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Series Editor’s Introduction

Parkinson’s Disease and Nonmotor Dysfunction fills a major gap in the current rapidly growing
body of knowledge concerning Parkinson’s disease. Drs. Pfeiffer and Bodis-Wollner have correctly
perceived that many nonmotor features of Parkinson’s disease are given insufficient attention in the
medical literature. Unfortunately, they are often also given insufficient attention by the practicing
neurologists who see these patients. As recently pointed out, there is clearly much more to Parkinson’s
disease than depletion of the nigrostriatal dopamine system (1). Parkinson’s disease (not just mul-
tiple system atrophy) is a multisystem disorder, both pathologically and in its clinical manifestations.
This is clearly true for the various motor system abnormalities, which are not fully corrected by
dopamine replacement therapy strategies, but also for the nonmotor system abnormalities that are the
subject of this volume.

Although recently there has been increased awareness of the cognitive, psychiatric, and sleep
disorders commonly associated with Parkinson’s disease, many of their manifestations remain
under-recognized and their importance in managing patients is underestimated. Even less attention is
paid to the myriad of other nonmotor disturbances that plague these patients. For example, among the
autonomic disorders, although orthostatic hypotension is well recognized, it is usually attributed to
dopaminergic medications rather than to effects of the underlying disease. Urologic disorders are
also very familiar in these patients, but may not be properly understood or well managed. Beyond
this, there is much less awareness of the less common and less obvious autonomic disorders which
are herein reviewed chapter by chapter. Their link to Parkinson’s disease is usually unappreciated
and there is frequently an unfortunate tendency to attribute the symptoms they produce to advancing
age. Finally, unusual sensory and painful phenomena, dysphagia, fatigue, and visual deficits are
other less common features of this remarkably varied disease that readers of this book may become
acquainted with as signs of Parkinson’s disease for the first time.

This book highlights the fact that management of Parkinson’s disease requires a multidisciplinary
approach. This may not always require referral to a consultant but at least requires awareness of the
spectrum of nonmotor symptoms. Some of these symptoms may be more subtle than others. Under-
standably, many will not be forthcoming in the typical initial encounter in which more troublesome
motor symptoms usually dominate the visit. Some need to be elicited by careful inquiry on the part of
the medical caregiver. Symptom questionnaires may be especially useful in gathering symptoms that
can be returned to in subsequent visits. Knowledge and understanding of Parkinson’s disease is grow-
ing exponentially. This volume establishes the baseline of current knowledge and undoubtedly will
stimulate further fruitful inquiry in the field.

1. Lang AE, Obeso JA. Challenges in Parkinson’s disease: restoration of the nigrostriatal dopam-
ine system is not enough. Lancet 2004; 3:309–316.

Daniel Tarsy, MD

Parkinson’s Disease & Movement Disorders Center
Beth Israel Deaconess Medical Center

Harvard Medical School
Boston, MA
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Preface

The idea that Parkinson’s disease (PD) is characterized only by such motor features as tremor,
rigidity, bradykinesia, and postural instability is deeply embedded not only in the minds of patients
and their family members, but also in the training and practice of many physicians. However, even a
quick perusal of the amazingly perceptive clinical description that James Parkinson put to paper in
1817 reveals that from the beginning, various features not reflective of motor dysfunction were
recognized and described as being part of PD. It has only been relatively recently that attention has
been refocused on these nonmotor features, and the realization has grown that nonmotor features are
frequently present in PD and can be the source of considerable discomfort and disability for affected
individuals. In fact, it is not at all infrequent that these nonmotor features play a dominant role in the
clinical picture.

The growing recognition that nonmotor features are an important component of PD has, in turn,
led to the realization that these aspects of the condition have often received insufficient attention in
the current medical and lay literature. This volume on Parkinson’s Disease and Nonmotor Dysfunc-
tion is an attempt to at least partially correct that deficiency and provide a source of detailed informa-
tion describing and explaining these nonmotor features that can be readily accessed by the practicing
physician. To this end, a truly outstanding group of experienced researchers and clinicians has been
assembled to provide this in-depth review of nonmotor dysfunction in PD, which has been subdi-
vided into five diverse domains.

Behavioral abnormalities are problems encountered in the management of PD, particularly in
individuals with more advanced disease, which are both distressingly frequent and frequently dis-
tressing. They may be intrinsic components of the disease process itself (depression and dementia),
treatment-induced complications (psychosis and postsurgical behavioral changes), or a combination
of both (anxiety, obsessionality). Whatever their derivation, behavioral abnormalities can seriously
impact and impair quality of life for both patients and family members.

Autonomic dysfunction is often mistakenly considered to be a feature of multiple system atrophy
and not PD.  In reality, individuals with PD can, and frequently do, display various features indicative
of autonomic dysfunction. Gastrointestinal, urogenital, cardiorespiratory, thermoregulatory, and other
aspects of autonomic function may become impaired in PD, not simply as consequences of medica-
tion-induced derangements, but as part of the disease process itself.  These autonomic features often
develop in the later stages of the illness but may also appear early, occasionally even before the
classic motor components become evident.

Sleep-related dysfunction can be a source of considerable consternation, not only to patients but
also to their family members, who often suffer the indirect, and sometimes the direct (at least in the
setting of rapid eye movement sleep behavior disorder), consequences of the patient’s sleep distur-
bance. As with behavioral and autonomic dysfunction, sleep-related disturbances can be either dis-
ease-related or medication-induced and may occur both early and later in the course of PD.

Sensory dysfunction is perhaps the least well-known or recognized and also the most purely
nonmotor facet of nonmotor dysfunction in PD. Abnormalities of primary sensory function (vision
and olfaction) occur, as do more complex sensory phenomena, as exemplified by the visuo-cognitive
deficits and the various pain syndromes and disorders of sensation that may plague the patient with
PD.

Finally, a section of this volume is devoted to several problems (oculomotor dysfunction and
fatigue) that tread on, or perhaps cross over, the line between motor and nonmotor dysfunction in PD.
However, they are included here because they often are not covered extensively in the more tradi-
tional discussions of the motor features of PD.



It is our hope that this collection of contributions by a truly tremendous contingent of authors will
serve to increase awareness of the contributions that nonmotor features may make to the collective
clinical picture experienced by the patient with PD. Early recognition of these features will lead, we
hope, to more prompt and effective treatment of them, a goal that can be firmly shared and appreci-
ated by both patient and physician alike.

Ronald F. Pfeiffer, MD

Ivan Bodis-Wollner, MD, DSc
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I Behavioral Dysfunction 
in Parkinson’s Disease



1
Depression

William J. Burke, Steven P. Wengel, and Daryl Bohac

SUMMARY
Depression is the most common psychological disturbance that affects people with Parkinson’s disease

(PD). Despite an increasing amount of research devoted to this topic, uncertainty still exists concerning many
aspects of depression in PD. Significant questions remain regarding some very basic issues, including how best
to diagnose depression in PD, how frequently depression complicates PD, the risk factors for developing
depression, and how to best treat depression. This chapter provides a current perspective on what is known
about depression in PD, reviewing its epidemiology, clinical features, neuropsychological features, and treat-
ment. Rather than providing a comprehensive overview, the focus here is on updating the major themes of
research in this field.

Key Words: Parkinson’s disease; depression; dysthymia; mania; mesocortical limbic pathway; selective
serotonin reuptake inhibitor; electroconvulsive therapy.

1. INTRODUCTION

The most common psychological problem that affects those with Parkinson’s disease (PD) is
depression. However, doubt still remains with several factors of depression in PD, despite the growing
research pertaining to this topic. This chapter provides the present knowledge about depression in PD,
describing its epidemiology, clinical and neuropsychological features, and treatment.

2. DEPRESSION IN PD

2.1. Prevalence
Even ostensibly simple questions can be difficult to answer concerning the understanding of

depression in PD. How frequently depression occurs in persons with PD is a striking example.
Depending on the population studied and method used, reported rates of depression have varied enor-
mously. An overall depression rate of 43% is one of the most commonly cited figures (1). Approxi-
mately half of these cases involve patients with major depressive disorder, and the other half involves
minor depression or dysthymia. Studies that have reported high rates have generally used specialty
populations, in contrast to community-based samples, where lower rates have been found.

Tandberg et al. (2) carefully assessed depressive symptoms in patients with PD as part of a wider
prevalence study of PD. They found that 7.7% of community-dwelling patients met Diagnostic and
Statistical Manual of Mental Disorders (DSM-III) criteria (3) for major depressive disorder
(MDD). In addition to examining categorical depression, they also obtained information on depres-
sive symptoms using the Montgomery-Åsberg depression rating scale (MADRS; 4). According to
MADRS, only 5.1% of patients were moderately to severely depressed, but 45.5% had mild depres-

From: Current Clinical Neurology
Parkinson’s Disease and Nonmotor Dysfunction
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sive symptoms. Also, the rate of major depression was strongly impacted by cognitive impairment
as defined by the Mini-Mental State Exam (MMSE) score (5). Rates of MDD were 3.6% in patients
with an MMSE score greater than 20 but increased to 25.6% in patients whose MMSE score was
below 20. Interestingly, rates were also higher in those with possible PD (18.8%) versus those with
probable PD (4.6%). The authors attribute these figures to a higher rate of dementia in those with
possible PD and suggest that the higher rates in the cognitively impaired indicate more widespread
cerebral involvement (2).

The low rates of depression found by Tandberg et al. are similar to those from another study that
used structured interviews to analyze all cognitively intact patients with PD in the community who
reported depressive symptoms in the General Health Questionnaire (GHQ; 6,7). Although depressive
symptoms in the GHQ occurred in 34.2% of patients with PD only 2.7% met criteria for MDD.

A bimodal distribution has been suggested for the onset of depression in PD (8–10). One peak
seems to follow diagnosis and may be related to left hemisphere dysfunction, whereas the second
peak occurs late in the course of PD and may be associated with impaired activities of daily living
(8). Some evidence also suggests that depression in PD is more common in younger patients (11),
females (12,13), and in those with more bradykinesia and rigidity (as opposed to tremor domi-
nance; 14–16).

2.2. Diagnostic Difficulties
An issue that contributes to the diverse findings in the frequency and severity of depression is the

process of diagnosis. DSM-IV criteria (17) can be difficult to apply to patients with PD because only
symptoms that are not a result of a general medical condition or direct physiological effect of a sub-
stance (e.g., medication) are counted. In PD, this presents obvious problems, particularly when decid-
ing about the DSM-IV “somatic” symptoms, such as psychomotor change and sleep, appetite/weight,
and energy disturbance. If the “exclusive” directions of DSM-IV are followed, many patients will end
up without a mood disorder diagnosis despite appearing to meet criteria for major depression.

The difficulty inherent in assigning causality has led to alternative approaches like counting symp-
toms as present or absent (regardless of presumed causality—an “inclusive approach”), focusing only
on the more “psychological symptoms” of depression or including additional nonsomatic symptoms to
supplement the mood assessment.

Leentjens et al. (18) addressed this subject by viewing the sensitivity of individual depressive
symptoms and their relative contribution to the diagnosis of depression in patients with PD. They
examined the individual items of the Hamilton (19) and MADRS in a discriminate analysis. Not sur-
prisingly, nonsomatic symptoms were the most discriminating, but somatic symptoms also had mean-
ingful contributions. Specifically, reduced appetite and awakening in early morning were relatively
low-prevalence symptoms that proved useful in supporting a diagnosis of depression, whereas other
somatic symptoms were not.

It is also important to consider the impact of dementia on the diagnosis of depression, because
rates of depression may be higher in the cognitively impaired patient with PD. Dementia can compli-
cate the evaluation process in several ways. First, as discussed previously, several symptoms of
dementia overlap with depression. DSM symptoms that tend to lose specificity when confronted
with mild cognitive impairment include loss of interest, decreased energy, psychomotor changes,
and decreased concentration. Also, as cognitive impairment progresses, it becomes increasingly dif-
ficult to recognize a depressive disorder because of the difficulty in accessing the individual’s inter-
nal affective state.

Depression itself has been proposed as a preliminary symptom of PD. This association is supported
by a retrospective study that compares the number of contacts with a general practitioner between per-
sons who developed PD and a control group. There were substantially more visits to the general prac-
titioner in the 2 years preceding diagnosis in the developing PD group, and many of these visits were
for mood disorders (20). In another study, patients with a diagnosis of MDD were shown to have more
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than a twofold risk of receiving a diagnosis of PD when compared to a control group of patients with
osteoarthritis (21).

With the preponderance of clinical studies that show elevated rates of depression in patients with
PD, a critical issue arises in whether these rates are higher in patients with PD in comparison to those
with other chronic illnesses. If depression is more common in patients with PD, a pathophysiological
link between the conditions is implied.

Several medical illnesses have been associated with depression, yet often the nature of the relation-
ship is unclear. Krishnan et al. (22) described the difficulty in establishing causal relationships in
comorbid illnesses. They suggested that this effort is particularly difficult in later life because the life-
time prevalence of all conditions is steady or increases with age. As such, there is a tendency to find a
correlation between virtually all conditions. This “pseudo-correlation” is particularly observed in dis-
orders where frequency increases with age, such as PD, Alzheimer’s disease, and cardiovascular dis-
ease. Consequently, many of these associations may be only a statistical artifact and not clinically
relevant (22).

A recent study using the Danish Psychiatric Central Register and Danish National Hospital Register
attempted to answer the question of whether patients with PD are at an increased risk of developing
depression when compared to those with other medical illnesses (23). These authors determined the
rates of initial admissions for depression in patients with PD, diabetes, and osteoarthritis. They found
an increased incidence of depression in patients with PD versus those with the other conditions who
had comparable degrees of disability. The risk of receiving a diagnosis of depression was highest in
the 6-months of follow-up diagnosis of PD but remained elevated 1 year later, although to a lesser
extent. The authors conclude that these findings support the theory that depression is not simply a psy-
chological reaction to PD but that a common pathophysiology underlies these conditions (23). A major
limitation of this study is that it captures only a small portion of patients with PD who have depression
severe enough to warrant hospitalization.

2.3. Risk Factors
Many attempts have been made to identify risk factors for the development of depression in PD.

However, these efforts generally have failed to consider factors known to predispose people to depres-
sion in general. Accordingly, Leentjens et al. (24) first considered general risk factors for depression
(e.g., age, sex, prior history of depression, family history of depression, and somatic comorbidity) in a
PD population and found that these five risk factors predicted 75% of depression in their sample using
a multivariate model. When disease-specific markers were then included in the model, only the right-
sided onset of PD improved the model. Thus, established risk factors for depression generally may
also be markers of depression in PD.

2.4. Etiology
Significant attention has been given to attributing depression to either psychological or biological

sources. This is a hollow effort, if only because biology of necessity underlies psychology. However,
Brown and Jahanshahi (10) provided a summary of the role of psychosocial factors that may con-
tribute to depression in PD. They concluded that certain patients are more vulnerable to depression,
including: (a) those who have an early age of onset; (b) patients in the earliest stages of disease; (c)
those with more advanced disease; (d) and those with more rapidly progressive deterioration.
Although only a weak association has been generally reported between depression in PD and severity
of illness, they suggest a crucial related factor is the rate at which disability progresses. Those patients
whose disability progresses slowly enough for them to adapt may show slight depression or recover
from a prior depression. Those with a more rapid progression may fail to adapt as easily and are then at
higher risk of developing depression.

These authors also raise the question of why patients with apparently similar levels of physical ill-
ness and disability have distinctively different affective states. Factors that seem to explain some of
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this variability are the availability and quantity of social support, as well as the strategies that individ-
uals use to cope with stress. Patients who have good social support, who are satisfied with that support,
and who have good self-esteem and active coping mechanisms appear to be at lower risk for depres-
sion (10,25).

2.5. Pathology
Regarding the contribution of biology to depression in PD, it is worth noting the fascinating case of

a 65-year-old woman with a 30-year history of PD who developed acute depression during high-fre-
quency deep-brain stimulation (DBS) (26). This woman went from a euthymic state to one of acute
depression when her left basal ganglia was stimulated 2 mm below the site where stimulation relieved
the signs of PD. The authors suggest that stimulation may have affected the activity of nigra γ-
aminobutyric acid (GABA)ergic neurons innervating the ventral nuclei of the thalamus with projec-
tions to the prefrontal and orbitofrontal cortexes. This is an interesting region because disruption of
connections between the basal ganglia and frontal cortex has been reported to have a role in stroke-
related depression, and disruption of these pathways by vascular disease has been proposed as an etiol-
ogy for late-life depression (27).

Other neuropathological findings that may contribute to depression in PD are the degeneration of
dopaminergic, serotonergic, noradrenergic, and cholinergic nuclei in the brainstem (28). Neuronal loss
in the locus coeruleus in PD may be even more severe than in the substantia nigra (29). A specific path-
way that may be an important factor is the mesocortical limbic pathway, which arises in the ventrome-
dial tegmental area and projects to areas critical for effect, such as the cingulate, entorhinal, and
orbitofrontal cortex, as well as the subcortical portions of the limbic forebrain (30,31). This pathway
has been shown to be disrupted in patients with depression and PD. Additionally, positron emission
tomography studies have demonstrated hypometabolism in the cingulate and frontal cortex in
depressed PD patients when compared with controls (32).

3. THE INTERPLAY OF MOOD AND 
COGNITION IN PARKINSON’S DISEASE

3.1. Background
Cognitive impairments in PD are common and vary in severity. The most commonly affected areas

are free recall of previously learned information, visuospatial skills, and executive functions, such as
problem-solving, planning, and flexibility (32). The overlap in the effects of depression and PD on
cognitive functioning is substantial. Consequently, the ability of the clinician to pinpoint the indepen-
dent impact can be challenging.

3.2. Depression and Cognition
The depressed patient often presents in a hesitant manner and may appear to give up easily while

undergoing cognitive testing (34,35). For example, an initial response to questions designed to tap into
the patient’s knowledge about common objects, events, and people might be “I don’t know.” However,
when encouraged to try answering the question, the depressed patient will often provide a correct
response. Moreover, depressed patients are often inconsistent in their responses. They may appropri-
ately answer the first three items from the same test described previously, miss the next one, answer
the following two questions correctly, miss the next two, and so on. This style of responding often
leads to depressed patients scoring lower than normal controls on cognitive measures.

Rosenstein (36) offered these general guidelines regarding the cognitive functioning of the
depressed patient: (a) memory and attention, although often slightly below expectation, are usually not
in the impaired range; (b) language functioning is nearly always normal, as are intellectual functioning
and visuospatial functioning; (c) psychomotor functions are often within normal limits, but slightly
below expectation; (d) and finally, the efficiency of executive functions appears to be reduced in the
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depressed patient. For example, how easily patients can shift cognitive sets may be slowed, but their
performances are often still within normal limits.

3.3. PD and Cognition
Cognition is quite variable in PD. Some patients may present with dementia that can easily be

quantified with neuropsychological tests; others may have little or no cognitive impairment on rou-
tine neuropsychological tests; however, most will present with a pattern of cognitive impairment that
does not rise to the level of dementia (37). Moreover, a number of mediating variables that also can
influence cognitive functioning occur in patients with PD. These variables include the age of the
patient, as well as the age of onset, motor symptom severity, side of onset, and medication effects
(38). Generally, a higher incidence of cognitive impairment and dementia can be expected with a
later age of onset.

Overall, patients with PD demonstrate various areas of impaired neurocognitive functioning. Mem-
ory performance is characterized by inconsistent learning throughout trials and impaired free recall
following delay, combined with normal recognition memory. In fact, the ability of the patient with PD
is often near normal for verbal learning, but free retrieval of the previously learned information is inef-
ficient. In contrast, when procedural learning or implicit memory is assessed, patients with PD demon-
strate poor ability to acquire and retain new skills.

Attention and concentration abilities are impaired in the PD patient. However, with most measures
of simple memory (e.g., digit span forward) they perform normally. It is when attentional complexity
is increased that deficits may appear, and this is likely related to decreased executive functioning in the
patient with PD. Complex attention is mediated by frontal systems. Bondi et al. (39) have shown that
nondemented patients with PD have frontal system impairments, including problems with cognitive
flexibility, planning, temporal ordering, and verbal fluency.

Language abilities are largely intact, but if deficits do occur, it is often in the area of verbal fluency.
As disease severity increases, complex language comprehension may become impaired, perhaps sec-
ondary to slowed speed of information processing. Because language skills often are well-retained
over the course of disease, verbal intellectual functioning remains largely stable. In contrast, perfor-
mance-based intellect, with its emphasis on speed of performance and visuospatial analysis, is fre-
quently impaired relative to verbal IQ.

3.4. PD and Depression
Mild depression or dysthymia probably does not significantly impact cognition in PD. However, as

the severity of depression increases, the likelihood that it will impact cognition increases. Recently,
Norman et al. (40) demonstrated that depressed patients with PD perform worse with measures of
memory when compared to nondepressed patients with PD. Moreover, depressed patients with PD had
memory impairment similar to depressed patients without PD. Thus, the authors postulated that the
memory dysfunction noted in their patients was owing to depression alone.

The relationship between depression and PD and its influence on cognition is not well-understood.
Nevertheless, depression and PD do appear to have individual, as well as overlapping, influences on
cognitive functioning. In the case of the nondemented patient with PD who becomes depressed, the
additive effect of depression on executive functioning alone, much less memory, may lead one to sus-
pect the patient has developed dementia. However, it is more likely that the cognitive dysfunction
associated with PD alone is now exacerbated by the depression. A patient with mildly impaired cogni-
tive flexibility prior to the onset of depression may now appear moderately impaired. Additionally,
memory functioning may be significantly worse because of encoding and consolidation problems;
consequently, the ability to even recognize previously learned information is reduced. Thus, timely
treatment of depression in the patient with PD may help to reduce the risk of developing excess dis-
ability, thereby helping to maintain a better quality of life.
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4. MOOD EFFECTS OF PD TREATMENT

4.1. Depression
Conflicting reports exist for the effects of antiparkinsonian drugs on depressive symptoms. One

explanation for this is that most studies of these agents have been designed to monitor the effects of
drugs on motor symptoms instead of mood. Since the 1970s, levodopa has been reported to cause
affective changes; both improvement and worsening of depressive symptoms have been noted. Some
estimate the prevalence of levodopa-induced depressive symptoms is approximately 12% (41). Alter-
natively, levodopa has also been reported to produce mild improvement in depressive symptoms, pos-
sibly from improvement in motor symptoms rather than a true antidepressant effect (41). Other agents,
including bromocriptine and pergolide, have also been associated with depressive symptoms in
patients with PD. Overall, Factor and colleagues conclude that “depression in PD patients more accu-
rately reflects an issue of comorbidity rather than one of medication-induced side effects” (41).

Subthalamic DBS (STN-DBS) has been reported to cause depressive symptoms in 6 of 24 consecu-
tive patients with PD (42). Three of the six patients became transiently suicidal. In five of the six
patients, depressive symptoms began within the first month postoperatively. All six required treatment
with antidepressants (AD).

4.2. Mania
Dopaminergic agents have been reported to cause manic symptoms, such as extreme optimism,

spending sprees, and euphoria. Originally reported to occur in 1.5% of levodopa-treated patients (41),
manic symptoms have also been reported in patients treated with other dopaminergic agents.
Bromocriptine has been reported to produce mania in patients with PD, particularly at higher doses,
and also in patients without PD, such as postpartum women taking the drug to suppress lactation (41).
Manic symptoms were reported to begin within the first week of treatment and resolved upon discon-
tinuation of the drug. Selegiline has also been implicated in producing these symptoms (41). Unlike
depressive symptoms, manic symptoms do not seem to occur in untreated patients with PD, but appear
to be a consequence of the treatment of PD symptoms.

Interestingly, although DBS has been implicated in causing depressive symptoms (see Subheading
4.1.), there have been cases of mania associated with this treatment as well (43). Three of 15 consecutive
patients undergoing STN-DBS developed manic symptoms after stimulation was initiated, and in the
three cases, mania resolved after the stimulation was changed from the lower two electrodes to the higher
pair of electrodes. The authors suggest that DBS may have triggered mania through stimulation of mid-
brain projections to the orbitofrontal or anterior cingulate striato-pallido-thalamo-cortical circuits.

5. TREATMENT OF DEPRESSION IN PD

5.1. Maximize Antiparkinsonian Therapy
Many patients with PD report that their mood symptoms fluctuate in concert with their motor symp-

toms. That is, when “off” motorically, they may experience fairly abrupt dysphoric episodes. In this
case, the most appropriate treatment is to optimize PD therapy first rather than adding an antidepres-
sant (44,45). In fact, one author suggested that “optimized dopaminergic therapy is a prerequisite for a
successful management of depression—particularly in patients with fluctuating PD” (46).

5.2. Use of Antidepressant Drugs
As in other depressive syndromes, the depression associated with PD appears to respond to conven-

tional AD drugs. However, there still has not been a randomized, placebo-controlled trial demonstrat-
ing treatment efficacy in PD (47). As the locus ceruleus and raphe nuclei are affected by the disease,
levels of norepinephrine and serotonin may decrease as the illness progresses. Therefore, the use of
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agents to ameliorate the deficiency states of these neurotransmitters seems reasonable. However, sev-
eral caveats apply when treating depressed patients with PD. First, they may be susceptible to motor
side effects of agents that do not ordinarily affect the motor systems of patients with PD. Second,
patients with PD may be very sensitive to side effects that other patients might not find objectionable,
such as anticholinergic side effects and orthostatic hypotension. Lastly, there are several important
drug–drug interactions that need to be noted when using ADs in patients with PD. These issues will be
discussed in the following sections.

5.3. Selective Serotonin Reuptake Inhibitors
Selective serotonin reuptake inhibitors (SSRIs) are frequently prescribed for patients with PD as

first-line therapy. As a class, SSRIs have numerous attractive features. Dosing is fairly straightfor-
ward, with once-daily administration usually being adequate. Additionally, titration is often unneces-
sary, because the starting dose may also be the therapeutic dose for many patients. SSRIs virtually
never cause orthostatic hypotension and rarely produce anticholinergic side effects, with the excep-
tion of paroxetine. However, they may have an antagonistic effect on dopamine (44). Case reports
have been published of patients with PD, who experience a decline of motor symptoms when an SSRI
was added to their regimen, although this is a relatively uncommon phenomenon. In an open trial of
paroxetine, Ceravolo and colleagues (48) found no reduction of motor scores overall, but did describe
1 of 33 subjects who experienced a worsening of tremor while taking paroxetine. This reaction was
completely reversed upon discontinuation of the drug. Also uncommon, but concerning, is the possi-
bility of inducing the “serotonin syndrome” if an SSRI is prescribed to a patient already taking selegi-
line (49). Symptoms of the serotonin syndrome include myoclonus, delirium, tremors, fever,
hyperreflexia, and diaphoresis (46).

5.4. Mirtazapine
Mirtazapine is a non-SSRI AD that is an antagonist of α-2 noradrenergic autoreceptors and sero-

tonin-2 and -3 receptors, appearing to be well-tolerated in patients with PD. At lower doses (<30
mg/day), it has prominent sedative and appetite-stimulating effects. Mirtazapine is usually given at
bedtime owing to sedation. However, a recent case series reported four patients with PD who devel-
oped sleep-related behavioral problems, including nocturnal confusion, talking during sleep, and hal-
lucinations while taking mirtazapine (50). In three of these patients, the dose prescribed was 30 mg at
bedtime; the fourth patient was taking 15 mg at bedtime. These symptoms resolved when mirtazapine
was discontinued.

5.5. Bupropion
Bupropion is a novel AD whose therapeutic mode of action is unknown. Although not proven, it is

hypothesized to have pro-dopaminergic effects. It is usually well-tolerated in patients with PD and
does not produce orthostatic hypotension. In fact, it may raise blood pressure in some patients. It tends
to be more “activating” than many other antidepressants and may therefore ameliorate fatigue. It is
usually dosed twice a day, with the time of the second administration adjusted to avoid causing or
aggravating insomnia.

5.6. Venlafaxine
Venlafaxine has a dual mechanism of action. At doses up to 150 mg per day, it functions much like

an SSRI. At higher doses, it also acts as a norepinephrine reuptake inhibitor. Like most antidepres-
sants, no controlled trials have been done with venlafaxine in patients with PD. In clinical practice, it
appears to be well-tolerated in this population.
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5.7. Tricyclic Antidepressants
Once the mainstay of treatment for depression, tricyclic antidepressants (TCAs) have had a great

decrease in use since the advent of newer ADs. However, they still play a role, particularly for those
patients who have not responded to several adequate trials of other ADs. Of the available TCAs, nor-
triptyline is preferred because of its lower risk of orthostatic hypotension and anticholinergic side
effects. It may be started at 10 to 25 mg at bedtime, with gradual titration up to 75 mg per day based on
clinical response and serum levels. Orthostatic hypotension is still a potential side effect; patients with
PD are more vulnerable to this, as a consequence of both the disease itself and dopaminergic therapy.
Patients should be counseled to consume adequate fluids and exercise special care when rising from a
chair or a bed.

5.8. Testosterone
A case series described five men with PD who complained of fatigue, depression, anxiety, and sex-

ual dysfunction. They were found to have low levels of free testosterone but responded to topical
testosterone gel (51).

5.9. Electroconvulsive Therapy
Electroconvulsive therapy (ECT) has been reported to improve not only mood but motor symptoms

in depressed PD patients (52). It also decreases “off” time in patients with PD who have severe on–off
phenomenon who are not depressed (53). These beneficial effects are transient, typically lasting sev-
eral weeks. Thus, for the motor improvement to be maintained, ECT would need to be administered at
least monthly. Although effective for depressive symptoms in this population, ECT may cause delir-
ium in susceptible individuals. It may also contribute to an increase in dyskinesia or even psychotic
symptoms in patients with PD, perhaps from an increase in permeability of the blood–brain barrier. If
either of these symptoms are seen during a course of ECT in a patient with PD, the antiparkinsonian
medication doses should be reduced by approximately one-third.

5.10. Psychosocial Treatment
Although ADs are effective and often necessary for treating depression in patients with PD, psy-

chosocial interventions should not be neglected. Psychotherapy can be very helpful for cognitively intact
patients with PD, and may be the most helpful for those demonstrating depressive symptoms at the time
of diagnosis (46). Because PD is a chronic, progressive illness, helping patients develop coping strate-
gies and providing support is beneficial. Involving the spouse in the treatment plan is recommended, as
the spouse is often the key support person for the patient. Support groups should be strongly recom-
mended as they may provide an excellent form of encouragement for both the patient and family.
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Anxiety

Hubert H. Fernandez and Tanya Simuni

SUMMARY
Anxiety disorders in Parkinson’s disease (PD) have been found to exceed prevalence rates in the geriatric

population. Anxiety occurs more frequently in PD than in most other medical illnesses of comparable disabil-
ity. Thus, anxiety may be etiologically related to the neurobiological changes that accompany PD and not sim-
ply a behavioral reaction to chronic disability. The anxiety disorder in PD tends to be panic, phobic, or
generalized anxiety disorder. It can be a manifestation of an “off” state, can be worsened by motor fluctuations,
or can occur independently from—and even precede—motor manifestations. Anxiety in PD may be directly
related to dopaminergic deficit or may be the result of imbalance in other neurochemical pathways. The neuro-
transmitters primarily implicated in the pathogenesis of anxiety are norepinephrine, serotonin, and γ-aminobu-
tyric acid, as well as some neuropeptides.

The key to successful management of anxiety in PD is its early recognition. A “team approach” to treatment
that includes pharmacological and nonpharmacological measures, such as education, counseling, and stress-
reduction strategies, is most beneficial, particularly in a complex illness where motor and behavioral dysfunc-
tion are often intertwined and tend to affect each other.

Well-designed studies that address the pharmacological management of anxiety in PD are needed. Nonethe-
less, based on clinical experience, the effective agents for primary anxiety disorders seem comparably effica-
cious in PD-related anxiety.

Key Words: Anxiety; generalized anxiety disorder; panic; phobia; epidemiology; pathology; pharmacology.

1. INTRODUCTION

1.1. Definitions
According to the Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV classification,

anxiety disorders are classified into the following categories: panic disorder with agoraphobia, panic
disorder without agoraphobia, agoraphobia without panic disorder, specific phobia, social phobia,
obsessive-compulsive disorder (OCD), posttraumatic stress disorder, acute stress disorder, generalized
anxiety disorder (GAD), anxiety disorder owing to a general medical condition, substance-induced
anxiety disorder, and anxiety disorder not otherwise specified (1).

A panic attack is a discrete period of the sudden onset of intense apprehension, fearfulness, or terror
that are often associated with feelings of impeding doom. During these attacks, symptoms like short-
ness of breath, palpitations, chest pain, choking or smothering sensations, and fear of “going crazy” or
losing control are present. In a panic disorder, there is persistent concern over recurrent unexpected
panic attacks.

Agoraphobia is anxiety about, or avoidance of, places or situations from which escape might be dif-
ficult (or embarrassing).
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In specific phobia, the anxiety is provoked by exposure to a specific feared object or situation, often
leading to avoidance behavior, whereas social phobia is provoked by exposure to certain types of
social or performance situations.

Obsessive-compulsive behavior is characterized by obsessions that cause marked anxiety or distress
and/or by compulsions that serve to neutralize anxiety.

Posttraumatic stress disorder is characterized by the re-experiencing of an extremely traumatic
event, accompanied by symptoms of increased arousal and avoidance of stimuli associated with the
trauma. These symptoms are similar in acute stress disorder, but they occur immediately in the after-
math of an extremely traumatic event.

Generalized anxiety disorder is characterized by at least 6 months of persistent anxiety and worry.

2. EPIDEMIOLOGY

Most non-Parkinson’s disease (PD) studies have shown that anxiety disorders are less common in
the elderly when compared with younger adults. The Epidemiologic Catchment Area study found the
overall prevalence of anxiety disorders to be 5.5% in people over the age of 65 years, in comparison
with 7.3% in subjects of all ages (2). Bland et al. (3) found the 6-month prevalence rates of all anxiety
disorders to be 3.5% in people over the age of 65 living independently, 5.5% in people 65 or older liv-
ing in institutions, and 6.5% in subjects of all ages.

In contrast, anxiety disorders in PD have been found to exceed prevalence rates in the geriatric
population and occur more frequently than in any other medical illness of comparable disability (see
Table 1). It is also of interest that anxiety disorders in psychiatric patients generally begin by young
adulthood. Therefore, the onset of anxiety at a late age in PD, and its higher prevalence when com-
pared to the geriatric population and other chronic illnesses, suggests that anxiety may be etiologi-
cally related to the neurobiological changes that accompany PD and not just a behavioral reaction to
chronic disability.

3. CLINICAL FEATURES

3.1. Types of Anxiety Disorders Found in PD
GAD, panic disorder, social phobia, phobic disorder, agoraphobia, and OCD all have been

described with PD (6,8,11). The types of anxiety disorders in PD appear to be clustered in the panic,
phobic, and GAD areas (6,8). Vazquez et al. (10) described only panic disorder, whereas Schiffer et al.
(13) reported the presence of panic and GAD. Lauterbach and Duvoisin (11) described anxiety disor-
ders in familial Parkinsonism and noted a lower rate of panic disorder (7.9%) and higher rates of social
phobia (5.3%) and OCD (13.2%) in their cohort.

In addition, there are two types of OCD-like behaviors recently described in PD: pathological gam-
bling and punding. Pathological gambling is classified under impulse control disorders in the DSM-IV
and is characterized by “failure to resist the impulse to gamble despite personal, family, or vocational
consequences” (1). In most reports, the behavior appears after the onset of PD (16–18), more often in
the “on” state (16) or during an increase in levodopa or dopamine agonist dose (17,18) and resolves
with atypical antipsychotic agents or reduction of anti-PD medications (18). Thus, overstimulation of
mesolimbic dopamine receptors from dopaminergic drug use appears to be the most accepted explana-
tion for this behavior.

Punding was initially observed among amphetamine and cocaine abusers, but has now been described
in PD as well (19,20). It is a stereotyped motor behavior in which there is an intense fascination with
repetitive handling and examining of mechanical objects, such as picking at oneself, taking apart watches
and radios, or sorting and arranging common objects, such as lining up pebbles or rocks. Although pund-
ing may be considered a form of compulsion, it usually is not perceived by the patient as relieving a sense
of inner tension, as is usually the case in OCD. Similarly to pathological gambling, punding usually
occurs after chronic dopaminergic therapy and is relieved by reduction of anti-PD medications (20).
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Despite the obvious clinical features of anxiety, physicians tend to focus on the motor disability in
PD, frequently neglecting to address the nonmotor manifestations of the disease. Similarly, patients
with PD tend to attribute all their symptoms to suboptimal motor control, making it difficult to recog-
nize neurobehavioral aspects of disability unless structured questionnaires are administered. Shulman
et al. (15) demonstrated a significant discrepancy between the prevalence of anxiety based on vali-
dated patients self-reported scales (39%) in comparison to the diagnosis identified by the physician
(19%). The same was true for depression and sleep disturbance.

Table 1
Prevalence of Anxiety in Parkinson’s Disease

Instrument/
Author(s) Result Control method

Menza et al., 1994 (4) 104 patients with PD had a mean Medical control of Zung self-rating 
anxiety scale of 25.2 when equal disability anxiety scale
compared to 20.9 for medical 
controls (n = 61) (p < 0.001)

Gotham et al., 1986 (5) Patients with PD scored higher than Chronic arthritis and Spielberger 
healthy control, but the same as healthy control anxiety index
those with arthritis

Stein et al., 1990 (6) 9/24 (38%) patients with PD had Patients who have PD Schedule for affec-
anxiety without anxiety tive disorders,

schizophrenia
and DSM-IIIR

Starkstein et al., 1993 (7) 40% of patients had anxiety None DSM-III
Menza et al., 1993 (8) 12/42 (29%) patients with PD but Chronic debilitating DSM-IIIR; Zung 

only 1/21 (5%) control had anxiety osteoarthritis self-rating anxi-
ety scale

Hillen and Sage, 1996 (9) 4/130 patients with PD with motor None Patient interview
fluctuations experienced panic in 
the “off” state

Vasquez et al., 1993 (10) 31/131 (24%) levodopa-treated PD None Hamilton scale for 
experienced panic attacks anxiety; DSM-

IIIR
Lauterbach and Duvoisin, Lifetime prevalence of generalized None DSM-III

1991 (11) anxiety disorder = 5.3%; panic 
disorder = 7.9%; social phobia = 
5.3%; agoraphobia = 15.8%; 
OCD = 13.2 %

Rubin et al., 1986 (12) 16/210 patients with PD reported None Standardized ques-
marked episodic anxiety; 8/16 tionnaire and 
had panic-disorder DSM-IIIR

Schiffer et al., (13) 75% of depressed patients with PD Multiple sclerosis DSM = III
(n = 16) met criteria for gener-
alized anxiety disorder versus 
10% in depressed multiple 
sclerosis (n = 20)

Ringman et al., 2002 (14) Anxiety found in 67% of patients Patients with non- Neuropsychiatric 
with PD (n = 40) compared to neurological inventory
13% of controls (n = 80) illnesses

Shulman et al., 2002 (15) 39% had anxiety (19% recognized None Beck Anxiety 
by neurologist) (n = 101) Inventory
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3.2. Anxiety and Motor Performance
Most studies have observed anxiety symptoms to appear after the diagnosis of PD has been estab-

lished (6,10,21). However, one study reported the onset of anxiety preceding the appearance of Parkin-
sonism in 12 of 28 patients (11).

Although most studies found no significant difference in PD severity between those with and with-
out anxiety (6,8), the relationship between anxiety and motor fluctuations is intriguing. It has long
been recognized that symptoms like panic, flushing, and sweating can be principal nonmotor manifes-
tations during the “off” state (22). Moreover, pervading anxiety disorders are reported to occur more
often among PD patients who experience “on–off” motor fluctuations, and symptoms tend to worsen
during the “off” state (6,10,21). One study showed that anxiety significantly improved from “off” to
“on” and worsened again in the “on” state when dyskinesias appeared (23), whereas others failed to
consistently show a relationship between anxiety and motor state (24). Therefore, it appears that anxi-
ety itself can be a manifestation of an “off” state, can decline with motor fluctuations, or can occur
independently from, and even precede, motor manifestations.

3.3. Anxiety and Medications
Studies of the relationship between anxiety and anti-PD medications have produced conflicting

results. Although one group of investigators found panic attacks to be more common among levodopa-
treated patients (10), others have reported: (a) no difference in levodopa dose between anxious and
nonanxious patients (6); (b) 44% of patients with PD experienced anxiety prior to levodopa therapy
(21); and (c) no correlation between levodopa dose and anxiety levels (8). Similar conflicting findings
have been reported with pergolide (8,25).

3.4. Anxiety and Laterality of PD
To determine whether anxiety in PD might be primarily a psychological reaction to chronic disabil-

ity, investigators reviewed laterality of PD symptoms; the hypothesis was that patients with right-sided
Parkinsonism (affecting their dominant side) would be expected to be more anxious. The opposite was
found: anxiety in PD was associated mainly with left-sided symptoms (2,12,26).

3.5. Depression, Dementia, and Anxiety
Depression occurs in up to 40% of patients with PD. Although anxiety in PD can occur in the

absence of depression, there appears to be a special relationship between the two psychiatric disorders
in PD (10,26). Menza et al. (8) found that 92% of patients with PD with anxiety also had depression,
and 67% of depressed patients with PD carried a diagnosis of anxiety. Similarly, Henderson et al. (21)
found depression in combination with panic and/or anxiety occurred more frequently among patients
with PD, when compared with healthy spousal controls. Depression in PD has often been described as
“atypical” (13) with greater anxiety and less self-punitive ideation (27).

