi c feature, as are “coiled bodies” in oligodendrocytes.

No therapy alters disease progression, and none markedly improves symp-
toms. Management therefore consists primarily of physical, occupational and 
speech therapies, as well as judicious use of medications for all the usual com-
plications of atypical parkinsonism. A clear response to levodopa is rare and 
lack of improvement with a robust trial of levodopa therapy above 900 mg per 
day is in fact one of the diagnostic features of this and other Parkinson-plus 
disorders.

Despite clinical and pathological differences between the four repeat tauopa-
thies, advances in the management of any one of these conditions will likely 
enhance our understanding of the others. Current studies are attempting to 
defi ne reliable biomarkers that may provide insight into the pathogenesis of 
these disorders, facilitate the development and evaluation of drugs to treat 
them, and assist in their early diagnosis when the latter become available.

Thomas D.L. Steeves, Anthony E. Lang
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CHAPTER 3

Case studies—diagnostic index

 1 Parkinson’s disease (PD) with a history 
of premotor symptoms

Eduardo Tolosa, Carles Gaig, Yaroslau Compta, 
Alex Iranzo, Francesc Valldeoriola

 2 Early PD (utility of DAT SPECT imaging) Heike Stockner, Werner Poewe 

 3 Wilson’s disease Jean-Marc Trocello, France Woimant 

 4 Spinocerebellar ataxia (SCA2 mimicking 
Parkinson’s disease)

Perrine Charles, Alexandra Dürr, Alexis Brice

 5 PD-mimicking Huntington disease André R. Troiano, Leorah Freeman, 
Alexandra Dürr

 6 Early PD (differential diagnosis of subtle 
features of parkinsonism)

Jayne R. Wilkinson, Matthew B. Stern 

 7 Multiple system atrophy Wassilios Meissner, François Tison 

 8 Progressive supranuclear palsy Irene Litvan

 9 Fluctuations in motor performance: 
wearing-off

Marcus M. Unger, Wolfgang H. Oertel

10 Diphasic dyskinesia Fabrizio Stocchi

11 End-of-dose dyskinesia Philippe Damier

12 PD-related depression Matthias R. Lemke

13 PD with indication for deep brain 
stimulation

Pierre Pollak

14 Mild cognitive impairment in PD Bruno Dubois, Virginie Czernecki

15 Dementia with Lewy bodies Terry McClain, Robert A. Hauser

16 Tremulous PD versus essential tremor Georg H. Kägi, Kailash P. Bhatia

17 Vascular parkinsonism Ruth Djaldetti, Eldad Melamed

18 Treatment-related impulse control 
disorder in PD

Daniel Weintraub
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19 Gaucher disease complicated by 
parkinsonism

Frédéric Sedel

20 PD with dementia Murat Emre

21 Emergency care: parkinsonism-
hyperpyrexia syndrome

Oscar S. Gershanik

22 Parkin-associated parkinsonism Christine Klein

23 Stiff person syndrome Philip D. Thompson

24 Autosomal-dominant parkinsonism 
(LRRK2 mutation) 

Mathias Toft, Zbigniew K. Wszolek

25 Corticobasal degeneration Thomas D.L. Steeves, Anthony E. Lang
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Index

Page numbers in italics represent fi gures, those in 
bold represent tables. Entries under “Parkinson’s 
disease” have been kept to a minimum, and 
further information will be found under detailed 
index entries.

aceruloplasminemia  158
action tremor  69
acute akinesia  169
aging, neuronal cell loss  20, 22
akinesia  13, 24, 37, 74
 acute  169
alien limb phenomenon  189
Alzheimer’s disease  10, 29, 100, 134, 188
 see also dementia
amantadine  xv, 48
 peak-dose dyskinesia  52
amitriptyline  53, 54, 118, 119
ammonium tetrathiomolybdate  78
amphiphysin antibodies  178
anhedonia see apathy
annonacin  19
anosmia  65–6
antiapoptotic drugs  60
antibodies
 amphiphysin  178
 gephyrin  178
anticholinergics  48
antidiuretic hormone  54
apathy  28
 management  53
 see also depression
apomorphine  44, 52, 54
apoptosis  19
apraxia  37, 153, 189
arteriosclerotic parkinsonism  144
Ashkenazi Jewish populations  18, 182
asymmetric bradykinetic rigid syndrome  xiv
autonomic dysfunction  31–2
autonomic failure  37
autosomal-dominant parkinsonism  180–4
 SPECT imaging  183
axial signs  xiv, 32, 74
axogenesis  7

baclofen  176, 179

basal ganglia circuits  6–10, 9
benign tremulous parkinsonism  71, 139
benztropine  48
Boston Diagnostic Aphasia Examination  29
botulinum toxin  54
Braak stages  12, 13
bradykinesia  24, 25, 51, 90
bradymimia  162
brain lesions  36
brain tumors  35
bromocriptine  44

cabergoline  44, 52
California Verbal Learning Test  29
CALM-PD study  58
camptocormia  143
case studies  63–192
catalase  57
catecholaminergic neurons  5
catechol-O-methyltransferase inhibitors  41, 