The relationship between anxiety and dementia in PD remains unclear. Two studies hypothesized
that anxiety may occur less frequently among demented patients with PD (6,28), but others found no
correlation between the two disorders (10,26,29). A major drawback is that the majority of epidemio-
logical studies of anxiety in PD have failed to comment on the cognitive status of their cohort (13,21)
or deliberately excluded patients with significant cognitive impairment (6,8).

4. NEUROBIOLOGY

The etiology of anxiety in PD is not well-understood and, unfortunately, has not been systemati-
cally studied. The notion that the higher prevalence of anxiety in PD versus the general population is
based on the impact of chronic illness on the patient’s psychological state is not supported by the data
demonstrating higher frequency of GAD and panic attacks in PD when compared to patients with mul-
tiple sclerosis or other debilitating medical conditions (e.g., osteoarthritis) (6,8). As mentioned previ-
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ously, one study demonstrated that anxiety symptoms may precede the onset of PD motor features
(11). A recent study demonstrated that premorbid anxiety can be a risk factor for PD where a cohort of
35,815 male health care professionals was followed prospectively for 12 years (30). By the end of the
follow-up period, 189 subjects had developed PD. After adjustment for age, smoking, and caffeine
intake, the relative risk of PD was 1.5 times higher in the group with the highest level of anxiety in
comparison with the lowest (30). Thus, available data generally support the hypothesis that anxiety in
PD is the result of neurochemical and neuroanatomical changes of the disease itself, rather than a psy-
chological reaction to a chronic condition.

4.1. Neuroanatomy
The alterations in basal ganglia (BG) motor circuitry in PD have been well-studied and delineated

(31). However, the pathology of PD extends beyond the “motor” BG. The neuroanatomical structural
circuits that PD and anxiety may potentially have in common involve the nucleus accumbens, which
modulates output of the striatal motor system based on ventral tegmental and temporal lobe limbic
inputs (32). The shell of the nucleus accumbens is closely linked to, or continuous with, the anterior
extension of the amygdala (33). Thus, both structures provide circuitry linkage between the BG motor
system and limbic structures, thereby possibly generating an anxiety-type response (34).

4.2. Neurochemistry
The neurochemical substrate of anxiety in PD is complex. Clearly, the principal neurochemical

abnormality in PD is dopamine deficiency. Anxiety in PD may be directly related to dopaminergic
deficit or the possible result of imbalance in other neurochemical pathways directly or indirectly
affected by PD. The primary neurotransmitters implicated in pathogenesis of anxiety are norepineph-
rine (NE), serotonin, γ-aminobutyric acid (GABA), as well as some neuropeptides (35).

4.2.1. Dopamine
Some evidence suggests that dopamine deficiency may be directly related to anxiety, specifically

social phobias and panic disorder (36,37). Indeed, in a study of levodopa infusion in patients with
motor fluctuations, higher serum levodopa levels correlated with lower anxiety scores (38). Anxiety
scores were lowest during the “on” state and highest during motor “off” states (38). No escalation of
anxiety was found with dyskinesias, although other authors have noted a negative impact of dyskine-
sias, at least on mood (23). Nonetheless, it is unlikely that dopamine deficiency is the sole neurochem-
ical reason for anxiety in PD, because the majority of studies have not demonstrated any difference in
the degree of motor disability between patients who have PD with and without anxiety (6,8).

4.2.2. Norepinephrine
Dopamine deficiency can also lead to imbalance in other neurochemical pathways. One of the

major neurotransmitters implicated in the development of anxiety is NE (34). Dopamine inhibits the
rate of firing of the locus ceruleus. Therefore, dopaminergic deficiency can bring dysregulation of NE
(10,29). PD itself may have an impact on NE pathways, and loss of catecholaminergic cells in the
locus ceruleus has been demonstrated in PD (39,40). The noradrenergic pathways emanating from the
locus ceruleus are also affected, specifically the dorsal ascending noradrenergic pathway that projects
from the locus ceruleus to the cerebral cortex, amygdala, hippocampus, and septum. Another postu-
lated mechanism in the development of primary anxiety disorder is the inhibition of presynaptic α-2-
adrenergic receptors (35). In animal models, inhibition of these receptors presynaptically results in
increased NE activity and anxiety behavior (35). Yohimbine, an α-2-adrenergic receptor antagonist,
has been shown to cause panic attacks in patients with panic disorder, but not in healthy controls (41).
The number of α-2-adrenergic receptors decreases in subjects with PD both centrally and peripherally
(8,42). Richard et al. (43) demonstrated that yohimbine challenge in subjects with PD who had a his-
tory of anxiety produced panic attacks at a rate comparable to psychiatric patients with primary panic
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disorder. All patients with PD, irrespective of history of anxiety, demonstrated sensitivity to yohim-
bine-induced somatic symptoms, whereas none of the controls did (43). This data supports the role of
impairment of NE pathways in PD-related anxiety disorders.

4.2.3. Serotonin
Another neurotransmitter implicated in primary anxiety disorders is serotonin. A functional poly-

morphism in the promoter region of the serotonin transporter gene has been recently linked to anxiety
(44). Patients with PD who carried the short allele of the serotonin transporter scored higher on anxiety
scales than noncarriers, pointing to potential common genetic mechanisms of primary anxiety and
anxiety in PD (46). Evidence also shows degeneration of serotoninergic systems in PD. Studies have
demonstrated loss of neurons in the median and dorsal raphe nuclei (47). PD is associated with
reduced concentration of serotonin in the basal ganglia nuclei as well as frontal cortex and reduced
density of binding sites for serotonin-reuptake inhibitors in the putamen (48).

4.2.4. γ-Aminobutyric Acid
The potential role of GABA in anxiety is supported by animal data. Animals exposed to prolonged

stress had a reduction in GABAA receptor binding in the frontal cortex, hippocampus, and hypothala-
mus (49). More importantly, the efficacy of benzodiazepines, which are GABAA agonists, supports
involvement of the GABAergic system in anxiety treatment in the development of anxiety disorders
(50). The exact role of GABA dysfunction in anxiety in PD has not been established. Autopsy data
from PD brains demonstrate conflicting evidence, with increased concentration of GABA in the puta-
men and pallidum but reduced concentration in the cortex (51).

4.2.5. Glutamate
Glutamate could be an influence in PD-related anxiety. PD is associated with the disinhibition of

glutamatergic output from the subthalamic nucleus, resulting in excessive glutamatergic stimulation of
the BG motor nuclei and possibly, mesolimbic structures as well (31). Glutamate receptors mediate
excitatory neurotransmission, which is activated by stress (51). N-methyl-D-aspartate receptor
(NMDA) antagonists have been shown to have anxiolytic effects in animal models of anxiety (52).
However, studies of NMDA antagonists in human subjects have been halted by the impact of those
agents on memory and cognition.

4.2.6. Neuropeptides
Various neuropeptides have also been implicated in primary anxiety disorders. Cholecystokinin and cor-

ticotropin-releasing factor seem to be anxiogenic, whereas neuropeptide-Y and substance-P are anxiolytic
(35). Pharmacological agents acting on those neuropeptides may prove to be more efficacious than existing
strategies for the treatment of anxiety, although their role in parkinsonian anxiety remains to be determined.

4.3. Neuroimaging
Functional imaging studies are becoming a valuable tool in the investigation of neuroanatomical

and neurophysiological substrates of different psychiatric disorders. Positron emission tomography
studies in GAD have indicated decreased glucose metabolism in the basal ganglia (53). GAD was not
associated with asymmetry in cerebral metabolism, contrary to panic disorders, which seem to be
associated with right-brain metabolic abnormalities (53). There are no functional imaging studies that
address cerebral metabolism in PD-related anxiety. However, a clinical study reviewing the impact of
laterality of PD symptoms on anxiety demonstrated a strong correlation of anxiety to left-body Parkin-
sonism (26). The same association was evident for depressive symptoms.

5. TREATMENT

The key to successful management of anxiety in PD is early recognition. Once anxiety is identified,
a “team approach” to treatment is the most beneficial. Nonpharmacological management, including
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education, counseling, and stress-reduction strategies, should be an integral part of any neurobehav-
ioral disorder. However, the majority of patients will still require pharmacological intervention.

Studies that assess the pharmacological management of anxiety in PD are necessary, and PD motor
symptoms should be adequately treated. Although most studies find no correlation between PD dis-
ability and incidence of anxiety, there is a clear correlation of anxiety with the “off” state for the subset
of patients with motor fluctuations (38).

Several animal studies have addressed the role of dopamine agonists in anxiety. Ropinirole demon-
strated anxiolytic properties in rat, mouse, and marmoset models of anxiety, but these were not PD
animal models (54). An investigational D2-selective dopamine agonist, U-95666E (sumanirole), was
shown to have both antiparkinsonian and anxiolytic effects in the 6-hydroxydopamine (OHDA) rat
model of PD (55). Clinical trials of available dopamine agonists in PD have not reviewed anxiety as an
end-point. However, the incidence of treatment-induced anxiety is higher with dopamine agonists
when compared with levodopa (56,57). Pramipexole has an antidepressant effect in primary depres-
sion, but its impact on anxiety has not been studied (58,59).

5.1. Benzodiazepines
The majority of patients with PD who experience anxiety require anxiolytic therapy in combination

with dopaminergic medications. Benzodiazepines can be effective for the management of GAD, panic
disorders, and social phobias but are not effective in OCD (60). There is no adverse interaction between
benzodiazepines and dopaminergic therapy, but the potential additive sedative effect of both agents can
lead to the escalation of daytime somnolence, disruption of the sleep–wake cycle, and falling. Cogni-
tively impaired patients can experience further deterioration of cognition when taking benzodiazepines
and are at risk for developing hallucinations. These agents should be avoided in the elderly, especially in
patients with PD on polypharmacy. Benzodiazepines should be limited to short-term use if at all possi-
ble. Chronic use should be considered only when all alternative strategies to treat anxiety have failed.

5.2. Selective Serotonin Receptor Inhibitors
Selective serotonin receptor inhibitors (SSRIs) are becoming the preferred agents for the manage-

ment of virtually any type of anxiety. SSRIs have a favorable side-effect profile and display limited
drug–drug interaction. SSRIs are widely used in PD for depression and associated anxiety. Data exists
on the efficacy of SSRIs in PD-related depression. Although in a comprehensive review of the subject,
Tom and Cummings (61) concluded that data are limited and more studies are necessary. No studies
address the efficacy of these agents in PD-related anxiety. Overall, SSRIs are safe to use in PD; how-
ever, there are several issues of which physicians need to be aware.

1. Concomitant use of SSRIs and monoamine oxidase inhibitors (MAOI) can lead to the development of the
serotonin syndrome (SS). Nonselective MAOIs are contraindicated in patients taking levodopa owing to the
risk of hypertensive crisis. Selegiline, which continues to be widely used in PD for its putative neuroprotec-
tive benefit, as well as its mild symptomatic dopaminergic effect, is a selective monoamine oxidase (MAO)-B
inhibitor. Selegiline does not produce MAO-A inhibition at the recommended dose of 10 mg per day. How-
ever, at higher doses, it becomes a nonselective MAOI (62). The selegiline package insert has a warning
against its concomitant use with either tricyclic antidepressants (TCA) or SSRIs, because of the potential for
central nervous system toxicity that occurs with the SS, which is characterized by alterations of mental status,
motor, and autonomic function. Despite this theoretical concern, both the manufacturer’s information and a
survey of a large group of movement disorders specialists suggest it is a rare phenomenon (63,64).

2. There are case reports of motor worsening or new-onset drug-induced Parkinsonism in the setting of SSRI
use, specifically fluoxetine (65,66). Whether this reflects some unique property of fluoxetine or is a falsely
elevated incidence as a consequence of its wide use is unclear.

3. SSRIs can interact with agents metabolized by the cytochrome P450 system. Although some dopamine ago-
nists can inhibit P450 enzymes, this interaction is of limited clinical significance. Among dopamine ago-
nists, pramipexole does not inhibit P450 enzymes (67). SSRIs vary in their degree of P450 inhibition:
sertraline causes relatively less inhibition than fluoxetine and paroxetine (68).
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Until formal clinical trials address the issues of efficacy and safety of SSRIs in PD, the choice of a
particular SSRI for the management of anxiety in PD should be based on the side-effect profile of the
particular agent, the patient’s tolerance, and comorbidities.

5.3. Tricyclic Antidepressants
TCAs act by blocking NE and serotonin uptake, as well as producing long-term increases in recep-

tor sensitivity (69). TCAs have a role in the management of PD-related pain, sleep dysfunction, and
hypersalivation. However, their use in PD is limited by anticholinergic side effects. TCAs also carry a
relatively high risk of causing or worsening confusion. The TCA, amoxapine, should not be used in
PD because it is partly a dopamine receptor-blocking agent and can worsen Parkinsonism (70).

5.4. Bupropion and Buspirone
Bupropion is a monocyclic antidepressant with indirect dopamine agonist properties (69). Bupro-

pion improves depression in some patients with PD (71) and may also have a positive effect on PD
motor symptoms. The most troublesome potential side effect is seizures, yet the risk is primarily con-
fined to individuals with pre-existing epilepsy. The effect of bupropion on PD anxiety has not been
systematically evaluated, but its overall “stimulating” properties may limit its use.

Buspirone, which is pharmacologically related to bupropion, also has dopamine agonist properties.
It can be effective for GAD but is less likely to help panic or social phobia (72). Based on its mecha-
nism of action, buspirone has been studied in PD. The drug was well-tolerated in doses up to 60 mg
per day, but did not produce either antiparkinsonian or anxiolytic effects (73). At higher doses (100
mg/day), it caused a decline in motor function and worsening of anxiety (73). Another study that pri-
marily analyzed the impact of buspirone on dyskinesias in PD did not demonstrate an anxiolytic effect
at a dose of 20 mg per day (74).

5.5. Other Therapies

5.5.1. Mirtazapine
Mirtazapine is a newer antidepressant that acts via indirect enhancement of serotonin 5-HT1 recep-

tors, as well as by direct inhibition of α-2 presynaptic adrenergic receptors. Data has shown mirtazap-
ine to be effective in GAD (75) and potentially may be a good treatment option for patients with PD
who experience anxiety and sleep dysfunction owing to its sedative effect at low doses. Mirtazapine
was noted to have a tremor-suppressing effect in a case-report series (76). However, that observation
awaits clarification in prospective placebo-controlled studies.

5.1.2. Surgery
Surgery assumes an increasing role in PD management. Despite the extensive body of literature

regarding the impact of surgical interventions on the cognitive and mood status of patients with PD
(77,78), information on its effect on anxiety is limited and mixed. Generally, surgical protocols exclude
patients with a high degree of anxiety unless sufficiently treated because of concern that these patients
will be unable to go through a lengthy and stressful surgical procedure performed while they are awake.
There are isolated reports of reduced anxiety with pallidal stimulation, thalamotomy, and pallidotomy.
Higginson et al. (79) reported on the impact of surgery on anxiety in 39 patients with advanced PD who
underwent either ablative or deep-brain stimulation (DBS) procedures. Surgical targets included globus
pallidus (Gpi) (24 pallidotomies; 10 GPi DBS) and nucleus ventralis intermedius (VIM) nucleus of the
thalamus (4 DBS; 1 thalamotomy). The prevalence of anxiety decreased from 72% (28 of 39 patients)
before surgery to 49% (19 of 39 patients) after surgery based on the Beck Anxiety Inventory scale. The
side of surgery had no impact on the degree of anxiety reduction. Investigators concluded that surgical
intervention in PD is associated with the reduction of anxiety. Although the study had significant
methodological limitations, at the very least it provides confirmation that surgical intervention does not
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usually worsen symptoms of anxiety in PD. Another study reviewed the effect of bilateral subthalamic
nucleus (STN)-DBS on anxiety in a cohort of 20 patients followed postoperatively for 12 months. Anxi-
ety scores improved postoperatively in 50% of the patients, remained unchanged in 37%, and worsened
in 12% (80). Neurobehavioral benefit was sustained at 12-month follow-up.

In contrast, one study reported persistence and slight worsening of GAD after STN-DBS (81).
Interestingly, a large proportion of patients with postoperative anxiety attributed their symptoms to the
fear of failure of stimulators (81). Additional data in the form of prospective, blinded studies that
address the efficacy of different surgical targets is necessary.

6. CONCLUSION

There is a remarkable paucity of organized data on the choice of pharmacological management of
anxiety in PD, and well-designed studies are necessary. However, based on current clinical experience,
agents that are effective in the management of primary anxiety disorders are also efficacious in PD-
related anxiety.
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Obsessionality

Marie-Andrée Bruneau

SUMMARY
This chapter examines the fascinating issue of obsessionality in Parkinson’s disease (PD). Initially

described is the concept of obsessionality and current notions about the pathophysiology of obsessive-compul-
sive disorder (OCD). Also defined are the perseverations and their possible confusion with obsessive-compul-
sive symptoms (OCS). Particular features of obsessionality in some neurological illnesses are provided, and
factors related to obsessionality in PD are reviewed. Both the Parkinsonian personality and similarities that
may link bradyphrenia and obsessional slowness are discussed, and finally, descriptive studies of obsessional-
ity in PD are reviewed. OCS in neurological illnesses, including PD, may be clinically identical to idiopathic
OCD, but descriptions usually outline certain differences. OCS in neurological disease processes often are
associated with movement disorders and cognitive dysfunction, primarily of the dysexecutive type. However,
the issue regarding whether the etiopathology, phenomenology, and treatment response of OCS in neurological
illnesses are similar to those of idiopathic OCD remains.

Key Words: Parkinson’s disease; obsessionality; obsessive-compulsive disorder; perseveration; basal gan-
glia; frontal lesions.

1. INTRODUCTION

Parkinson’s disease (PD) is one of the most intriguing neuropsychiatric disorders, giving the clini-
cian a striking demonstration of the intricate intertwining of motor, cognitive, and behavioral functions
within the brain. PD has been associated with many comorbid psychiatric disorders, such as depres-
sion and psychosis, which are discussed in Chapters 1, 2, and 5 of this book. However, one has to
question if psychiatric syndromes in neurological diseases may be compared to primary psychiatric ill-
nesses and, if so, share the same pathophysiology, clinical expression, and response to treatment.

This chapter discusses obsessionality in PD by first reviewing the concept of obsessionality and
describing current notions about the pathophysiology of obsessive-compulsive disorder (OCD). Perse-
verations and their possible confusion with obsessive-compulsive symptoms (OCS), along with obses-
sionality in neurological illnesses and their particular features, are discussed. Finally, concepts linking
obsessionality and PD and descriptive studies of OCS in PD are addressed. This chapter aims to clarify
the reader’s knowledge of how OCS and PD could be related and also relate new issues that need to be
analyzed in future research.

2. THE CONCEPT OF OBSESSIONALITY

Obsessionality is usually associated with OCD or obsessive-compulsive personality disorder
(OCPD). OCD is defined in the fourth edition of the Diagnostic and Statistical Manual of Mental Dis-
orders (DSM-IV; 1) as recurring obsessions and compulsions “severe enough to be time-consuming …
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or cause marked distress or significant impairment” while people recognize that their reactions are
irrational or disproportionate and egodystonic (i.e., aspects of a personality that are viewed as disgust-
ing, unacceptable, or incompatible with the rest of the personality).

Obsessions are recurrent intrusive thoughts, impulses, or images that the patient attempts to ignore,
or suppress. Examples of topics are contamination, aggressive, sexual, pathological doubt or need for
symmetry. Compulsions are repetitive behaviors or mental acts (e.g., washing, counting, or checking)
that the patient feels driven to perform to reduce the anxiety associated with obsessions or according to
rules that must be rigidly applied.

OCPD is a pervasive pattern of preoccupation with orderliness, perfectionism, mental and interper-
sonal control at the expense of flexibility, openness, and efficiency (1). Coincident aspects of OCD and
OCPD are the need for order and symmetry, hoarding behaviors, and a certain mental inflexibility.

3. PATHOPHYSIOLOGY OF OCD

The pathophysiology of OCD has been studied in recent years using imagery, provocation, and treat-
ment studies. Striatal dysfunction has been described as being at the root of this illness (2,3). The stria-
tum integrates complex neural networks related to motor, cognitive, and motivational functions. Thus, it
is responsible for motor planning and integration, learning and reinforcement, and behavioral integration
and selection. In OCD, this striatal filter becomes dysfunctional and allows unselected impulses to move
to the orbitofrontal and cingulate cortex. Hyperactive orbitofrontal and cingulate cortico–subcortical cir-
cuits (2,3; Figs. 1 and 2) run in continuous loops and are postulated to give rise to OCS.

The striatum is also responsible for maintaining balance between the excitatory and inhibitory influ-
ences on thalamocortical pathways via dopaminergic modulation of the direct and indirect loops (Fig.
3; 4). In a simplified way, the direct loop is operative until the desired action is completed; the indirect
path suppresses the behavior, permitting a change of behavioral sets. The premise in OCD is that direct
influences are prominent because the indirect loop is dysfunctional. If there is a loss of indirect influ-
ences, the patient becomes stuck in a “what if?” set. The excessive reverberation of instinctual
impulses to the orbitofrontal and cingulate cortex maintains danger avoidance responses. The
orbitofrontal cortex is, in fact, responsible for emotional reactions associated with survival stimuli
(e.g., reproduction, violence, hygiene, and order), and it becomes hyperactive to control these free-run-
ning impulses (5,6).

It remains unclear why this indirect loop becomes dysfunctional in OCD. One hypothesis is that
some striatal neurons (striosomes) are very sensitive to hypoxic insults. If they are injured, the influ-
ence of the direct pathway becomes excessively prominent. The origin of such hypoxic insults could

Fig. 1. Orbitofrontal circuit.
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be varied (5,6). In idiopathic OCD, a prenatal hypoxic insult associated with a possible genetic predis-
position has been postulated. About 10% of patients with OCD have family members with OCD, and
this reaches 15 to 30% when considering OCS. Twin studies show a 60 to 90% monozygotic concor-

Fig. 2. Cingulate circuit.

Fig. 3. Direct and indirect dopaminergic pathways. SN, substancia nigra; GPi, globus pallidus internal; GPe,
globus pallidus external; D2, dopaminergic receptors type 2; D1, dopamineric receptors type 1.
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dance when compared to 20 to 50% for dizygotic twins (7). However, any kind of insult (ischemic,
infectious, or traumatic) to these neurons could give rise to the same symptomatology and explain the
pathophysiology of “neurological” OCD, i.e., OCD appearing after a neurological insult.

In short, conscious executive processing (frontal) and implicit-automatic processing (basal ganglia)
function in parallel in a normal brain. If the basal ganglia filter is dysfunctional, the frontal cortex
becomes overloaded with information that is usually treated automatically (or unconsciously). This
kind of information then intrudes into conscious knowledge, which leads to obsessions. Behavioral
selection is then confined to compulsive actions.

Treatment of OCD by serotonergic medications or by psychosurgery changes the balance between
direct and indirect pathways by reducing the global excitatory tonus of the system and consequently
reducing excitatory thalamocortical projections (5,6).

4. THE CONCEPT OF PERSEVERATIONS

Perseveration is defined as the inappropriate continuation of an act or thought after its proper con-
text has passed, or as the pathological repetition of the same response to different stimuli (8). Cum-
mings (9) declared that perseverations might represent OCS in neurological patients with cognitive
dysfunction. Indeed, perseverations have a stereotypical and repetitive aspect that resembles OCS.
Perseveration involves self-regulation difficulty and mental inflexibility—aberrations usually associ-
ated with executive dysfunction. Executive functions include task planning, problem solving, mental
flexibility, self-control, and inhibition. These functions are processed by the dorsolateral cortico–sub-
cortical pathway (Fig. 4; 4), whereas OCS are associated with hyperactivity of orbitofrontal and cingu-
late pathways (2,3). Yet, executive dysfunction has been described in some, although not all,
neuropsychological studies in OCD (10–12). Based on neuropsychological studies, it is difficult to dis-
tinguish between OCS and perseveration in neurological illnesses, yet perseverations are usually asso-
ciated with cognitive dysfunction, devoid of anxiety, and do not seem to be driven by the same
emotional aspects associated with OCD (8).

5. OCS IN NEUROLOGICAL ILLNESSES

OCS have been described in some neurological illnesses. Frontal lobe lesions are associated with
perseverative behaviors (13). In some cases, stereotypies similar to OCS are described. An example of
early frontal lobe degeneration is frontotemporal dementia (FTD). A diagnosis of FTD supposes men-

Fig. 4. Dorsolateral circuit.
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tal inflexibility, perseverative, and stereotypical behavior or speech as supportive features (14). There-
fore, as many as 78% of patients with FTD display OCS, and these may be the symptoms leading to
diagnosis (15). Descriptions range from classical OCD (counting, checking, cleaning, and symmetry
compulsions) to verbal and motor stereotypies. OCS in FTD are associated with coincident executive
dysfunction. Patients with FTD display less distress, resistance, and insight, and their obsessions are
less likely to be associated with compulsions in comparison to the typical patient with OCD (15).

Pathological processes that involve basal ganglia, particularly the caudate nucleus, are, not surpris-
ingly, associated with OCD. The most elegant description of OCD relating to basal ganglia lesions of
various etiologies (e.g., ischemic, infectious, and toxic) has been published by Laplane et al. (16,17).
They described OCD linked with lesions commonly localized to the caudate, putamen, or pallidum;
the descriptions ranged from classical OCD to motor or verbal stereotypies without a cognitive coun-
terpart. For example, some patients could not stop stirring soup or turning lights on and off. Punding
and sucking behaviors were also described. The absence of anxiety or distress with compulsions is
striking in these descriptions. No clearly evident obsessions could be found to account for the compul-
sive behavior. OCS were often associated with movement disorders and executive dysfunction.

Sydenham’s chorea, a poststreptococcal infectious movement disorder involving antineuronal anti-
bodies directed against basal ganglia, is associated with OCD in 60 to 80% of cases (18). OCD occurs
only in relationship to the chorea, never with the poststreptococcal rheumatic arthritis alone, which
supports the concept that central nervous system involvement is necessary for the expression of this
symptomatology. Some descriptions of OCD in Huntington’s disease (19), a neurodegenerative
genetic disorder affecting the caudate nuclei, are also recorded in the literature. Moreover, OCD is
strongly linked with Tourette’s syndrome (TS) to the extent that some authors view OCD as a differen-
tial expression of the putative TS gene (20). The pathophysiology of TS is believed to involve
dopaminergic striatal hyperinnervation, which then gives rise to hyperactive cortico–subcortical path-
ways via thalamic disinhibition (Figs. 1 and 2). Sensory-motor loop hyperactivity therefore may be
responsible for tics, whereas orbitofrontal and cingulate loops hyperactivity may produce OCD (21).
However, the phenomenological distinction between complex tics and compulsions remains a difficult
task. Tics are usually preceded by a sensory urge; compulsions may be driven by a cognitive urge
(obsession?). Performance of tics and completion of compulsive behaviors both provide relief to the
patient with TS.

The neurological illness associated with OCD that is possibly the most similar to PD is Von
Economo’s encephalitis (22). Von Economo’s encephalitis, or encephalitis lethargica, was pandemic
between 1917 and 1929, affecting up to 5 million people worldwide. Its etiology has never been deter-
mined, although an infectious pathogen was suspected. Its pathology entailed basal ganglia, substantia
nigra, and mesencephalic inflammation. Patients first presented with flu-like symptoms and then
developed neurological symptoms—most prominently lethargy or hypersomnolence. Movement dis-
orders (Parkinsonism, choreoathethosis, and myoclonus) also occurred in some patients, along with
psychotic features (e.g., delusions, hallucinations, and catatonia).

The postencephalitic syndrome, appearing months to years after the acute infection, was associated
with Parkinsonism in 30 to 60% of cases and neuropsychiatric features in 50 to 100%. It also was asso-
ciated with a subcortical type of dementia with prominent executive dysfunction. Most interestingly,
OCS appeared in conjunction with oculogyric crises. Case reports depicted stereotyped compulsive
movements without obsessions; counting, touching, or symmetry compulsions; sexual or aggressive
obsessions; sensations of “forced thought”; and coprolalia and palilalia (23). These crises could last
from a few minutes to hours and were sometimes associated with tics and acute mood changes.

6. OCD IN PD
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6.1. Basal Ganglia Illnesses
Similarly to OCD, PD involves basal ganglia dysfunction. Degeneration of the dopamine-contain-

ing neurons of the substantia nigra, with consequent loss of dopaminergic input to the basal ganglia,
leads to the clinical presentation of PD (24). Dopaminergic neuronal loss and its effect on the nigros-
triatocortical circuit are illustrated clinically primarily by hypokinetic and cognitive syndromes. The
disruption of dopaminergic transmission makes the indirect pathway predominant with a global thala-
mocortical inhibition and resulting hypokinetic symptoms (rigidity and bradykinesia). Cognitive dys-
function in PD originally was believed to be related to dorsolateral striatocortical circuit dysfunction
(25), also the consequence of the loss of monoaminergic afferents, primarily dopaminergic but also
possibly noradrenergic, serotonergic, and cholinergic. Although Parkinsonism can be associated with
the Alzheimer’s type of cognitive dysfunction (PD + Alz) and Lewy body dementia, the usual type of
cognitive dysfunction related to PD is a subcortical type of dementia. Findings include bradyphrenia,
visuospatial deficits, encoding memory difficulties with preserved recognition, diminution of verbal
fluency, and executive dysfunction, including mental rigidity and perseverations (26). As discussed
earlier, perseverations may be confused with OCS in some reports.

6.2. Parkinsonian Personality
Obsessionality in PD carries various idiosyncratic notions. A premorbid Parkinsonian personality

with obsessional features (perfectionism, preoccupation with control, and mental rigidity) has been
described in PD, the so-called “Parkinsonian personality” (27,28). Analogies can be made between
this description and Cloninger’s hypodopaminergic personality with reduced novelty seeking (29),
and it can be questioned whether these characteristics represent early signs of central hypodopaminer-
gism associated with executive dysfunction. Executive dysfunction may impede the adaptation to new
settings, because patients have difficulty changing strategies or cognitive sets. Such individuals may
also be less likely to engage in novelty-seeking behavior, because they may have problems dealing
with new situations. To further complicate matters, it must be recognized that the retrospective quality
of such descriptions is subject to recollection bias, which itself might be influenced by the actual
symptomatology.

6.3. Obsessional Slowness and Bradyphrenia
Some authors have compared the obsessional slowness encountered with severe forms of OCD to

Parkinsonian bradyphrenia (30,31). They suggest that obsessional slowness represents difficulty in ini-
tiating action and suppressing perseverative behaviors. Patients with OCD are excessively meticulous
and disintegrate their sequences of action until perfection is reached, resulting in slowness of execu-
tion. In bradykinesia, spontaneity of movement is lost, and movements disintegrate into multiple cau-
tious and slowed action sequences. Bradyphrenia and obsessional slowness in thought processes may,
therefore, share common ground (32).

6.4. Prevalence Studies of OCS in PD
Despite that clinical wisdom implies that PD can be associated with OCS, only four studies

reviewed the prevalence of OCS in PD from 1984 to 2002. Tomer et al (33) studied OCS in 30 patients
with PD using the Leyton Obsessional Inventory (LOI). The LOI is divided into “symptoms” ques-
tions (recurring thoughts, checking, dirt and contamination, order and routine, and so forth) and “trait”
questions (stubbornness, pedantry, hoarding, and so on). Of these 30 patients, 17 suffered from OCS,
and 19 had an obsessional trait. A significant correlation was found between LOI results and the results
on the Beck Depression Inventory. Müller et al. (34) reviewed OCS in 20 PD patients using the Maud-
sley Obsessive-Compulsive Inventory (MOCI) and the Hamburg Obsessive-Compulsive Inventory.
Patients with PD scored higher than controls only on the “ordering” subscale. Maia et al. (35) mea-
sured OCS in 100 patients with PD using the Yale-Brown Obsessive-Compulsive Scale (YBOCS) and
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found OCS in 17 patients with a mean YBOCS of 17.1; only 5 patients met criteria for OCD. No dif-
ferences in OCS between PD and controls could be demonstrated. Alegret et al. (36) reported on 72
patients with PD, finding higher MOCI and LOI scores in patients with PD than in controls. However,
these scores did not reach a pathological level. Alegret et al. found higher proportions of “checking,”
“doubting,” and “cleaning” OCS in their subjects with PD. Patients’ MOCI scores correlated with the
severity and duration of their illness. Alegret et al. linked OCS to neurochemical changes associated
with PD progression. Yet, they did not discuss the possibility that dysexecutive difficulties in relation
to dysfunction of the nigrostriatofrontal circuitry could be confused with OCS.

Taken as a whole, these four studies suggest the presence of OCS in PD. However, rarely do these
symptoms reach diagnostic values for OCD. Furthermore, different screening instruments, a small
number of patients, and the absence of a control group in some studies render these results difficult to
interpret. Based on this literature, there is no clear epidemiological view of OCS in PD, nor is it known
whether OCS in PD might be related to side effects of medication or to affective or cognitive symp-
toms. Also unknown is whether OCD in basal ganglia “neurological” illnesses, such as PD, is truly
similar to “idiopathic” OCD.

6.5. OCS in PD: Perseverations?
To address these issues, we studied OCS in 35 patients with PD and 35 paired controls (37) with the

hypothesis that OCS are present and significant in PD and may represent early manifestations of an
emerging dysexecutive syndrome.

Our primary outcome measure was the YBOCS score (38). The YBOCS is the gold-standard
instrument to evaluate OCS and has been well-validated in psychiatric populations, containing a list
of obsessions and compulsions used to probe for possible OCS in a given patient. The maximum
score is 40, where a score of more than 8 indicates OCS, and more than 16 indicates OCD. We used
the Wisconsin Card Sorting Test (WCST) to measure perseverations. In this test, the patient must
sort cards using a variety of criteria (i.e., form, number, and color; 39). The patient must discover the
sorting rule, which will change after a certain number of correct answers. We used the WCST
because of its sensitivity to executive dysfunction. Subjects were divided in two groups according to
YBOCS scores (<8 = negligible OCS/>8 = presence of OCS). Mann-Whitney-U tests were per-
formed on reported variables. A Chi-square test was done to evaluate the possible relationship
between OCS and levodopa treatment (comparing the presence/absence of OCS and levodopa treat-
ment) in patients with PD.

Patients with PD had statistically significantly higher scores on the YBOCS than controls. Early
perseverative errors in the WCST were more frequent in patients with PD and OCS when compared to
those without. No differences were found between subjects who had PD with or without OCS in terms
of anxiety, depression, motor symptoms, demographic variables, or Mini-Mental State Exam scores
(40). The presence or absence of OCS could not be predicted by levodopa therapy. No variables dis-
criminated between the two control groups based on the presence or absence of OCS.

Confirming our hypothesis that OCS are present to a significant extent in PD, our group of patients
with PD showed higher YBOCS scores than controls. However, the mean YBOCS score did not qual-
ify for an OCD diagnosis. Thus, although OCS measures are higher in patients with PD than in con-
trols, they should not be viewed as representing an obsessional pathology per se. We found that our
patients with PD were more prone to OCS of the ordering, symmetry, or checking type, and that these
symptoms were egosyntonic (i.e., denoting aspects of a personality viewed as acceptable and consis-
tent with that person’s total personality).

Our findings also suggest a link between higher obsessionality and perseverative symptoms. The
need for symmetry and sameness could be explained by a difficulty in changing strategies to adapt to a
continually evolving environment (early executive dysfunction). Checking could compensate for
encoding memory difficulties. Supporting this hypothesis, a recent study in PD reported a beneficial
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effect of subthalamic stimulation on dorsolateral prefrontal function as well as on obsessive-compul-
sive traits (41). Dysexecutive difficulties may have influenced retrospective studies of a possible pre-
morbid Parkinsonian personality. It has been proposed that this premorbid mental rigidity could
designate an early sign of hypodopaminergism, affecting the processing of information by the frontal
cortex (27).

7. “NEUROLOGICAL” OCS

In summary, OCS in neurological illnesses like PD may be clinically identical to idiopathic OCD.
However, typical descriptions reflect certain differences. OCS in neurological illnesses are primarily
associated with compulsions; obsessions are less well-defined. Compulsions may range from pure
motor stereotypies to more complex behaviors. Order and symmetry preoccupations, repetitive move-
ments, and forced thought are often described. Anxiety is not overwhelming in the majority of cases,
and patients consider these OCS to be egosyntonic. Therefore, they make less effort to resist these
urges. OCS often correlate with movement disorders and cognitive dysfunction, mostly dysexecutive
in character. Some overlap, or communication between different cortico–subcortical loops could
explain why motor (motor pathway), cognitive (cingulate and dorsolateral pathways), and OCS (cin-
gulate and orbitofrontal pathways) occur simultaneously (4).

The question remains whether the etiopathology of OCS in neurological illnesses is similar to idio-
pathic OCD. Whether the phenomenology varies depending on type and location of the causal lesion,
or whether cognition is preserved or not, is also in question. This raises the possibility that measuring
obsessions and compulsions separately may lead to a better definition of the concept. In this
regard, DSM-IV criteria used in defining obsessional illnesses are not helpful. Carefully designed
treatment studies of OCS in neurological illnesses are also lacking. It would be helpful to know if
these symptoms can be alleviated by pharmacotherapy or psychotherapy in the same manner as in
idiopathic OCD.

Accurate definitions of OCS and perseveration should be proposed to distinguish both concepts.
Both compulsion and perseveration involve inhibition difficulties. However, perseverations are devoid
of emotion and motivation usually involved in compulsions (i.e., compulsions without obsessions?). If
OCS and perseverations are considered to be part of the same pathophysiological spectrum, some con-
tradiction remains in the fact that executive dysfunction (perseveration) is associated with dorsolateral
hypofunction, whereas OCS are associated with orbitofrontal and cingulate hyperactivity. One hypoth-
esis is that perseverations in neurological illnesses have been mistakenly labeled as OCS in some
reports. An alternative hypothesis is that both disorders may occur simultaneously. Yet another hypoth-
esis is that orbitofrontal hyperactivity may lead to relative dorsolateral hypofunction, where the frontal
cortex is unable to analyze stimuli other than the one that predominates. Carefully designed imagery
studies may help to provide answers.

8. CONCLUSION

OCS in neurological disorders demonstrate differences from those present in idiopathic OCD and
are interconnected with executive dysfunction and movement disorders. Patients also display less
anxiety and resistance. Studies of obsessionality in PD and the parkinsonian personality suggest simi-
larities between obsessional slowness and bradyphrenia. We have found that patients with PD score
higher than controls on an OCS scale. Patients suffering from PD with OCS, in comparison to those
without, are more susceptible to early perseverative errors, which suggests that OCS in PD may have
been mistaken in prior studies for early executive dysfunction. The description of OCS in neurologi-
cal illnesses should be revised to designate actual OCD from perseverations associated with executive
dysfunction.
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Dementia

Patricia Kavanagh and Karen Marder

SUMMARY
With an estimated prevalence of 20 to 40%, cognitive impairment and dementia are common in Parkinson’s

disease (PD). The relative risk for incident dementia has ranged from 1.7 to 5.9 when compared with age-
matched controls without PD. Postmortem studies have not found distinct associations between PD, PD with
dementia, dementia with Lewy bodies, and Alzheimer’s disease. The varying syndromes may represent a spec-
trum, where individuals exhibit differences in the type, sequence, or time-course of degeneration of neuronal
circuits. Dementia in PD is clinically associated most frequently with older age and more severe motor symp-
toms, which may have a combined effect.

Environmental and genetic risk factors have been proposed, but they have yet to be demonstrated con-
sistently. Early features of dementia in PD are executive dysfunction, impaired verbal fluency, and visu-
ospatial disturbances, making it clinically distinct from Alzheimer’s disease. As memory impairment is a
late phenomenon, cognitive impairment may be advanced before dementia is diagnosed. Depression, med-
ication-induced psychosis, and apathy are more common in cognitively impaired individuals and may her-
ald dementia. Dementia in PD is an independent risk factor for morbidity and mortality, and treatment
should begin with the reduction or elimination of anticholinergic medications and amantadine, followed by
the reduction of dopaminergic medications. Cholinesterase inhibitors may help to preserve function in the
early and moderate stages. Effects of deep-brain stimulators (DBS) on cognitive decline are not yet well-
understood, and further research is needed.

Key Words: Parkinson’s disease (PD); dementia; cognitive impairment; executive dysfunction;
cholinesterase inhibitors.

1. INTRODUCTION

Cognitive impairment and dementia are frequently associated with Parkinson’s disease (PD),
although this relationship was not described originally. In his 1817 description of paralysis agitans,
James Parkinson stated that “…the senses and intellect (are) uninjured” (1). But later observers
debated this point. In 1973, Martin et al. (2) proposed that intellectual impairment be recognized as a
feature of PD, based on an observational study of 100 consecutive cases of PD. Parkinson’s disease
dementia (PDD) is linked most clearly with age and severity of motor symptoms (3–7). PDD can be
clinically distinguished from Alzheimer’s disease (AD) by more prominent impairment of executive
function, verbal fluency, and visuospatial skills early in the disease (8,9). Dementia is associated with
increased morbidity and mortality (10–12). Dementia, independent of severity of extrapyramidal
symptoms (EPS), had a twofold increased risk of mortality over a mean follow-up of 3.9 years (11).
No specific pathological substrate or specific therapy for PDD has been identified; however, early
recognition of dementia is important in PD to help patients and families plan for their needs.
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2. EPIDEMIOLOGY

2.1. Prevalence
Prevalence estimates for dementia in PD range from less than 10% to more than 80% (13–15). This

wide range reflects varying diagnostic criteria for both PD and dementia, methods of evaluation, and
use of both hospital- and community-based samples. Studies where diagnostic criteria for dementia are
limited to Diagnostic and Statistical Manual of Mental Disorders, Revised 3rd edition (DSM-III-R)
definition (16), evaluation is based on a neuropsychological battery, and the sample is community-
based rather than hospital-based, have yielded a prevalence of 17.6 to 41% (4,5,17). Use of the Mini-
Mental State Exam (MMSE), rather than a full neuropsychological battery, produced prevalence
estimates within this range in community-based samples and DSM-III-R criteria (18,19).

2.2. Incidence
Incidence rates in community- and hospital-based series range from 42.6 to 112.5 per 1000 person-

years of observation (3,5,7,20–22); the two highest rates were from community-based samples (5,7).
The relative risk (RR) of incident dementia among patients with PD when compared to age-

matched controls without PD in community-based samples ranges from 1.7 (95% confidence interval
[CI] 1.1–2.7) to 5.9 (95% CI 3.9–9.1). Whereas the incidence of PDD was similar in the two studies
(5,7), there was a higher incidence of dementia in the control population of the first study (5), which
resulted in a lower RR.

2.3. Incidence and Prevalence as a Measure of Dementia
Because dementia is associated with increased mortality (11,12,23), incidence may be more useful

than prevalence as a measure of PDD frequency. Nursing home residents with a possible higher preva-
lence of dementia (4) have not been included in some studies (21) and may not be proportionally rep-
resented in others.

In a longitudinal study of 210 patients, patients with PD were evaluated for differences between
those who followed-up and those who failed to return. There was a significant association between
failure to follow-up and poorer performance on neuropsychological testing, suggesting that even inci-
dence studies may underestimate the true occurrence of PDD (24).

3. PATHOLOGY

The hallmarks of idiopathic PD are neuronal loss in the substantia nigra (SN) with Lewy bodies
(LB) in some of the surviving neurons. In a clinicopathological study of PD by Hughes et al. (25), all
cases with nigral LB also had cortical LB. However, the cognitive status of the individuals studied is
not noted.

Cognitive impairment in PD has been associated with increased pathology in the medial SN (29),
ventral tegmental area, and locus ceruleus (LC) (27), along with the basal forebrain (28,29). A study
that examined the LC, SN, and nucleus basalis found the greatest neuronal loss to be in the LC of both
AD and PD cases (demented and nondemented;[30]). Another study reported that dementia in PD
without concurrent AD was linked with significantly lower LC neuronal counts (27).

Taken as a whole, the clinicopathologic studies indicate that symptomatic individuals have a wide
range of pathology without distinct associations between specific syndromes and pathology. PD, PD
with dementia, dementia with LB (DLB), and AD appear to occur along a spectrum, and the varying
clinical manifestations may represent differences in the type of neuronal circuits impaired, sequence,
or time-course of degeneration.

The heterogeneous pathology in PDD can be organized into three broad types: those with senile
plaques and neurofibrillary tangles, suggestive of concomitant AD; those with severe subcortical neu-
ronal loss and LB inclusions, especially in the medial SN, suggesting that extensive PD pathology
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alone may cause dementia (26); and finally, those with findings that suggest DLB may be a cause of
PDD. A prospective clinicopathological study examined brains of subjects with DLB, PDD, and PD
without dementia. Cortical Lewy body densities could not separate cases of DLB from PDD, but  high
density of parahippocompal LBs was both sensitive and specific for dementia (31).

3.1. Contribution of AD Pathology
A wide range of AD pathology has been reported. In a series of 31 cases in which patients met cri-

teria for clinical dementia and idiopathic PD, pathological changes consistent with coexistent AD
were found in 29%, DLB in 10%, and vascular changes in 6%. In the remaining subjects, there was no
concomitant pathology to account for dementia, which implies that the neuronal changes of PD may
cause dementia (32). In a series of 507 cases of PD, investigators (33) found that of the 153 (30.2%)
who were demented, 78.4% met criteria for AD, and an additional 6.5% had changes suggestive of
AD. Results showed that 8% had evidence of cerebrovascular disease, and 5.2% had no pathology
other than PD. Other investigators, noting that AD is characterized by reactive gliosis and increased
expression of heat shock proteins, found reactive gliosis and increased expression of the heat shock
proteins, hsp27 and αB-crystallin, in PDD specimens in comparison to those of nondemented PD sub-
jects (34–37). These findings imply that PDD may represent a stage in PD that shares biochemical
changes with AD, although it is unclear whether it is a different disease or a common response to dif-
ferent insults.

3.2. PD With Concomitant Pathology
Clinicopathological studies have demonstrated a relationship between PDD and more severe

changes in the medial SN (26), ventral tegmental area and LC (27), and basal forebrain (28,29) when
compared to PD without dementia. Loss of neurons in the nucleus basalis of Meynert without con-
comitant AD has been observed in idiopathic PD (38,39).

In one study, dementia in PD correlated with α-synuclein immunostaining cortical LB more closely
than with AD-type pathological changes (40). The degree of cognitive impairment in PD is associated
with the total number of cortical LB and the amount of neurofibrillary tangles in the temporal cortex
(41). As indicated, a small percentage of PDD cases involve no other pathology than PD.

3.3. Relationship of PDD to DLB
The consensus guidelines for DLB diagnosis require progressive cognitive decline observed within

12 months of the onset of motor symptoms (42). The requirement for dementia to occur within the
narrow time-frame may not be sensitive for DLB, because the duration from motor symptoms to
dementia may be longer in some individuals ultimately found to have LB pathology. In one study,
subjects with clinically diagnosed PD with onset of dementia at least 4 years after onset of motor
symptoms, who had become unresponsive to levodopa, were compared with nondemented controls
with PD. Of 13 individuals with dementia, 12 had findings of diffuse or transitional LBD as the pri-
mary pathological substrate for dementia (1 had progressive supranuclear palsy). Mean and median
LB counts were increased nearly 10-fold in neocortex and limbic areas. Alzheimer pathology was
modest, but there was a significant correlation with neocortical LB and senile plaques, as well as neu-
rofibrillary tangles (43).

4. RISK FACTORS

PDD has been related to older age (3–5,7). In one community-based series, the prevalence of
dementia in PD increased from 0 for those under 50 to 787.1 per 100,000 for those over age 80 (17).
Severity of extrapyramidal motor symptoms (EPS), particularly bradykinesia, has been consistently
associated with incident dementia (5,7,20,22,44,45). Dementia has been found to be more frequent
among patients at baseline who had masked facies and hypokinesia when compared with those who
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presented primarily with tremor or rigidity (46). Hallucinations before baseline and akinetic-dominant
or mixed tremor/akinetic PD have been identified as risk factors for dementia (47).

Older age and more severe EPS may have a combined effect. When patients were grouped by age
and severity of motor impairment, the incidence of dementia increased with both age and motor
impairment. By age 80, if Unified Parkinson’s Disease Rating Scale (UPDRS) was less than 25, cumu-
lative incidence was 0.07, but when UPDRS was greater than 25, the cumulative incidence was 0.12
(5). In another study, the combination of older age (>72) and more severe EPS (UPDRS > 25)
increased the risk of incident dementia 10-fold (RR 9.7, 95% CI, 3.9–24.4). Older age combined with
low EPS, or severe EPS combined with younger age, was not associated with a significant increase in
dementia risk (6). This suggests that the risk of incident dementia is the result of combined, rather than
separate, effects of age and severity of EPS.

In some studies with PDD (20,21,48), age at onset of PD is a factor but not others (5,22,47). Some
studies have shown men to be at an increased risk for PDD (17,22,49–51), whereas other studies have
not demonstrated such an association (7,44,52).

Lower educational attainment correlates with dementia in PD (51). In a cohort of 180 nondemented
patients with PD and controls, current smoking, but not smoking history, was found to be associated
with incident dementia in PD (RR = 4.5, 95% CI, 1.2–16.4; [53]). The same study found no link
between incident PDD and history of head injury, hypertension, or diabetes mellitus. Pesticides,
organophosphates, toluene, xylene, rural living, and well-water exposure have not been associated
with increased risk of dementia in PD (49,51). An inverse relationship has been observed between
postmenopausal hormone replacement therapy and PDD (odds ratio [OR] 0.22, 95% CI, 0.05–1.0), but
hormone replacement therapy was not shown to affect the risk of PD itself (54).

Family history of dementia may increase the risk of dementia in PD. In a pilot case–control study,
patients with PDD were six times as likely to have a first-degree relative with dementia when com-
pared with nondemented patients with PD (49). In another study, siblings of patients with PDD were
three times as likely (RR 3.2, 95% CI, 1.1–9.4) as siblings of normal subjects to have AD. For siblings
of patients with PDD older than 65, the RR of AD was 4.9 (CI 1.1–21.4) in comparison with siblings
of normal subjects over 65 (55). However, a recent large case-control study found no increased risk of
dementia in first degree relatives of subjects with Parkinson’s disease without dementia (56).

5. GENETIC RISK FACTORS

Several genetic risk factors for AD have been examined in demented patients with PD. APOE e4
has not been found to be associated with PDD by most investigators (57–60). However, one investiga-
tor found APOE e4 allele more than twice as frequently in PDD subjects as in normal controls. Nonde-
mented patients with PD did not differ significantly from controls (61). A meta-analysis of 10 studies
examining APOE as a risk factor for dementia in PD estimated OR of 1.78 (95% CI: 1.22–2.60) for
APOE e4 (65). Recent work suggests a correlation with APOE e2 and the dementia of PD (63,64),
although findings are not consistent (62).

In a few families in Southern Italy and Greece, PD has been associated with mutations in the gene
for α-synuclein; some individuals were demented. A recent clinicopathological study of familial PD
with dementia found α-synuclein triplication (65). A study of another kindred with autosomal domi-
nant DLB demonstrated a novel mutation (66). Intracellular aggregations of α-synuclein have been
also found in a range of neurodegenerative diseases, but these have not been indicated to be related to
genetic mutations in idiopathic PD or PDD (67). The overrepresentation of the H1 haplotype of tau has
been reported in progressive supranuclear palsy (68,69), frontotemporal degeneration (70), and idio-
pathic PD (71). A specific association of the H1 haplotype and PDD has not yet been reported.

Although one study suggested that the estrogen receptor gene is a susceptibility gene for PDD (but
not PD, [72]), the PvuII polymorphism was not linked with PDD in a clinicopathological study (73).
Generally, toxin exposures have not been demonstrated as significant factors, but increased risk of PDD
among patients with the CYP2D6 29B+ allele and pesticide exposure has been reported (74).
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6. PSYCHIATRIC COMORBIDITY

Depression and medication-induced psychosis may be more common in demented individuals with
PD. In a community-based study, 22% of patients with PDD had major depression versus 2.3% of
nondemented patients (p < 0.001; [19]). A Hamilton Depression Rating Scale (HDRS; [75]) score
greater than 10 was associated with incident dementia in PD (RR 3.55; 95% CI, 1.6–7.9) in another
series (5). In a longitudinal study, patients with major depression had greater cognitive decline than
mildly or nondepressed patients (r = –0.42, p < 0.01; [76]). At follow-up, the mean HDRS of patients
who had become demented had improved from 10.6 to 7.1. It is possible that major depression is
associated with a more aggressive form of PD that includes progression to dementia and that pre-
existing depression may interact with PD to produce a more rapid evolution to dementia. The
improved Hamilton scores may alternatively reflect that depression is more difficult to assess inde-
pendently in a demented patient.

Psychosis and confusional states may predict cognitive impairment. Although confusion or psy-
chosis may be induced by levodopa, an inverse correlation between duration on levodopa therapy and
organic mental syndrome was observed in 203 patients. Patients who developed confusion and psy-
chosis had older onset, more severe EPS, and were treated with levodopa earlier in their course (77). In
another study, incident dementia was associated with baseline depression (OR = 6.1, 95% CI =
1.4–26.9) and confusion or psychosis from levodopa (OR = 2.9, 95% CI = 1.5–6.0; [45]).

Apathy in PD may exist with or without depression, but it may be independently associated with
dementia. As measured by tests, including the MMSE and Cambridge examination of cognition in the
elderly (CAMCOG), patients suffering from PD with high apathy were more impaired, especially in
executive function. Apathy was better correlated with cognitive impairment than with depression (78).

7. NEUROPSYCHOLOGICAL FEATURES OF 
COGNITIVE IMPAIRMENT AND DEMENTIA IN PD

DSM-IV (79) requires memory impairment for a diagnosis of dementia. This requirement may lead to
underdiagnosis, because memory impairment in early PDD may be mild relative to other aspects of cog-
nitive decline. When dementia presents before motor symptoms, other causes, such as AD or DLB,
should be considered. Parkinsonism with dementia may also occur in progressive supranuclear palsy,
olivopontocerebellar degeneration, or vascular dementia, yet cognitive impairment may be a late phe-
nomenon.

Cognitive impairment in PD can present along a spectrum and may be unrecognized in its early
stages because of more prominent motor impairment. Attention is impaired and may fluctuate (80).
Early PDD characteristically involves impaired executive function (i.e., planning, initiating,
sequencing, and monitoring tasks, and set shift). Visuomotor and visuospatial skills are relatively
impaired. Verbal fluency is usually impaired, but other language functions are relatively unaffected,
as is orientation. When compared to nondemented PD cases, patients with PDD demonstrate dis-
turbed organization during memory encoding and retrieval, deficits in verbal fluency, attention, and
vigilance (80).

7.1. Premorbid State
Baseline cognitive impairment may portend the development of dementia in PD. Only three longi-

tudinal studies have examined the neuropsychological impairments associated with incident dementia
in nondemented PD patients (8,9,21). In a nondemented cohort of 164 patients with PD followed for a
mean of 3.7 years, impaired verbal memory and executive function were associated with the develop-
ment of dementia (9). When patients questionably demented at baseline were excluded, total immedi-
ate recall and delayed recall were still associated with later dementia.
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Table 1 summarizes key premorbid neuropsychological impairments and their RR of incident
dementia.

7.2. Progression of Dementia
As dementia progresses, existing deficits worsen, but memory loss may become more prominent. In

one study, subjects demonstrated poorer performance on visual confrontation naming (Boston Naming
Test) and delayed recall memory (81). It is not understood whether this represents progression of cog-
nitive impairment specific to PD or the onset of another dementing disorder like AD.

Table 1
Neuropsychological Impairments Associated With Incident Dementia 
in Parkinson’s Disease

Author Year Abnormal test Relative risk

Levya,b (9) 2002 Immediate recall 0.92 (0.87–0.97)
Delayed recall 0.73 (0.59–0.91)
Selective reminding 0.87 (0.77–0.99)
Identities and Oddities 0.85 (0.73–0.98)

Mahieuxc (21) 1998 Picture completion 4.99 (1.0–24.1)
Interference-Stroop 3.8 (p = 0.08)
Verbal fluency 2.7 (0.8–9.1)

Jacobsb,c (8) 1995 Letter fluency 3.3 (1.0–10.8)
Category fluency 6.01 (1.25–28.84)

a Higher scores are associated with reduced risk of dementia.
b These studies were conducted in essentially the same cohort of community dwellers in

northern Manhattan. Jacobs followed the cohort for mean of 2.7 (±1.03) years, and Levy for a
mean of 3.7 (±2.3) years.

c Higher scores are associated with increased risk of dementia.

Table 2
Neuropsychological Impairments in Parkinson’s Disease,
Dementia, and Alzheimer’s Disease

PD PDD AD

Executive function ++ +++ +++
Attention 0 ++ ++
Vigilance 0/+ ++ ++
Orientation 0 0 ++
Reaction time + + +
Visuospatial function ++ ++ ++
Memory

Free recall-immediate + ++ ++
Free recall-delayed + ++ +++
Delayed recognition 0 0/+ +++

Language
Naming 0 0/+ +++
Verbal fluency ++ +++ ++
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7.3. PDD Compared to AD
The dementia of PD has distinct characteristics and is marked by a different pattern of impairment

from AD (8,20,82). Patients with PDD have impaired immediate memory as in AD; however, cued
recall and recognition memory remain commensurate with immediate recall, whereas on successive
tests, patients with AD retain less information with each trial. The memory deficit in AD can be
thought of as impaired encoding or consolidating information. The memory deficit of PD may be a
retrieval deficit and could reflect loss of executive function, specifically the ability to systematically
search memory. Similarly, the impaired verbal fluency of PDD may represent loss of systematic
retrieval and generation of language compared to AD. There is relative preservation of delayed recall
and delayed recognition memory, naming and orientation (83). Relative impairments are summarized
in Table 2.

7.4. Role of Neurotransmitters
As indicated, the cognitive impairment of PD has been hypothesized to correlate with the dopaminer-

gic compromise of subcorticofrontal circuits. Impaired visuospatial and executive function were
observed in patients with 1-methyl-4-phenyl-1,2,3,6-tetra-hydropyridine (MPTP)-induced Parkinsonism
when compared to age and education matched controls (84). In one study, patients with PD off levodopa
therapy or never treated were impaired on complex choice reaction times; patients on levodopa did not
differ significantly from normal controls. This suggests that processing concurrent cognitive information
requires intact dopaminergic circuits (85). Arguably, as neurodegeneration proceeds, a cholinergic
deficit emerges, supported by pathological findings of degeneration in the nucleus basalis of Meynert.
The disrupted cellular function represented by cortical LB may also have a role.

Depression in PD may reflect spread of pathology beyond the dopaminergic pathways. Cere-
brospinal (CSF) 5-hydroxyindoleacetic acid (5-HIAA) has been shown to be decreased in PD with
major depression (86,87); another report documented reduced CSF 5-HIAA in PDD (88), which
argues that serotonergic degeneration plays a role in both the depression and dementia of PD.

7.5. Clinical Significance of Neuropsychological Impairment
Cognitive impairment may be overlooked in PD. Diagnostic criteria for dementia emphasize mem-

ory impairment, which may be subtle and could possibly only manifest on complex memory tasks.
Incipient dementia can be mistakenly attributed to bradykinesia, depression, apathy, or confusion. For-
mal neuropsychological testing may aid the diagnosis and management of PD (89).

8. IMAGING STUDIES

Single-photon emission computed tomography (SPECT), positron emission tomography (PET),
magnetic resonance spectroscopy (MRS), functional magnetic resonance imaging, and volumetric
MRI have been used to study the neuroanatomical changes in PDD in cross-sectional studies. Several
studies where demented patients with PD were compared with nondemented PD patients and normal
controls have found patterns of abnormal activity in the patients with PDD. Nondemented patients
with PD were not significantly different from controls (90–93). One investigator compared 13
demented and 13 nondemented patients with PD to 10 unaffected controls using SPECT. Regional
cerebral blood flow in nondemented subjects with PD was not significantly different from controls. Of
the 13 demented patients, 4 demonstrated bilateral frontal hypoperfusion; 8 had frontoparietal hypop-
erfusion, and 1 had parietal hypoperfusion alone (91). However, a study of nondemented PD patients
found temporoparietal hypometabolism with both MRS and PET, suggesting that both glycolytic and
oxidative pathways are impaired in PD (94).

Patients with PDD when compared with nondemented patients with PD of similar motor disability
showed decreased dopamine uptake in the anterior cingulate gyrus, ventral striatum, and right-caudate
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nucleus when measured with 18F-dopa PET (95). This finding supports the hypothesis that dementia
in PD is associated with greater impairment of mesolimbic and caudate dopaminergic function.

As all studies published to date have been cross-sectional, the disease stage of subjects at the time
of evaluation is unknown. Prospective studies that assess patients with PD periodically with neuropsy-
chological testing and functional imaging might help to identify the biological correlates of clinical
progression to dementia.

9. TREATMENT

9.1. Cognitive Complications of PD Therapy
Treatment of PD may be linked with confusion and psychosis, and patients who develop these signs

should be assessed for cognitive impairment. Often, the patient and physician, and in later stages, the
caregiver, must choose between better motor control and better cognitive function. The antiparkinson-
ian agents, particularly levodopa, dopamine agonists, and amantadine, may cause or exacerbate hallu-
cinations. When a patient has symptoms or signs of dementia, it is advisable to reduce or eliminate
medications with pure or high anticholinergic activity. Amantadine, which often increases confusion in
demented patients, may be reduced or eliminated. Finally, dopaminergic agents should be reduced to
the lowest tolerable dose. Moreover, patients may become unresponsive to levodopa with the develop-
ment of dementia; these medications may no longer be useful.

9.2. Pharmacological Treatments of PDD
No pharmacotherapy is established for either the prevention or symptomatic treatment of dementia

of PD. A randomized crossover study of patients suffering from PD with later onset of cognitive
impairment, treated with donepezil for 20 weeks, showed a mean increase in the MMSE score of 2.1
(standard deviation [SD] 2.7), a significant effect when compared to placebo (p < 0.013; [96]). In an
open study of 11 patients with PDD who were treated with tacrine (7) and donepezil (4), there was sig-
nificant cognitive improvement as measured by Alzheimer’s Disease Assessment Scale (ADAS)-cog
and a trend toward improvement as measured by MMSE and Global Deterioration Scale without
motor worsening (97). A study of rivastigmine with slow-dose escalation showed improved cognitive
function, along with reduced behavioral problems and visual hallucinations in PDD without notable
side effects (98). A randomized, double-blind, placebo-controlled trial of rivastigmine in DLB demon-
strated statistically and clinically significant behavioral effects (99); however, there are no published
studies of double-blind, placebo-controlled studies in PDD. The effect of memantine in PDD remains
to be seen.

Trials of piracetam, phosphatidylserine, and olanzapine have not demonstrated improved cognitive
performance (100–102). Selegiline and tocopherol in the Deprenyl and tocopherol antioxidant therapy
of Parkinsonism (DATATOP) trial did not significantly delay progression to dementia (103).

9.3. Cognitive Effects of Surgical Treatment
The advent of surgical treatment for PD has raised new questions about patients with dementia or

cognitive impairment. Surgical lesioning of the internal globus pallidus is related to improved motor
control (104). Surgical experience has provided additional evidence for the existence of distinct fron-
tosubcortical circuits within the basal ganglia. A series of 26 patients were studied after lesioning of
the globus pallidus. Lesions in the anteromedial region were associated with increased cognitive
impairment. In the posterolateral region improvement in category-cued fluency and the Paced Audi-
tory Serial Addition Test were noted. However, performance on other neuropsychological tests was
inconclusive (105).

More recently, implanted deep-brain stimulators (DBS) of the subthalamic nucleus have provided
variable, reversible means of controlling motor symptoms (106,107). Patients can then function on
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lower doses of levodopa and dopamine agonists with concomitant reduction in cognitive side effects
of these drugs.

Limited data exist on the cognitive effects of chronic DBS itself. Up to 6 months after implantation of
DBS 62 consecutive patients were assessed with a neuropsychological battery assessing 25 cognitive
variables. Under stimulation, patients’ performance improved on parts A and B of the Trail Making test,
but deteriorated on literal and total verbal fluency (107). In another series, patients were followed for up
to 12 months after surgery. At 3 to 6 months, patients demonstrated significant declines in working
memory, speed of mental processing, bimanual motor speed and coordination, set switching, phonemic
fluency, consolidation of verbal material, and encoding of visuospatial material—never returning to
baseline performance. The effects were more pronounced in patients older than 69 years (108).

Motor circuits may be preserved at the expense of circuits subserving cognitive tasks. Seven
patients suffering from PD with DBS “on” demonstrated improved motor symptoms but impaired let-
ter fluency; the reverse was true in the “off” state (109).

Future investigations may focus on possible cognitive benefit of “off” periods for DBS.

10. PROGNOSIS

Dementia in PD is associated with poor outcomes. Hip fractures occur more frequently (OR for men
3.4, 95% CI 2.5–4.8; OR for women 2.5, 95% CI 2.1–3.1 [110]). Dementia is a risk factor for nursing
home placement (10), and caregivers of demented patients with PD report increased distress (111). A
cross-sectional study of elderly people in southwestern France found the prevalence of dementia in PD
to be 16.7% among people living at home when compared with 33.3% for those living in institutions.
MMSE scores were lower for institutionalized PD patients than for community dwellers (4).

Early epidemiological studies showed the low prevalence relative to incidence, which implies
shortened life span for demented patients. Subsequent longitudinal studies confirmed that patients with
PDD have an increased risk of death in comparison with both nondemented patients with PD and nor-
mal age-matched controls (12,23).

11. CONCLUSION

Dementia is a common feature of PD and is associated with institutionalization and increased mor-
tality. The biological substrate is not well-understood, as there is significant overlap with DLB and
AD. Patients with confusion, psychosis, depression, or apathy should be evaluated for dementia. Loss
of levodopa responsiveness may be associated with dementia and, in any event, is a point when
dopaminergic therapy should be reduced. Although they may provide significant motor improvement
and concomitant improvement in quality of life, DBS or pallidotomy may affect cognition adversely.
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5
Psychosis

Eric S. Molho and Stewart A. Factor

SUMMARY
There has been a growing recognition that psychosis, its impact on the treatment of motor symptoms, and

its interaction with cognitive dysfunction, represent a major unmet need in the treatment of advanced Parkin-
son’s disease (PD). Psychosis in PD is predominantly, although perhaps not exclusively, medication-induced.
All anti-Parkinsonian drugs in current use, not just levodopa, are capable of producing drug-induced psychosis
in patients with PD. Cognitive impairment and depression are strong predictors of risk for the development of
hallucinations with PD. Hallucinations and psychosis can occur at any time in the course of PD, but they are
most commonly seen as a late complication in susceptible individuals. Visual hallucinations are the most com-
mon feature of drug-induced psychosis in PD, although other types of hallucinations have also been reported.
Insight that the images are not real may be retained. The mechanisms responsible for producing drug-induced
psychosis in PD are poorly understood, and treatment can be approached in a stepwise manner. A triggering
factor, such as infection, should be excluded. If one is not discovered, step-by-step tapering of anti-Parkinson
medication should then be undertaken. If increased motor disability prevents adequate dosage reduction, queti-
apine is a reasonable first-choice antipsychotic agent to employ.

Key Words: Drug-induced psychosis; dopaminergic mechanisms; hallucinosis; illusions; clozapine;
quetiapine.

1. INTRODUCTION

With the development of levodopa therapy for Parkinson’s disease (PD) in the late 1960s came
great optimism that dopamine replacement therapy might provide a cure or, at least, a lasting reversal
of symptoms. However, it was soon realized that levodopa therapy, despite being dramatically effec-
tive in controlling symptoms, was not a cure, and there were numerous long-term troublesome compli-
cations associated with its use. Among these problems were several drug-induced psychiatric states.
The state that may be considered the most prominent and disabling is drug-induced psychosis (DIP; 1).
Studies have demonstrated that hallucinations in PD are a major risk factor for increased caregiver
stress and strain (2), as well as nursing home placement that is often permanent (3). It has also been
established that the occurrence of hallucinations and DIP, in general, heralds an alarmingly high mor-
tality, particularly in the nursing home setting (4,5). Recently, psychosis in PD has received increased
attention because of the clearly demonstrated efficacy of clozapine (CLZ) in treating this problem
(6,7) and the availability of other alternative “atypical” antipsychotic medications, each of which has
been proposed as a safe and effective alternative to CLZ.

There has also been growing understanding that psychosis, its effect on the treatment of motor
symptoms, and its relationship with cognitive dysfunction represent a significant need in the treatment
of advanced PD.
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This report reviews the history, clinical features, and mechanisms of DIP in PD, analyzes recent lit-
erature concerning the treatment of DIP with atypical antipsychotic medications, and outlines an
updated, practical approach to its treatment.

2. TERMINOLOGY AND HISTORY

In the past, the terms “levodopa psychosis,” “dopaminomimetic psychosis,” and “drug-induced
psychosis” DIP have been used indiscriminately to describe several different psychiatric syndromes
that occur in PD. Their broad application has hindered our understanding of the frequency, pathophys-
iology, and treatment of these disorders. It is now clear that there are several distinct psychiatric syn-
dromes with psychotic features that occur in PD. Although Friedman (8) has suggested labeling these
syndromes the levodopa psychoses, it is clear that levodopa is not the only drug with the capability of
causing psychosis. There are also questions whether psychosis is purely a dopaminergic phenomenon;
thus, the term “dopaminomimetic psychosis” may also be inaccurate. Finally, it remains uncertain that
drugs are the only cause of psychosis in PD, although for the most part, psychosis does occur in treated
patients. So the best term, and the one that will be used here, is DIP. For the sake of clarity, these syn-
dromes are divided into two broad categories: those associated with a clear sensorium and those occur-
ring on a background of confusion. Patients with a clear sensorium may suffer from delusions,
hallucinations, or both. By Diagnostic and Statistical Manual of Disorders (DSM-III-R) criteria, these
correspond to an organic delusional syndrome or an organic hallucinosis, respectively (9). The organic
confusional psychosis is seen in patients with a clouded sensorium and can vary in intensity from a
mild confusional state to a frank delirium. These terms are no longer used in DSM-IV, but we feel they
are still useful in the discussion of psychosis in PD. There seems to be general agreement that, despite
that all these syndromes can be induced by dopaminergic medications, they are distinct in their epi-
demiology pathophysiology (including association with dementia), and response to treatment
(8,10–12). For clarification, the term DIP is used to refer to psychotic symptoms (hallucinations and
delusions) occurring on the backdrop of a clear sensorium.

A historical review of psychosis in PD from the prelevodopa era indicates that not all psychotic
symptoms are drug-related. Coexistent and premorbid psychiatric disease can occur, including schizo-
phrenia (8). There is also little question that psychiatric symptoms, such as psychosis, can be a promi-
nent feature of secondary Parkinsonism, particularly the postencephalitic form (13). The parkinsonian
syndrome, Lewy body dementia (LBD; 14) can also present with psychosis prior to any exposure to
drugs. In all likelihood, those cases of PD with early prominent psychosis described in the 1960s and
70s were this disorder. However, the occurrence of hallucinations, delusions, and other psychotic
symptoms as part of the natural history of PD is controversial, especially because a clear overlap
between PD and LBD exists, leading to speculation that these are the same disease (15,16).

In James Parkinson’s original description of the disease, he concluded, “…by the absence of any
injury to the senses and to the intellect, we are taught that the morbid state does not extend to the
encephalon” (17). This view of PD as a process that spares the intellect and psychological functioning
was held for nearly a century. In 1903, Regis (18) categorized the mental disorders associated with
Parkinsonism, specifically mentioning depression as an early phenomenon and hallucinations as symp-
toms associated with advanced disease. In 1922, 140 patients with PD were reviewed with an attempt to
exclude postencephalitic Parkinsonism patients (19). Depression was found in these patients and was
thought to be reactive in nature, but no mention of psychotic symptoms was made. Another review in
1923 described several patients with “paralysis agitans” and prominent symptoms of psychosis (20).
Early features, such as sleep disturbance, withdrawal from social situations, and suspiciousness, were
mentioned. Also discussed were more dramatic symptoms like paranoid delusions and even hallucina-
tions that were “…generally limited to the organic sensations and tactile sense…” (20). In 1950, Schwab
et al. (21) described a number of psychiatric symptoms in “Parkinson’s disease,” including paroxysmal
depression, paranoia, and schizoid reactions. However, it is clear from a review of the case histories in
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this report that all the patients described had a history of encephalitis, oculogyric crisis, or both, and they
likely had postencephalitic Parkinsonism rather than PD. Thus, it appears that psychosis may have
occurred in PD prior to the levodopa era. However, it must have been rare, and some of these cases
might have been secondary forms, especially postencephalitic Parkinsonism.

During the initial levodopa trials in the 1960s, it became apparent that various psychiatric syn-
dromes were occurring with a much higher frequency than in untreated patients with PD. Unfortu-
nately, it is difficult to determine the incidence with which these problems occurred because the early
studies varied with regard to inclusion criteria, dosages of levodopa employed, and classification of
the psychiatric side effects reported. Studies that included patients with postencephalitic Parkinsonism
reported the incidence of psychiatric symptoms as high as 55% (22). Most studies reporting a signifi-
cant incidence of psychosis used levodopa dosages in excess of 4 g per day or did not specify the
dosages used (23–30). On the contrary, Cheifetz et al. (31) reported no incidence of psychosis in 34
patients treated with 4 g per day or less. In addition, some authors included patients with pre-existing
psychiatric symptoms in their data, whereas others excluded these patients. When reporting side
effects, confusional states were sometimes lumped with other forms of psychosis, but other studies
attempted to be more specific in their definitions.

Despite these limitations, in 1971, Goodwin attempted to retrospectively review the psychiatric
side effects that had occurred in 908 patients with PD treated in the early clinical trials using levodopa
(32). He found an average incidence of 20%, but the range was quite large (10–50%). Confusional
states, including delirium, were the most common with an overall incidence of 4.4%. Psychosis, such
as delusions and hallucinations, occurred with a frequency of 3.6%. These numbers are fairly low, but
they only represent reports where the psychiatric side effects were clearly defined.

3. CURRENT EPIDEMIOLOGY AND RISK FACTORS

In the last 15 years, several studies have viewed the prevalence of hallucinations and psychosis in
populations of patients with PD. Unlike older reviews on this topic, these studies reflect the modern
era of PD treatment and the impact of the several adjunctive medications now available and in com-
mon use. Table 1 summarizes the results of eight publications since 1990, including 1322 patients
(33–40). The results are fairly consistent with the average overall incidence of psychotic symptoms
being 30.8%. All these studies except one are based on movement disorder clinic populations, and they
possibly overestimate the incidence of these problems because of selection bias. Fenelon et al. (39)
found a particularly high incidence (46%), but they included so-called minor symptoms of psychosis
like illusions and presence hallucinations. To avoid the problem of selection bias, Aarsland et al. (38)

Table 1
Frequency of Psychosis in PD: Summary of Recent Studies

Author/year Patient population Patient no. % Psychosisa

Factor, 1990 (33) Clinic 78 22%
Sanchez-Ramos, 1996 (34) Clinic 214 26%
Barclay, 1997 (35) Clinic 227 31%
Graham, 1997 (36) Clinic 129 25%
Inzelberg, 1998 (37) Clinic 121 37%
Aarsland, 1999 (38) Population-based 235 25%
Fenelon, 2000 (39) Clinic 216 46%b

Holroyd, 2001 (40) Clinic 102 29%
Total 1322 30.8%

a Some studies included lifetime and recent occurrence. Lifetime numbers shown.
b Included minor symptoms.
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performed the first extensive community-based survey of patients with PD and found that 15.8% had
active symptoms of DIP at the time of the survey, and 9.8% specifically had hallucinations. When
asked if the patient had ever had symptoms of DIP after the diagnosis of PD (lifetime prevalence), the
reported frequency increased to 25%.

Recent reviews have also recognized that all of the anti-Parkinsonian drugs in current use, not just
levodopa, are capable of causing DIP (1,8,10,12). Individual reports on bromocriptine and pergolide
have shown these agents to cause hallucinations, delusions, and confusional states with a frequency
comparable to that of levodopa (41–44). The latest available dopamine agonists, pramipexole and
ropinirole, which are now in widespread use, have shown a similar tendency in advanced PD (45).
However, when pramipexole and ropinirole were compared to levodopa in studies of patients with
early PD, the agonists were associated with a higher frequency of dip (46,47). DIP has also been
reported with experimental and less readily available dopamine agonists, e.g., cabergoline (48),
lisuride (49), apomorphine (50), lergotrile, and mesulergine (51). Selegiline may be particularly prone
to cause psychotic symptoms in susceptible individuals, especially when it is given concurrently with
other anti-Parkinsonian medications (52,53).

Nondopaminergic drugs are also known to cause psychosis in patients with PD. Propranolol, which
is occasionally used in PD to treat tremors, has been reported to cause hallucinations (54). Amanta-
dine, an N-methyl-D-aspartate (NMDA) receptor antagonist, and anticholinergic drugs have also been
associated with confusional and nonconfusional psychotic syndromes in patients with PD. When these
drugs are given in isolation, the frequency of these problems is low (55,56). Yet, when given in combi-
nation with dopaminergic medications, they are much more likely to cause an acute confusional psy-
chosis (10–12,57). The acute confusional syndromes seen with anticholinergic medications are more
common in older or demented patients, and in some cases, result in a frank delirium (12). Paradoxi-
cally, acute delirium has also been described with amantadine withdrawal in patients treated chroni-
cally with this agent (58). It appears that this is particularly true if patients are demented and have been
on doses of 300 mg or more per day.

The catechol-O-methyltransferase (COMT) inhibitors are a novel class of anti-Parkinsonian med-
ication whose beneficial effect is achieved by increasing the bioavailability of concomitantly adminis-
tered levodopa. Tolcapone was the first of these agents to be approved for use in PD. In clinical trials,
tolcapone was shown to dramatically increase the duration of action and potency of levodopa, result-
ing in improvement of motor fluctuations (59,60). Not surprisingly, patients treated with tolcapone
also experienced an increase in dopaminergic side effects, including hallucinations. Sometimes dra-
matic reductions in the levodopa dosage were required to treat this complication of tolcapone treat-
ment (59,60). Clinical practice has confirmed that tolcapone must be used with caution in patients
prone to cognitive side effects from levodopa. Some patients will experience DIP for the first time
when beginning on this medication.

Entacapone, the second COMT inhibitor to become available, was approved for the adjunctive
treatment of PD in 1999. In clinical trials, hallucinations and other dopaminergic side effects have
been encountered with a frequency similar to tolcapone (61), and it is clear from our personal experi-
ence with this medication that susceptible individuals have to be treated cautiously to avoid the onset
or worsening of DIP.

Despite the fact that DIP is common, it has been clear since the early days of levodopa therapy that
most patients do not experience this problem. Even in early reviews, the assertion was made that psy-
chiatric side effects are much more likely to occur in patients with certain predisposing characteristics.
Specifically, several authors mentioned dementia as a risk factor (27,28,32,62). A confusional psy-
chosis was believed to be particularly frequent in these patients. Other important risk factors men-
tioned in these early reviews were advanced age (29), premorbid psychiatric illness (27,31,32), and
exposure to high daily doses of levodopa (31).

Several recent publications have also analyzed the issue of risk factors for DIP. There has been con-
sistent agreement that cognitive impairment (34,35,38–40,63) and depression (34,35,38,40,63) are
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strong predictors of risk for the development of hallucinations. More advanced age was found to be a
risk in some studies (34,38,63), but not others (35,64). Similarly, duration or severity of PD was asso-
ciated with the presence of DIP in some reports (35,39,40,63), although not all (34,40,64). Interest-
ingly, none of these recent studies found a correlation between levodopa dose and DIP. However, there
has been growing interest in disorders of sleep, not only as a risk factor for hallucinations
(34,39,63,65), but also as a clue to the pathophysiology of hallucinations in PD (66). Visual loss has
also been linked to hallucinations in patients with PD (39,40,67). Combined with the fact that visual
hallucinations occurring in the visually impaired, known as the Charles Bonnet syndrome (68), clini-
cally resemble those in patients with PD, these reports have fostered speculation that visual impair-
ment may contribute to the pathophysiology of DIP (39,63).

Although hallucinations can occur at any time in the course of illness, they are most commonly
seen as a late complication of PD in susceptible individuals. In fact, Goetz et al. (69) have suggested
that early-onset hallucinations (within 3 months of starting levodopa therapy) are not typical of idio-
pathic PD. Rather, the occurrence of hallucinations early in the course of levodopa treatment suggests
the presence of premorbid psychiatric illness or an atypical Parkinsonian syndrome, such as LBD or
Alzheimer’s disease, with extrapyramidal signs.

Several attempts have been made to evaluate the occurrence of genetic risk factors for hallucinations
as well. A recent study analyzing dopamine transporter gene polymorphisms found that a particular vari-
ant allele was more frequent in levodopa-treated patients with PD who were experiencing dyskinesia
and psychosis (70). However, the authors warned that this was a preliminary finding, and they could not
exclude the possibility that other determinants like ethnicity might account for the differences observed.
Another group looked at cholecystokinin (CCK) promoter polymorphisms. They found a trend toward
more frequent representation of CCK-T in combination with the CCKAR-C polymorphism in hallucina-
tors, but the differences when compared to nonhallucinators were not significant (71).

4. CLINICAL FEATURES

The clinical features of DIP in PD are well-defined and have been described in numerous publica-
tions. Visual hallucinations are the most common symptoms (10) with recent estimates approximating
30% in treated individuals (see Table 1). Hallucinations can be defined as spontaneously fabricated
perceptions occurring when awake (perceptions without stimulus). In PD, hallucinations usually occur
on a background of a clear sensorium. However, a concomitant confusional state is not uncommon in
older or demented patients (10,11). Usually, hallucinations are fully formed, nonthreatening images of
people, animals, or inanimate objects and tend to be recurrent, stereotyped, and reflect past experience
for each patient (10,11). For most, the imagined figures seem familiar and friendly, such as family
members or friends who have died; whereas in others, they appear to be innocuous strangers or foggy
shadows seen in dim light. Some patients will see adults sitting around their home as if they belong
there. Others describe children wandering around the house. Another common scenario occurs when
patients peer through a window and see children playing outside in the yard or men working (so-called
kinetic scenes). One of our patients reported seeing a parade passing in front of her home on several
occasions. Visions of animals are also common. Cats, dogs, and other benign furry creatures are typi-
cal, but small bugs and reptiles might also be seen. Occasionally, there will be an erotic overtone to the
visions (34), and about 28% of the time, the hallucinations will have a threatening or frightening qual-
ity (56). Although the literature indicates that they are mostly nocturnal, they can, in fact, occur at any
time. The hallucinations are typically brief, lasting minutes, with variable frequency. They may be in
color or black and white, and figures may be miniature in size.