42–4
 improvement in wearing-off  52, 105
cell death  15, 19–21
 mechanisms  20
 programmed see apoptosis
 temporal pattern  22
 see also neuronal cell loss
cell therapy  56
CEP1347  60
cerebrotendinous xanthomatosis  161
clasp-knife rigidity  25
CLN3  159
clock-drawing test  163, 163
coenzyme Q10  59–60, 147
cognitive impairment  28–30, 30, 127–30, 128
cogwheel rigidity  25, 88
compensatory mechanisms  7
compulsive dopaminergic drug use  148
COMT see catechol-O-methyltransferase 

inhibitors
constipation  31, 54, 65
controlled-release formulations  52
corticobasal degeneration  36, 89, 94, 202–6
corticobasal syndrome  188
creatine  60
Creutzfeldt-Jakob disease  188
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CYP2D6  18
cystathionine β-synthase defi ciency  161

DATATOP study  46, 47, 49, 57
decision pathways
 advancing/complex disease  53
 initiation of treatment  50
 sequence and combination of drugs  51
deep brain stimulation  55–6, 122–7
 age of patient  123–4
 comorbidities  124
 motor evaluation  125
 neuropsychological and neuropsychiatric 

evaluation  124–5
 socioeconomic status, expectations and 

cooperation  125–6
dementia  xiv, 28, 37, 162–6
 frontotemporal  85, 133, 135, 188
 Lewy body  29, 30, 36, 89, 132–5, 188
 with ubiquitin-positive inclusions  188
 vascular  134
 see also Alzheimer’s disease; cognitive 

impairment
depression  27–8, 65, 118–21
 management  53
destructive lesions  54–6
diagnosis  xiii, 24
 neuropsychological battery  29
diazepam  176, 179
differential diagnosis  34–6, 34, 35
diphasic dyskinesia  38, 108, 109, 110, 114–15, 116, 

116
DJ1  15
dopa decarboxylate inhibitors  41
dopamimetic drug addiction  148
dopamine agonists  xv, 44–6, 46
 dose  44
 effi cacy  46
 neuroprotection  57–9, 58
 side-effects  45
dopamine dysregulation syndrome  125, 148
dopamine receptors  8
dopaminergic dysregulation syndrome  32
dopaminergic neuron loss  1–5, 2, 3
 substantia nigra  4
dopaminergic pathways  5
dopamine transporter SPECT imaging  70, 71–2
dopa-responsive dystonia  172, 182
DRD2  18
drooling  54
drug-induced parkinsonism  34–5
dysarthria  xiv, 37, 92, 162
dysautonomia  xiv, 168
dysexecutive syndrome  xiv, 127, 129
dyskinesia  xiv, 37, 41, 107–11
 choreiform  52
 delay by dopamine agonists  46
 diphasic  38, 108, 109, 110, 114–15, 116, 116
 end-of-dose  112–17
 levodopa-induced  113, 115
 management  52
 off-period  38, 110, 116
 on-period  41, 42
 peak-dose  38, 41, 52, 109, 114, 116
 treatment  110–11
dysphagia  37
dysphonia  137

dystonia  94, 107
 dopa-responsive  172, 182
 idiopathic torsion  182
 off-period  109, 114
dystonic clenched fi st  94
dystonic tremor  137–40

ELLDOPA study  49, 59, 139
encephalitis  35
end-of-dose dyskinesia  112–17
end-of-dose failure  51
entacapone  43–4, 105, 122
environmental factors  19
essential tremor  35, 69, 70–1, 137–8
executive functions  130

falls  37, 98
fatigue  142
ferritin (light chain)  18
fl udrocortisone  54
fl uoxetine  119
focal dystonia  xiii
Froment’s sign  xiii
Frontal Assessment Battery (FAB)  153
frontotemporal dementia  85, 133, 135, 188