Oddly, many patients will claim to realize the fabricated nature of these images and yet describe
them to family members and physicians in such neutral terms that to seem no more extraordinary than
a visit from a neighbor. Others will insist they are real, and in these, the hallucinations will impact
their behavior. In response to their hallucinations, one patient of ours was setting rat traps, whereas
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another was spraying bug spray to ward off imagined insects. The afflicted patients will often argue
with their spouse about the real nature of the hallucinations. In most patients, these hallucinations are
fleeting and may disappear if they look directly at the image, move toward it, blink their eyes, or try to
touch it (34). In most cases, visions of people are silent and relatively passive. Those without insight
sometimes become frustrated because the hallucination (person) does not respond to their queries. A
term commonly used to describe the experience of hallucinations with retained insight is “halluci-
nosis.”

Two other forms of visual hallucinations have been well-described. “Passage hallucination” is seen
transiently out of the corner of the eye. When the patient looks in that direction, it is usually gone.
Another form is “presence hallucination” (extracampine), in which the patient usually has a sense of
someone standing behind them or nearby. They don’t actually see anyone, but they describe it as if
they had (34,39,72).

Pure auditory hallucinations are rare in PD, but a secondary auditory component has been reported
in up to 40% of patients with visual hallucinations (36,39). They are usually unrelated to the visual
hallucinations despite occurring at the same time. In a recent review, auditory hallucinations accompa-
nied visions in 8% of patients (37) and were described as human voices that were “nonimperative,
nonparanoid, and often incomprehensible,” like the background of voices at a party. In our own expe-
rience, we have had two patients who, in addition to benign visual hallucinations, also reported hear-
ing music periodically, unconnected to their other hallucinations. Both claimed that the music was of a
particular style, but could not identify a specific tune. One of these patients heard the music along with
muffled voices that seemed to emanate from the air-conditioning ducts in her house. She actually
attempted to record the sounds and play them back for her husband, who could not hear them. Music
was heard by 14% of patients in prior studies (37,39). Other noises can also be heard.

Other types of hallucinations also have been reported. Tactile and olfactory hallucinations occur,
but these are extremely rare. Friedman et al. reviewed the data collected on 160 patients in two sepa-
rate controlled clinical trials evaluating the treatment of DIP in PD (73). In one study, 9% of patients
and 22% of patients in the other, reported olfactory hallucinations. In these studies, 21% and 24% of
patients, respectively, reported tactile hallucinations. Those with tactile hallucinations often appear to
be taking something out of their hand and putting it down. This occurs more frequently in patients with
dementia. In a recent report, a patient was described as “…feeling as if her bowels and bladder
extruded from the distal parts of her upper limbs” (74). The authors interpreted this as a somatic hallu-
cination of visceral origin (cenesthetic hallucination). We have also had a patient with advanced PD
and dementia who was certain he had been shot in the stomach. He related to his wife (who thought his
stomach looked normal) that he could see and feel the bloody wound with his hands and feel the pain
in his abdomen.

True illusions, which are distortions or misperceptions of actual visual stimuli, can also occur in
some patients, but are less common than true hallucinations (56). Typically, patients will report seeing
faces in patterned fabric, misinterpret a curtain blown by the wind as a person moving, or mistake
crumbs on a tablecloth for small bugs. One of our patients has intermittently reported that other peo-
ple’s faces appear to be distorted in grotesque ways. Illusions often occur in patients who also experi-
ence visual hallucinations (39).

Clearly, the hallucinations described here are quite different from the more common hallucinatory
syndromes seen with mind-altering drugs. Absent are the flashing lights, elaborate shifting patterns,
and bizarre distortions of time and space seen with illicit hallucinogenic drugs (75). Synesthesias, such
as seeing sounds as colors, also do not occur in PD.

Abnormal dreaming and sleep disturbances seem to be closely related to the presence of hallucina-
tions and other drug-induced psychiatric phenomena in patients with PD. In fact, Nausieda et al. (76)
showed that 98% of patients with psychiatric side effects from their medications also experienced
sleep disturbance in the form of sleep fragmentation, excessive daytime sleepiness, altered dreams, or
parasomnias like sleeptalking, sleepwalking, and nocturnal myoclonus. They also found that halluci-
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nations occurred in 39% of patients with sleep disturbances and in only 4% of patients with normal
sleep patterns. Indeed, it is not unusual for hallucinations to blend indistinguishably with dream phe-
nomena that possess similar themes (11).

Delusions are not as common as hallucinations in PD, but they usually constitute a more serious
problem for the patient and physician, often leading to hospitalization and sometimes suicide attempts.
Delusions are false beliefs that are based on incorrect inference, held despite evidence to the contrary,
and not ordinarily accepted by other members of one’s culture (9). In PD, delusions are usually para-
noid in nature and most often occur on a background of a clear sensorium without other elements of a
thought disorder, as are present in schizophrenia (11). Delusions can occur as a side effect of any of
the currently used antiparkinsonian medications (10), including the COMT inhibitors, tolcapone, and
entacapone (personal observation, Molho and Factor).

Klawans (11) indicated that about 3% of patients treated with levodopa for 2 or more years would
experience this type of organic delusional syndrome. Friedman et al. (73) found that the most common
delusional themes reported by patients with DIP participating in a clinical treatment trial involved
stealing, spousal infidelity, abandonment, and the conviction that their spouse was an imposter or that
they were not in their real home. In our own experience, delusions of spousal infidelity and elaborate
conspiracies on the part of family members and even physicians are particularly common forms of
delusions. Other examples mentioned in the literature include fears of being injured, poisoned, filmed,
and even delusions of grandeur. Delusional misidentification syndromes are also well-described.
Beliefs that family members or friends have been replaced by identical-appearing impostors (Capgras
phenomenon) or that a familiar person is appearing in the guise of a stranger (Fregoli syndrome) have
also been reported (77). One of our patients, who was an artist, thought his paintings were being stolen
and replaced by reproductions.

Another interesting delusional syndrome rarely described in PD is Cotards syndrome (78). It is a
fixed and unshakable belief that the person does not exist. Another interpretation is that the person
thinks they are dead. One such case was described by Jenkins and Groh in 1970 (29). This patient
became psychotic and had the delusion that her husband was dead. “It was pointed out to her that she
had been speaking to him, thereupon she developed the delusion that she herself was dead.” We have
seen a similar case. The patient was admitted by an ambulance to the hospital because she was immo-
bile. She had stopped taking her PD medications, and when asked why, she claimed that she was dead
and no longer had need for them. Her syndrome reversed with quetiapine therapy and medications
were reinstituted.

Literature indicates quite clearly that the psychosis of PD is very different from that of schizophre-
nia. Verbal commands and ego-dystonic critical commentaries are not usually seen. In the study by
Holroyd of 102 patients suffering from PD with DIP, no one had a schizophrenic-like syndrome (40).
However, it does occasionally occur, and we have seen two such cases. Both individuals had advanced
PD. One heard voices telling her that she would be punished by having her PD medications with-
drawn. This was very frightening to her because her “off” times were characterized by severe immo-
bility. The other was hearing the voice of God commanding her to stop all medications or she would be
punished. Neither patient had typical visual hallucinations, was demented, or had a history of premor-
bid psychotic disease, but one patient was hospitalized. Both were treated successfully with atypical
antipsychotics.

5. MECHANISMS OF PSYCHOSIS

The mechanisms responsible for producing DIP in PD are poorly understood. In some patients, PD
medications precipitate acute psychiatric symptoms by unmasking a premorbid psychiatric state. This
has been shown to occur in schizophrenics (79) and patients with manic-depressive illness (32) who
were exposed to levodopa. However, for the majority of patients with PD, there is no premorbid psy-



56 Molho and Factor

chiatric disorder. Thus, other characteristics peculiar to patients with PD, PD medications, or both,
must be important.

5.1. Pharmacological Mechanisms

5.1.1. Dopaminergic Mechanisms
It has been known for many years that drugs structurally similar to dopamine, e.g., lysergic acid

diethylamide, mescaline, and amphetamines, can cause elaborate hallucinations and other psychotic
symptoms in otherwise healthy individuals (79). The discovery that levodopa could also precipitate
psychiatric symptoms in animals and humans, coupled with the dramatic efficacy of dopamine recep-
tor blockers (neuroleptics) in treating endogenous psychosis, has formed the basis for the dopamine
theory of psychosis (79). Clinical evidence that supports this hypothesis includes the de novo dose-
related appearance of hallucinations in patients with PD who were treated with levodopa, the reliable
disappearance of these symptoms with dose reduction, and the efficacy of traditional neuroleptics in
treating this problem.

More recent theories have been based on the altered dopamine receptor physiology associated with
PD and the varied effects of dopaminergic drugs on different dopamine-mediated systems in the brain.
It is well-known that dysfunction of the nigrostriatal dopamine system and resulting insufficiency of
dopamine at the receptor sites of otherwise normal striatal neurons is responsible for the motor symp-
toms of PD. This process also results in denervation hypersensitivity of striatal dopamine receptors.
The early appearance of psychotic symptoms in patients treated with dopaminergic medications has
been attributed to the stimulation of these hypersensitive receptors (56).

To explain the late appearance of psychosis in PD, Klawans et al. (80) introduced the concept of
levodopa-induced dopamine receptor hypersensitivity. In animal models, they showed that chronic
stimulation of dopamine receptors can cause stereotyped behavior to appear with subthreshold doses
and a shorter latency than in animals not chronically exposed to dopaminergic stimulation. Thus,
chronic exposure to dopamine agonists causes hypersensitivity of dopamine receptors rather than the
expected result, downregulation. In applying this model to levodopa-induced psychosis, Moskovitz et
al. (56) proposed that two populations of dopamine sensitive neurons exist in the striatum and limbic
cortex: dopamine-facilitated and -inhibited neuronal populations. Dopamine-inhibited neurons pre-
dominate in the striatum and exhibit downregulation and hyposensitivity when exposed to chronic
dopaminergic stimulation. In contrast, dopamine-facilitated neurons respond to chronic stimulation by
becoming hypersensitive. Moskovitz and colleagues suggested that this dopamine-facilitated neuronal
population might predominate in the limbic cortex and therefore, be responsible for the psychotic
symptoms indicated with chronic levodopa treatment.

Although the literature supporting the central role of dopamine in DIP is compelling, Goetz et al.
have performed an experiment that casts some doubt on this concept (81). They gave five nonde-
mented patients with PD who were experiencing daily visual hallucinations high-dose intravenous
infusions of levodopa, utilizing both steady and pulse infusion paradigms. None of the patients experi-
enced hallucinations in response to the infusions, but some did experience an increase in dyskinesia.
The investigators concluded that “visual hallucinations do not relate simply to high levels of levodopa
or to sudden changes in plasma levels” (81).

5.1.2. Serotonergic Mechanisms
Dysfunction of central serotonergic pathways has also been explored as a cause of DIP. Postmortem

studies have demonstrated that patients with this complication have lower brainstem levels of sero-
tonin (5-HT) (76). In addition, acute administration of levodopa reduces brain serotonin levels by sev-
eral possible mechanisms, including interfering with the transport of L-tryptophan across the gut and
blood-brain barrier, inhibiting tryptophan hydroxylase, and replacing serotonin in presynaptic storage
sites, leading to increased dopamine formation (32,76). In animals, levodopa causes a decrease in 5HT
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levels but an increase in 5-hydroxyinduleacetic acid (5HIAA), suggesting an increase in release and
turnover of serotonin that, in turn, brings forth increased receptor stimulation (82). Dysfunction of
serotonergic systems is also suggested by the frequent association of DIP with sleep disturbances and
altered dreaming, both of which are thought to have a serotonergic basis (34,65,76). Comella et al.
(83) compared patients who had PD with and without hallucinations using polysomnography and
found that hallucinators had reduced sleep efficiency, total rapid eye movement (REM) sleep, and the
percentage of REM sleep. In another recent study, 24-hour ambulatory polysomnography was per-
formed on 20 patients with PD experiencing visual hallucinations (66) and demonstrated a close tem-
poral link between 33% of the hallucinations and the occurrence of non-REM sleep during the day or
REM sleep patterns at night. These findings suggest that serotonergic neural mechanisms involved in
generating sleep and dream phenomena may have a role in the occurrence of DIP in PD. The serotonin
hypothesis is further strengthened by the discovery that ondansetron, a selective 5HT3 receptor antag-
onist, markedly improved psychotic symptoms in patients with PD (82).

5.1.3. Cholinergic Mechanisms
Cholinergic pathways have also been implicated. Older studies (84) suggested this possibility

because of the occurrence of hallucinations as an adverse event to anticholinergic drugs, because anti-
cholinergic drug therapy was found to be a risk factor for the occurrence of psychosis, and because
cholinergic deficiency was described in the brains of such patients. The recent finding that
cholinesterase inhibitors provide relief of psychosis in PD also supports this possibility (85).

5.2. Visual Mechanisms
Recent studies have suggested that hallucinations that occur in PD are similar to those of the

Charles Bonnett syndrome (39). This syndrome, first described in 1769, consists of fully formed hallu-
cinations in patients who are blind from macular degeneration or other causes. Hallucinations occur in
21% of blind patients (67), likely as a consequence of denervation hypersensitivity of the visual cortex
(68). Patients with PD may be prone to this phenomenon because they develop retinal dysfunction
with abnormalities of contrast sensitivity and may also have several age-related visual problems, such
as macular degeneration. Fenelon et al. found that ocular pathology in PD was an independent risk fac-
tor for hallucinations (39). However, it remains uncertain whether such a link exists, because others
did not confirm these results (34,40). The most common hallucinations associated with the Charles
Bonnett syndrome are simple evoked flashes and repetitive geometric patterns (tesselopsia); people or
animals are seen less frequently (68). Thus, it seems probable that there is no consistent relationship.

5.3. Neuroanatomy of Hallucinations
Although results have varied, there has been some success recently in elucidating the functional

neuroanatomy of hallucinations in Parkinsonian disorders. Harding et al. (86) systematically reviewed
the clinical features and neuropathological findings in 63 patients with LBD or PD with dementia.
They found a striking association between the density of Lewy bodies in the temporal lobe and the
presence of hallucinations in patients with LBD. The density of Lewy bodies was particularly high in
the amygdala and the parahippocampus. Of course, these regions are also important for dementia, and
the overlap is obvious. Harding and colleagues looked specifically at LBD, a disorder of dementia and
Parkinsonism. The fact that psychosis is so much a part of this disorder raises the question of what the
relationship is between dementia and its associated pathology, as well as the occurrence of hallucina-
tions. Dementia is the most robust risk factor for the onset of hallucinations in PD, and hallucinations
represent a possible risk factor for dementia (5,34). Dementia may indeed be a necessary comorbidity
because it may promote misinterpretation of visual stimuli. In LBD, hallucinations often occur in
patients not on medication, but otherwise, the hallucinations are similar in both diseases. It has even
been proposed that PD and LBD actually are the same disease with only the time sequence of demen-
tia and Parkinsonism being different (15,16).
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Other brain regions may play an important role in the onset of hallucinations in PD. In one report,
visual hallucinations were reliably induced by deep-brain stimulation of the subthalamic nucleus
(STN-DBS) in a postsurgical patient with PD off of medications (87), suggesting a role of the STN.
There is increasing evidence that altered occipital lobe function may also be important. Using func-
tional magnetic resonance imaging (MRI), Goetz et al. (88) found that patients who had PD with
chronic hallucinations respond to visual stimuli with prominent cingulate cortex activation and loss of
the expected visual cortex activation seen in normal individuals. Decreased occipital activity has been
demonstrated in positron emission tomography (PET) studies of PD dementia and LBD (89,90) and in
an MRI spectroscopy study that showed a diminished N-acetylaspartate peak in PD dementia (91). On
the contrary, one study with functional MRI (fMRI) suggested that different regions are abnormal
depending on the type of hallucinations. For instance, facial hallucinations were associated with tem-
poral lobe abnormalities, whereas objects and kinetic scenes were associated with occipital lobe
changes (92). Because these are early findings, it is unclear which of the anatomical regions implicated
by these studies is most important. Whether it is necessary that dysfunction be present in one or more
of these areas for hallucinations to occur in PD is also unknown.

6. TREATMENT OF PSYCHOSIS

6.1. General Considerations
Some patients with psychotic symptoms secondary to dopaminergic medications do not require

antipsychotic therapy. Those patients with hallucinosis on the background of a clear sensorium may
not need or want therapeutic intervention, especially when the hallucinations are intermittent, brief,
nonthreatening, and when the patient has preserved insight. In fact, some patients actually claim to
gain pleasure from the symptoms. Yet, these patients should be watched carefully because escalation
of psychotic symptoms may occur without provocation.

In patients with a sudden onset of psychotic symptoms, it is important to investigate for triggering
events, such as urinary and pulmonary infections, metabolic disturbances, cerebrovascular events, or
traumatic brain injury. Treatment of these underlying conditions is paramount and, if initiated immedi-
ately, will usually be sufficient. Postoperative psychosis is another condition that may not require spe-
cific therapy. In one study (93), psychosis occurred in up to 60% of patients with PD who had surgical
intervention. Our own experience with this situation suggests that once patients are allowed to increase
activity and, more often, when they are discharged home, the psychosis will improve spontaneously.
Other possible causes of postoperative psychosis include anesthetics, pain medications, altered envi-
ronment, metabolic encephalopathy, or infection.

If the patient with PD has DIP and requires intervention, the first step is to decrease PD medica-
tions—this remains standard practice. Research indicates that reducing medications can be helpful and
is usually well-tolerated. Marsden and Fahn (94) suggested decreasing and then removing adjunctive
medications first before reducing levodopa. If psychosis persists as medications are individually
stripped away, the patient will eventually experience intolerable worsening of motor symptoms. At this
point, the addition of antipsychotic medication is usually considered.

In the 1970s and early 80s, some physicians utilized the “drug holiday” to treat patients who had
with various late-stage complications, including psychosis. Medications were typically withdrawn
for 5–14 days, and this invariably led to significant physical disability. Many patients became
bedridden, unable to move or even swallow. As Friedman noted (95), this was “not a holiday in the
usual sense.” It is now well-recognized that there are major drawbacks to the “drug holiday.” First, it
requires long-term hospitalization, which is costly. More importantly, patients have the terrifying
experience of becoming completely immobile. Nursing care must be meticulous to prevent compli-
cations that may include decubitus ulcers, compression neuropathies, contractures, aspiration pneu-
monia, deep-venous thrombosis, pulmonary embolism and depression (95). Additionally, the sudden
cessation of dopaminergic medications can lead to a potentially lethal syndrome similar to the neu-
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roleptic malignant syndrome (95). Considering the gravity of these complications, a “drug holiday”
should not be promoted as a routine therapeutic measure and, in fact, has been abandoned in many
major medical centers.

In the not too distant past, drug therapy for DIP also included standard neuroleptics, particularly
low-potency agents. Marsden and Fahn (94) indicated that, although the use of these agents was
“illogical,” the addition of small-dose thioridazine could allow a compromise between the relative dis-
ability imposed by psychosis or immobility. However, it is clear that in most cases, conventional neu-
roleptics (e.g., thioridazine) cause marked exacerbation of PD symptoms and dramatically increase
disability (96). Added to the risk of worsening PD disability, patients with PD, who are typically
elderly, are consequently also at greater risk for the development of tardive dyskinesia and other tar-
dive syndromes, as well as neuroleptic malignant syndrome. As a result, there is now a clear consensus
that these drugs should be simply avoided in patients with PD.

6.2. Clozapine
CLZ is a unique drug that remains the treatment of choice for DIP in patients with PD. CLZ is con-

sidered to be an “atypical” antipsychotic because it does not cause catalepsy in laboratory animals
(i.e., increase in muscle tone and postural abnormalities, 97) and is associated with minimal risk of
drug-induced Parkinsonism, dystonia, and akathisia (96,97). It is this unique ability—to be able to
effectively treat psychosis without causing Parkinsonism—that led to the initial attempts to use this
drug in PD a decade ago. Since then, its safety and efficacy in patients who have PD with DIP has been
demonstrated in numerous open-label studies (98). This accumulated experience with CLZ has been
remarkably uniform and has shown that CLZ can be used in small, well-tolerated doses to rapidly
reverse the symptoms of psychosis.

In 1999, the results of two multicenter 4-week, double-blind, placebo-controlled trials were pub-
lished and confirmed the results reported in previous open-label trials. The first was a North American
trial organized by the Parkinson Study Group (6,7). In this study, 30 patients with DIP were treated
with CLZ, and 30 were randomized to placebo. CLZ was started at a very low dose of 6.25 mg at bed-
time and increased as needed according to a standardized schedule to a maximum dose of 50 mg. Psy-
chotic symptoms were measured with: (1) a seven-point clinical global impression scale; (2) the Brief
Psychiatric Rating Scale (BPRS); (3) a modified form of the BPRS to remove four items thought to be
more reflective of Parkinsonism than psychosis; and (4) the Survey Assessment of Positive Symptoms.
The motor subscale of the Unified PD Rating Scale (UPDRS) was used to assess the worsening of
Parkinsonism. Psychotic symptoms were significantly improved in the CLZ group when compared to
placebo at a mean dose of 27 mg per day without decline of motor function. The double-blind study
was followed by a 3-month open-label extension that confirmed this benefit (7). A second double-
blind, placebo-controlled study was organized by the French Parkinson Study Group (99). They used
similar methodology and reported very similar results. To date, CLZ remains the only drug proven
with controlled trials to improve DIP without worsening motor symptoms, which is why it remains the
gold standard to which other agents are compared.

Sedation is the most common side effect of CLZ, but its occurrence can be used to therapeutic
advantage. Frequently, patients with DIP also have sleep disruption and some degree of reversal in
their normal sleep–wake cycle. These patients often spend nights awake, agitated, hallucinating, and
engaged in paranoid behaviors, such as looking through their house for intruders. Consequently, they
will be sleepy and more disoriented the next day. Caregivers also become sleep-deprived, emotionally
stressed, and physically exhausted. When CLZ therapy is started as a bedtime dose, the most dramatic
initial benefit usually is restored restful sleep and normalization of the sleep–wake cycle. This is result
is greatly appreciated by all involved and is also generally a sign that the CLZ dose is at, or very near,
an effective antipsychotic dose. Dosing should begin at 6.25 mg at bedtime and increase every few
days by 6.25 to 12.5 mg. Most patients will obtain these benefits with 50 mg at bedtime or less. Occa-
sionally, acutely psychotic patients will need to be given doses as high as 150 to 200 mg per day until
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their symptoms are under control. Then, a smaller maintenance dose can be used to prevent recur-
rence. Some patients on a single bedtime dose will experience breakthrough symptoms during the day
in the late afternoon or early evening. In this situation, a small additional daytime dose (usually ≤12.5
mg) is typically sufficient. If sedation is a problem in the morning, then the bedtime dose can be
reduced or moved 1 to 2 hours earlier in the evening.

Once psychotic symptoms are adequately controlled and the patient is sleeping through the night, it
is usually possible to carefully increase antiparkinsonian medication doses to improve motor function-
ing. Small increases in daytime levodopa doses are possible, but it is best to keep nighttime doses to
the absolute minimum. Adjunctive medication (e.g., dopamine agonists, selegiline, or COMT
inhibitors) will usually have been dramatically reduced in dose or eliminated prior to starting CLZ.
These medications need to be used with caution in patients who require antipsychotic therapy; in
patients with significant dementia, they should be avoided.

The adverse effect of most concern with CLZ is agranulocytosis (Agran). In 1975, the occurrence
of eight deaths from septicemia out of 16 patients who developed Agran in Europe (96,100) delayed
the marketing of this drug in the United States. The estimated risk of Agran in patients with schizo-
phrenia treated with CLZ is 1 to 2% (101), which is higher than standard psychotropic medications.
This figure is about the same in PD (7), indicating that this adverse effect is idiosyncratic and not dose-
related. An apparent prodrome of 29 days, characterized by a gradual decrease in white blood cell
(WBC) count, has been observed (101). However, precipitous drops in the WBC count from the nor-
mal range can also occur.

Current guidelines in the United States require weekly monitoring of the WBC count for the first 6
months of CLZ therapy and every other week monitoring thereafter. It is recommended that therapy
should be interrupted if the WBC count drops to less than 3000 per mm3 or the absolute neutrophil
count drops to less than 1500/mm3. Permanent discontinuation is recommended if the WBC is less
than 2000/mm3, or the neutrophil count becomes less than 1000 per mm3. Also, patients with a base-
line WBC of less than 3500 per mm3, a neutrophil count of less than 1500 per mm3, or a history of
immune deficiency should not be treated.

Apparently, these guidelines have been effective in reducing the risk of Agran. Honigfeld et al.
(102) reviewed the incidence of Agran in 99,502 patients treated with CLZ according to these guide-
lines between 1990 and 1994. They reported that 382 cases of Agran (0.38%) and 12 deaths had
occurred; this was dramatically reduced from the 995 cases of Agran and 149 deaths that would have
been predicted based on the preguideline incidence of 1 to 2%.

Other hematological side effects that may occur with CLZ include mild asymptomatic eosinophilia,
chronic leukocytosis possibly associated with a low-grade fever, and lymphopenia (<600 lympho-
cytes/mm3), which is usually asymptomatic or may be associated with diarrhea and fever (97). The eti-
ology of these problems is unknown (103). One other adverse event of concern is neuroleptic
malignant syndrome. Although CLZ causes few extrapyramidal side effects, neuroleptic malignant
syndrome has been reported on rare occasions. One case was described in a patient on CLZ and carba-
mazepine therapy, the other in a patient taking CLZ in combination with lithium (104).

CLZ causes several other adverse effects of concern in patients with PD. Sialorrhea and delirium
follow sedation in frequency (8,97). They appear to be dose-related adverse events and are often dose-
limiting. CLZ-induced orthostatic hypotension can also cause difficulty for patients with PD because
many already suffer from orthostatic hypotension owing to either PD medications or autonomic dys-
function. Seizures are of concern in schizophrenics, occurring in up to 4% of these patients
(97,105,106) and related to electroencephalogram (EEG) changes that have been well-described. Both
seizures and EEG changes are dose-related phenomena, which probably explains why no seizures
have been reported thus far with the low doses used in PD. The incidence of seizures is less than 1% at
doses under 300 mg per day, 2.7% at daily doses of 300 to 600 mg, and 4.4% at doses greater than 600
mg per day (105).
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Serious, but fortunately rare, medical complications associated with CLZ use include venous
thromboembolism (107), myocarditis (108,109), and possibly sudden death (110). The treating physi-
cian must be vigilant for these effects. There have also been several publications that reported poor
blood sugar control in diabetics and increased risk of new-onset type 2 diabetes in patients treated with
CLZ (111,112). These reports involved schizophrenics treated with high doses. The same increases in
blood glucose were not seen in one study of patients with PD who were treated with much lower doses
(113). Olanzapine and other neuroleptic medications have been implicated as well, but this may not be
a class effect (114,115).

The main obstacle to long-term success with CLZ therapy in PD is the progression of underlying
disease, particularly dementia. Greene et al. (116) found that of four patients with marked dementia
treated with CLZ, only one improved, and the rest experienced adverse events. In a long-term trial,
Factor et al. (117) showed that as dementia progressed (illustrated by a decrease in minimental status
score), psychosis began to reemerge, and adverse effects became more of a dose-limiting problem. It is
believed that nondemented patients can tolerate long-term therapy well. However, the efficacy and tol-
erance will decline in those with significant dementia.

6.3. Other Atypical Antipsychotics
Safe and effective alternatives for the treatment of DIP in PD have been sought because of the

small, but significant, risk of Agran associated with CLZ and the need for mandatory blood monitor-
ing. Five additional antipsychotic medications are now available that have an atypical pharmacologi-
cal profile and do not carry the risk of Agran. Three have been utilized in the treatment of PD:
risperidone (RSP), olanzapine (OLZ), and quetiapine (QTP). It is their atypical pharmacology that
makes these drugs potential alternatives for patients with PD. But, what is the definition of ‘atypical?’
It has not been clearly defined pharmacologically. CLZ remains to be the prototype of this class of
drugs and that to which all others are compared. CLZ is distinguished from typical antipsychotic drugs
by its strong antipsychotic effect coupled with freedom from extrapyramidal syndromes. In essence,
that is the clinical definition of atypical and the goal in developing new atypical agents, but what are
the pharmacological properties that differentiate this drug?

The features most often discussed to define the atypical classification of drugs based on the unique
pharmacology of CLZ are listed in Table 2, along with information as to how all currently available
atypical agents fulfill these standards (118). It should be noted from this table that, although RSP and
OLZ share some features considered to define atypicality, it is QTP that is the most similar to CLZ in

Table 2
Summary of Distinguishing Characteristics of Atypical Antipsychotics

Characteristics CLZ RSP OLZ QTP ZIP ARI

Fails to induce catalepsy or + – – + – –
antagonize amphetamine 
stereotypies

Inc. 5HT/D-2 binding + + + + + +
No prolactin elevation + – +/– + – +
Mesolimbic selectivity + – + + ? –
Loose D-2 binding + – – + – –a

Improves negative symptoms + + + + + +
Decreased EPS + – + + + +
Not associated with TD + – +/– + ? ?

EPS, extrapyramidal side effects; TD, tardive dyskinesia; CLZ, clozapine; RSP, risperidone; OLZ, olanzapine; QTP,
quetiapine; ZIP, ziprasidone; ARI, aripiprazole; ?, no reliable data available.

a Has partial dopamine agonist effects as well as antagonist effects.
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these respects. However, at this point, there does not appear to be a single pharmacological trait that
strictly defines this class of agents.

A recent and compelling theory of the neurophysiological basis of atypicality has been derived
from studies reviewing the way in which CLZ interacts with dopamine receptors. In vitro experiments
using cloned human dopamine D2 receptors have shown that CLZ and QTP are loosely bound and eas-
ily displaced from these receptors (119). All other antipsychotic drugs tested with this method, includ-
ing RSP, OLZ, and traditional neuroleptics, show prolonged and tighter binding to D2 receptors (see
Table 2). A second study utilizing in vivo PET scanning in 12 patients treated with QTP (120) demon-
strated only transient high-dopamine D2 receptor occupancy. Based on these results, it has been spec-
ulated that the atypical clinical and pharmacological features seen most prominently in CLZ and QTP
are because of this loose binding and fast dissociation from D2 receptors. In addition, it is thought that
loose binding allows for a more physiological response to surges in endogenous dopamine, thus pre-
venting the usual neuroleptic side effects like drug-induced Parkinsonism (121). This feature may also
contribute to mesolimbic selectivity and could be the reason for a faster relapse of psychosis in schiz-
ophrenia when the drugs are discontinued. If loose binding does define atypical behavior, then it might
predict which agents will be safer and most useful in PD. Based on the limited clinical data available
now, it appears to.

6.3.1. Risperidone
A summary of open-label studies published on the treatment of DIP in PD with RSP is shown in

Table 3 (122–130). The first report of its effect on PD psychosis was an open-label trial in only six
patients reported in 1994, the same year it was approved for use in schizophrenia (122). The results
were promising, as all patients demonstrated improvement in psychosis with total elimination of
symptoms in three. No change in the UPDRS scores or levodopa dose was reported. Two subsequent
publications reported contrasting results (123,124); both studies also involved six patients. Investiga-
tors found that RSP had effective antipsychotic properties in PD, but Parkinsonism worsened in 11 of
12 patients, even at low doses. Some patients became more confused. Meco et al. followed up their
initial report with longer-term experience (125). This time, 7 out of 10 subjects stopped using the drug
within 1 year, despite improved psychosis in 9. Three patients had worsening of motor features, two of
whom dropped out of the study. There also have been two reports regarding the use of RSP to treat
psychosis in LBD. A total of six patients were treated; three experienced severe worsening of motor
symptoms (126,127).

Table 3
Summary of Open-Label Reports With Risperidone in the Treatment of Psychosis in PD

Author/reference year No. of patients Dosagea No. of psychosis improved No. of PD worsened

Meco, 1994 (122) 6 0.67 mg/day 6 0
Ford, 1994 (123) 6 1.5 mg/day 6 6
Rich, 1995 (124) 6 0.5–4 mg/day 4 5
Allen, 1995 (126) 3 0.5–1 mg/day 3 0
McKeith, 1995 (127) 3 1 mg/day 0 3
Meco, 1997 (125) 10 0.73 mg/day 9 3
Workman, 1997 (128) 9 1.9 mg/day 8 0 (est)
Leopold, 2000 (129) 39 1.1 mg/day 33 6
Mohr, 2000 (130) 17 0.5–3 mg/day 16 0b

a Dosage is given as a mean or a range.
b Of 17 patients, 10 reported “hypokinesia” as an adverse event and 1 withdrew owing to worsening of gait.
est, estimated number based on available information in the publication.
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Based on these reports and clinical experience, most PD specialists are in agreement that RSP is not
appropriate to use in the setting of PD. However, three recently published papers have surprisingly
detailed positive experiences. Unfortunately, each report has limitations that make the results difficult
to interpret. Workman et al. (128) reported that 9 demented, agitated, and psychotic patients with PD
in a psychiatric hospital did well on RSP when followed for a mean of 37 days. Unfortunately, as three
patients had been on typical neuroleptics at entry of the study, and the patients did not have their motor
exams rated formally, the authors’ conclusion that RSP did not worsen extrapyramidal symptoms can
be questioned. In another report, Leopold (129) treated 39 Parkinsonian patients (32 PD, 6 LBD) with
a mean RSP dose of 1.1 mg per day. Significant improvement in psychosis was seen in 23 patients and
modest improvement in 10. Only 16 patients completed the 6-month trial, and in these cases, no wors-
ening was seen in the UPDRS motor scores at 3 or 6 months. However, of the other 23 patients, 6 were
clinically diagnosed as LBD and experienced severe worsening of motor function. No information
regarding the motor exam was provided for the remaining 17 patients in the study. In the most recent
report, Mohr et al. (130) treated 17 patients with 0.5 to 2 mg of RSP per day over 12 weeks and found
a substantial improvement in psychotic symptoms with no statistical worsening in the UPDRS motor
subscale. However, because 10 of the 17 patients reported hypokinesia as an adverse event, the
authors’ conclusion that RSP does not adversely affect the symptoms of PD is suspect.

In the only double-blind trial published on the use RSP in PD, Ellis et al. compared RSP to CLZ in
10 patients with PD and DIP (131). Both medications improved psychosis, but RSP worsened motor
features, whereas motor function actually improved on CLZ. Although these changes did not reach
statistical significance, the authors advised caution when using RSP in this setting. Our conclusion is
that RSP is not well-suited for use in PD.

6.3.2. Olanzapine
The next atypical antipsychotic medication that became available for use in patients with PD was

OLZ, which was approved for use in schizophrenia in 1996. A summary of published open-label studies
on the use of OLZ in PD is shown in Table 4 (132–139). As with RSP, the initial report of OLZ for DIP
in PD was very encouraging. Wolters et al. (132) found that OLZ was effective in 15 nondemented
patients with PD. No decline of motor functioning was reported in this open-label prospective study.
Unfortunately, the subsequent literature concerning the use of OLZ in this setting has, once again, been
less impressive. Several open-label studies have found that disabling motor deterioration can be seen in
some patients with PD (133–135,137–139). Our own experience with OLZ has also been disappointing.
In a retrospective analysis of 12 patients we had treated with OLZ, symptoms of psychosis were
improved in 9 patients (75%), but 9 patients (75%) also experienced significant motor deterioration

Table 4
Summary of Open-Label Reports With Olanzapine in the Treatment of PD With Psychosis

Author/reference year No. of patients Dosagea No. of psychosis improved No. of PD worsened

Wolters, 1996 (132) 15 6.5 mg/day 15 (est) 0
Jimenez, 1998 (133) 2 5 mg/day 1 2
Friedman, 1998 (134) 19 N/A 7 10
Friedman, 1998 (135) 12 4.4 mg/day 12 7
Weiner, 1998 (137) 21 5 mg/day 13 9
Graham, 1998 (138) 5 5 mg/day 5 4
Molho, 1999 (136) 12 6.3 mg/day 9 10
Stover, 1999 (139) 22 N/A 12 8

a Dosage is given as a mean or a range.
est, estimated number based on available information in the publication; N/A, data not available.
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(136). Only 1 of the original 12 subjects was still using OLZ successfully after 1 year, but even that
patient stopped the drug shortly thereafter because of symptom worsening and recurrence of psychosis.

The reason for the disparity between the initial favorable results and subsequent studies is unclear,
but it may relate to the differences in patient population and the method of dose titration used in these
studies. Wolters et al. (140) suggested that the poor results reported in subsequent studies were related
to the inclusion of patients with atypical Parkinsonian syndromes and dementia. Additionally, the
starting dose of OLZ in Wolters’ report was 1 mg per day, which is less than half the initial dose of 2.5
to 5.0 mg per day used in subsequent studies (the lowest dose currently available in the United States
is a 2.5-mg tablet).

Fortunately, the recent publication of three well-designed double-blind trials using OLZ to treat
DIP seems to have resolved some of this confusion. In the first trial, Goetz et al. (141) compared OLZ
to CLZ in a blinded fashion. A total of 15 patients were randomized to one of the two drugs. Motor
function was measured with the UPDRS at baseline and weekly thereafter. After 15 patients had com-
pleted the study (the study was powered for 28), an independent interim safety analysis was per-
formed, and safety-stopping rules were invoked because of significant worsening of Parkinsonism in
the OLZ group, where six of seven patients withdrew. In the CLZ group, there was actually a small
improvement in UPDRS scores with no dropouts. The poor results in the OLZ group occurred despite
the fact that patients with dementia were excluded. CLZ was also more effective in improving psy-
chosis. In the second trial, Ondo et al. (142) compared OLZ to placebo in 30 patients with PD and DIP.
Psychosis did not significantly improve in the OLZ-treated patients when compared with placebo.
Also, there was significant worsening of motor function in the active treatment group. Gait deteriora-
tion and increased bradykinesia accounted for this effect. Most recently, the results of two large multi-
center randomized, placebo-controlled trials of OLZ in DIP were published together and reported
results that were strikingly similar to the previous placebo-controlled trial (143). A total of 160
patients were randomized between the two trials, one from the United States and the other from
Europe. Once again, there was no significant improvement in psychosis in the OLZ group when com-
pared with placebo. Motor worsening on OLZ was also indicated in both studies on several different
measures of PD functioning; these differences did reach significance. Therefore, it would seem that
OLZ is not well-suited for use in PD.

6.3.3. Quetiapine

Table 5
Summary of Open-Label Reports With Quetiapine in the Treatment of Patients Suffering 
From PD With Psychosis

Author/reference year No. of patients Dosagea No. of psychosis improved No. of PD worsened

Evatt, 1996 (145) 10 50 mg/day 10 (est) 0
Parsa, 1998 (144) 2 200, 400 mg/day 2 1
Juncos, 1998 (146) 15 70 mg/day 15 (est) 0
Juncos, 1999 (147) 40 25–800 mg/day 40 (est) 8 (est)
Samanta, 1998 (149) 10 37.5 mg/day 6 7
Fernandez, 1999 (150) 35 40.6 mg/day 25 0
Friedman, 1999 (151) 15 62.5 mg/day 12 4
Targum, 2000 (148) 11 25–300 mg/day 6 0
Reddy, 2002 (152) 43 54 mg/day 35 5
Fernandez, 2003 (153) 106 60 mg/day 87 34

a Dosage is given as a mean or a range.
est, estimated number based on available information in the publication.
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The most promising atypical antipsychotic medication introduced as an alternative to CLZ for PD
is QTP, which was approved for use in schizophrenia in 1998. A summary of published open-label
studies is shown in Table 5 (144–153) Thus far, there have been several open-label studies in which
QTP appears to be effective in treating DIP in PD at doses of 50 to 400 mg per day with mild impact
on motor features. Unfortunately, no confirmatory double-blind studies have been completed as yet.

In one of the larger studies, Fernandez et al. (150) reported the results of an open trial of QTP in 35
patients with PD. In the study, 24 were neuroleptic-naive, 3 patients switched to QTP from OLZ and 8
patients switched to QTP from CLZ. Of the neuroleptic-naive patients, 20 had marked improvement or
complete amelioration of psychosis at 4 weeks that was maintained through 8 weeks. Ten patients had
baseline and week-4 BPRS measures, and significant improvement was observed. There was no wors-
ening of Parkinsonism. Of the 11 switched to QTP, only 5 made the transition easily. In the other six
patients, increased erratic behavior, confusion, and hallucinations were observed. These patients had
to be switched back to their prior therapeutic agent. The authors concluded that the drug was a good
antipsychotic agent for PD, but transition from another antipsychotic may be difficult. In a follow-up
study (151), 15 patients were switched more gradually from CLZ to QTP over an 8-week period.
Patients tolerated this slower change more easily; 12 made the transition successfully and stayed on
QTP. Motor features did not decrease except for transiently increased tremor in four patients.

Fernandez et al. have also provided long-term data regarding 106 of their patients with PD who
were treated with QTP in the clinic (153). The mean duration of therapy was 15 months, and the aver-
age QTP dose was 60 mg per day. Psychosis partially or completely remitted in 82%, whereas 18% did
not improve. Some degree of motor worsening was seen in 32% of patients, but only 9% discontinued
QTP because of this problem. The presence of dementia was associated with increased likelihood of
motor decline as well as nonresponse relating to psychosis.

In our own evaluation (152), 43 consecutive patients suffering from PD with DIP (mean duration
13 months) were treated with QTP at a mean dose of 54 mg per day for a mean duration of 10 months.
Results showed 81% (35 patients) had improvement of psychotic symptoms, but it was not complete
in all (23 complete amelioration and 12 partial). Five patients (12.5%) experienced mild worsening of
motor symptoms, and two stopped therapy as a result. Twenty patients were demented; the rest were
not. There was no difference in antipsychotic effect between the demented and nondemented groups,
but mild worsening of motor symptoms was seen in the demented group as measured by UPDRS. All
five of the patients with definite decline had some degree of dementia. None of the nondemented
patients experienced worsening of motor symptoms. Levodopa dosage did not change. After the study
was complete, 80% of patients chose to continue QTP.

Although some worsening of motor symptoms has been seen with QTP, judging from this prelimi-
nary literature and our own experience, it seems unlikely that this will constitute a significant clinical
problem, as was the case with RSP and OLZ. However, QTP appears to be less potent than CLZ in
relieving psychosis. The dose may need to be pushed aggressively into the range normally used to treat
schizophrenia (≥400 mg/day) in some patients. Even then, some patients with DIP may not respond to
QTP. We have also seen the occasional patient in our practice who has experienced a paradoxical
worsening of agitation and psychosis when QTP was added at the usual starting dose of 25 mg at bed-
time. Increasing the dose only exacerbated the problem in these rare patients. Generally, based on
open-label experience, QTP seems well-suited for PD and has been often utilized in practice. How-
ever, results need to be confirmed in double-blind studies.

6.3.4. Aripiprazole and Ziprasidone
The two newest atypical antipsychotic medications available are aripiprazole and ziprasidone. No

published results exist regarding the use of these medications for DIP in PD. Ziprasidone has
dopamine receptor-binding characteristics similar to those of RSP and other typical antipsychotics and
therefore may have a similar impact on PD (119). Studies with aripiprazole are in progress.
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6.4. Non-Neuroleptic Therapies

6.4.1. Ondansetron
Approaches to the treatment of DIP, other than atypical antipsychotic medications, have been used

with some success. Ondansetron is one of these agents. It is a serotonin (5HT3) receptor antagonist
that was approved by the Food and Drug Administration in 1991 for chemotherapy-induced emesis.
This drug has been utilized successfully in the treatment of schizophrenia (154) and only rarely has
caused dystonia or akathisia (155). It does not have significant dopamine receptor-blocking properties
and, presumably as a result of this, there have been no clear cases of ondansetron-induced Parkinson-
ism. These features make this drug an appropriate candidate for use in PD and have led to early trials
in this setting. Zoldan et al. (82) treated 16 patients suffering from PD with psychosis with
ondansetron (12–24 mg/day) in an open-label fashion. All but one patient experienced moderate to
marked improvement in psychiatric symptoms; the drug was well-tolerated. Yet, in one additional
study, these optimistic findings were not fully reproduced (156). Further studies of this interesting
drug are clearly needed. However, a major obstacle to more widespread testing and use of this medica-
tion is its extremely high cost.

6.4.2. Cholinesterase Inhibitors
The cholinesterase inhibitors are another class of medication that has been investigated for potential

efficacy in treating cognitive and psychiatric symptoms in PD. Donepezil, rivastigmine, and galanta-
mine have all been shown to be beneficial in mild-to-moderate Alzheimer’s disease in large double-
blind, placebo-controlled trials (157–159). The rationale for using these agents in parkinsonian
disorders is based on the finding that more severe cholinergic deficits are seen in the neocortex of
patients with LBD than in Alzheimer’s disease (160). These agents might also be better tolerated in PD
than antipsychotic medications because they do not block dopamine receptors. Alternatively, a theoret-
ical concern has been that these agents might worsen motor features of Parkinsonism by increasing
cholinergic tone and upsetting the balance between acetylcholine and dopamine in the brain.

The results of preliminary studies have been encouraging, but they are far from definitive. McKeith
et al. (85) reported improvements in delusions and hallucinations using rivastigmine in a double-blind
placebo-controlled trial involving 120 patients with LBD. Patients were treated with up to 12 mg per
day of rivastigmine for 20 weeks. Improvements were noted in subscores of the neuropsychiatric
inventory scale. In PD specifically, two open-label trials examining psychotic symptoms have docu-
mented similar improvements in psychiatric symptoms in a small number of patients (161,162). Sig-
nificant reduction of motor symptoms was not seen in any of these studies. Donepezil was used to treat
DIP in another small open-label study (163). Six patients with PD were treated with donepezil (10 mg
daily) for 6 weeks; 5 of the 6 patients experienced “clinically significant” improvement in symptoms
of psychosis. No worsening of motor symptoms was observed. Clearly, larger well-designed trials are
needed to fully assess the utility and safety of these medications in this setting.

6.5. Electroconvulsive Therapy
It has been suggested that electroconvulsive therapy (ECT) may be useful in the treatment of DIP

(8,164). Hurwitz et al. (164) treated two patients with PD suffering from chronic nonconfusional psy-
chosis with bilateral ECT (one received six treatments and the other received three). It not only cleared
the psychosis but also allowed for the use of higher doses of dopaminergic medications. At 5-month
follow-up, one patient had still experienced no recurrence of psychosis; the others had experienced
only occasional visual illusions 6 months after treatment. Likely, patients with confusional states will
not achieve the same benefit and, in fact, confusion is considered to be a contraindication for ECT
(8,165). There also seems to be interest in using ECT to treat patients with PD because of its ability to
improve motor symptoms (166–168). This improvement may be the result of ECT-induced enhance-
ment of dopamine transmission (169). It is difficult to explain the antipsychotic effect of ECT on the
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background of increased responsiveness of dopamine receptors. Hurwitz et al. (164) suggest that
improvement in psychosis may be owing to an effect via nondopaminergic mechanisms.

ECT-induced improvement of motor features of PD is most likely transient (166,167). The antide-
pressant effects of ECT are also temporary, and patients should be treated with antidepressant agents
for long-term maintenance. Generally, the temporary nature of its benefits does not support ECT as a
logical choice to be a primary agent in the treatment of DIP in PD. The adverse effects of memory loss
and delirium are also of concern. However, in those situations where CLZ does not improve psychosis,
or when significant side effects occur at dose levels that are otherwise ineffective, ECT can be used as
an adjunct, then low-dose CLZ may help maintain the benefit (170).

6.6. Treatment Summary
The treatment of DIP in PD can be approached in a stepwise fashion. First, it is necessary to search

for and treat any triggering factors (e.g., infection) that may have precipitated decompensation in an
otherwise stable patient. If no such triggers are present, and the symptoms are mild, a modest reduc-
tion in antiparkinsonian medication dose will usually be sufficient. In more severely affected patients,
the next step is to reduce or stop adjunctive medications. This should be done one drug at a time in
order of decreasing risk-to-benefit ratio. If psychosis continues, an attempt should be made to decrease
the dose of levodopa. If there is an increase in disability at any point, then an antipsychotic medication
will be required.

CLZ is the only antipsychotic medication that has been proven in controlled clinical trials to effec-
tively control DIP without worsening Parkinsonism. However, based on promising preliminary data,
our own experience, and ease of use, we feel that QTP is a reasonable alternative as a first-choice
agent. It is usually started with a bedtime dose, then daytime doses are added if necessary. If QTP is
ineffective, or if side effects prevent further dose increases, we recommend CLZ as the antipsychotic
of second choice. We have had patients treated with up to 400 mg per day of QTP without benefit, then
respond to as little as 6.25 mg of CLZ. It is important to remember that patients with PD are particu-
larly prone to sedation with these medications, and therapy should be initiated with a low dose and
increased in small increments. Frequent communication between the physician and patient’s caretak-
ers is paramount during this difficult period. Once DIP is controlled, a smaller maintenance dose is
usually possible, and a careful optimization of antiparkinsonian medications can be attempted.

In the rare patient who does not respond to either of these medications, a trial of one of the newer
agents may be justified, but the patient should be carefully monitored for worsening of Parkinson-
ism. RSP, OLZ, and typical antipsychotics are not appropriate choices for treating DIP in PD and
should be avoided. Occasional patients will not respond to the measures previously mentioned; thus,
more drastic reductions in levodopa will be necessary. This consequence will usually be associated
with severe worsening of Parkinsonism and should be done in a hospital setting under the supervi-
sion of a movement disorder specialist. Finally, in nondemented patients, a course of ECT can be
used as a last resort.

7. LONG-TERM OUTCOMES

With the onset of hallucinations, it has been suggested that the prognosis of PD declines signifi-
cantly. Several studies have examined the long-term outcome of patients who have DIP in an attempt
to confirm this notion. Also, the question of whether treatment with atypical antipsychotics alters the
outcome of hallucinating patients has been addressed in a limited way. Two studies examined the out-
comes of patients prior to the availability of atypical agents. The first attempt was by Sweet et al. in
1976, who looked at the outcome of 18 patients with PD who were followed for about 6 years (171).
Five (27%) were placed in nursing homes, five (27%) died, six (33%) were incapacitated but living at
home, and only two (11%) were home and semi-independent. However, there was a problem with
patient selection, because these patients were a subset of 100 patients, and they had a mixture of
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dementia, agitation, delirium, mania, hallucinations, and other mental symptoms. Two studies by
Goetz et al. have been the most frequently quoted reports on the subject. In 1993, they performed a
case-control study to specifically examine the most frequent reason for nursing home placement in PD
(3). They studied 11 patients who had been placed and compared them to 22 who were still living at
home. Hallucinations were significantly more common in patients placed in a nursing home. Motor
impairment and dementia did not differentiate between the two groups, indicating that hallucinations
were an independent cause of nursing home placement. This study was succeeded by a 2-year follow-
up study to examine outcome; it was discovered that 100% of the nursing home patients had died with
a mean duration of survival of 15.6 months (4). The investigators also found that nursing home place-
ment in these patients was permanent. These studies focused on hallucinations in relation to nursing
home placement and likely involved the most severely affected cases.

Two studies have subsequently examined outcome after the availability of atypical antipsychotics.
In the first, Juncos et al. examined the long-term outcome of 27 patients with PD treated with either
QTP or CLZ for hallucinations (172). Over the 36-month observation period, 50% were placed in
nursing homes. The mortality of patients in nursing homes was 62% when compared with 52% in
those still living at home. Finally, Factor et al. (5) examined 59 patients who were originally enrolled
in a double-blind placebo-controlled clinical trial that examined CLZ therapy for DIP in PD. Long-
term outcome data were collected for a mean of 22 months following enrollment. The patients were
more typical of those seen in practice, living at home for the most part, requiring antipsychotic ther-
apy, and receiving clozapine. Over the follow-up period, many switched to other agents or came off
antipsychotics completely. The participants in this study were not the most severely affected patients
with DIP, because enrollment included those who could withstand 1 month of placebo therapy. At
baseline, 12% were living in a nursing home, 95% had hallucinations, and 60% had paranoia. On fol-
low-up, 25% were dead, nursing home placement occurred in 42%, psychosis was persistent in 69%,
and dementia was diagnosed in 68%. Of those in a nursing home, 28% had died over the 2-year period,
including two of the seven patients in a nursing home at baseline. Of those with persistent psychosis,
97% had hallucinations, and 27% had paranoia. Comparison of the studies completed prior to and after
the availability of atypical agents is limited, but data suggest that these agents have a positive effect on
long-term outcome. The death rate in nursing home patients is clearly diminished, suggesting an
improvement in survival. In addition, the study by Factor et al. (5) demonstrated a significant decrease
in the percentage of patients with paranoia, a complex symptom associated with increased nursing
home placement. It is interesting to note that the persistence (or lack) of psychosis at follow-up did not
have an impact on the final outcome of these patients. A similar percentage of psychotic and nonpsy-
chotic patients died, were placed in a nursing facility, were treated with antipsychotics, and became
demented. This may suggest that the hallucinations themselves are not necessarily associated with a
poor outcome, but they may be indicators of the development of a high-risk stage of the disease.

Factor et al. (5) also examined possible risk factors (from baseline data) that might predict poor out-
come in patients with PD in addition to DIP. There were no predictors for death. Older age and the
presence of paranoia were risk factors for nursing home placement, whereas older age, older age of
onset, and lower baseline minimental status exam scores conferred greater risk for developing demen-
tia. On the other hand, younger age of onset and longer duration of disease are risk factors for persis-
tent psychosis.

In combination, the data indicate that older patients tend to end up in nursing homes with paranoia
or develop dementia with poor survival, where younger onset patients tend to continue to have halluci-
nations and remain in the community. The goal should be to alter the outcome of patients suffering
from PD with DIP, and the examination of predictors for the individual outcome measures might lead
to improved treatment approaches. This was the first study to determine modifiable risk factors that
could lead to such an alteration. Some possibilities come to mind. For instance, nursing home place-
ment was associated with paranoid psychosis in addition to the visual hallucinations usually seen. The
occurrence of this problem should lead to more vigorous antipsychotic treatment, perhaps using higher
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doses than typically prescribed or in those with a clear sensorium, ECT if the drugs are not effective.
Better control of paranoia may catalyze the prevention or delay of placement and, in turn, longer sur-
vival. Patients with onset of psychosis at an older age are not only more likely to be placed in a nursing
home, but are also more likely to develop dementia, particularly those patients with a decreased mini-
mental status exam score. That background should signal an earlier intervention for cognitive difficul-
ties, possibly with a cholinesterase inhibitor. The approach might be to use an atypical antipsychotic
and cholinesterase inhibitor concurrently from the beginning. Finally, younger patients with long-term
disease are more likely to have persistent psychosis. This scenario should encourage more aggressive
dosing with antipsychotic drugs, perhaps using higher doses than those routinely used. These strate-
gies will have to be tested, but they represent a starting point toward the improvement in prognosis of
this patient population.
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6
Postsurgical Behavioral Changes

Laurie M. Rilling, John A. Lucas, and Ryan J. Uitti

SUMMARY
Evaluation of postsurgical behavioral changes in patients with Parkinson’s disease (PD) is a complicated

subject. Reasons for this complexity stem from the progressive nature of PD, its propensity to include neurobe-
havioral changes, and the variability in motor and nonmotor results that follow various types of surgical treat-
ment. Studies of postsurgical behavioral changes also have not had the benefit of comparison with randomized,
controlled, longitudinal follow-up of patients who have not had surgical treatment. Nevertheless, it appears
that most modern-day lesioning and deep-brain stimulation (DBS) operations performed at experienced surgi-
cal centers are relatively safe from a cognitive perspective. Surgical interventions appear to involve minimal
psychiatric morbidity in most instances. When neurocognitive declines are observed, they most often involve
verbal fluency, regardless of the surgical technique and target. This decline in verbal fluency occurs more often
after dominant hemisphere-sided operations and may persist for 1 year or more, independent of motor speech
changes. Other selective changes have been observed in working memory, attention, and episodic memory, but
only in a minority of studies and patients.

A small number of studies have reported severe cognitive and psychiatric complications, including both
severe declines in memory and dementia. Although it is impossible to predict definitively which factors deter-
mine such declines, the following likely increase the risk for postoperative neurobehavioral morbidity: age
(particularly > 70 years), bilateral or language-dominant hemisphere surgery (not necessarily ablative), lesion
location in the anteromedial versus posterolateral aspect of the globus pallidus interna (GPi), pre-existing psy-
chiatric disturbance, and preexisting dementia or marked frontal–subcortical syndrome. Lesion volume has not
convincingly or consistently been identified as a correlate of cognitive outcome. Claims that DBS is neuropsy-
chologically safer than ablative surgery are not adequately supported in the literature at this time. There is also
no clear indication that certain targets (GPi versus subthalamic nucleus [STN]) are better from a cognitive
standpoint. Future randomized, preferably blinded, studies are needed to compare interventions (target and
treatment methods) directly in terms of their effects on neurobehavioral functioning.

Key Words: Parkinson’s disease (PD); thalamotomy; pallidotomy; subthalamotomy; deep-brain stimula-
tion; cognition,

1. INTRODUCTION

Over the past decade, surgical intervention has regained widespread acceptance as a safe and
effective treatment for the disabling motor symptoms associated with idiopathic Parkinson’s disease
(PD). Surgical treatment, employing various lesioning methods, had been popular in the 1950s and
1960s but was largely supplanted by pharmacological therapy with levodopa in the late 1960s. More
recent advances in the understanding of neuroanatomic structures and underlying pathophysiology,
in combination with improved surgical, radiological, and stereotactical techniques, have led to more
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successful symptom relief and significant reductions in postoperative morbidity (1,2). Neverthe-
less, early anecdotal reports of deleterious postoperative neurobehavioral changes highlighted the
need for systematic investigation of potential contributing factors. Patient characteristics, type of
surgical procedure, and target location have all been implicated to varying degrees; however,
methodological limitations and procedural differences have presented challenges in the interpreta-
tion of existing studies and their clinical significance. The topic is further complicated when the
variability in surgical treatment is considered, such as unilateral versus bilateral, single versus staged
bilateral procedure, and dominant versus nondominant hemispheric surgery. The extent to which
these and other factors influence neurobehavioral outcomes remains the focus of ongoing empirical
investigations.

Behavioral changes in patients with PD are important determinants of quality of life and sur-
vival. As such, any deleterious or protective consequences secondary to surgical therapy for PD
may have profound repercussions on the recommended therapy for this disorder. Unfortunately, the
data currently available are limited in scope and duration with regard to follow-up. Furthermore, a
prolonged follow-up series may be subject to study retention biases that could inappropriately
influence apparent results. Given these potential shortcomings, the data presented here should be
considered with caution.

This chapter presents a brief overview of the neuropathological and neurophysiological correla-
tions of motor dysfunction in PD and the rationale for specific surgical targets. The overview is fol-
lowed by a more comprehensive evaluation of the current literature examining neurobehavioral
changes associated with ablation and deep-brain stimulation (DBS) at various target locations,
including the thalamus, globus pallidus (GP), and subthalamic nucleus (STN). The neurobehavioral
sequelae associated with intrastriatal transplantation are also addressed to a limited degree. Finally,
implications for clinical practice are discussed and suggestions for future scientific investigations
are provided.

2. NEUROPATHOLOGY OF PD AND SURGICAL TARGETS

Idiopathic PD is a neurodegenerative movement disorder characterized by symptomatic onset of
resting tremor, rigidity, bradykinesia, and postural instability, typically in the sixth or seventh decade
of life. The motor dysfunction associated with PD results from a disproportionate loss of dopaminer-
gic cells in the substantia nigra (SN) pars compacta that begins perhaps a decade prior to symptoms.
The subsequent disruption of normal excitatory and inhibitory influences within the basal ganglia,
initially most dramatic in the dopaminergic neurons of the ventrolateral tier of the SN that innervate
the posterior putamen, causes abnormal activity in associated thalamocortical circuits. Inputs from
the basal ganglia originate in various cortical regions and project to the striatum, SN, GP, STN, and
thalamus via a system of five parallel segregated cortico-striato-thalamo-cortical loops (3). Within
the direct pathway, the striatum receives excitatory input from cortical regions and projects
inhibitory efferents to the globus pallidus interna (GPi)/SN pars reticulata (SNpr) complex. These
structures, in turn, have an inhibitory influence on the thalamus, which ultimately projects excitatory
efferents back to the cortex (4). There is also an indirect pathway, in which inhibitory efferents pro-
ject from the striatum to the globus pallidus externa and extend to the STN, which then projects exci-
tatory efferents back to the GPi–SNpr complex (5). The loss of dopamine within the direct pathway
leads to a decrease in the normal inhibitory activity from the putamen to the GPi, resulting in an
excessive inhibition of the thalamus and net decrease in cortical excitation. DeLong and colleagues
(6) have proposed that this net inhibition of thalamocortical projections within the motor circuit may
account for motor signs like bradykinesia in PD. With this model in mind, several neuroanatomical
targets (thalamus, GPi, and STN) and surgical techniques (ablation, stimulation, and transplantation)
have been explored in an attempt to alleviate the motor symptoms associated with PD (see ref. 7 for
a more comprehensive review of the scientific basis for surgical targets).



Postsurgical Behavioral Changes 77

3. NEUROBEHAVIORAL OUTCOME AND SURGICAL TARGETS

3.1. Thalamus

3.1.1. Surgical Lesioning of the Ventrolateral/Ventral Anterior Nuclei
3.1.1.1. POSTOPERATIVE CHANGES IN COGNITION

In the prelevodopa era, the issue of cognitive morbidity following thalamotomy received little
attention in the literature. When cognitive changes were observed postoperatively, these were often
described in passing in very general terms or on a case-by-case basis. For example, in one of the earli-
est anecdotal reports, Spiegel and colleagues (8) briefly commented on postoperative changes in mem-
ory, orientation, and sense of time in several patients who underwent bilateral thalamotomy, but no
formal cognitive measures were administered. The implementation of formal neurocognitive evalua-
tion has undoubtedly aided in our understanding of the cognitive sequelae associated with thalamo-
tomy; however, reliable estimates of cognitive morbidity in early thalamotomy studies are still difficult
to ascertain because of the inconsistent use of assessment measures, inclusion of mixed diagnostic
samples (see ref. 9), multiple or combined lesion sites, as well as different lesioning techniques (see
ref. 10). However, there is some evidence that suggests preexisting cognitive impairment and bilateral
lesioning increased the risk for cognitive decline following thalamotomy. For example, formal cogni-
tive assessment of 11 patients pre- and postunilateral thalamotomy revealed significant cognitive
decline in three patients who were considered cognitively impaired prior to surgery (11). In a sample
of eight unilateral and three bilateral operates, formal testing revealed a greater incidence of postoper-
ative cognitive impairment in patients who received bilateral compared to unilateral thalamic lesions
(12). Based on his review of figures reported in some of the early studies, Burchiel (13) estimated that
39% of thalamotomy patients demonstrated declines in speech, language, and/or memory, with
declines being more common among bilateral than unilateral operates (60% versus 31%). Although it
is likely that preoperative cognitive impairment and bilateral lesioning have an additive effect in terms
of cognitive morbidity, this was not examined systematically in early thalamotomy studies.

A detailed review of early thalamotomy studies that employed objective neuropsychological evalu-
ation is provided by Wilkinson and Tröster (14). Generally, early studies found that verbal memory
declined after unilateral left and bilateral thalamotomy (10,15–22), but not after unilateral right
(17,18,20,22). Findings for visual memory were less consistent. Riklan et al. (23), Shapiro et al. (15),
as well as Vilkki and Laitinen (24,25), observed no changes in visual memory, whereas others reported
declines following unilateral left (26) or both unilateral left and right thalamotomy (27). Improvement
in visual memory after right thalamotomy has also been reported (22). Most deficits appeared soon
after surgery and resolved in less than 18 months (28–30), yet Perret and Siegfried (27) observed
memory deficits up to 18 months postoperatively. VanBuren et al. (31) also reported that of 78 unilat-
eral operants, 4 patients who underwent left thalamotomy had significant memory problems postoper-
atively and were unable to live independently up to 7 years after surgery.

In addition to changes in memory, several studies reported changes in global intellectual function-
ing (i.e., verbal and/or performance IQ) after unilateral thalamotomy with declines being more com-
mon after left thalamic lesions (18,27,32,33). In a study comparing surgical targets, unilateral left
thalamotomy was associated with slightly greater decline in verbal IQ than pallidotomy (17). How-
ever, the majority of postoperative declines in IQ were mild and highly transient in nature, and there
are several studies in which no significant change in IQ was observed (16,28). Transient declines in
attention have also been noted after left and bilateral thalamotomy (31,34).

Numerous early studies examined language and speech. In a controlled study (using a nonsurgical
PD control group), declines in letter and category fluency were observed following left and bilateral
thalamotomy, but these resolved within 5 months (34,35). Reductions in verbal fluency were also
reported by Perret and Siegfried (27), Vilkki and Laitinen (24), and are indeed concluded by Riklan
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and Cooper (36) to best describe the early consequences of left thalamotomy. Although not as com-
mon, dysnomia has been observed after unilateral left, not right thalamotomy (37,38).

In one of the few studies that included postmortem data, Samra and colleagues (39) reported lesion
size was unrelated to postoperative changes on formal measures of speech and language in 27 patients
who had undergone thalamotomy. Unlike speech changes, language disturbances were typically tran-
sient and related to lesion laterality with declines more commonly occurring after left thalamotomy.
Quaglieri and Celesia (40) found that when compared to a nonsurgical PD group, patients who were 8-
years postthalamotomy performed more poorly on measures of speech but not language.

The few contemporary studies that exist suggest that modern thalamotomy may be safer than its
earlier counterpart. In the largest reported series of unilateral thalamotomy patients (28 right and 25
left), formal neuropsychological measures showed little change 3 months after surgery and, in fact,
reported mild improvement on a verbal memory (dichotic listening) and a “visual closure” task (41). A
smaller sample of 13 patients showed no deficits on a limited neuropsychological test battery 4 weeks
after unilateral thalamotomy (42), but another study reported side effects (including dysphasia) in 8%
of thalamotomy patients (43). Not unexpectedly, γ knife thalamotomy initially appears to involve few
cognitive side effects (1.5–2% complication rate; 44), but formal, detailed, and long-term neuropsy-
chological data have not been reported.

3.1.1.2. POSTOPERATIVE CHANGES IN MOOD, BEHAVIOR, AND QUALITY OF LIFE

There is little consensus among the few detailed studies of psychiatric complications following
thalamotomy available in the current literature. For example, Angelini and colleagues (45,46)
observed several cases of significant depression following surgery. In contrast, several investigators
have reported reduction in depressive and obsessive symptomatology postoperatively (30,47).
Although Narabayashi and colleagues (48) found no postoperative changes among eight thalamotomy
patients using a modified Minnesota Multiphasic Personality Inventory (MMPI), decreases in depres-
sion and social isolation were seen in a slightly larger sample of 13 unilateral (6 left and 7 right) thala-
motomy patients (42). Persistent neuropsychiatric changes, including “childlike” behavior, decreased
motivation, catatonic features, and hallucinations, have been observed following bilateral thalamo-
tomy (49). Okun et al. (50) described a case of pseudobulbar laughter following unilateral right
gamma knife thalamotomy, but symptoms were successfully managed with medication (51). In the
only published study to employ formal measures of quality of life (QOL) pre- and postthalamotomy,
significant improvements in social stigma and physical discomfort were observed in a sample of 33
unilateral thalamotomy patients at 3 to 6 months after surgery (52). The absence of significant postop-
erative improvement on other indices of QOL may reflect a selection bias toward patients with less
severe tremor-predominant disease that may only negatively impact specific aspects of daily function-
ing.

3.1.2. Ventral Intermediate Nucleus–Deep-Brain Stimulation
3.1.2.1. POSTOPERATIVE CHANGES IN COGNITION

Several published studies have reported no change in the overall level of cognitive functioning fol-
lowing ventral intermediate nucleus (Vim)–DBS for PD (53–55). Contrary to thalamotomy, thalamic
stimulation does not seem to be associated with declines in verbal fluency or memory in patients with
PD. In fact, improvements (possibly practice effects) on tasks of problems solving, verbal fluency, nam-
ing, and delayed recall were observed up to 12 months (54–56). These studies examined combined sam-
ples of patients with left and right sided surgery, and material-specific cognitive changes have yet to be
delineated. This will be important to study in the future, given the evidence from thalamotomy studies
that left-sided surgical intervention carries a greater risk of cognitive morbidity than right-sided surgery.

The interpretation of cognitive changes following Vim–DBS surgery is even more challenging than
postablation changes. In addition to medication and practice effects, neurocognitive changes observed
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on formal assessment measures may reflect a microthalamotomy effect. Preliminary evidence also
suggests that stimulation parameters (unipolar versus bipolar; amplitude, frequency, and pulse width)
may play a role in cognitive outcome (57). Indeed, studies employing intraoperative stimulation
(20,58–60) found lower frequencies (60 Hz) more predictive of memory impairment following thala-
motomy than higher frequencies (200 Hz), the latter of which are typically utilized in chronic
Vim–DBS. Tröster et al. (61) examined the combined effect of medications and stimulation on postop-
erative cognitive functioning in a single patient with PD under four different conditions: with or with-
out stimulation and “on” or “off” medications. Although a decrement in verbal fluency was observed
postoperatively, this improved with stimulation in both medication conditions, suggesting that stimu-
lation alone may alleviate potential cognitive sequelae associated with the microthalamotomy effect.

3.1.2.2. POSTOPERATIVE CHANGES IN MOOD, BEHAVIOR, AND QUALITY OF LIFE

Despite the increasingly common use of Vim–DBS as a treatment for tremor in patients with PD,
few studies have included formal measures of mood, behavior, or QOL. Preliminary evidence suggests
that Vim–DBS may lead to fewer reported symptoms of depression and anxiety within 1 week (54)
and up to 12 months (56) postsurgery. Improvement in mood state at the 12-month mark has also been
noted after Vim–DBS in patients with essential tremor (ET) (62). However, no detectable change in
depressive symptomatology was evident at 3 months following surgery in a sample of patients who
demonstrated significantly improved motor functioning (63). The relationship between Vim-DBS and
QOL remains unclear. Straits-Tröster et al. (63) failed to detect changes in QOL at 3 months after Vim-
DBS surgery, likely because of the use of a generic QOL measure and small-sample size. Indeed,
Woods et al. (56) employed a disease-specific measure of QOL and found that a similar sample of
patients (n = 6) reported significant improvements in QOL that were maintained at 12 months follow-
ing unilateral Vim–DBS surgery. Nevertheless, improvements in several aspects of QOL that failed to
reach significance highlight the need for investigation of QOL in patients with PD following Vim-DBS
using disease-specific measures in larger samples.

3.2. Globus Pallidus

3.2.1. Surgical Lesioning-GPi
3.2.1.1. CHANGES IN COGNITION

As with early thalamotomy studies, few formal neuropsychological measures were consistently
employed in early studies of pallidotomy. In one study that utilized objective measures of cognition, a
mixed sample of pallidotomy and thalamotomy patients who underwent either unilateral or bilateral
procedures showed no significant change in IQ. However, pallidotomy was associated with responses
on projective personality measures, suggesting possible “frontal” dysfunction (64). Svennilson and
colleagues reported that among 78 unilateral pallidotomy cases, 4 developed postoperative dementia
and 11 developed “a significant memory impairment” (65).

The majority of modern studies show that unilateral pallidotomy does not result in significant cog-
nitive morbidity. Although lateral-specific deficits are observed after surgery, these tend to be mild,
transient, and of little clinical significance. In a recent meta-analysis, Alkhani and Lozano (66) esti-
mated that transient memory deficits occur in 1.3% of cases after either unilateral or bilateral pallido-
tomy, whereas persistent memory deficits are indicated in less than 1% of cases. However, these
results may underestimate the prevalence of memory impairment after surgery because not all studies
included in the analysis had shown whether memory deficits occurred, and it is doubtful that formal
neuropsychological assessment was employed by all studies.

The most commonly reported postoperative cognitive change involves a decline in verbal fluency
after left pallidotomy (67–82); but such declines are not evident when unilateral right pallidotomy
patients are included in analyses (83–85). Verbal fluency changes are likely unrelated to changes in
medication because the decrements are observed in both the “on” and “off “ states (86). Indeed, some
evidence suggests they may be related to changes in underlying executive mechanisms, such as ability
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to efficiently switch between phonemic or semantic clusters or categories (67,87). Age appears to be a
predictor of postoperative verbal fluency decline, where older patients are at greater risk (78,88). Yet,
preoperative severity of motor impairment is not a reliable predictor (80). Mini-Mental-Status Exami-
nation (MMSE) scores are also not predictive of verbal fluency decline (80). This likely reflects the
insensitivity of the MMSE to cognitive dysfunction in PD and the restricted range of MMSE scores
represented in the study sample. In one study, 8 of 11 patients with PD who did not respond with sig-
nificant motor improvement following unilateral pallidotomy demonstrated preoperative “frontal
behavioral syndromes” that were undetected by the MMSE (89). Given that nonresponders were more
likely than responders to have this frontal behavioral syndrome prior to surgery, this behavioral profile
might serve as a relative contraindication to pallidotomy.

Some studies report lesion location as an important determinant of postoperative cognitive deficits.
Anteromedial lesions have been associated with greater impairment than posterolateral lesions
(90,91); however, some studies have failed to find a relationship between lesion location and cognitive
outcome on select measures (88,92). The implementation of standardized procedures across sites and
the use of stimulation-confirmed target locations might have restricted the range of values regarding
lesion location such that a relationship may be undetectable.

Several studies have reported more wide ranging cognitive deficits after pallidotomy (67,93) or
select deficits in domains aside from verbal fluency. Specifically, postoperative deficits have been
observed in verbal and nonverbal memory (42,67,68,70,80,94–96), working memory and attention
(67,70,76,97), and executive functions, such as categories achieved (68,79) or perseverative responses
on a card-sorting task (75,79). Some studies have reported mild improvements in verbal memory
(67,70,79) or aspects of nonverbal memory (70) following right pallidotomy. Alterman et al. (98)
reported progressive dementia in 5 of 60 unilateral pallidotomy cases, and only 1 of these 5 patients
showed evidence of possible dementia prior to surgery.

Bilateral pallidotomy is assumed to involve greater risk for cognitive dysfunction than unilateral
pallidotomy, but findings are inconsistent and based on small samples. Iacono et al. (99) reported that
average Wechsler Memory Scale-Revised Index scores improved in 10 bilateral pallidotomy patients;
yet, actual scores were not presented, and it is difficult to determine the role of possible practice
effects. Therefore, the results are of questionable clinical significance. Scott et al. (73) found no signif-
icant adverse cognitive effects among eight bilaterally operated patients, other than verbal fluency
declines that were also observed in unilateral operates. However, other studies have reported, at least
anecdotally, profound deficits after bilateral pallidotomy. Svennilson et al. (65) found that all three of
their bilaterally operated patients had significant memory deficits and dementia after surgery. Ghika et
al. (100) reported either profound overall changes (likely reflecting dementia) or marked executive or
memory impairments in two of four patients after bilateral pallidotomy. Trépanier et al. (81) reported
global cognitive decline after the second operation in two of three bilateral pallidotomy patients who
had atypical cognitive profiles before surgery. Among 8 of 12 patients with clinical follow-up, 4 had
poorer speech and 1 had worse memory after staged bilateral surgery (82). Gálvez-Jiménez et al. (101)
noted that no overt cognitive changes were observed among four patients undergoing GPi-DBS after
contralateral pallidotomy, but detailed data was not reported.

3.2.1.2. CHANGES IN MOOD, BEHAVIOR, AND QUALITY OF LIFE

Numerous studies mention psychiatric outcomes following pallidotomy only anecdotally. Bezerra and
colleagues (102) reported persistent depression in 5 of 41 patients after unilateral pallidotomy. However,
several studies using formal measures of mood have reported either improvements in depressive sympto-
matology (56,63,69,70,72,80,82,103), or no significant change in mood state (71,73,78,81,84,104,105).
Junqué et al. (106) reported improvement in scores on a measure of obsessive-compulsive behavior. In
contrast, Trépanier et al. (67,81) found that, up to 41% of patients’ caregivers observed frontal lobe
behavioral changes, including lack of insight, lability, impulsivity, poor social judgment, and environ-
mental dependency after their family member underwent unilateral pallidotomy. Ghika et al. (100)
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also reported profound personality/behavioral changes and depression in two of four bilateral pallido-
tomy patients who demonstrated postoperative cognitive dysfunction, as well as another patient who
developed obsessive-compulsive features. In a study that employed an objective personality measure
(i.e., MMPI), patients reported fewer somatic symptoms and better energy after unilateral pallidotomy
(42). However, it is difficult to determine whether this reflects a surgical effect versus a placebo effect, the
latter of which may also have a physiological basis.

Studies utilizing formal measures of QOL generally indicate improvements in a wide range of
aspects of QOL after unilateral pallidotomy (63,73,103,104,107). The study by D’Antonio (107) is
noteworthy because it includes a nonsurgical control group. In this study, patients in the surgical group
(combined unilateral pallidotomy, bilateral pallidotomy, and pallidotomy plus thalamotomy group)
reported improvements in QOL at 4-months postsurgery, whereas the medically treated wait-list con-
trol group did not. Unfortunately, the conclusion is weakened by sizeable subject attrition (about
33%). The studies by D’Antonio et al. (107) and Martinez-Martin et al. (103) both suggest that
improvement in QOL is related to improvement in motor function in the “off “ state, and Tröster et al.
(109) have found that physical aspects of QOL are related to residual motor disability after pallido-
tomy. Changes in QOL also relate to changes in anxiety (103), depressive symptoms (63), coping
method, and social stressors and resources (108). Older individuals tend to show less QOL improve-
ment after pallidotomy (109).

3.2.2. Deep-Brain Stimulation-GPi
3.2.2.1. CHANGES IN COGNITION

Preliminary studies of patients undergoing unilateral pallidal DBS have found no significant
changes in the overall status of cognitive functioning 3-month postsurgery (110–112). Declines in
visuoconstructional ability and verbal fluency have been observed, but these changes were rarely of
any clinical importance. Subsequent studies yielded similar findings. Vingerhoets et al. (111) also cal-
culated an impairment index (the percentage of measures falling <1 standard deviation [SD] below the
mean of normative samples) and noted that 6 of 20 patients showed a decrement (i.e., any magnitude
increase in percentage of tests in the impaired range). These patients tended to be older and were tak-
ing higher medication dosages prior to surgery than patients who showed no change or improvement.

Safety of bilateral GPi-DBS has been addressed in only a few studies, but the majority of these sug-
gest that the procedure is relatively safe from a cognitive standpoint. Ardouin et al. (113) found no sig-
nificant changes in average test scores for up to 6 months after bilateral GPi-DBS in 13 cases.
Similarly, Pillon et al. (114) found no cognitive morbidity using clinical tests in a similar group of
patients at 12 months postoperatively. Ghika et al. (115) found no serious changes in neuropsycholog-
ical test scores 3 months after contemporaneous bilateral GPi-DBS electrode implantation (n = 6).
Staged bilateral GPi-DBS electrode implantation does not appear to pose any significant risk of cogni-
tive decline (116).

Only a single case study with magnetic resonance imaging-confirmed electrode location has
reported significant executive dysfunction after bilateral GPi-DBS (117). Importantly, this study indi-
cates the role that stimulation played in this impairment. When the stimulators were turned off, the
impairment was partially reversed. Relatively isolated cognitive impairments were reported by the
Toronto group (81). Among four patients, there was a significant decrease only in backward digit span.
Verbal fluency testing was administered to only one patient, who demonstrated a decline on this task.

Whether unilateral GPi-DBS is cognitively safer than pallidotomy has not been adequately
addressed, but studies by Merello et al. (112) and Fields et al. (118) suggest that the safety of these
procedures from a cognitive perspective is comparable.

3.2.2.2. CHANGES IN MOOD, BEHAVIOR, AND QUALITY OF LIFE

Unilateral GPi-DBS does not appear to significantly impact depressive symptomatology;
(63,114,115,120) yet, small but significant reductions in anxiety have been observed (116). Relatively
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little data has been published regarding the occurrence of prominent neurobehavioral changes follow-
ing GPi-DBS (121). However, Miyawaki et al. (122) described a single patient who underwent bilat-
eral-staged GPi-DBS surgery and developed manic episodes after his second (right GPi) surgery with
both unilateral and bilateral stimulation. This patient was eventually able to benefit from bilateral GPi
stimulation and without psychiatric sequelae after a reduction in his levodopa dosage, suggesting that
interactions between stimulation and medication may have an important role in neurobehavioral mor-
bidity in GPi-DBS.

Despite the lack of change in mood following GPi-DBS surgery, preliminary studies using formal
assessment measures have found major postoperative improvements on generic measures of QOL.
Vingerhoets et al. (119) reported a significant increase in physical, psychosocial, and overall function-
ing at 3 months postunilateral GPi-DBS with particular gains in ambulation, body care, movement,
communication, sleep, rest, and eating. Grace et al. (123) observed similar improvements in physical
and overall functioning in a smaller sample (n = 9) of patients with unilateral GPi-DBS. But studies
with disease-specific QOL measures are absent from the current literature.

3.3. Subthalamic Nucleus

3.3.1. Surgical Lesioning
3.3.1.1. CHANGES IN COGNITION

Until recently, subthalamotomy (involving the STN proper) was avoided owing to fear of inducing
hemiballism. Two centers that now perform these operations have published detailed neuropsycholog-
ical findings. McCarter et al. (124) evaluated neuropsychological functioning in 12 patients undergo-
ing procedures on the dorsolateral portion of the nucleus: two left subthalamic nucleotomy, three right
subthalamic nucleotomy, three bilateral subthalamic nucleotomy, and four right subthalamic
nucleotomy plus left subthalamic DBS. Evaluation was carried out 2 days before surgery and an aver-
age of 6 months after surgery. Poorer postoperative performance was observed on a complex auditory
attention/working memory task, whereas statistically significant (albeit, probably not clinically signif-
icant) gains were observed in verbal IQ and immediate recall of stories. Thirty-three percent of bilat-
eral subthalamic nucleotomy patients showed reliable decreases in phonemic verbal fluency, but no
reliable change in fluency was observed in the other groups (unilateral nucleotomy or nucleotomy plus
contralateral DBS). One third of the nucleotomy plus DBS group showed reliable decrements on sev-
eral attention measures and on a list-learning task. None of the patients with right-sided unilateral
surgery demonstrated reliable decrements on any cognitive measure, whereas the patients with left
unilateral surgery tended to experience decrements in attention, facial recognition, word list recall, and
an executive function task (i.e., a tower-building task). Although modern subthalamic nucleotomy
likely does not lead to global deterioration in cognition, this study suggests that mild deficits in select
domains may occur overall. The duration and clinical significance of these deficits remains unclear,
but cognitive changes seem less likely after unilateral right-sided ablations. Clearly, additional
research is needed before reliable practice parameters can be generated.