GABA agonists  179
gait disturbance
 multiple system atrophy  92
 Parkinson’s disease  xiv, 37, 74, 84
 vascular parkinsonism  143
gambling, compulsive  147–8
gastrointestinal symptoms  31
Gaucher’s disease  18, 153–61, 159
 Parkinson’s disease in  155
gaze palsy  37
gegenhalten  25
gene therapy  56
genetic Parkinson’s disease  74
genetic studies  14–18, 16–18
gephyrin antibodies  178
glial-derived neurotrophic factor  56
gliosis  10–11
globus pallidus  8, 9
glucocerebrosidase  154
 mutations  156
glucocerebrosidase beta  18
GM1 gangliosidosis  159
GM2 gangliosidosis  159
Grober and Buschke Test  29
growth factors  56
GSTT1  18
GTP cyclohydrolase 1 defi ciency  160
Guadeloupean parkinsonism  19
Guam complex  19

hallucinations  38–9
 management  53
hedonistic homeostatic dysregulation  148
hemiballismus  55
Hemochromatosis  158
Huntington disease  84–7
hydrocephalus, normal pressure  141–2
hypometria  24
hypomimia  77, 92, 137, 181
hypoparathyroidism  35
hypophonia  77, 89, 162
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idiopathic Parkinson’s disease  74
idiopathic torsion dystonia  182
imaging studies
 Gaucher’s disease  153–4
 vascular parkinsonism  143–4
impulse control disorder  147–51
inclusion bodies  7
inherited metabolic diseases  157, 158–61

jerking stiff man syndrome  178

Kayser-Fleischer rings  75, 75
Kufs’ disease  158

LARGO study  48
lead-pipe rigidity  25, 143
levodopa  xiii–xiv, xv, 41–2, 42
 and disease progression  42
 dose adjustments  105
 drug delivery  43
 dyskinesia  113, 115
 intrajejunal infusion  108, 108
 response to  32–3, 33, 42
 side-effects  41
  dyskinesia  38, 41
levodopa test  70
Lewy bodies  11–12, 11
 Braak stages  12, 13
 neuroprotective role  13
Lewy body dementia  29, 30, 36, 89, 132–5, 188
 treatment  135
lisuride  44
locus coeruleus  5, 6
lower body parkinsonism see vascular 

parkinsonism
LRRK2  18
 mutations in  181

MAOB  18
MAO-B inhibitors see monoamine oxidase B 

inhibitors
Mattis Dementia Rating Scale (MDRS)  29, 124, 

127, 153
mental counting  xiii
mesocortical pathway  5
mesolimbic system  5
micrographia  89
midodrine  54
Mini Mental State Examination  98, 127, 128, 153, 

172, 180–1
mitochondria  19
 dysfunction  15
modafi nil  53
monoamine oxidase B inhibitors  xv, 46–8, 47
 neuroprotection  57
motor complications  23–6, 53
 management  51–3
 see also dyskinesias
MPTP  19
multiple hit hypothesis  19
multiple system atrophy  36, 64, 89, 92–6

NAT2  18
neurodegeneration  12
 Braak stages  12, 13
neuroferritinopathy  158
neurofi lament inclusion body disease  188

neuroleptic malignant syndrome  169
neuronal cell loss  1–2, 2
 dopaminergic  1–2
 non-dopaminergic  2
 normal aging  20, 22
 Parkinson’s disease  20, 22
 see also cell death
neuroprotection  56–60
 antiapoptotic drugs  60
 coenzyme Q10  59–60
 creatine  60
 dopamine agonists  57–9, 58
 MOA-B inhibitors  57
neuropsychiatric evaluation  124–5
neuropsychiatric symptoms  38
neuropsychological assessment  124–5, 130
neurorescue  20, 22
Niemann-Pick disease type C  159
nigrostriatal pathway  3, 5
 pathologic alterations  7–10, 9, 10
 pre- and postsynaptic compensatory 

mechanisms  7
nocturia  53
non-dopaminergic neuron loss  2, 2, 5–6
non-motor complications  26–32, 27
 management  53–4
nuchal rigidity  xiv
nuclear imaging  144–5
nucleus basalis of Meynert  5, 6
NURR1  18

obsessive-compulsive disorder  149
ocular anomalies  xiv
off-period dyskinesia  38, 110, 116
off-period dystonia  109, 114
oppositional rigidity  25
orthostatic hypotension  54, 95
oxybutinin  54