3.3.1.2. CHANGES IN MOOD, BEHAVIOR, AND QUALITY OF LIFE

Early subthalamotomy never gained widespread popularity, partly as a result of adverse neurobe-
havioral outcomes. Spiegel et al. (8) reported a 30% incidence of “psycho-organic syndrome” among
33 patients who underwent subthalamic ablation. In a sample of 58 patients, all 6 bilateral operates
developed a lasting (of several years’ duration) loss of initiative and spontaneity, and diminished inter-
est in the environment (125). After a second operation, one patient developed a “jovial, carefree atti-
tude.” Over one third of the patients manifested increased desire for food, and some actually became
obese. Unlike Speigel and colleagues, who performed subthalamic ablations by lesioning Forel’s Field
H and interrupting pallidofugal fibers (known as campotomy), Mundinger and colleagues (126) placed
the bulk of the subthalamotomy lesion in the zona incerta. Reporting on outcomes in 456 interventions
for PD, they noted that only 32% of individuals were free of “speech symptoms” postoperatively.
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However, specific neurobehavioral morbidity data were not reported. No formal studies of psychiatric
symptoms or QOL issues following STN ablation have been reported in the literature.

3.3.2. Deep-Brain Stimulation-STN
3.3.2.1. CHANGES IN COGNITION

In the largest patient series (n = 49) reported to date, Ardouin et al. (113) discovered few significant
changes in cognition 3–6 months after bilateral STN-DBS. Similar to Vim-DBS, cognitive declines
with bilateral STN stimulation were primarily observed on measures of verbal fluency, and these were
maintained in a subgroup of patients evaluated at 12-months postsurgery (114). Improvements were
seen on tasks of basic attention and psychomotor speed at 6- and 12-month postsurgery, but perfor-
mance on tasks of divided attention were mixed. Patients also demonstrated improvements on experi-
mental measures of executive functioning/working memory 6 months following surgery. Other studies
with smaller samples also reported only few significant cognitive changes (127–130).

The effect of STN-DBS on working memory and executive functioning appears somewhat compli-
cated, partly because of the potentially heterogeneous effects on the various aspects of frontal-subcor-
tical systems. Studies with neurophysiological measures provide some evidence of this heterogeneous
effect on frontal-executive functioning. For example, Gerschlager et al. (131) found improvement on a
physiological index of “frontal” function during an executive-planning task with STN-DBS. Yet, other
investigators (132) have reported no change in preoperative P300 abnormalities (thought to be a phys-
iological marker of frontally mediated attentional dysfunction).

Two groups have described more wide-ranging adverse cognitive effects in small-patient series
(81,133,134). Saint-Cyr and colleagues (81) observed poorer performance on tasks of divided atten-
tion, verbal fluency, and memory for both visual and verbal material in a series of 11 patients at 3–6
months postbilateral STN-DBS surgery. These deficits were still evident at 12-month follow-up (133).
Although declines in several cognitive domains were observed at 12, but not 3–6 months, these
changes likely reflect disease progression, subject selection bias, and/or attrition. Alegret and cowork-
ers (134) reported similar declines in attention, verbal fluency, and memory, as well as visuospatial in
a sample of 15 patients who were tested off medication, but the investigators interpreted these changes
as clinically insignificant.

Cognitive outcomes after bilateral STN-DBS may vary within individual patients and across studies.
Dujardin and colleagues (135) evaluated nine patients 3 months after bilateral STN-DBS surgery and
found that, as a group, patients demonstrated relatively isolated cognitive declines in verbal memory and
verbal fluency, as well as some improvement in basic attention and reaction time. However, when
patients’ performances were examined individually, approximately one-third of the patients had a more
generalized pattern of cognitive declines (defined as a decline of one or more standard deviations on
20% of the tests administered). At 12-month follow-up, a subset of the original group demonstrated a
similar global cognitive decline, but one patient considered globally impaired at 3 months had returned
to baseline by 1-year follow-up. Morrison et al. (136), the only investigators to publish neuropsycholog-
ical findings pertaining to unilateral STN-DBS, reported few cognitive changes. Patients demonstrated
reduction in lexical and semantic verbal fluency, but no definitive laterality effects related to fluency
changes were observed. In contrast, poorer performance on tasks of divided or alternating attention was
seen only in unilateral left operants. Although the sample is too small to reliably evaluate laterality
effects of STN-DBS, it appears changes can occur after both left and right STN-DBS.

Risk factors for cognitive deterioration are difficult to identify, given the generally small sample
sizes of studies. Nonetheless, more advanced age (>69 years; 81,133,136), and preexisting cognitive
deficits (137) may predispose patients to cognitive decline. Age also appears to be a factor in the
occurrence of transient postoperative confusion (138). The identification of reliable prognostic indica-
tors of notable decline or impairment will be important, given the heterogeneity of cognitive outcomes
among individual patients.
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3.3.2.2. CHANGES IN MOOD, BEHAVIOR, AND QUALITY OF LIFE

Several studies have reported improvement in depressive symptomatology (113,130,133) on self-
report questionnaires. Saint-Cyr et al. (133) reported increased “frontal” behavior changes on a care-
giver-rated personality scale in two of six patients older than 69 years. Although the most serious
problems were rare, caregivers endorsed concerns regarding perseveration, impulsivity, diminished
social judgment, diminished insight, lability, and lack of awareness in some patients. Isolated cases of
pathological laughter, euphoria, and severe depression (139–142) have also been reported following
STN-DBS. In fact, depression may be relatively common after STN-DBS. In the largest series of
STN-DBS to date, Benabid et al. (141) observed significant depression in 16 of 137 patients. Volk-
mann and colleagues (130) also found that depression and anhedonia occurred more frequently in
patients receiving STN as opposed to GPi-DBS.

Detailed QOL data have not been published for STN-DBS. Yet, Capus et al. (143) reported up to 50%
improvement in QOL (on a disease-specific questionnaire) in seven patients at 14.5-months postsurgery.

4. TRANSPLANTATION

4.1. Adrenal Medullary Autografts
Intrastriatal implantation of autologous adrenal medullary tissue is no longer carried out because of

lack of benefit. Although the few studies formally evaluating cognition did not indicate any significant
morbidity (144–146), significant psychiatric morbidity was reported (147,148).

4.2. Fetal Mesencephalic Transplants
Intrastriatal grafting of fetal mesencephalic tissue can provide lasting motor benefit in some

patients with clinical benefit predicted by 18-fluorodopa uptake (an index of graft viability; 149,150),
but studies differ in tissue preparation, site (unilateral versus bilateral; caudate and/or putamen), and
number of implants. Observed neurobehavioral changes may reflect disease progression, medication,
associated surgical lesion, or the sprouting of implanted tissue (see ref. 151). Transient improvements

Table 1
Factors Potentially Influencing the Risk of Cognitive 
and Behavioral Morbidity Following Surgical Treatment 
of Parkinson’s Disease 

Increased Risk
Age more than 69 years at time of surgery
Bilateral surgery
Unilateral surgery involving the language-dominant hemisphere
Anteromedial lesions of the GPi
Psychiatric or behavioral disturbance
Dementia
Prominent “frontal” behavioral symptoms

No increased risk
Type of surgical intervention (ablative versus stimulation)
Surgical target (Vim, STN, GPi)
Lesion volume (if confined to intended target location)

Uncertain risk (insufficient data)
Stimulation parameters (amplitude, frequency, and pulse width)
Disease duration
Medication effects

GPi, globus pallidus interna; Vim, ventral intermediate nucleus;
STN, subthalamic nucleus.



Postsurgical Behavioral Changes 85

(up to 2 years) in memory have been reported (152), but cognitive (and speech) outcomes vary across
individuals (153–155). Although most individuals have not shown significant cognitive changes after
surgery, some cognitive decline may occur in patients with preoperative deficits (153,154).

Psychiatric complications, such as depression, paranoia, and hallucinations, are more common with
open (156,157) versus stereotactic procedures (158). Unfortunately, a recent report of a well-con-
trolled study (using a “placebo” control group) did not describe neuropsychological or QOL outcomes,
despite reports that such data were gathered (159).

Hagell and colleagues (160) investigated QOL using a generic rating scale and reported significant
benefits in QOL after bilateral grafting, particularly in terms of patients’ satisfaction with mobility,
energy, and emotional well-being.

5. CONCLUSIONS AND RECOMMENDATIONS

Levodopa-era surgical interventions for PD appear relatively safe from a cognitive standpoint and
may produce significant gains in QOL. When cognitive declines are observed, they typically involve
verbal fluency, regardless of the surgical technique and target location. The decline in verbal fluency

Table 2
Suggested Measures to Evaluate Change in Neuropsychological Functioning, Mood, Behavior, 
and Quality of Life From Baseline to Postoperative Follow-Up at 3 Months and 1 Year

Domain Assessment measure

Global cognitive screening Mattis Dementia Rating Scale (DRS)
Information/psychomotor processing Trailmaking Test, part A
Speed WAIS-III Arithmetic

WAIS-III Symbol Search
Stroop Color-Word Test, Word Reading Trial

Attention/working memory WAIS-III Digit Span
WAIS-III Letter-Number Sequencing
Stroop Color-Word Test, Interference Trial
Trailmaking Test, part B

Frontal/executive functioning Wisconsin Card Sorting Test (WCST)
WAIS-III Matrix Reasoning
WAIS-III Similarities

Language Boston Naming Test
COWAT Phonemic Fluency (FAS/CFL)
Category Fluency

Verbal learning and memory Hopkins Verbal Learning Test-Revised (HVLT-R)a

WMS-R Logical Memory I & II
Visuospatial functioning Benton Judgment of Line Orientation (JLO)

WAIS-III Block Design
Mood, behavior, and quality of life Geriatric Depression Scale (GDS)

Profile of Mood States-Short Form (POMS-SF)b

Frontal Systems Behavior Scale (FrSBe)
Medical Outcomes Short Form-23 (MOS-SF-36)b

Parkinson’s Disease Quality of Life (PDQL) Scale

a HVLT-R is preferred for the availability of multiple alternate forms.
b Short forms are suggested owing to time constraints.
Note: WAIS-III, Wechsler Adult Intelligence Test-Third Edition; COWAT, Controlled Oral Word Association Test;

WMS-R, Wechsler Memory Scale-Revised. All tests are described in Spreen and Strauss (163), with the exception of the
WAIS-III (164), HVLT-R (165) FrSBe (166), MOS-SF-36 (167), and PDQL (168).
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occurs more often after left-sided surgeries, and may persist for 1 year or more, independent of speech
changes (i.e., dysarthria). These declines do not usually have sufficient clinical severity to impact
QOL. Other cognitive changes have been observed with tasks of working memory, problem solving,
attention, and memory, but findings vary across studies and likely reflect differences in methodology,
sample characteristics, or disease progression.

To date, the lack of significant neurobehavioral morbidity demonstrated should not be interpreted as
an indication that surgical intervention poses no risk for certain patients with PD. In fact, several stud-
ies have reported severe, but isolated, cases of cognitive and psychiatric decline, including memory
deficits that eventually progress to dementia. The question remains then as to what factors present the
most significant risk for decreased cognition. Unfortunately, studies are still too few in quantity and
have too many methodological limitations at this early stage to identify the risk factors for neurobe-
havioral morbidity with accuracy. Nonetheless, some preliminary observations are warranted and sum-
marized in Table 1. Randomized, preferably blinded, studies are still needed to compare interventions
(target and treatment type) directly pertaining to their effects on neurobehavioral functioning and
QOL. Examination of several other factors, including medication levels, disease duration, and stimula-
tion parameters, will help to better characterize their potential effect on neurobehavioral outcome (see
ref. 121). Finally, carefully controlled studies that include a nonsurgical patient group are required to
identify the conditions under which patients with PD may optimally benefit from these neurosurgical
interventions. It will be of utmost importance that these studies include formal assessments measures
of cognition, mood, and behavioral functioning, as well as a disease-specific measure of QOL. Table 2
presents measures that may be used to characterize neurobehavioral outcome following movement dis-
order surgery (see also ref. 162 for additional suggestions).
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7
Dysphagia

Norman A. Leopold

SUMMARY
Dysphagia is an often unrecognized complication that occurs in a majority of patients with Parkinson’s dis-

ease (PD). Although dysphagia is usually asymptomatic in PD, a detailed clinical and radiological examination
of patients with symptomatic dysphagia typically identifies multiple abnormalities in each phase of ingestion.
Dysphagia treatment options are discussed, but there is inconsistent benefit from medications and no docu-
mented evidence for paramedical modalities.

Key Words: Parkinson’s disease; dysphagia; swallowing; ingestion; videofluoroscopy; dysphagia therapy.

“Whilst at meals the fork not being duly directed frequently fails to raise the morsel from the
plate: Which, when seized, is with much difficulty conveyed to the mouth.” “…so much are the
actions of the muscles of the tongue, pharynx, &c. impeded by impaired action and perpetual
agitation, that the food is with difficulty retained in the mouth until masticated; and then as diffi-
cultly swallowed.” “…the saliva fails of being directed to the back part of the fauces, and hence
is continually draining from the mouth, mixed with the particles of food, which he is no longer
able to clear from the inside of the mouth.” James Parkinson, 1817 (1).

1. INTRODUCTION

James Parkinson unambiguously portrayed advanced dysphagia in “The Shaking Palsy” (1).
Despite his obvious references to aspects of ingestion that precede or overlap swallow initiation, early
investigators of deglutition in Parkinson’s disease (PD) attributed dysphagia to disturbed esophageal
swallowing, a conclusion supported both by the presence of Lewy bodies in the vagal dorsal motor
nucleus (2) and esophageal myenteric plexus (3), as well as numerous radiologic observations of
esophageal dysmotility (4–13). More recently, considerations of motoric features preceding
esophageal transport have insinuated themselves into investigations of dysphagia in this disorder
(14–18). Analysis of this research identifies multiple abnormalities that support a role for the basal
ganglia in directing bolus movement and also challenge some general views of the relationship
between the swallow and dysphagia.

2. DEFINITION OF DYSPHAGIA

Dysphagia is commonly defined as disordered swallowing. However, the standard lingual, pharyn-
geal, and esophageal stages of swallowing inadequately incorporate other motor and cognitive behav-
iors that may impact swallow efficiency and safety. Therefore, dysphagia is most inclusively not just a
disorder of the swallow, but of ingestion (19), a complex motor cascade beginning prior to the swallow
and ending when a bolus passes the lower esophageal sphincter.
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3. ANATOMIC CONSIDERATIONS

Reflexive deglutition begins in utero (20,21) and is likely driven solely by a medullary central pat-
tern generator (22). This functional center includes, but is not limited to, the nucleus solitarius, dorsal
and ventral vagal nuclei, and intervening reticular-activating system (23). Exposed by neuroanatomic-
labeling techniques, additional polysynaptic connections that assist to control and coordinate complex
oromotor behaviors extend throughout the brainstem from the hypoglossal nucleus to the substantia
nigra zona reticulata (24,25). With brain maturation, more suprasegmental innervation diminishes the
primacy of the reflex swallow and merges it into the final phase of ingestion. Transcortical magnetic
stimulation (26,27) and functional brain imaging (positron emission tomography and functional mag-
netic resonance imaging; 28,29) have identified the cingulate, premotor, prefrontal, and primary motor
and sensory cortices (insula, cerebellum, and the basal ganglia-thalamic-cortical circuitry) as active
regions in nonreflexive swallowing (29). Therefore, many integrated neuronal systems, including
those known to be defective in PD, control both bulbar and automatic extremity and commanded
movements. This extensive, functionally related circuitry provides robust evidence against the concept
of hierarchical control of ingestion, but in favor of modular or distributed governance (29).

4. PREVALENCE OF DYSPHAGIA IN PD

The exact prevalence of dysphagia in PD remains uncertain, but may range from about 50–100%
(16,30,31). Disparate results among studies relate partly to inconsistent criteria used to define dysphagia.
In the first systematic investigation of dysphagia in PD, Eadie and Tyrer (31), claimed that 47% of their
cohort had “symptomatic” dysphagia. Edwards et al. (32), used a more elaborate questionnaire and rein-
forced this conclusion. However, an additional 28% of both study cohorts had sialorrhea, a complaint
often owing to an abnormality of swallow and not to dysautonomic salivary overproduction (33,34).

The prevalence of dysphagia in PD increases if its definition encompasses those asymptomatic
patients with radiological abnormalities of swallowing. Logemann and colleagues (35) found that 95%
of studied patients with PD referred for dysphagia therapy had cineradiographic swallowing distur-
bances, but only 15–20% were clinically symptomatic. Other investigations of dysphagia in PD using
varying inclusions criteria also highlight the disparity between symptomatic and radiological dyspha-

Table 1
Ingestion Questionnaire

1. Do you have difficulty swallowing?
2. Do you choke or gag on food?
3. Do you choke or gag on liquids?
4. Do you choke or gag on your own saliva?
5. Do you have difficulty starting to swallow?
6. Do you drool? If so, when?
7. Do you have difficulty chewing?
8. Do you have difficulty moving food about in your mouth?
9. Does food feel like it gets stuck when you go to swallow?

If so, where—mouth, throat, or chest?
10. Do you have heartburn?
11. Do you have reflux?
12. Do you belch frequently?
13. Do you get full at meals too quickly?
14. Do you have a poor appetite?
15. Do you have a fear of swallowing food or pills?
16. Does your mouth feel too dry?
17. Does it take too long to eat?
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gia (14–17,32,36,37). These examples of diminished awareness of dysphagia in PD allow the conclu-
sion that responses to the Unified Parkinson Disease Rating Scale Part II, which queries only about
sialorrhea and choking/gagging during meals, and even more detailed questionnaires (Table 1) are
unreliable markers of dysphagia.

The relationship between the prevalence of dysphagia in PD and the severity of the disease has
received little attention. Only two studies report a correlation between disease severity and sympto-
matic dysphagia (16,32). However, other investigators did not find a correlation, and further discerned
that patients with the most advanced disease had fewer dysphagic symptoms than those less debilitated
by PD (17,31). These unanticipated results were posited to possible dementia, another complication of
PD where prevalence increases with advancing disease. A similar argument is proposed for the under-
reporting of symptomatic dysphagia when compared to radiological results in patients with corti-
cobasal degeneration (38).

5. CLINICAL DYSPHAGIA

Neurological examination routinely incorporates a specific cranial nerve examination, but no
review of swallowing capacity. A simple bedside screening test of swallowing, although no substitute
for the rigorous examination performed by a clinical dysphagia specialist, provides a quick estimate of
water-swallowing capacity (39). Patients are asked to drink 150 cc of cold water as quickly and safely
as possible. Observations include the number of swallows, time to empty the cup, and any aberrant
swallowing behavior (e.g., coughing, gagging, or a posttest wet voice). Patients with PD require more
swallows and are slower to complete the task than controls with both parameters declining with
advancing disease (40). However, a normal test does not exclude dysphagia, because only water swal-
lowing is monitored.

Clinical dysphagia specialists conduct a detailed examination of cranial nerves 5, 7, 9, 10, and 12 as
they relate to ingestion. However, they also analyze self-feeding by presenting a variety of food sub-
stances with varying textures, temperature, and tastes and record atypical feeding behaviors that might
precipitate or exaggerate dysphagia. The more common feeding deficits in PD include reduced self-
feeding capacity, abnormal neck and body postures while eating, impulsive feeding behaviors, diffi-
culty regulating the quantity of food eaten, slow mastication, and hesitant swallow initiation (17,41).

6. RADIOLOGICAL DYSPHAGIA

Numerous videofluoroscopic studies of food and liquid ingestion have been conducted in patients
with PD. However, methodological and nomenclature differences have yielded incomplete and incon-
sistent observations of bolus movement (see Table 2). In early studies, patients only swallowed liquid
barium while lying prone or standing erect (6–11,42). Pre-esophageal bolus preparation and transit
were largely ignored. More recent investigations administer a modified barium swallow (MBS) during
which patients with PD sit erect and ingest not just liquid barium but also barium-impregnated foods
of varying quantities and consistencies (14,15,17,18,35,36,43–45). Unfortunately, the MBS is also an
example of regional procedural blindness in that it scrutinizes oral preparatory, lingual, and pharyn-
geal phases of ingestion, but it ignores the esophageal phase.

6.1. Oral Preparatory Phase
The oral preparatory phase prepares food or liquids and positions the bolus on the tongue prior to

lingual transfer. Once in the mouth, food is captured anteriorly by a firm lip seal, and compression of
the posterior tongue posteriorly against the hard palate. The tongue squeezes food against the hard
palate, then guides it onto the teeth for mastication with the cheeks. Once masticated, the tongue prop-
erly sizes and centers the bolus prior to the swallow, while any excess is temporarily squirreled
between the teeth and cheeks. Prolongation of this phase is a generalized and commonly described
abnormality in PD. More circumspect observations include one or several of the following: slow oral
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acceptance of the bolus, reduced bolus oral manipulation, inadequate or dysfunctional mastication,
and poor bolus formation (14,15,17,18,35,36). Less frequently observed aberrations include an insuffi-
cient lip seal (oral contents slip from the mouth) and lingual tremor (15,17).

6.2. Lingual Phase
The lingual phase of ingestion is the first stage of the swallow. Although there are minor individual

variabilties, the contraction of tongue blade or tongue dorsum forces the bolus against the hard palate
and generates a lingual peristaltic wave that propels the bolus from the mouth into the oropharynx.
During this phase, patients with PD manifest difficulty initiating the swallow, often displaying repeti-
tive “pumping” movements (14,15,17,36), approximating the leg hesitancies seen in freezing of gait.
Segmented or “piecemeal” bolus swallowing is also common. These defective tongue movements may
result in the bolus escaping over the tongue to invade the oropharynx and instigate a premature swal-
low (14,15,17,36,45). An inefficient lingual phase also imparts a weakened bolus propulsive force,
which, in turn, compromises pharyngeal motility.

6.3. Pharyngeal Phase
The pharyngeal phase begins nearly simultaneously with swallow initiation. The pharynx elevates

and then contracts to surround the bolus, the hyoid bone and laryngeal cartilages rise, the epiglottis
tilts to cover the laryngeal vestibule, the vocalis closes, and respiratory muscle activity pauses. A large
majority of patients with PD evaluated for dysphagia manifest slow or uncoordinated pharyngeal
transport (15,18,36,43–45). The most common abnormalities include slowed pharyngeal peristalsis
(>45%), bolus retention in the vallecular (>50%) and pyriform sinuses (>30%), and glottic aspiration
(>15%; 18). Because of its more proximate position to the laryngeal vestibule, spillage from pyriform
sinus retention is more likely to cause laryngeal penetration or aspiration.

Although ignored in most studies of dysphagia in PD, epiglottic displacement is adversely affected
in nearly 50% of patients (18). When coupled with impaired extrinsic (laryngeal elevation) and intrin-
sic (vocal cord closure) laryngeal muscle movements during the swallow (46), the risk of aspiration
significantly increases. Those patients suffering from PD with more advanced disease are most likely
to display three abnormalities of the pharyngeal swallow that increase bolus aspiration risk: pyriform
sinus retention, absent epiglottic inversion, and defective true vocal cord closure.

Table 2
Abnormalities of Ingestion in Parkinson’s Disease

Phases of ingestion

Preoral Oral preparatory Lingual Pharyngeal Esophageal

↓ Movements to mouth ↓ Lip seal ↓ Peristalsis ↓ Peristalsis
Impulsive feeding ↓ Bolus movement Hesitant or delayed ↓ Laryngeal elevation Tertiary waves

transfer
Dysregulation of ↓ Mastication Premature transfer ↓ Hyoid elevation Reverse 

feeding rate peristalsis
↓ Lingual-centering Segmented bolus ↓ Epiglotic tilting ↓ Transport

movements transfer
Lingual tremor Vallecular retention ↓ Emptying
Lingual “freezing” Pyriform sinus retention ↓ LES closure
↓ Lingual seal ↓ Laryngeal closure GE reflux

hiatal hernia

↓, Slow or impaired. LES, lower esophageal sphincter; GE, gastroesophageal.
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The pharyngo-esophageal sphincter (PES) is the anatomic transition between the pharynx and
esophagus. This sphincter is pulled open during the pharyngeal phase, allowing an unobstructed bolus
transfer into the esophagus. Despite the opinion that dysphagia in PD is “…caused simply by clinical
cricopharyngeal achalasia” (47) and several reports of PES dyssynergia with the advancing wave of
pharyngeal peristalsis (9,48), radiological studies of large numbers of patients with PD do not support
PES dysfunction. Together, Eadie and Tyrer (6) and Leopold and Kagel (18) found only 1 of 143
patients with PD to have PES dysfunction. Manometric and electrophysiological evaluations of PES
activity have also yielded contradictory results with either increased or normal PES pressures, respec-
tively (48–50). Likewise, these studies failed to discern any radiological PES dysfunction during vide-
ofluoroscopy.

6.4. Esophageal Phase
Once past the PES, the bolus traverses the length of the esophagus and exits through the lower

esophageal sphincter (LES) into the stomach. Bolus movement during the final phase of ingestion is
generated foremost by the continuing progression of pharyngeal peristalsis and supplemented by local
neuromuscular networks that stimulate secondary peristalsis. Whether recorded during videofluo-
roscopy or inferred by esophageal manometry, more than 85% of patients with PD have demonstrated
slow, uncoordinated, and ineffectual esophageal bolus transport (18). Defective peristalsis ranges from
minor slowing to aperistalsis (7,11,18,51). Other esophageal aberrations include tertiary contractions,
reverse peristalsis, “spasms” and patulency (4,18,47,52). Delayed transport and reverse peristalsis are
statistically more common in patients with more advanced PD (19), a finding unconfirmed by
esophageal manometry (51,52).

The LES transitions bolus transport from the esophagus to the stomach. Functionality of the LES in
PD has not been examined as extensively as other anatomic regions of ingestion. Those few such stud-
ies describe a prevalence of gastroesophageal (GE) reflux that ranges from 26–57% (6,18). In patients
studied by Eadie and Tyrer, GE reflux was three times more frequent than in control subjects (6).
Hiatal hernias are also often indicated, but their prevalence may be no more than that of control sub-
jects (53). In another study of esophageal motility in patients with PD (without a control population),
both GE reflux and hiatal hernias were common, but no significant differences were uncovered based
on disease severity (18).

7. IMPLICATIONS OF DYSPHAGIA

Dysphagia consequences are usually both psychosocial and physical. As noted previously, sympto-
matic dysphagia often goes unrecognized by the patient with PD. However, observant family and
friends may find aberrant feeding behavior disturbing and withdraw from, or become less tolerant of,
the patient during meals. For those dysphagic patients with insight into their frailties, mealtimes may
provoke more anxiety than provide satiety (54). As dysphagia advances, patients or their caregivers
reduce food selection for safety and time constraints (55). Mealtimes serve for both enteral and emo-
tional nutrition, and neither goal will be satisfied if meals are exceptionally prolonged by slowed feed-
ing, mastication, and swallow initiation. The consequence of this spiral is a socially isolated and often
malnourished patient.

The burden of advancing PD includes an increased aspiration risk or frank aspiration. Choking and
coughing may be absent (the “silent aspirator”) or minimal (14). The absence of respiratory symptoms
in patients with witnessed repeated aspiration during a MBS may suggest that dysphagia in PD is of
little consequence (43). However, this apparent disconnection may, in part, be caused by the artificial
nature of MBS, during which patients sit with head and neck erect, contrary to daily meals, when
many patients with PD eat with their head and neck anteroflexed (17), a posture that prepositions pha-
ryngeal and tracheal structures to self-protect the airway. Dysphagia progression eventuates in respira-
tory symptoms with pneumonia as the most common cause of death in PD (56–58).
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8. TREATMENT

8.1. Overview
There is no choir singing of concensus for the treatment of dysphagia in PD, for there are no words.

As for paramedical therapies, even the notes are absent. A systematic review of paramedical therapies
in PD by Deane et al. (59) did not find any nonpharmacologic dysphagia trials. Several drug studies do
not directly address this question. Instead, some limited details can be extracted from their studies of
dysphagia in PD that were designed to answer other questions (15). Therefore, instead of overriding
consensus for treatment, little more exists than results based on anecdotal data.

Minimal dysphagia with a relatively low risk of aspiration presents historically as isolated sialor-
rhea. Such patients often do not require specific intervention, and therapeutic decisions should be
based on other PD symptoms or manifestations. More prominent drooling, even in the absence of
additional dysphagic symptoms, is a sign of more seriously compromised ingestion. Treatment deci-
sions then follow a more considered examination of ingestion by a MBS in addition to esophageal flu-
oroscopy, which is administered under the direction of an experienced clinical dysphagia specialist.
Fiberoptic endoscopy during swallowing may also be informative.

8.2. Compensatory Techniques
During a diagnostic MBS, the dysphagia specialist also introduces various compensatory tech-

niques and observes the responses. The result is a collection of facilitory and compensatory strategies
taught to the patient and their caregiver, intended to remediate abnormalities in one or several phases
of ingestion. Direct therapy methods may include changes in body positioning during meals, altering
the quantity, taste, temperature, and texture of food permitted, and cued instructions to reduce the
automaticity of meals by inserting repetitive cycles of mastication, breath holding, and chin tucking
before swallowing to narrow the airway prior to swallow initiation. Swallows may be followed by
intentional throat clearing, a more effortful supraglottic swallow (60), and the Mendelsohn maneuver,
a technique that prolongs laryngeal elevation during the swallow (61). Indirect strategies are stimula-
tion techniques and exercises to strengthen and quicken the swallow. Using the Mendelsohn maneuver
with indirect therapies, Nagaya and coworkers reported that dysphagic patients with PD significantly
reduced swallow initiation time after just one swallowing training session (45). Cued swallowing can
also shorten the duration of the oropharyngeal swallow (62). Extrapolating from gait therapy research
in PD (63), cueing may redirect motor instructions to minimize disordered basal ganglia influences
over the automatic and sequential components of ingestion.

Notwithstanding any other literature support, dysphagia therapy appears experientially successful
in remediating dysphagia in patients with PD. However, because dysphagia may result in aspiration,
subsequent pneumonia, or asphyxiation, researchers confront ethical barriers to the placebo-controlled
studies usually necessary to determine treatment efficacy.

8.3. Levodopa
Drug treatment may diminish some aspects of impaired ingestion in PD, but the supportive litera-

ture is so sparse that it can suggest that dopaminergic pathways have little impact on swallowing
(44,64,65). However, accurate quantification of drug-induced ingestive changes is limited. Lingual
tremor is uncommon (subsides during swallowing [9,17]) and is without known adverse affects. Deg-
lutory muscle rigidity is immeasurable. Only the ingestive equivalent of bradykinesia can be witnessed
at the bedside or during videofluoroscopy with few standards by which it can be judged (41,64,66).
Consequently, relative to scaled improvement of limb movement, even modest drug-induced benefits
may be inconspicuous.

Any medication-related benefit should accrue primarily to the prepharyngeal phases of ingestion,
those phases under the greatest volitional control. In the first publication of levodopa therapy for PD,
Cotzias et al. (67) noted “striking” improvement in “drooling and dysphagia.” Radiographical confir-
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mation was not attempted. Levodopa therapy may improve jaw velocity and amplitude (68) and lessen
swallow-related deficits in some patients with PD (16,44,47,69–71), but levodopa-induced improve-
ment of pharyngeal motility was not seen by Calne et al. (42). However, their cohort may have been
less affected, as no patients had vallecular or pyriform sinus stasis or aspiration, and prepharyngeal
bolus transport was insufficiently documented.

8.4. Dopamine Agonists
Dopamine agonists also ameliorate some symptomatic and radiological swallowing abnormalities.

Specifically bromocriptine has been reported to reduce drooling (72). Also, apomorphine may produce
some improvement in the oral preparatory and lingual phases (73); off-period belching and associated
esophageal motility may also improve (74).

8.5. Anticholinergics
Anticholinergic agents and salivary gland botulinum toxin injections (75) can reduce salivary con-

sistency or volume, but they have little positive impact on the motor act of ingestion. On a cautionary
note, anticholinergic-induced xerostomia may further impair swallow initiation and therefore worsen
ingestion. Finally, although particular drug treatment for dysphagia was not directly addressed, Clark
and colleagues found that patients with PD experienced significant slowing of the swallow when med-
ications were withdrawn (40).

9. SUMMARY

In summary, the previous review provides testimony in PD to an ensemble of ingestive motor defi-
ciencies, extending from lips to lower esophageal sphincter. It is doubtful that any of these abnormali-
ties are specific for PD, because many have been reported in other bradykinetic-rigid syndromes
(38,76–78). However, the early appearance of significant dysphagia is exceptional in PD and should
alert the clinician to an alternative diagnosis (79). Once recognized, a detailed dysphagia evaluation
should be considered.
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Gastric Dysfunction
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SUMMARY
Parkinson’s disease (PD) is frequently regarded as a pure motor disorder. However, this degenerative illness

affects also the autonomic as well as the enteric nervous systems. Impairment of gastric motility has been
found in 70% of patients with PD. Neuropathological changes have been described in patients with PD in all
parts of the nervous system responsible for gastric motility. Gastric motor dysfunction (delayed gastric empty-
ing [GE]) is usually associated with early satiety, anorexia, abdominal fullness, nausea, and vomiting. Abnor-
malities in gastric myoelectric activity have been found in PD. Dysfunction of gastric motility may contribute
to motor fluctuations in PD. Conversely, different medications used for the treatment of PD may exacerbate
GE disturbances. Along with dopamine agonists, levodopa itself has been shown to slow gastrointestinal
motility. 

Treatment of gastroparesis is usually problematic. Dietetic interventions, in combination with the use of
prokinetic medications, are recommended. Gastrostomy or jejunostomy feeding tubes may also be considered.
Jejunostomy, which provides the possibility of direct levodopa infusions into the intestine, may be preferable
in fluctuating patients with PD. Data are not yet available on the use of gastric electrical stimulation in PD. To
date, there is no satisfactory therapeutic approach to gastroparesis, and the clinician needs considerable cre-
ativity to help the patient with PD overcome this disabling syndrome and its consequences.

Key Words: Parkinson’s disease; gastric function; gastric emptying; motor fluctuations; levodopa pharma-
cokinetics.

1. INTRODUCTION

Parkinson’s disease (PD) is a common degenerative illness affecting the central and autonomic as
well as the enteric nervous system (ENS; 1). Common gastrointestinal (GI) manifestations include
sialorrhea, which probably reflects disordered swallowing, and more severe deglutition problems with
consequent dysphagia, aspiration, and possible weight loss (2–5).

Constipation is very frequent among patients with PD, often antedating motor manifestations of the
disease (6). Relatively little attention has been directed to dysfunction of the proximal part of the GI
system, encompassing the esophagus and stomach. Gastric dysfunction may be important, not only
because of its symptomatology, but also because it may affect drug absorption and, consequently, the
motor manifestations of PD. Impairment of gastric motility has been reported to be present in 70% of
patients with PD, especially in those with response fluctuations (7). Conversely, among 146 consecu-
tive patients with gastroparesis attending one gastroenterology clinic, the condition was related to PD
in 7.5% (8). Although considerable progress continues to be made in delineating many aspects of GI
dysfunction in PD, therapeutic approaches to these symptoms are falling behind. A growing body of
evidence indicates that GI symptoms primarily reflect direct involvement of the GI tract in the neu-
rodegenerative process. GI symptomatology arises as a result of the PD effects on skeletal muscle
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function in the oropharynx, anorectum, and pelvic floor, but it is mainly caused by the direct involve-
ment of the autonomic nervous system (ANS) and ENS in other portions of the GI tract (9).

2. PHYSIOLOGY

Autonomic regulation of GI motor function consists of extrinsic control by the parasympathetic and
sympathetic nervous systems and intrinsic control via the enteric plexuses (10). The ENS has a key
role in the generation and coordination of antral contractions and peristalsis, along with the regulation
of gastric emptying (GE). The intrinsic innervation of the ENS consists of a network of neurons within
the gut wall that are arranged in two principal plexuses: the myenteric plexus of Auerbach and submu-
cosal plexus of Meissner. The intrinsic system is activated by vagal preganglionic fibers and inhibited
by sympathetic pathways. The extrinsic innervation of the gut consists of parasympathetic vagal and
sacral nerves (S2, S3, and S4) and the sympathetic outflow from the intermediolateral column of the
spinal cord between the levels of the fifth thoracic and third lumbar segments. Extrinsic nerves are also
intimately involved in the control of striated muscle portions of the esophagus and external anal
sphincter.

3. PATHOLOGY AND PATHOPHYSIOLOGY

GI involvement in PD is a good example of the interaction between the central nervous system
(CNS) and ANS. The demonstration of neuropathological abnormalities in the ENS analogous to those
regarded as pathognomonic of the parkinsonian process in the brain suggests that the ENS, called “the
little brain in the digestive system” (11), and the CNS (“large brain”) may demonstrate parallel patho-
logical changes in many disease processes previously regarded as being confined to the CNS and
somatic nervous systems (9).

Lewy bodies, a pathological hallmark of PD, are widely distributed in Auerbach’s and Meissner’s
plexuses in the GI tract of individuals with PD (12,13). Recently, neurons that are immunoreactive for
tyrosine hydroxylase have been also shown to exist in these plexuses in normal humans, and a possible
relationship between these presumably catecholaminergic neurons and the occurrence of Lewy bodies
in the ENS in PD has been suggested (14).

Loss of neurons has been reported in the dorsal motor nucleus of the vagus (DMNV) in patients
suffering from PD with autonomic failure (15). This nucleus consistently contains Lewy bodies in PD,
which are similar to other pigmented nuclei of the brainstem (15,16). Moderate neuronal loss and
Lewy bodies have been noted in the intermediolateral column of the spinal cord in patients with PD,
including thoracolumbar sacral segments (17,18). Lewy bodies also occur in sympathetic ganglia with
or without obvious neuronal loss (19).

Changes involving both the ANS and ENS are usually thought to underlie the GI dysfunction in PD
(20). However, gut dysfunction in PD may also be related to the degeneration of peripheral dopamin-
ergic neurons, because endogenous dopamine may be involved in GI motility in several species,
including humans (21,22).

Therefore, neuropathological changes have been described in patients with PD in all parts of the
nervous system accounting for gastric motility. Changes in any or all of these locations may affect gas-
tric motility problems in this disease.

4. CLINICAL MANIFESTATIONS

Gastric motor dysfunction is a disorder of the upper gut and is typically characterized by delayed
GE that may be linked with early satiety, anorexia, upper abdominal fullness, bloating, and sometimes
pain, nausea, and vomiting. Nausea in patients with PD has been traditionally attributed to dopaminer-
gic medications (23,24). Double-blind studies with dopaminergic agonists indeed demonstrate that
these drugs are associated with nausea (25,26). However, the frequency of nausea in a group of patients
with PD who were on these medications was reported to be similar to those who were untreated, sug-
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gesting that although dopaminergic medications are associated with nausea and vomiting, they cannot
be the sole explanation for those symptoms in PD (27).

Abnormalities in gastric myoelectric activity have been described in PD. Untreated patients with
PD have significantly slower GE times when compared with controls (28,29). In one study, electrogas-
trography (EGG) revealed dysrhythmias in 15 of 20 patients with PD; gastric motility was particularly
impaired in patients with advanced PD (30). Patients with PD had an abnormal EGG pattern that was
similar to that of vagotomized patients in the acute stage (20), showing reduced gastric electrical activ-
ity following a meal, implying the presence of vagal nerve dysfunction in PD.

5. GASTRIC MOTILITY AND MOTOR FLUCTUATIONS

Significant evidence suggests that in elderly people, particularly patients with PD, gastric transit
time is slowed. This may translate into delayed absorption of drugs (e.g., levodopa; [31]). However,
slower transit might also increase overall drug availability, but the initial response to the drug might be
insignificant (“delayed on”). This effect could be enhanced by anticholinergic drugs (e.g., tri-
hexyphenidyl [32]).

The mechanisms responsible for motor fluctuations in PD are not fully understood (33). Pharmaco-
kinetic factors, such as short half-life, peripheral O-methylation and facilitated transport across the
blood–brain barrier, may be a source of unstable drug effects. However, erratic gastric motility may
also contribute to the complex pharmacokinetics of levodopa (34). Djaldetti et al. (35) described a
patient with PD who had a smooth response to levodopa until she underwent vagotomy and pyloro-
plasty. Immediately after surgery, the patient began to complain that treatment with levodopa was
markedly less effective; “delayed on” and “dose failure” phenomena appeared, indicating delayed GE.

Erratic gastric motility in patients with PD is also characterized by periods of effective contractions
that induce efficient transit of food into the duodenum, which may in turn result in rapid uptake of lev-
odopa that may also contribute to motor fluctuations. Although the “wearing off” phenomenon may be
a result of changes in central pharmacokinetics caused by diminished presynaptic dopamine storage
capacity, peripheral levodopa pharmacokinetics, especially erratic intestinal absorption of oral lev-
odopa owing to delayed GE, may account for the “delayed on” and “dose failure” phenomena (33,36).
The main support for this hypothesis is that both “delayed on” and dose failure can often be prevented
or ameliorated by taking levodopa before meals on an empty stomach, preferably in a crushed form
with a generous amount of liquid, or when the stomach is bypassed and levodopa is administered via
nasoduodenal or gastrojejunostomy tubes (35,37). Kurlan et al. (37) assessed mobility and plasma lev-
odopa concentrations in 10 patients with PD exposed to 5 modes of levodopa administration to clarify
the influence of GE on levodopa-related motor fluctuations. They demonstrated that it is possible to
produce steady plasma levodopa concentrations with a corresponding reduction in motor fluctuations
by continuous intraduodenal administration of the drug (38). Other enteral routes have produced a
more variable plasma L-dopa concentration and clinical response (37).

Cisapride, a prokinetic drug with cholinergic activity, increases gastric motility and has been shown
to improve the “delayed on” and “dose failure” phenomena (29). Taken together with the report of
vagotomy-induced “delayed on” and “dose failure” (35), it seems that the success of levodopa treat-
ment depends partly on normal gastric motility, and stagnation of levodopa within the stomach from
reduced gastric motility and prolonged transit time may affect the bioavailability of the drug. Age-
related alteration in the activity of peripheral dopa decarboxylase in elderly patients may also con-
tribute to erratic levodopa absorption in patients with PD.

An interesting perspective on motor fluctuations was recently proposed by Pierantozzi and col-
leagues (39), who described six patients with PD in whom the area under the curve of levodopa plasma
concentrations was augmented with prolongation of clinical benefit after Helicobacter pylori eradica-
tion. The authors suggested that H. pylori-activated gastric alterations may be responsible, at least in
part, for the unpredictable absorption of oral levodopa in advanced PD.
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Meal ingestion time in relation to the levodopa dose is an important determinant of drug absorption.
Time to peak plasma levodopa concentration increased threefold (from 45 ± 23 to 134 ± 76 minutes; p
< 0.001), when levodopa was administered after meals in the study of Baruzzi et al. (40,41). At least in
persons without PD, fatty food can slow GE (41).

6. THE EFFECT OF ANTIPARKINSONIAN MEDICATIONS 
ON GASTRIC MOTILITY

The frailty of GI function in old age, particularly patients with PD, underlies the very frequent com-
plaints of nausea, gastric fullness, or constipation following drug exposure (42). Specifically, drugs
with antimuscarinic or dopaminergic effects have been implicated.

Apomorphine facilitates swallowing in patients with PD (43), but dopaminomimetic agents also
inhibit GE, an effect blocked by metoclopramide, the dopamine antagonist (44). Levodopa also slows
GE to a similar extent in both elderly and young volunteers (45). Dhasmana et al. (46) provided evi-
dence that the decrease in GI motility elicited by dopamine and dopamine agonists occurs primarily
through the activation of dopamine receptors involved in intestinal contractions. This peripheral GI
effect of levodopa occurs despite cotreatment with a decarboxylase inhibitor, because some peripheral
conversion to dopamine occurs within the stomach itself with activation of dopamine receptors lead-
ing to prolonged GE (47,48). In one study, patients suffering from PD with response fluctuations had a
significant delay in GE in comparison to those with a smooth response (7).

Chronic exposure to levodopa may also modify the activity of the DMNV in the medulla oblongata.
Several groups have shown that dopaminergic cells are present in the DMNV (49–51). Alteration of
the dopaminergic system of the DMNV could result in dopaminergic supersensitivity and possibly the
enhancement of vagal activity to accelerate GE during the “on” state. In the study of Hardoff et al.
(28), GE and gastric motility were assessed in patients with PD at mild and moderate stages of the dis-
ease. Patients treated with levodopa for a relatively short time period who showed a smooth response
to the drug had a slower GE time than did untreated patients. In contrast, after a longer duration of lev-
odopa treatment and development of response fluctuations, patients had a dramatic shortening of
GE–nearly to the rate recorded in healthy volunteers—when GE was measured during the “on” state
induced by levodopa. Accelerated GE in a subgroup of treated patients with motor fluctuations (all
with long-term exposure to levodopa) was also outlined by Murata and associates (52,53). They
demonstrated accelerated absorption of levodopa from the gut after prolonged exposure to levodopa in
intact rats as well as in patients with PD. The effect of chronic levodopa treatment accelerating its own
absorption from the gut was also reported by Abrahms et al. (54) and Muenter et al. (55) shortly after
levodopa was introduced for the treatment of PD. Such an effect is supported by the clinical observa-
tion that taking medications during the “off” state can frequently result in a “delayed on” or a “no on”
response (unpublished observations N. Giladi). Furthermore, a “delayed on” response, which is often
associated with prolonged GE (33), occurs most often after the first-morning levodopa dose, at which
time the patient is typically “off” after 6–10 hours of fasting (and no medications). Yeh and colleagues
(56) have shown that the second daily dose of levodopa has a significantly shorter absorption time.
These results should encourage patients to take their medications while still “on” to accelerate lev-
odopa absorption and avoid a delayed effect of the subsequent dose of levodopa.

It can be speculated that levodopa treatment initially slows down GE by its peripheral action on the
gastric wall or pyloric function (44), despite its favorable effects on other parkinsonian symptoms.
Although the effect of other antiparkinsonian medications on gastrointestinal motility is likely largely
overestimated (57), nevertheless, this factor needs to be considered. In a study in rats, dopaminergic
agents (i.e., apomorphine and bromocriptine) significantly slowed GI transit, an effect that was
blocked by dopamine antagonists (46).

Anticholinergic agents like trihexyphenidyl and benztropine may also impair GE. Trihexyphenidyl
was shown to decrease levodopa absorption in rats (58). Thus, the concomitant administration of tri-
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hexyphenidyl to patients receiving levodopa may decrease the therapeutic efficacy of levodopa by
slowing its absorption (59). On the contrary, trihexyphenidyl increased the proportion of levodopa
absorbed in young volunteers in about 1 hour, which could be advantageous in some cases (58).

Gastric relaxation invariably precedes nausea and emesis, as is seen with the classical emetic agent,
apomorphine (60). Other dopamine agonists, and possibly selegiline, may produce nausea and vomit-
ing as side effects, not only by stimulating catecholamine receptors involved in the emetic response,
but also via their direct dopaminergic effects in the GI tract (48).

7. TREATMENT OF GASTROPARESIS IN PD

7.1. Nonpharmacological Treatment
Nonpharmacological treatment of gastroparesis in PD includes a diet that consists of small and fre-

quent low-fat meals. Astarloa et al. (61) established the positive effect of a diet rich in insoluble fiber
on plasma levodopa concentrations and motor function of patients with PD following a levodopa dose.

7.2. Cholinergic Drugs
Avoidance of anticholinergic medications may also be beneficial in the management of gastropare-

sis. The muscarinic cholinergic agent, bethanechol, enhances gastric contractions, but not in a coordi-
nated way to stimulate GE and is therefore of limited value as a prokinetic agent (62).

7.3. Domperidone
The most commonly used prokinetic medication in PD is the peripheral dopamine receptor antago-

nist, domperidone, and its use in patients with PD was first proposed by Agid et al. (63) and Quinn et
al. (64). In the study of Soykan and colleagues (65), domperidone in a daily dose of 80 mg signifi-
cantly reduced upper GI symptoms (nausea, vomiting, anorexia, abdominal bloating, heartburn, and
regurgitation) and accelerated GE of a solid meal, but it did not interfere with response to antiparkin-
sonian treatment. Additionally, domperidone has an antiemetic effect, produced by its action on the
chemoreceptor trigger zone. Domperidone is not available in the United States, but it is commonly
used in other countries to manage GI symptoms. It is typically dosed orally at 10–20 mg three or four
times daily. A suppository form is available as well.

7.4. Cisapride
Cisapride is another prokinetic drug that enhances GE by releasing acetylcholine from the myen-

teric plexus, acting on serotonin (5-HT4) receptors. It also appears to antagonize 5-HT3 receptors,
resulting in GI smooth muscle contraction, which possibly contributes to its antiemetic effect (66).
Cisapride has no direct antidopaminergic effect and was shown to be effective and well-tolerated in
fluctuating patients with PD, along with a significant shortening of the latency to “on” and reduction of
the number of dose failures. This effect is related to improved pharmacokinetic parameters of lev-
odopa (29,67), but exacerbation of tremor has been reported (68). The usual dose of cisapride is 10–20
mg four times daily, usually given 30 minutes before meals. Because of potential cardiac arrhythmias
precipitated by numerous drug interactions and medical conditions, cisapride has been withdrawn
from the open market in the United States and the United Kingdom.

7.5. Erythromycin
The motilin receptor agonist, erythromycin, may be effective in patients with gastroparesis,

especially in relieving acute gastric stasis when given at a dose of 1–3 mg per kg intravenously
every 8 hours. Oral dosing of 50–250 mg four times daily may also be effective (11,62), but our lit-
erature search failed to reveal any studies on the use of erythromycin specifically as a prokinetic
agent in PD.
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7.6. Other Approaches
The use of prokinetic medications in combination with one another may be beneficial, but it has

been minimally investigated and not at all in PD (62). Despite dietary and pharmacological interven-
tions, some patients will continue to have debilitating symptoms of gastroparesis. Such patients,
including those with PD, may benefit from the appropriate use of dietary supplements (69).

7.7. Enteral Feeding and Drug Administration
Eventually, in a small percentage of patients with PD, the placement of a gastrostomy or jejunos-

tomy feeding tube may become necessary for the provision of optimal nutritional care (62). In fluctu-
ating patients with PD, jejunostomy may be preferable because it provides the possibility of direct
infusion of levodopa into the intestine, thus reducing levodopa plasma level fluctuations. Intraduode-
nal administration of levodopa is thought to be an ideal model for the development of continuous-
release levodopa preparations (37,38). A jejunal pouch technique for levodopa delivery was proposed
for the treatment of fluctuating patients with PD and successful experimental models in dogs and rhe-
sus monkeys have been designed (70,71).

7.8. Gastric Stimulation
Recent understanding of normal gastric electromechanical function and its abnormalities has led to

the development of a gastric electrical stimulator, analogous to devices that stimulate other dysfunc-
tional organs. It requires the surgical placement of electrodes into the gastric serosa. Patients activate
the pacer in the immediate preprandial period and continue its operation for several hours after eating.
Gastric electrical stimulation is associated with symptomatic relief, improvements in nutritional status,
health resource utilization, and costs. It is approved by the Food and Drug Administration for patients
with severe nausea and vomiting caused by gastroparesis, offering a new approach for patients with
refractory gastroparesis when all other options have failed (72,73). But no data are yet available on its
use in PD. The methodology of neural electrical gastric stimulation consists of a microprocessor-con-
trolled sequential activation of a series of annular electrodes that encircle the distal two-thirds of the
stomach and induce propagated contractions, causing a forceful gastric emptying. The latter method is
the most promising thus far, but it has only been applied in animals and would need to be tested further
before it could be considered for patients with PD (74).

7.9. Botulinum Toxin
Several other “nonstandard” methods have been proposed for the treatment of gastroparesis.

Recently, three women with severe gastroparesis were treated with intrapyloric injections of botu-
linum toxin, and all were reported to have had significant symptomatic improvement (75).

8. CONCLUSION

Gastroparesis is a well-recognized manifestation of PD, causing nausea and other symptoms, but
also affecting drug absorption. Antiparkinsonian drugs may further exacerbate its GI manifestations.
Currently, there is no efficient therapeutic method to gastroparesis, and clinicians will need a consider-
able amount to help the patient with PD overcome this disabling syndrome and its outcomes.
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Intestinal Dysfunction

Ronald F. Pfeiffer

SUMMARY
Intestinal involvement in Parkinson’s disease (PD) has been known since James Parkinson’s initial descrip-

tion of the disease in 1817. Relatively little attention has been directed toward small intestinal dysfunction in
PD, but some evidence has accumulated that small intestinal motility may indeed be impaired in PD. However,
the clinical consequences of any such dysfunction have not been clearly delineated. Much more information is
available regarding colonic and anorectal dysfunction in the PD setting. Diminished bowel movement fre-
quency, presumably reflecting colonic dysmotility with consequent slowed colonic transit, is present in a sig-
nificant percentage of individuals with PD, reported figures ranging from 20 to 77%. Anorectal dysfunction,
characterized by both excessive straining and a sense of incomplete emptying, develops even more frequently
in PD, affecting more than 60% of patients with PD. Both central and enteric nervous system dysfunction may
have a role in the generation of these intestinal and anorectal abnormalities. Recognition of two components of
intestinal dysfunction in PD—slow-transit constipation and anorectal defecatory dysfunction—will hopefully
open the therapeutic door to more specific and effective treatment for these troubling and occasionally dis-
abling features of PD.

Key Words: Parkinson’s disease; intestinal dysfunction; postprandial pattern; interdigestive pattern;
colonic dysmotility; constipation; defecatory dysfunction; colon transit time; anorectal dysfunction; anorectal
manometry.

1. INTRODUCTION

James Parkinson indicated quite clearly his awareness of intestinal dysfunction in the setting of
Parkinson’s disease (PD) in his remarkable 1817 treatise, An Essay on the Shaking Palsy. In addition to
characterizing other gastrointestinal (GI) features of PD, his description of bowel dysfunction codifies
in crystal clarity both constipation (“the bowels which had all along been torpid, now in most cases,
demand stimulating medications of very considerable power”) and defecatory dysfunction (“the expul-
sion of the feces from the rectum sometimes requiring mechanical aid”; [1]).

However, little else was placed in print regarding Parkinsonian intestinal dysfunction in the post-
Parkinson neurological literature until 1965, when Eadie and Tyrer published their analysis of GI dys-
function in 107 patients with Parkinsonism. Of these, 76 had been diagnosed with idiopathic PD,
whereas the majority of the remainder carried a diagnosis of postencephalitic Parkinsonism (2). A
group of comparably aged persons with “acute orthopedic” disorders served as controls. Constipation
(no distinction was made between decreased frequency and dysfunctional defecation), along with
other GI features, such as difficulty chewing, drooling, dysphagia, and frequent “heartburn,” were
noted to be present more often in individuals with Parkinsonism than in controls.

Then in 1991, when Edwards and colleagues published their survey of 98 patients with PD and 50
comparably aged spousal controls (3), additional information regarding GI dysfunction in PD became
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available. The GI features they identified closely parallel those described by both Eadie and Tyrer and
Parkinson himself, including disordered salivation (drooling), dysphagia, nausea, constipation
(decreased bowel movement frequency), and defecatory dysfunction (difficulty with the actual act of
defecation). In a series of subsequent reports that focus largely (although not exclusively) on bowel
dysfunction in PD, these authors further investigated, cataloged, and characterized this surprisingly
common, yet complex and troublesome aspect of PD (4–12). Recent years have witnessed a sustained
and ever-growing literature on the subject of intestinal dysfunction in PD with the primary focus
clearly on colonic and anorectal abnormalities. This bowel-focused literature is reviewed in this chap-
ter, along with a brief review of the scarce literature regarding small intestinal function in PD.

2. SMALL INTESTINE

2.1. Anatomy and Physiology
The intestine is divided into two primary components—the small and large intestine (or colon)—

which possess definite similarities, but also serve clearly different functions. In adults, the small intes-
tine reaches the rather astounding length of approximately 6 m (13) and is divided into three segments:
duodenum, jejunum, and ileum. The small intestine is responsible for absorption of nutrients, salt, and
water. Motility within the small intestine is produced by contractions of the circular and longitudinal
muscle layers that compose the intestinal walls. Interstitial cells of Cajal, which are part of the enteric
nervous system (ENS), generate electrical slow waves that serve a pacemaker function and migrate in
an aborad direction. When spike bursts are superimposed on a slow wave, actual muscle contraction
occurs, which then travels for an undetermined (but probably short) distance in either direction along
the small intestine.

Two distinct patterns of small intestinal motor function have been identified (14). The fed (post-
prandial) pattern, which appears within 10 to 20 minutes following a meal, is characterized by more
segmental, and consequently less propulsive, contractions that assist in the mixing of digestive
enzymes with the chyme and maximize mucosal contact, thus promoting nutrient absorption. The sec-
ond pattern, the fasting (interdigestive) pattern, appears 4 to 6 hours after a meal and is divided into
three phases. First is a period of relative motor quiescence, followed by increasingly prominent con-
tractions in the subsequent two phases that presumably serve to “flush” solid residues from the small
intestine into the colon, preventing bezoar formation and minimizing bacterial accumulation within
the small intestine. This complex pattern of small intestinal motility is under the direct control of the
ENS, but it is modulated by both autonomic and hormonal influences.

2.2. Small Intestinal Dysfunction in PD
Little attention has been focused on whether any changes in small intestinal function occur in the

setting of PD. Thorough assessment of small intestinal function is rendered very difficult because of its
inaccessibility and length; undoubtedly, this has discouraged dedicated investigation. However, some
information is available.

Orocecal transit time was shown to be markedly prolonged in 15 patients with PD when compared
with 15 age- and sex-matched control individuals (15). Yet, it must be recognized that this investigative
method is a measure of combined gastric and small intestinal transit and does not assess small intestinal
function in isolation. Small intestinal manometry has also been employed in the study of patients with
PD, and abnormalities in small intestinal motor patterns have been demonstrated (16). Small intestinal
dilatation has also been observed radiographically (17). In the laboratory, disruption of the migrating
myoelectric complex has been documented in rats following administration of 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP), along with the reduction in jejunal myenteric plexus dopamine lev-
els (18). Studies that evaluate whether similar changes occur in PD have not been undertaken.

The clinical consequences of small intestinal dysfunction in PD, if it indeed occurs, have not been
systematically investigated. Some individuals with PD experience a very uncomfortable abdominal
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bloating sensation, which is sufficiently severe at times to compel the anguished individual to loosen
trousers, even when they are clearly not even tight. This typically develops during “off” periods and
resolves with the re-emergence of levodopa benefit. It is conceivable that this uncomfortable sensation
might be related to small intestinal dysmotility, but no study has actually addressed this issue. If there
is an association, agents that accelerate small intestinal transit time (e.g., the serotonin-4 receptor ago-
nist prucalopride; 19) might provide symptomatic relief for patients with these symptoms. Another
potential consequence of delayed small intestinal transit might be an alteration in intestinal nutrient
absorption. However, this also has not been studied.

3. COLON

3.1. Anatomy and Physiology
The colon, approximately 1.0 to 1.5 m in length in adults, is composed of the same two muscle lay-

ers—circular and longitudinal—found in the small intestine (13,20). The ileocecal valve, which
divides the colon from the small intestine, is not a true sphincter but still effectively regulates colonic
filling and prevents colo-ileal reflux. The colon stores material marked for excretion and performs an
important role in the regulation of fluid, electrolyte, and short-chain fatty acid absorption. It can
increase fluid absorption up to fivefold in appropriate circumstances. As in the stomach and small
intestine, ICCs perform a pacemaker function in the generation of pressure waves that regulate colonic
motility. Motor control of colonic motility is mostly mediated directly through the ENS with modula-
tion via the autonomic nervous system. Parasympathetic innervation of the ascending and transverse
colon is vagal in origin, whereas the descending and rectosigmoid regions receive their innervation by
the pelvic nerves. Sympathetic supply to the colon originates in the thoracic spinal cord and reaches
the colon via the inferior mesenteric and pelvic plexuses. Sympathetic activity produces the vasocon-
striction of mucosal and submucosal blood vessels, downregulates motility, and inhibits secretion
(thus, limiting water loss); parasympathetic activity increases enteric motor activity and colonic motil-
ity (20).

3.2. Colonic Dysfunction in PD
To the lay public, constipation is a somewhat nonspecific term that may connote both decreased

bowel movement frequency (usually with hard stool) and difficulty completing a bowel movement,
often with excessive straining, sometimes with inability to evacuate fecal contents entirely, and occa-
sionally with associated pain (21). However, these two problems are actually quite different, with dis-
tinctive physiology and clinical characteristics; hence, a separate classification and discussion of each
is needed to fully understand bowel dysfunction in PD. Decreased bowel movement frequency is pri-
marily a consequence of colonic dysmotility and is discussed in this section, whereas defecatory dys-
function is primarily an anorectal anomaly and is discussed in the following section.

Divergence between the public concept and formal medical definition of what constitutes normal
bowel movement frequency has also evolved in recent years, representing a source of confusion and
sometimes consternation, both within the literature and inside the clinic. In the past, it was standard to
label anything less frequent than a daily bowel movement as abnormal, constituting constipation, and
this continues to be the concept embraced by many patients, particularly the elderly. The current formal
medical boundary of constipation (or colonic inertia), however, has been redefined as fewer than three
bowel movements weekly. Recently, some investigators have employed an even more strict definition of
constipation as one or fewer evacuations per week (22,23). Clinicians realize that not all patients are
willing to accept the medical establishment’s wisdom in this regard. To further complicate matters, the
observation has also been made that estimations of bowel movement frequency reported by patients
often conflict with their own diary records, typically in the direction of underestimating frequency (24).

Recognition of this change in what actually constitutes normal bowel movement frequency is
important when reviewing reports in the medical literature of constipation in PD. Estimates of the per-
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centage of patients with PD experiencing constipation have descended from the 50–67% range of ear-
lier reports to levels of 20–29% in more current publications. In 1958, Schwab and England reported
the presence of constipation in two-thirds of their patients (25), whereas in 1965, Eadie and Tyrer
noted that 51% of their study sample of patients with PD did not have daily bowel movements, com-
pared with 13% of their controls with orthopedic disease (2). They also reported that over 50% of their
patients were using laxatives on a regular basis. In notable contrast, using a definition of constipation
as fewer than three bowel movements per week, Edwards and colleagues reported in 1991 that the
presence of constipation in only 29% of their 98 patients with PD in comparison to 10% of their
spousal controls (3). Siddiqui and colleagues found its presence in only 20% of patients with PD in
their 2002 survey report (26). In contrast, in a group of patients with PD studied recently by Stocchi
and colleagues, bowel movement frequency of fewer than three times per week was described by 77%
of the 17 patients (27). The explanation for this divergence is not readily apparent.

In survey studies, the presence of constipation in PD has correlated with disease duration and sever-
ity (2,28). However, in clinical practice, it is not unusual for patients with PD to recollect the develop-
ment of some degree of bowel dysfunction even prior to the appearance of more typical motor features
of PD (7). Constipation occuring early in the course of PD has also been documented by Bassotti and
colleagues (22).

Derived from data accumulated in the Honolulu Heart Program study, a recent report has propelled
this a step further by suggesting that diminished bowel movement frequency may actually constitute a
risk factor for PD development (29). An association was documented between the frequency of bowel
movements and risk of developing PD. Men who reported a bowel movement frequency of less than
one per day were found to have a risk of developing PD that was 2.7 times greater than men who had
daily bowel movements and fourfold higher than those with two or more bowel daily movements.
Although these findings may simply reflect the fact that the appearance of constipation can precede the
emergence of conventional PD motor features, it is worth noting that a bowel movement frequency of
less than one per day does not actually even represent constipation by current definition. Therefore,
other hypothetical explanations might (and perhaps should) also be advanced. Perhaps rapid transit of
material through the GI tract, implied by frequent bowel movements, limits the exposure to, and
absorption of, toxic substances capable of damaging dopaminergic neurons. Further studies investigat-
ing this possibility might prove to be very interesting and informative.

Considerable evidence has now accumulated that implicates slowed colon transit of fecal material
as the physiological basis for decreased bowel movement frequency in PD. Employing radiopaque
markers, colon transit studies have indicated that as many as 80% of persons with PD may have abnor-
mally prolonged transit times (30). Jost and Schimrigk initially reported an average colon transit time
(CTT) of 5 to 7 days (120–168 hours) in a group of 20 persons with PD (30), and in a subsequent study
of 22 subjects in whom CTT could be measured, the average time was 130 hours (31). Edwards and
colleagues also documented slowed CTT in a study of 13 participants with PD, but the CTT they doc-
umented was considerably shorter than that noted by Jost and Schimrigk, finding a mean of 44 hours
when compared with 20 hours in spousal controls (6). A more recent study further confirms that CTT
is slowed in PD, but the times reported (82.4 minutes in patients with PD and 39 minutes in controls)
appear to be incorrectly labeled in minutes instead of hours (32). Therefore, despite the variance in
average CTT in published reports, there seems to be ample agreement that CTT is prolonged in PD.
The reason for the widely varying CTTs reported by various investigators is not clearly evident.

In addition to the earlier survey studies, another study by Jost and Schimrigk in recently diagnosed
patients with PD seems to support the idea that constipation becomes more severe as PD progresses. In
this study, the average CTT in patients with PD was 89 hours (33) in comparison to the considerably
longer CTTs reported in their earlier studies cited previously, which included individuals with more
advanced disease.

Prolongation of CTT in untreated individuals strongly suggests that it develops as part of the dis-
ease process itself; yet, the demonstration by Ashraf and colleagues shows that not all persons with
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prolonged CTT experience clinically symptomatic constipation. This evidence seems to indicate that
delayed CTT may not be the sole determining factor for stool frequency (34). Other factors certainly
may have a role in the genesis of constipation in some individuals, but it is not clear what these factors
might be. Medications—not only anticholinergic drugs but also levodopa and dopaminergic ago-
nists—may be responsible for diminished bowel movement frequency in some individuals, but not all
individuals with PD who experience constipation are receiving these medications.

The pathophysiologic basis of constipation in PD has not been definitively defined. Evidence has
accumulated for both central and peripheral mechanisms; it is very probable that both are involved.

Animal studies that employ dopaminergic agents have demonstrated that activation of central D1
and D2 receptors stimulates colonic motility by increasing colonic spike bursts (35). In these studies
performed in rats, Bueno and colleagues found that intracerebroventricular injection of the selective
D1 agonist, (+)SCH 23390, the selective D2 agonist, quinpirole, and dopamine itself increased the fre-
quency of colonic spike bursts (indicating increased colonic motility) by 54.8, 68.7, and 48.7%,
respectively. Additional evidence favoring a central site of action was provided by the absence of any
change in colonic spike burst frequency when these agents were injected intraperitoneally. It has been
suggested that CNS influences on both bladder and colonic function may be coordinated through Bar-
rington’s nucleus (also known as the pontine micturition center), which lies adjacent to, or possibly
within (36), the locus coeruleus in the pons (32,37–39). Utilizing the pseudorabies virus, Pavcovich
and colleagues were able to demonstrate transynaptic labeling from the distal colon of neurons in Bar-
rington’s nucleus (37). Using similar techniques, other investigators have identified additional sites
within the CNS as being potentially involved with the central regulation of colonic function, including
neurons within the dorsal motor nucleus of the vagus, nucleus of the solitary tract, nucleus ambiguous,
and area postrema (39). Also, it appears that the colonic connections with Barrington’s nucleus travel
via bulbospinal pathways, whereas connections with the other medullary nuclei are mediated through
vagal pathways (39).

Evidence favoring a peripheral basis for slowed colonic transit in PD has arisen in recent years as
well. Numerous investigators have noted changes within the ENS in PD. In 1987, Kupsky and col-
leagues were the first to document the presence of Lewy bodies in the colonic myenteric and submu-
cosal plexuses of individuals with PD (40). This was subsequently confirmed by several other groups
(41–43), who found Lewy bodies in both dopaminergic neurons and in those containing vasoactive
intestinal peptide. Using immunohistochemical methods, Singaram and colleagues (43) studied colon
tissue removed from 11 persons with PD, 9 at the time of colectomy undertaken for intractable consti-
pation, and 2 at autopsy. Lewy bodies were primarily evident in myenteric neurons and only rarely in
the submucosal plexus. With immunohistochemical methods, Singaram and colleagues were also able
to demonstrate a very striking reduction in the number of dopaminergic neurons in the colonic myen-
teric plexus of patients with PD in comparison to both healthy controls and individuals with idiopathic
constipation (43).

Other abnormalities within colonic tissue have also been documented in individuals with constipa-
tion owing to problems other than PD. Serotonin receptor immunoreactivity was recently found to be
reduced in colonic tissue (specifically, the left colon) of patients who underwent subtotal colectomy
for treatment of colonic inertia when compared with those where colectomy was performed for colon
carcinoma (44). Other studies of patients with chronic idiopathic intestinal pseudo-obstruction or slow
transit constipation have shown a marked pan-colonic loss of ICC, which are believed to function as
pacemaker cells in the gut (45,46). Whether these abnormalities are also present in patients with PD
suffering from constipation is unknown.

3.3. Treatment of Colonic Dysmotility
The treatment of slow-transit constipation in PD can be difficult and frustrating, both for the patient

and physician. Formal studies in this patient population are largely lacking with the consequence that
treatment is mostly based on clinical experience rather than rigorous clinical investigation (47). In
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fact, treatment of Parkinsonian constipation has generally simply mirrored practices that are employed
in treating idiopathic constipation, and only recently some clinical trials focusing on patients with PD
have been carried out. Increased dietary fiber reduces CTT in normal individuals (48), most likely by
increasing bulk within the colonic lumen. In their survey study, Edwards and colleagues (3) had each
participant complete a food frequency dietary questionnaire that permitted calculation of the average
daily intake of dietary components, including fiber. They found that the mean daily fiber intake in
patients with PD was noticeably lower (11 g in untreated patients; 14 g in those on anti-Parkinsonian
therapy) than the 15 to 20 g generally recommended (3,49). However, no distinction was made
between constipated and nonconstipated individuals regarding fiber intake. In one of the few formal
controlled clinical trials performed to date in PD patients, psyllium was found to be effective in
increasing stool weight and frequency, but did not alter CTT (34). Improved motor function, presum-
ably reflecting increased levodopa bioavailability, has also been documented with increased fiber
intake (50). Fiber supplementation can also be achieved by concoctions of high-fiber foodstuffs (e.g., a
combination of applesauce, unprocessed wheat bran, and prune juice) consumed on a daily basis. It is
important to couple increased fiber consumption with adequate fluid intake in treating constipation. A
15-g daily fiber intake, along with at least 1.5 L of water, has been recommended (49). Adding a stool
softener (e.g., docusate) can also be useful.

If increased fiber and fluid intake does not sufficiently control constipation, an osmotic laxative, such
as lactulose or sorbitol, can be a very useful next step. These agents increase colonic osmotic pressure,
which results in increased water content, and consequently bulk of, the stool. A 30-mL lactulose dose
once or twice daily can be used initially with subsequent downward titration of dosage if necessary.
Because sorbitol is less expensive than lactulose, it might be considered as a cost-effective alternative
(51). More recently, the effectiveness of polyethylene glycol electrolyte-balanced solutions has been
demonstrated in patients with PD (52,53). Its routine use in large volumes as a colon-cleansing agent
prior to colonoscopy is well-established, but in PD it can be administered on a regular or even daily basis
in much smaller amounts than those used in conjunction with colonoscopy.

Patients often turn to irritant laxatives, such as senna-containing compounds, which are available
without prescription for relief from constipation. These compounds are often effective, but daily use
should be discouraged because of concern regarding potential myenteric plexus injury as a conse-
quence of extended use, even though such damage has not actually been definitively proven. When
other measures fail, enemas can be administered as necessary to the patient suffering from PD with
severe constipation.

The value of prokinetic agents in the treatment of slow-transit constipation is uncertain. Cisapride
was reported to be beneficial in initial short-term studies in patients with PD, but it was less convinc-
ingly effective in long-term studies (54,55). Moreover, cisapride is no longer available because of the
potential risk of cardiotoxicity. Prucalopride, a serotonin-4 agonist, has more recently been shown to
be effective as a prokinetic agent in patients with severe chronic constipation (19,56), but its effect in
individuals with PD has not been specifically reported. Anecdotal reports have described the efficacy
of the cholinomimetic agents, pyridostigmine (57) and neostigmine (58), in the treatment of constipa-
tion in PD, but no formal studies of these compounds have been reported. In these reports, pyridostig-
mine was taken orally, whereas neostigmine was administered intravenously. The efficacy of
neurotrophin-3 in a small double-blind study of patients suffering from PD with constipation has been
reported in abstract form (59). Misoprostol, an analog of prostaglandin, can stimulate colonic motility,
particularly in the left colon, and has been reported to be effective in alleviating chronic constipation.
However, it has not been specifically studied in patients with PD (60). Colchicine has also been anec-
dotally reported to be effective in treating constipation in PD (61).

Potentially life-threatening complications of slow-transit constipation in PD include megacolon
(17,49,62,63), intestinal pseudoobstruction, volvulus, and even bowel perforation (3,8,62,63). Surgical
treatment in the form of colectomy may be necessary in such situations.
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4. ANORECTUM

4.1. Anatomy and Physiology
The rectum is a storage reservoir in which feces are held until a convenient opportunity occurs to

evacuate its contents. The internal and external anal sphincter muscles are tonically contracted, thus pre-
venting leakage of rectal matter as feces accumulate. The longitudinal smooth muscle layer, which in the
colon had been concentrated into the muscle bands called taenia, spreads out in the rectum into an encir-
cling sheath. The internal anal sphincter (IAS) consists of smooth muscle that is continuous with the cir-
cular muscle layer of the rectum (20). In contrast, the external anal sphincter (EAS) is a band of striated
muscle distal to the IAS. The IAS is under autonomic control via the pelvic plexus; the EAS is con-
trolled by motor neurons in the sacral spinal cord through the pudendal nerve. The puborectalis muscle
is also thought by many to contribute to the maintenance of fecal continence by means of tonic contrac-
tion that pulls the rectum anteriorly, forming an anorectal angle of approximately 90–95 degrees that
impedes rectal emptying (64,65). The anorectal angle formed by puborectalis contraction may be espe-
cially important for the retention of semisolid (as opposed to liquid) material (66). The erect position
may provide an additional contribution to the maintenance of fecal continence by further sharpening the
anorectal angle to about 80 degrees (65). Although it should be noted that the importance of this anorec-
tal angle in the maintenance of continence is not universally accepted (64,67).

The act of defecation is characterized by relaxation of the two anal sphincters and the puborectalis
muscle, which results in a straightening or opening of the anorectal angle. Also, it is defined by con-
traction of the glottic, diaphragmatic, and abdominal wall muscles, which elevates intra-abdominal
pressure and encourages evacuation of the rectal contents.

4.2. Anorectal Dysfunction in PD
Anorectal dysfunction, characterized by excessive straining, often with a sense of incomplete evac-

uation and sometimes pain, is actually the more prevalent form of bowel dysfunction in PD. Edwards
and colleagues (3) differentiated between decreased bowel movement frequency and defecatory dys-
function and noted the latter in 67% of patients with PD, compared with only 29% who reported
decreased bowel movement frequency. As with slow-transit constipation, anorectal dysfunction can
also appear early in the course of PD (22).

Clinical neurophysiological and radiographical studies have shed considerable light on the pathophys-
iological basis for disordered defecation in PD. The act of defecation is not solely dependent on sphincter
and puborectalis relaxation, but also demands the coordinated contraction of numerous additional mus-
cles and muscle groups while the sphincters relax to effectively accomplish evacuation. It is now clear
from studies, such as anorectal manometry, anorectal electromyography, and defecography, that this does
not always occur in individuals with PD, and dyscoordination may actually be the rule. In one study,
abdominopelvic (or pelvic floor) dyssynergia was present in over 60% of patients with PD (22).

Lower basal sphincter pressure and difficulty maintaining sphincter pressure have been documented
during anorectal manometry in patients with PD, as have some more distinctive abnormalities, includ-
ing unusual phasic contractions of the sphincter muscles during voluntary contraction and a “paradox-
ical” hypercontractile response of the external anal sphincter and puborectalis muscles on
rectosphincteric (rectoanal inhibitory) reflex testing, where sphincter relaxation (rather than contrac-
tion) is expected (6,68,69). These abnormalities of anorectal muscle function appear to be distinctive
for PD, not simply a general reflection of constipation. Ashraf and colleagues studied 15 patients with
PD, 9 persons with idiopathic constipation, and 8 control individuals and found these abnormalities
only in the patients with PD (70).

Failure of the EAS and puborectalis muscles to relax during attempted defecation, producing func-
tional outlet obstruction, was originally observed in patients with PD by Mathers and colleagues
(71,72) and subsequently confirmed by others (6). It has been suggested that this is a focal dystonic
phenomenon (71,72). Moreover, fluctuation in the severity of the anorectal abnormalities in response
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to dopaminergic medications has been documented with deterioration during “off” periods and
improvement in function when patients are “on” (68). However, paradoxical sphincter and puborec-
talis contraction during attempted defecation may also occur in healthy controls, leading some investi-
gators to question its correlation with difficult defecation (73,74).

Evaluation of defecation with rectoanal videomanometry has provided objective confirmation of
the subjective sense of incomplete emptying during defecation that is experienced in many patients
with PD by demonstrating that incomplete defecation with the presence of significant postdefecation
residuals is common in PD (32). Dynamic transperineal ultrasound has recently been reported to be a
simple and accurate method for evaluating the pelvic floor in individuals with defecatory dysfunction
(75). This technique has not yet been applied in the study of patients who have PD.

4.3. Treatment of Anorectal Dysfunction
It is important to recognize and differentiate anorectal difficulties from colonic inertia when assess-

ing bowel dysfunction in patients with PD. Although softening the stool by various measures will
make it easier to expel, such measures do not correct the fundamental defect in muscular coordination
that produces the problem. In fact, laxatives and other measures that hasten the arrival of stool to the
rectum may sometimes accentuate the problem, creating a situation that might be likened to a frantic
crowd trying to leave a burning building through a narrow, or even blocked, exit. Unfortunately, the
array of treatment options for anorectal dysfunction is somewhat limited.

Some evidence suggests that dopaminergic medications may improve anorectal function in individ-
uals with PD. As noted previously, improvement in anorectal manometric and electromyographic mea-
sures of anorectal function during “on” periods with deterioration during “off” episodes has been
described (68). Additionally, Mathers and colleagues found some degree of improvement in both elec-
tromyographic and proctographic measures of anorectal function following apomorphine injections in
most of the patients they studied (72), as did Edwards and colleagues in some (but not all) of the eight
patients who had PD, they studied with apomorphine (76). Occasional patients on levodopa will also
report that it is easier for them to have a bowel movement when they are “on” than when they are
“off.”

Albanese and colleagues have pioneered yet another approach to treat outlet obstruction-type con-
stipation in PD, successfully injecting botulinum toxin into the puborectalis muscle under transrectal
ultrasonographic guidance (77,78). In their recently reported full study (78), 18 patients received the
injections and were evaluated by means of anorectal manometry, defecography, and electromyography
at baseline and at 1 and 2 months following the injections. Resting anal tone and maximum voluntary
contraction were unchanged, but anal tone during straining was reduced, and the anorectal angle dur-
ing straining was widened. The duration of benefit was not clearly defined, but improvement in test
parameters was still evident at the 2-month mark. In their earlier case report (77), improvement had
waned by 12 weeks. Although these results are encouraging, the risk for producing fecal incontinence
is present with this procedure, and perianal thrombosis has also been reported (79).

Behavioral techniques, such as defecation training and biofeedback measures, have been success-
fully employed in the treatment of outlet obstruction constipation (80,81), but they have not been
specifically examined in patients who have PD. Sacral nerve stimulation is a technique that might also
conceivably have some application in patients with PD, but this also has not yet been evaluated. Surgi-
cal treatment (e.g., colectomy) is rarely necessary in patients with PD.

5. CONCLUSION

As awareness of the nonmotor features of PD has grown in recent years, it has become quite clear that
intestinal dysfunction poses a significant problem for a considerable number of patients with PD. Under-
standing of the pathophysiological basis for this dysfunction is expanding, and more effective manage-
ment measures are evolving. Recognition and definition of the two components of Parkinsonian bowel
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dysfunction—slow-transit constipation and anorectal defecatory dysfunction—is beginning to foster the
development of more effective management measures. However, much more remains to be learned.

REFERENCES
1. Parkinson J. An Essay on the Shaking Palsy. Whittingham and Rowland, London, 1817.
2. Eadie MJ, Tyrer JH. Alimentary disorder in Parkinsonism. Aust Ann Med 1965;14:13–22.
3. Edwards LL, Pfeiffer RF, Quigley EMM, et al. Gastrointestinal symptoms in Parkinson’s disease. Mov Disord

1991;6:151–156.
4. Edwards LL, Quigley EMM, Hofman R, Pfeiffer RF. Gastrointestinal dysfunction in Parkinson’s disease: frequency and

pathophysiology. Neurology 1992;42:726–732.
5. Edwards LL, Quigley EMM, Hofman R, Pfeiffer RF. Gastrointestinal symptoms in Parkinson’s disease: 18 month follow-up

study. Mov Disord 1993;8:83–86.
6. Edwards LL, Quigley EMM, Harned RK, et al. Characterization of swallowing and defecation in Parkinson’s disease. Am J

Gastroenterol 1994;89:15–25.
7. Pfeiffer RF, Quigley EMM. Gastrointestinal motility problems in patients with Parkinson’s disease: epidemiology, patho-

physiology and guidelines for management. CNS Drugs 1999;11:435–438.
8. Quigley EMM. Gastrointestinal dysfunction in Parkinson’s disease. Semin Neurol 1996;16:245–250.
9. Quigley EMM. Epidemiology and pathophysiology of gastrointestinal manifestations in Parkinson’s disease. In: Corazziari

E, ed. NeUroGastroenterology. deGruyter, Berlin, 1996, pp. 167–178.
10. Pfeiffer RF. Gastrointestinal dysfunction in Parkinson’s disease. Clin Neurosci 1998;5:136–146.
11. Quigley EMM. Gastrointestinal features. In: Factor SA, Weiner WJ, eds. Parkinson’s Disease. Diagnosis and Clinical Man-

agement. Demos, New York, 2002, pp. 87–93.
12. Pfeiffer RF. Gastrointestinal dysfunction in Parkinson’s disease. Lancet. Neurol 2003;2:107–116.
13. Keljo DJ, Gariepy CE. Anatomy, histology, embryology, and developmental anomalies of the small and large intestine. In:

Feldman M, Friedman LS, Sleisenger MH, eds. Sleisenger and Fordtran’s Gastrointestinal and Liver Disease, 7th ed. Saun-
ders, Philadelphia, 2002, pp. 1643–1663.