parasomnia  31
paratonia  143
PARK genes  16–17
Parkin-associated parkinsonism  171–4
Parkin gene  15, 74
 mutations in  173, 182
parkinsonism-hyperpyrexia syndrome  167–70
Parkinson-plus syndromes  32–3, 36, 187
 clinical characteristics  37
Parkinson’s disease
 assessment  26
 clinical features  23–39
 disease vs syndromes  21–2
 etiopathogenesis  14–21
 genetics  14–18, 16–18
 histopathology  10–14, 11
 neuronal systems affected  1–2, 2
 pathophysiology  1–23
 progression of neurodegeneration  12
 staging  40
peak-dose dyskinesia  38, 41, 52, 109, 114, 116
D-penicillamine  78
pergolide  44
pesticides  19
phenylketonuria  161
Pick’s disease  188
PINK1  15
piribedil  44
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polyglucosan body disease  161
posteroventral pallidotomy  54
postural instability  xiv, 25, 98, 99
 see also gait disturbance; falls
postural tremor  xiii, 74
pramipexole  44, 53, 107, 108, 119, 147
premotor symptoms  63–8, 66
PRESTO study  48
Profi le of Depressive Symptoms in PD 

(PRODEST-PD)  120
prognosis  xiv–xv
prognostic factors  32–3, 33
 detection of axial signs  32
 rate of symptom progression  32, 33
 response to levodopa  32–3, 33
progranulin mutations  188
progressive encephalomyelitis with rigidity and 

myoclonus  178
progressive supranuclear palsy  10, 36, 89, 94, 

98–102, 188
propanthelin  127
putamen  4
pyramidal symptoms  142
pyruvate dehydrogenase defi ciency  160

rasagiline  47–8, 47
REAL-PET study  58, 139
red fl ag signs  96
respiratory chain disorders  160
resting tremor  13, 25
restless legs syndrome  5
rigidity  13, 24–5, 37, 51
 clasp-knife  25
 cogwheel  25, 88
 lead-pipe  25, 143
 nuchal  xiv
 oppositional  25
ropinirole  44, 122
rotenone  19

selective serotonin reuptake inhibitors  53, 120
selegiline  46–7
 neuroprotection  57
senile plaques  10
sensory symptoms  32
sexual dysfunction  32, 122
 management  54
shoulder pain  88, 89–90
sialorrhea  54
sleep disturbance  30–1, 63, 134
 management  53
spasms, stimulus-induced  178
spasticity  143
spinocerebellar ataxia  18, 79–83, 94
 SCA2 expansions  80–3, 81
Stalevo  44
stem-cell therapy  56
stiff person syndrome  175–9, 177
striatum  8
Stroop Test  29
subcorticofrontal syndrome  25
substantia nigra  9
 neuronal degeneration  4
subthalamic nucleus  9–10, 10
subthalamotomy  54–5

superoxide dismutase  57
surgery  54
 non-parkinsonism-related, adverse effects  

167–70
 see also deep brain stimulation
symptoms
 motor  23–6
 non-motor  26–32, 27
synuclein alpha  15, 18
 mutations in  181

tachylalia  77
tau H1 haplotype  18
TCH346  60
TEMPO study  47, 49, 57
thalamotomy  54
tolcapone  43, 44, 105
tolterodine  54
toxin-induced parkinsonism  35
Trail Making Test  29
treatment  xv, 40–62
 antiparkinsonian agents  40–8
 initiation  49–50, 50
 maintenance  50–1, 51
 non-medical  54–6
treatment-related symptoms  37–9
 motor complications  37–8
 non-motor complications  38–9
tremor  37, 69
 action  69
 dystonic  137–40
 essential  35, 69, 70–1, 137–8
 postural  xiii, 74
 resting  13, 25
 wing-beating  77
tricyclic antidepressants  53, 120
triethylene tetramine  78

Unifi ed Parkinson’s Disease Rating Scale 
(UPDRS)  127

urinary incontinence  92
urogenital symptoms  31–2

vascular dementia  134
vascular parkinsonism  141–6, 188
 imaging studies  143–4
 nuclear imaging  144–5
 treatment  145
Viagra  54

walkabout  148
wearing-off  37, 51, 103–6
 COMT inhibitors in prevention of  52, 105
Whipple’s disease  35
Wilson’s disease  xiii, 35, 74–8, 75, 75, 158
 diagnosis  75
 dystonic syndrome  76
 parkinsonian syndrome  77
 physiopathology  76
 trembling form  77
wing-beating tremor  77
Wisconsin Card Sorting Test  29

zinc salts  78
zolpidem  119
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