14. Andrews JM, Dent J. Small intestinal motor physiology. In: Feldman M, Friedman LS, Sleisenger MH, eds. Sleisenger and
Fordtran’s Gastrointestinal and Liver Disease, 7th ed. Saunders, Philadelphia, 2002, pp. 1665–1678.

15. Davies KN, King D, Billington D, Barrett JA. Intestinal permeability and orocaecal transit time in elderly patients with
Parkinson’s disease. Postgrad Med J 1996;72:164–167.

16. Bozeman T, Anuras S, Hutton T, Mikeska C. Small intestinal manometry in Parkinson’s disease. Gastroenterology
1990;99:(Abstract)1202.

17. Lewitan A, Nathanson L, Slade WR. Megacolon and dilatation of the small bowel in Parkinsonism. Gastroenterology
1952;17:367–374.

18. Eaker EY, Bixler GB, Dunn AJ, et al. Chronic alterations in jejunal myoelectric activity in rats due to MPTP. Am J Physiol
1987;253:G809–G815.

19. Emmanuel AV, Roy AJ, Nicholls TJ, Kamm MA. Prucalopride, a systemic enterokinetic, for the treatment of constipation.
Aliment Pharmacol Ther 2002;16:1347–1356.

20. Cook IJ, Brookes SJ. Motility of the large intestine. In: Feldman M, Friedman LS, Sleisenger MH, eds. Sleisenger and Ford-
tran’s Gastrointestinal and Liver Disease, 7th ed. Saunders, Philadelphia, 2002, pp. 1679–1691.

21. Stark ME. Challenging problems presenting as constipation. Am J Gastroenterol 1999;94:567–574.
22. Bassotti G, Maggio D, Battaglia E, et al. Manometric investigation of anorectal function in early and late stage Parkinson’s

disease. J Neurol Neurosurg Psychiatry 2000;68:768–770.
23. Bassotti G, Germani U, Fiorella S, et al. Intact colonic motor response to sudden awakening from sleep in patients with

chronic idiopathic (slow-transit) constipation. Dis Colon Rectum 1998;41:1550–1556.
24. Ashraf W, Park F, Lof J, Quigley EM. An examination of reliability of reported stool frequency in the diagnosis of idiopathic

constipation. Am J Gastroenterol 1996;91:26–32.
25. Schwab RS, England AC. Parkinson’s disease. J Chron Dis 1958;8:488–509.
26. Siddiqui MF, Rast S, Lynn MJ, et al. Autonomic dysfunction in Parkinson’s disease: a comprehensive symptom survey.

Parkinsonism Relat Disord 2002;8:277–284.
27. Stocchi F, Badiali D, Vacca L, et al. Anorectal function in multiple system atrophy and Parkinson’s disease. Mov Disord

2000;15:71–76.
28. Sakakibara R, Shinotoh H, Uchiyama T, et al. Questionnaire-based assessment of pelvic organ dysfunction in Parkinson’s

disease. Auton Neurosci 2001;92:76–85.
29. Abbott RD, Petrovitch H, White LR, et al. Frequency of bowel movements and the future risk of Parkinson’s disease. Neu-

rology 2001;57:456–462.
30. Jost WH, Schimrigk K. Constipation in Parkinson’s disease. Klin Wochenschr 1991;69:906–909.
31. Jost WH, Schimrigk K. The effect of cisapride on delayed colon transit time in patients with idiopathic Parkinson’s disease.

Wien Klin Wochenschr 1994;106:673–676.



124 Pfeiffer

32. Sakakibara R, Odaka T, Uchiyama T, et al. Colonic transit time and rectoanal videomanometry in Parkinson’s disease. J
Neurol Neurosurg Psychiatry 2003;74:268–272.

33. Jost WH, Schrank B. Defecatory disorders in de novo parkinsonians—colonic transit and electromyogram of the external
anal sphincter. Wien Klin Wochenschr 1998;110:535–537.

34. Ashraf W, Pfeiffer RF, Park F, et al. Constipation in Parkinson’s disease: objective assessment and response to psyllium.
Mov Disord 1997;12:946–951.

35. Bueno L, Gue M, Fabre C, Junien JL. Involvement of central dopamine and D1 receptors in stress-induced colonic motor
alterations in rats. Brain Res Bull 1992;29:135–140.

36. Ding YQ, Zheng HX, Wang DS, et al. Localization of Barrington’s nucleus in the pontine dorsolateral tegmentum of the rab-
bit. J Hirnforsch 1999;39:375–381.

37. Pavcovich LA, Yang M, Miselis RR, Valentino RJ. Novel role for the pontine micturition center, Barrington’s nucleus: evi-
dence for coordination of colonic and forebrain activity. Brain Res 1998;784:355–361.

38. Valentino RJ, Miselis RR, Pavcovich LA. Pontine regulation of pelvic viscera: pharmacological target for pelvic visceral
dysfunctions. Trends Pharmacol Sci 1999;20:253–260.

39. Vizzard MA, Brisson M, de Groat WC. Transneuronal labeling of neurons in the adult rat central nervous system following
inoculation of pseudorabies virus into the colon. Cell Tissue Res 2000;299:9–26.

40. Kupsky WJ, Grimes MM, Sweeting J, et al. Parkinson’s disease and megacolon: concentric hyaline inclusions (Lewy bod-
ies) in enteric ganglion cells. Neurology 1987;37:1253–1255.

41. Wakabayashi K, Takahashi H, Ohama E, Ikuta F. Parkinson’s disease: an immunohistochemical study of Lewy-body con-
taining neurons in the enteric nervous system. Acta Neuropathol 1990;79:581–583.

42. Wakabayashi K, Takahashi H, Ohama E, et al. Lewy bodies in the visceral autonomic nervous system in Parkinson’s disease.
In: Narabayashi H, Nagatsu T, Yanagisawa N, Mizuno Y, eds. Parkinson’s Disease. From Basic Research to Treatment,
Advances in Neurology, vol. 60. Raven Press, New York, 1993, pp. 609–612.

43. Singaram C, Ashraf W, Torbey C, et al. Dopaminergic defect of enteric nervous system in Parkinson’s disease patients with
chronic constipation. Lancet 1995;346:861–864.

44. Zhao RH, Baig MK, Thaler KJ, et al. Reduced expression of serotonin receptor(s) in the left colon of patients with colonic
inertia. Dis Colon Rectum 2003;46:81–86.

45. Lyford GL, He CL, Soffer E, et al. Pan-colonic decrease in interstitial cells of Cajal in patients with slow transit constipation.
Gut 2002;51:496–501.

46. Jain D, Moussa K, Tandon M, et al. Role of interstitial cells of Cajal in motility disorders of the bowel. Am J Gastroenterol
2003;98:618–624.

47. Wiesel PH, Norton C, Brazzelli M. Management of faecal incontinence and constipation in adults with central neurological
diseases. Cochrane Database Syst Rev 2001;4:CD002115.

48. Müller-Lissner SA. Effect of wheat bran on weight of stool and gastrointestinal transit time: a meta-analysis. Br Med J
1988;296:615–617.

49. Corazziari E, Badiali D. Management of lower gastrointestinal tract dysfunction. Semin Neurol 1996;16:289–296.
50. Astarloa R, Mena MA, Sanchez V, et al. Clinical and pharmacokinetic effects of a diet rich in insoluble fiber on Parkinson’s

disease. Clin Neuropharmacol 1992;15:375–380.
51. Lederle FA, Busch DL, Mattox KM, et al. Cost-effective treatment of constipation in the elderly: a randomized double-blind

comparison of sorbitol and lactulose. Am J Med 1990;89:597–601.
52. Corazziari E, Badiali D, Habib FI, et al. Small volume isosmotic polyethylene glycol electrolyte balanced solution (PMF-

100) in treatment of chronic nonorganic constipation. Dig Dis Sci 1996;41:1636–1642.
53. Eichhorn TE, Oertel WH. Macrogol 3350/electrolyte improves constipation in Parkinson’s disease and multiple system atro-

phy. Mov Disord 2001;16:1176–1177.
54. Jost WH, Schimrigk K. Cisapride treatment of constipation in Parkinson’s disease. Mov Disord 1993;8:339–343.
55. Jost WH, Schimrigk K. Long-term results with cisapride in Parkinson’s disease. Mov Disord 1997;12:423–425.
56. Coremans G, Kerstens R, De Pauw M, Stevens M. Prucalopride is effective in patients with severe chronic constipation in

whom laxatives fail to provide adequate relief. Results of a double-blind, placebo-controlled clinical trial. Digestion
2003;67:82–89.

57. Sadjadpour K. Pyridostigmine bromide and constipation in Parkinson’s disease. JAMA 1983;249:1148.
58. Koornstra JJ, Klaver NS, ter Maaten JC, et al. Neostigmine treatment of acute pseudo-obstruction of colon (Ogilvie syn-

drome). Ned Tijdschr Geneeskd 2001;145:586–589.
59. Pfeiffer RF, Markopoulou K, Quigley EM, et al. Effect of NT-3 on bowel function in Parkinson’s disease. Mov Disord

2002;17(Abstract):S223–S224.
60. Roarty TP, Weber F, Soykan I, McCallum RW. Misoprostol in the treatment of chronic refractory constipation: results of a

long-term open label trial. Aliment Pharmacol Ther 1997;11:1059–1066.
61. Sandyk R, Gillman MA. Colchicine ameliorates constipation in Parkinson’s disease. J R Soc Med 1984;77:1066.
62. Caplan LH, Jacobson HG, Rubinstein BM, Rotman MZ. Megacolon and volvulus in Parkinson’s disease. Radiology

1965;85:73–79.



Intestinal Dysfunction 125

63. Rosenthal MJ, Marshall CE. Sigmoid volvulus in association with Parkinsonism. Report of four cases. J Am Geriatr Soc
1987;35:683–684.

64. Madoff D, Williams JG, Caushaj PF. Fecal incontinence. N Engl J Med 1992;326:1002–1007.
65. Altomare DF, Rinaldi M, Veglia A, et al. Contribution of posture to the maintenance of anal continence. Int J Colorectal Dis

2001;16:51–54.
66. Hajivassiliou CA, Carter KB, Finlay IG. Anorectal angle enhances faecal continence. Br J Surg 1996;83:53–56.
67. Parks AG. Anorectal incontinence. Proc R Soc Med 1975;68:681–690.
68. Ashraf W, Wszolek ZK, Pfeiffer RF, et al. Anorectal function in fluctuating (on-off) Parkinson’s disease: evaluation by com-

bined anorectal manometry and electromyography. Mov Disord 1995;10:650–657.
69. Normand MM, Ashraf W, Quigley EM, et al. Simultaneous electromyography and manometry of the anal sphincters in

parkinsonian patients: technical considerations. Muscle Nerve 1996;19:110–111.
70. Ashraf W, Pfeiffer RF, Quigley EMM. Anorectal manometry in the assessment of anorectal function in Parkinson’s disease:

a comparison with chronic idiopathic constipation. Mov Disord 1994;9:655–663.
71. Mathers SE, Kempster PA, Swash M, Lees AJ. Constipation and paradoxical puborectalis contraction in anismus and Parkin-

son’s disease: a dystonic phenomenon? J Neurol Neurosurg Psychiatry 1988;51:1503–1507.
72. Mathers SE, Kempster PA, Law PJ, et al. Anal sphincter dysfunction in Parkinson’s disease. Arch Neurol 1989;46:1061–1064.
73. Voderholzer WA, Neuhaus DA, Klauser AG, et al. Paradoxical sphincter contraction is rarely indicative of anismus. Gut

1997;41:258–262.
74. Schouten WR, Briel JW, Auwerda JJ, et al. Anismus: fact or fiction? Dis Colon Rectum 1997;40:1033–1041.
75. Beer-Gabel M, Teshler M, Schechtman E, Zbar AP. Dynamic transperineal ultrasound vs. defecography in patients with

evacuatory difficulty: a pilot study. Int J Colorectal Dis 2004;19:60–67.
76. Edwards LL, Quigley EMM, Harned RK, et al. Defecatory function in Parkinson’s disease: response to apomorphine. Ann

Neurol 1993;33:490–493.
77. Albanese A, Maria G, Bentivoglio AR, et al. Severe constipation in Parkinson’s disease relieved by botulinum toxin. Mov

Disord 1997;12:764–766.
78. Albanese A, Brisinda G, Bentivoglio AR, Maria G. Treatment of outlet obstruction constipation in Parkinson’s disease with

botulinum neurotoxin A. Am J Gastroenterol 2003;98:1439–1440.
79. Jost WH, Schanne S, Mlitz H, Schimrigk K. Perianal thrombosis following injection therapy into the external anal sphincter

using botulinum toxin. Dis Colon Rectum 1995;38:781.
80. McKee RF, McEnroe L, Anderson JH, Finlay IG. Identification of patients likely to benefit from biofeedback for outlet

obstruction constipation. Br J Surg 1999;86:355–359.
81. Dailianas A, Skandalis N, Rimikis MN, et al. Pelvic floor study in patients with obstructive defecation: influence of biofeed-

back. J Clin Gastroenterol 2000;30:176–180.



10
Impaired Sexual Function

Cheryl Waters and Janice Smolowitz

SUMMARY
The incidence of impaired sexual function in adults with Parkinson’s disease (PD) is greater than in the gen-

eral population. Studies have examined different aspects of sexual function among adults with PD and their
partners. Comparison groups have included healthy adults matched for age and gender, as well as age-matched
controls with chronic, non-neurological disease with motor impairment. Impaired sexual function in PD is
most likely multifactorial. Depression, physical disability, and autonomic dysfunction may contribute to the
increased prevalence of erectile dysfunction (ED) in PD. Given this multifactorial basis, clinicians should rou-
tinely assess patient needs. In studies of men with PD, treatment with sildenafil significantly improved sexual
satisfaction. Also, erection has been reported as a side effect of subcutaneous apomorphine treatment of resis-
tant motor fluctuations. As a treatment for ED, sublingual apomorphine is available in Europe. For women
with PD, therapeutic interventions and impaired sexual function have not been described. Further research is
required to develop treatment for adults with PD and sexual dysfunction.

Key Words: Erectile dysfunction; hyposexuality; sexual dysfunction; reduced libido; sexual dissatisfac-
tion; decreased sexual activity; impaired sexual function.

1. INTRODUCTION

Sexuality has been described as a holistic phenomenon that is different from and more than its physi-
ological components (1–3). Sexuality and sexual function are affected by the interaction of physiologi-
cal, emotional, intellectual, spiritual, social, and cultural influences (1–3). Sexual behavior and function
change during the life cycle. Advancing age is correlated with a decline in sexual activity (4,5). Sexual-
ity is affected by life events, such as illness, which require lifestyle changes (6). Sexual function may be
altered by chronic illnesses, e.g., diabetes mellitus, heart disease, hypertension, and depression (7). The
presence of impaired sexual function has been found in adults with Parkinson’s disease (PD; 8–17) and
will be the focus in this chapter. Reports on sexual function in the general population are briefly dis-
cussed to provide an overview of the research on patients who have PD with impaired sexual function.
Its physiology is briefly explained as a basis for potential therapeutic interventions.

2. SEXUAL DYSFUNCTION IN THE GENERAL POPULATION

As mentioned previously, sexual dysfunction may result from emotional and physical illnesses, as
well as increasing age, affecting relationships and quality of life (7,18,19). In men, “the persistent
inability to achieve or maintain an erection sufficient for satisfactory sexual performance” is defined as
erectile dysfunction (ED; 20). According to the National Health and Social Life Survey (NHSLS), a
national probability study that included 1410 men between the ages of 18 and 59, the prevalence rates
for ED were 7% for men 18 to 29, 9% for men 30 to 39, 11% for men 40 to 49, and 18% for men 50 to
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59 (18). In the Massachusetts Male Aging study update, which included 847 noninstitutionalized men
between the ages of 40 and 70, the prevalence of ED was 8% for men 40 to 49, 16% for men 50 to 59,
and 37% for men 60 to 69 (21). The age-adjusted risk of ED was higher for men with diabetes, heart
disease, hypertension, and men with lower education. Studies conducted in the Netherlands, Spain,
Germany, and Australia have reported prevalence rates of ED between 11% and 33.9% (22–25).

Masters and Johnson characterized four sequential phases in the sexual response cycle: excitement,
plateau, orgasm, and resolution (26). A three-phase model consisting of desire, arousal, and orgasm was
subsequently developed (27). Female sexual impairment affects 30 to 50% of women in the United
States and increases with age (28–30). The NHSLS, which included 1749 women, found that 43% expe-
rienced sexual dysfunction (18). Age and relationship status were strongly associated with sexual satis-
faction: older women and singles more frequently reported sexual difficulty, and sexual arousal and
lubrication diminished with age. A correlation was also found with socioeconomic status and educa-
tional level. The study indicated that low desire was more common in women with comorbid medical
and psychiatric disorders.

3. SEXUAL DYSFUNCTION IN ADULTS WITH PD

Research examining this subject is limited. Studies have reported different aspects of sexual func-
tion and related variables using validated, self-report questionnaires and interviews in men and women
with PD, couples with one spouse affected by PD, men with PD, and women with PD. Comparison
groups have included healthy adults matched for age and gender, as well as age-matched controls with
chronic, non-neurological disease with motor impairment. As yet, there are no studies with quantita-
tive measures that objectively evaluate sexual function.

Three studies have analyzed sexual function in men and women with PD. One study included a
comparison group of healthy adults matched for age and gender. Of this group, 36 men and 14 women
with idiopathic PD and no evidence of mental deterioration completed a structured questionnaire that
addressed sexual activity, function, and libido (8). Mean age of participants was 57.9 years (standard
deviation [SD] 10.1 years); mean disease duration was 7.01 years (SD 3.9 years). Sixty-eight percent
of participants reported decreased sexual activity, and 26% described decreased libido. ED was
reported in 38.8% of men and described more frequently in men over 61 years old.

To determine whether adults with PD differed in sexuality from similarly aged healthy adults, 121
adults with PD and 126 controls matched for age and gender participated in a study that compared
opinions about public sexual attitudes, emotion from personal sexual practice, personal sexual func-
tion, and general health perception (9). Adults with PD were recruited from a PD self-support organi-
zation and physicians’ patient lists, and the controls were enlisted for participation from a community
registry. A physician investigator examined the adults with PD and reviewed their medical records.
The physician completed the motor portion of the Unified Parkinson’s Disease Rating Scale (UPDRS;
31) and the Hoehn and Yahr (32) score. Participants were interviewed about disease variables and
sociodemographical data. In the presence of an investigator, participants completed a 33 item multi-
ple-choice self-report questionnaire that addressed various aspects of sexuality (33), a depression scale
(34), and the Wechsler Adult Intelligence scale (35) to measure the influence of education.

All subjects reported they were currently involved in heterosexual relationships. Frequency of
intercourse did not differ between adults with PD and the controls. The average age of adults with PD
was 45 years. Adults with PD reported greater disagreement with present attitudes about sexuality than
did controls. Significantly more adults with PD were unemployed and depressed, and this group indi-
cated greater dissatisfaction with their personal sexual lives than controls. Greater sexual discontent
was described by adults with PD and concomitant depression than by nondepressed adults with PD. In
men with PD, a higher level of dissatisfaction was reported in comparison to women. Depressed,
unemployed adults with PD were more often unhappy with their current sexual relationship, felt lonely
more often, and were less able to enjoy flirtation. The subjects with PD were less satisfied with their
lives, felt older than their stated age, and perceived their health to be poorer than the controls.
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Interviews with 25 patients with PD (15 men and 10 women) younger than age 56 were conducted
to describe sexual function in a sample of young adults with PD (10). The interview and physical
examination were conducted by a female neurologist. Interview content discussed libido, sexual activ-
ity, orgasm, penile/vaginal sensibility, and changes in sexual activity owing to motor symptoms.
Women were interviewed regarding vaginal dryness and pain, whereas ED was discussed with men.
Both men and women were questioned about the influence of urinary incontinence on their sex lives
and their partner’s acceptance of their physical disability. Depression was measured with the Beck
Depression Inventory (BDI; 36).

The mean age of participants was 50.3 years, and the mean age of disease onset was 44.7 years.
Libido changes were not statistically different between men and women, although women reported more
marked changes in libido. More women reported changes in sexual activity than men. Causes of sexual
dysfunction reported by men included ED (n = 3), reduced libido after the initiation of medication (n =
2), change in orgasm (n = 2), and lack of partner’s acceptance (n = 1). Causes of sexual dysfunction
reported by women included declined libido after the initiation of medication (n = 4), change in orgasm
(n = 3), vaginal dryness (n = 3), sexual dysfunction from rigidity (n = 5), and lack of partner’s accep-
tance (n = 1). Urinary incontinence was reported by four women and four men. Specifically, one woman
reported major depression on the BDI; she was not sexually active. Of the participants in this sample,
55% of optimally treated patients with PD reported changes in sexual function.

There have been two studies that described the perceptions of patients and spouses pertaining to the
affected partner’s sexual ability and aspects of the couple’s relationship (11,12). Thirty-six men and 14
women with PD, along with their spouses, were recruited from a movement disorders clinic to participate
in an investigation of the relationship of autonomic nervous system (ANS) dysfunction, depression, med-
ication, motor disabilities, and sexual difficulties (11). Patients and their spouses completed separate, self-
report questionnaires and the Geriatric Depression Scale (37) as well as a questionnaire that addressed
degree of sexual interest, arousal, and performance skills (38). They also answered questions about med-
ical history, medications, and symptoms of increased sweating, constipation, or urinary difficulty to eval-
uate ANS function. ANS dysfunction was defined as the minimum of two of the following symptoms:
increased sweating, constipation, or urinary difficulty. Spouses completed a questionnaire regarding sex-
ual interest, arousal, and performance of the affected spouse, as well as their own sexual interests.

Patient mean age was 67.3 years, and the mean duration of disease was 6.96 years. Of male
patients, 88% stated that their sexual frequency had decreased since the PD diagnosis, and 44%
reported reduced sexual interest and drive. Fifty-four percent were not able to achieve an erection;
only 14% were able to maintain an erection. Depression was present in 19%, and sexual dysfunction
was indicated in 1.7% of these patients. ANS dysfunction was prevalent in 69%, and of these, 70%
reported problems with sexual function.

In female patients, 79% stated that their sexual frequency had decreased since diagnosis, 71%
reported a decline in sexual interest, and 38% were unable to achieve orgasm. Vaginal dryness during
intercourse was found in 38%, whereas 67% felt it was more difficult to be aroused. Frequency of
orgasm was reduced since diagnosis in 75%. Depression was present in only one woman.

Of all the couples, 78% shared the same bed. A reduction in the affected partner’s sexual interest
was noted by 54% of the spouses, and 54% of spouses reported loss of interest in having sexual rela-
tions with their partner affected by PD.

Young-onset patients with PD and their spouses that attended a weekend residential meeting in the
United Kingdom were surveyed to estimate the prevalence of sexual dysfunction in patients with PD
and their partners. Participants were asked to describe the nature of sexual difficulties experienced, and
the relationship between sexual dysfunction, psychological morbidity, psychosocial stress, physical
disability, and ANS dysfunction (12). A total of 44 couples attended the meeting; 34 couples and 4
spouses of patients who had PD participated in the study. Questionnaires were completed by 23 male
and 11 female patients. Data describing age of PD onset, current medications, and physical disability
were collected independently from the patient and partner. Sexual function was assessed by the
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Golombok Rust Inventory of Sexual Satisfaction (39), a 28-item survey with male and female forms.
Marital function was assessed using the Golombock Rust Inventory of Marital Status (40). Depression
and anxiety in patients and spouses were reviewed with the BDI (36) and the State Trait Scale Anxiety
Inventory (41). Patients completed an acceptance of illness scale (42) and their spouses completed a
caregiver strain index (43). ANS dysfunction was rated on a questionnaire, and three neurologists
rated the likelihood of ANS dysfunctionbased on these answers.

Male patients (mean age 51.9 years; SD 8.9 years) were notably older and had a later onset of dis-
ease than female patients (mean age 44.7 years; SD 7.2 years). A statistically significant difference was
not found in the duration of illness or degree of disability for male and female patients. Sexual dissat-
isfaction and the perception that sexual problems existed were primarily in couples where the patient
was male. Marital dissatisfaction was highest in male patients and their partners. BDI scores were
highest in the male and female patient groups: 36% of the female patients and 29% of the male
patients were depressed. Of female spouses, 15% were depressed, and female spouses demonstrated
significantly greater trait anxiety than male spouses, (p < 0.01). Major differences were not demon-
strated in caregiver strain and acceptance of illness. Regarding ANS, 39% of male and 54% of female
patients were rated with possible or probable dysfunction.

Singer reported on ANS dysfunction, including sexual dysfunction, in 48 men with PD (13,14). The
patients with PD were compared with 32 healthy elderly men. ED affected 60.4% of men with PD ver-
sus 37.5% of controls. ED was not associated with other autonomic features, duration of levodopa
therapy, or age.

One study has compared the role of sexual function in men with PD with men who had arthritis
(15). Sexual function and its relationship to age, PD severity, and depression was described in 41 mar-
ried men with PD. The comparison group consisted of 29 married men with arthritis. Men with a his-
tory of dementia, illnesses, or use of medications known to cause impotence were excluded from
participation. Men with PD were recruited from three neurology clinics; men with arthritis were
recruited from arthritis clinics at the same three hospitals. Providers of participants who had PD rated
the patients’ stage of disease using the Hoehn and Yahr scale (32) and Columbia Parkinson scale (44).
Providers of patients with arthritis rated severity of disease using the Functional Capacity in Rheuma-
toid Arthritis Scale (45). Participants completed the Zung Depression Scale (46) and Sexual Function-
ing Questionnaire (47).

The two groups were well-matched for age, but they differed in duration of disease. The average
duration of PD was 6 years in comparison to 15 years for patients with arthritis. Similarities were
found between the two groups. Total scores for sexual functioning and subscores for desire, arousal,
orgasm, satisfaction, and frequency of sex per month did not differ significantly between the two
groups. Age was notably related to total sexual function score (PD, r = –0.40, p < 0.05; arthritis, r =
–0.39, p < 0.05). Sexual dysfunction increased with severity of illness, and without depression, was
found in both groups.

One report has exclusively addressed sexual function in women with PD (16), where 27 married
women with PD and 27 age-matched married women without history of neurological disease partici-
pated in the study. Data was collected by a medical student. Demographic information included age,
years with PD, ethnicity, educational and employment status, onset and cessation of menstruation, hor-
mone replacement therapy, and concomitant illness. Women with PD were assessed for presence of
ANS dysfunction, as evidenced by the presence of significant postural hypotension, and history of uri-
nary or fecal incontinence. To establish severity of disease, according to the Hoehn and Yahr scale
(32), neurological examinations of women with PD were conducted when they were in the “on” motor
state. All participants completed the Brief Index of Sexual Functioning for Women (BISF-W; 48) and
BDI (36). The BISF-W is a 22-item questionnaire that measures sexual interest/desire, sexual activity,
and satisfaction.

Women with PD and women in the control group differed in employment and ethnicity: 22% of
patients with PD were employed, 67% were retired, and 11% were unable to work; 37% of control
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group participants were employed and 63% were retired. Of the 27 patients who had PD, there were 23
Caucasians, 2 Asians, and 2 Hispanics. In the control group, 19 Caucasians, 1 Asian, 3 Hispanics, 3
African-Americans, and 1 woman described herself as “other.” Approximately 50% of both samples
were sexually active. Patients who had PD reported less satisfaction with their sexual relationship than
the control group. Women with PD reported greater anxiety or inhibition during sex (p = 0.04), more
difficulty with vaginal tightness (p = 0.03), and more problems with involuntary urination (p = 0.03).
Patients with PD were less satisfied with their partners than the controls (p = 0.005). Also, patients
with PD were significantly more depressed than community controls. In women with PD, the Hoehn
and Yahr stage of disease was mildly correlated with change in satisfaction and change in sexual activ-
ity. In both groups, age was associated with change in sexual satisfaction and sexual activity.

4. PHYSIOLOGY OF SEXUAL FUNCTION

4.1. Physiology of Penile Erection
Primary regulation of penile erection is provided by the central and peripheral nervous system

(49,50). Integration for central control of erection appears to occur in the medial preoptic area
(MPOA) of the hypothalamus, where sensory impulses from the amygdala that have input from the
cortical association areas are received (7). Stimuli to the MPOA include proerectile dopamine-medi-
ated signals and inhibitory norepinephrine-mediated signals. The MPOA provides neural input to the
paraventricular nucleus (PVN) of the hypothalamus. Descending pathways from the PVN may have
proerectile action through oxytocin-mediated pathways. Neural connections between the MPOA and
the brainstem are provided by periaqueductal gray matter, which may have proerectile activity. Neu-
rons from the PVN project to the thoracic and lumbosacral nuclei related with erection (49). Reflex
erections are mediated through T12-S3 cord levels (7,51), and the penis is innervated by the sympa-
thetic nervous system at T11-L2 (7). Sympathetic input is antierectile, whereas parasympathetic and
somatic nervous system innervation of the penis is mediated through the S2-S4 segments and is
proerectile. Autonomic input to the penis is integrated in the inferior hypogastric plexus. The cav-
ernous nerves originate in the inferior hypogastric plexus. The lesser cavernous nerves travel along the
penis to supply the erectile tissue of the corpus spongiosum and urethra, and the greater cavernous
nerves innervate the helicine arteries and erectile tissue. Fibrous tissue encases intercavernous nerves,
preventing compression during erection. Branches of the intercavernous nerves travel with the prostat-
evesicular artery branches. Stimuli from the perineum and lower urinary tract mucosa are conveyed by
the sacral reflex arc. Branches of the pudendal nerves, ilioinguinal nerve, and the dorsal penile nerves
provide sensory input from the glans penis and skin and penile root (7,51,52).

In the flaccid state, sympathetic neural activity is predominant, minimizing blood flow into the sinus
cavernosa (7). Intracorporeal smooth muscle is in a semicontracted state. Maintenance of this state is the
result of intrinsic myogenic activity, adrenergic neurotransmission, and endothelium-derived-contract-
ing factors. For smooth muscle cell contraction to occur, adequate local levels of neurotransmitters,
expression of receptors, integrity of the transduction mechanism, ion channel homeostasis, interactions
between contractile proteins, and effective communication over gap junctions all must be present.

Sexual stimulation causes parasympathetic neural activity to dominate, resulting in increased
blood flow into the sinuses of the corpora cavernosa, smooth muscle relaxation, and achievement of
erection (7). Nitric oxide (NO) is the main neurotransmitter mediating penile erection. During nona-
drenergic, noncholinergic neurotransmission, NO is released from the endothelium of the corpora
cavernosa. NO activates soluble guanylyl cyclase within the muscle cells, which raises the intracel-
lular concentration of cyclic guanosine monophosphate (cGMP). cGMP activates a protein kinase,
causing hyperpolarization of the muscle cell membrane, sequestration of intracellular calcium, and
calcium channel inhibition that blocks calcium influx. Smooth muscle relaxation, dilation of arterial
vessels, and increased blood flow into the sinuses of the corpora cavernosa result from the decrease
in cytosolic calcium concentration.
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4.2. Hormonal and Neurogenic Mediators of Female Sexual Function
Two physiologic changes occur during the female sexual response cycle: vasocongestion of the

external and internal genitalia and breasts and myotonia throughout the body (53). Hormones and neu-
rogenic mediators regulate female sexual function (5). Estradiol levels affect cells throughout the ner-
vous system and influence nerve transmission. Estrogen causes vasodilatation, resulting in increased
vaginal, clitoral, and urethral arterial blood flow, which prevents atherosclerotic compromise of pelvic
arteries and arterioles and also maintains sexual response. With aging and menopause, women experi-
ence decreased sexual desire, less frequency of sexual activity, and a reduction in sexual responsive-
ness. A correlation between the presence of sexual complaints and estradiol levels below 50 pg/mL has
been demonstrated (54). Estrogen regulates vaginal NO synthase, the enzyme responsible for produc-
tion of NO (5). NO is involved in the modulation of vaginal relaxation and secretory processes. NO
has been identified in clitoral cavernosal smooth muscle and may be a mediator of clitoral cavernosal
and vaginal wall smooth muscle relaxation. Aging results in decreased vaginal NO levels and
increased vaginal wall fibrosis. In women, low testosterone levels are associated with a decline in sex-
ual arousal, genital sensation, libido, and orgasm. The neurogenic mechanisms that modulate vaginal
and clitoral smooth muscle tone as well as vaginal and clitoral vascular muscle relaxation are undeter-
mined. Preliminary studies suggest the involvement of vasoactive intestinal polypeptide and NO.

5. THERAPEUTIC INTERVENTIONS

In both men and women, impaired sexual function can be caused by psychogenic factors, organic
factors, and aging (5,7). Organic causes are categorized as vascular, neurogenic, hormonal, disease-
related, and drug-induced. In men, psychogenic causes of ED include depression, performance anxi-
ety, relationship problems, and psychosocial distress (23–25). Alternatively, in women, issues related
to self esteem, body image, relationship with partner, and ability to communicate sexual needs affect
sexual function (5).

Impaired sexual function in PD is most likely multifactorial, where depression, physical disability,
and autonomic dysfunction may contribute to the increased incidence of ED in PD (55). Given the mul-
tiple factors for impaired sexual function, the needs of patients, partners, and couples should be individ-
ually assessed. The World Health Organization definition of sexual health as “the integration of the
somatic, emotional, intellectual, and social aspects of sexual being, in ways that are positively enriching
and that enhances personality, communication, and love” (56) can guide therapeutic intervention.

5.1. Diagnosis and Treatment of Erectile Dysfunction in Men With PD

5.1.1. Nonpharmacological Measures
Recommendations for the diagnosis and treatment of ED were developed by the First International

Consultation on ED (57). Diagnostic evaluation has been described (7,57), and a stepped approach to
treatment is recommended. When possible, prescribed medications associated with ED should be dis-
continued (57,58). First-line therapy includes lifestyle modification, psychological counseling, andro-
gen replacement therapy, and oral therapy (57). Lifestyle modification includes smoking cessation,
avoidance of substance abuse, adequate nutrition, physical activity, and sleep. In men with PD, there is
limited discussion of first-line pharmacological therapies. Treatments with testosterone gel (59) and
sildenafil (60,61) have been described. Erection has been reported as a side effect of subcutaneous
apomorphine treatment of motor-resistant fluctuations with PD (55).

5.1.2. Testosterone
Testosterone is thought to stimulate libido in the central nervous system (62). Erections in response to

erotic visual stimuli may be partially androgen-dependent (63). Animal and human studies have found
that low-normal range concentrations of testosterone are sufficient to maintain sexual activity (64).
Testosterone deficiency is found in 20 to 25% of men over age 60 (59). Testosterone deficiency can
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result in depression, fatigue, decreased libido, and decreased work performance. Okun et al. (59) retro-
spectively analyzed the effect of testosterone replacement therapy in five men with PD and evidence of
plasma testosterone deficiency. The men had not clinically improved with antidepressants and anti-
Parkinsonian medication. Four of the men were initially screened with the St. Louis Testosterone Defi-
ciency Questionnaire (SLTDQ; 65). Men who met SLTDQ criteria were screened for total and free
testosterone levels. Prostate-specific antigen and digital rectal exam were performed to exclude the pres-
ence of prostate cancer. The UPDRS motor score was recorded. Patients with testosterone levels less
than 70 pg/mL with no medical contraindications were treated with a topical application of testosterone
gel. Patients reported decrease in fatigue, depression, anxiety, and improved sexual function 1 month
later. To assess the prevalence of testosterone deficiency, total testosterone levels for 68 men enrolled in
a PD registry were sent for evaluation, and 35% had evidence of plasma testosterone deficiency. The risk
of testosterone deficiency increased 2.8-fold per decade.

5.1.3. Sildenafil
Sildenafil, a selective inhibitor of cGMP-specific phosphodiesterase type 5, enhances the effect

of NO release into the corpora cavernosa from nonadrenergic noncholinergic nerves of the
parasympathetic system and vascular endothelium during sexual stimulation (7). Sildenafil potenti-
ates the hypotensive effect of nitrates and is absolutely contraindicated in men using nitrates (66).
Sildenafil may be hazardous in men with borderline low blood pressure, borderline low cardiac vol-
ume or medications that can prolong its half-life (67). Adverse effects include headache, flushing,
nasal congestion, dyspepsia, abnormal vision, diarrhea, and dizziness (7). To optimize the treatment
outcome, sildenafil should be ingested on an empty stomach. Excessive alcohol consumption
should be avoided.

Studies of men with various etiologies of ED have reported improved function with sildenafil (66).
To evaluate the efficacy and safety of sildenafil in men with PD and ED, 10 men participated in an 8-
week open-label pilot study (60). The BDI (36), UPDRS (31), and a Sexual Health Inventory-M ver-
sion (SHI-M) questionnaire (68) were administered prior to treatment and at the conclusion of the
treatment period. Four 50-mg doses of sildenafil were prescribed for use in four sexual encounters dur-
ing the first month. At the conclusion of the first month, participants had telephone conversations with
a urologist and movement disorder neurologist. Participants were then permitted to increase the dose
to 100 mg for each of the four sexual encounters during the second month. All participants took eight
doses of medication during the study period. Four men increased the dose to 100 mg during the second
month. A statistically significant improvement in total SHI-M scores was demonstrated (p = 0.01). Sig-
nificant improvement was demonstrated in overall sexual satisfaction, satisfaction with sexual desire,
achievement of erection, maintenance of erection, and orgasm. One patient reported a headache during
three encounters. There were no reports of syncope or presyncope.

In a randomized, double-blind, placebo-controlled, crossover study of sildenafil (61), 24 men with
ED, 12 with PD, and 12 with multiple system atrophy (MSA) participated. Participants completed the
International Index of Erectile Function questionnaire (69) and a quality-of-life questionnaire, and
partners completed a brief questionnaire. The starting dose for the active drug was 50 mg. Dosage was
titrated up to 100 mg or down to 25 mg at follow-up visits, depending on efficacy and tolerability. Of
the 12 men with PD, 10 completed the study, and 9 of the 10 men reported a good response to silde-
nafil. Eight men titrated up to 100 mg; One man titrated down to 25 mg. Although one man reported
lack of efficacy, most of the participants with PD reported significant improvement in the ability to
achieve and maintain erection, along with improvement in sex life with sildenafil. Partners’ question-
naire responses confirmed the patients’ reports. Men with PD demonstrated minimal change in blood
pressure (BP). Six men with MSA were studied before recruitment was stopped. Four men received
placebo first. Three men with MSA experienced significant postural fall in BP with symptoms of
orthostatic hypotension 1 hour after receiving sildenafil. Patients with MSA reported improved sexual
function and quality of sex life after taking sildenafil. The authors recommended the measurement of
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lying and standing BP as well as education about symptoms of hypotension before prescribing silde-
nafil for men with early Parkinsonism, which may be difficult to distinguish from MSA.

5.1.4. Apomorphine
Apomorphine is a D1/D2 receptor agonist used to treat resistant motor fluctuations in adults with

PD (71). Under experimental conditions, the parenteral administration of apomorphine produces erec-
tile responses in humans and rats (71,72). Apomorphine-induced erections are likely the result of stim-
ulation of central D-2 dopamine receptors and are inhibited by the selective D2 antagonist, sulpiride
(73). Domperidone, a peripheral dopamine antagonist, does not inhibit apomorphine-induced erections
or the yawning that accompanies the erection (74). Animal studies suggest there is a link between the
hypothalamic pathways involved in erection and yawning (75).

Apomorphine-induced erections in men with PD have been reported. O’Sullivan and Hughes (55)
surveyed 15 men who attended a movement disorder neurology clinic and used intermittent subcuta-
neous injections of apomorphine to treat PD complicated by motor fluctuations. Results reported 5 of
the 15 men with erection as a side effect of treatment. Erections coincided with apomorphine adminis-
tration. Four of the men had experienced ED before beginning apomorphine treatment, and two of the
men had improvement in their sexual relationship with their partner as a result of treatment. The only
patient that had not experienced ED prior to beginning apomorphine treatment reported undesirable
arousal associated with the erections.

In a placebo-controlled trial of men with no discernable organic etiology for ED, buccal administra-
tion of apomorphine was found to be significantly more effective than placebo, as demonstrated by
rigidity testing (76). In 11 patients, 64% indicated successful intercourse for up to 7 months. Both 2-
and 4-mg doses of rapidly acting sublingual apomorphine were studied and found to be effective in
men with ED with controlled coronary artery disease, hypertension, diabetes mellitus, and prostate
hypertrophy (66). Adverse effects included nausea, dizziness, and somnolence. Sublingual apomor-
phine is available in Europe (7), but in the United States, it is still under investigation (78).

5.1.5. Other Treatment Methods
According to the First International Council on Erectile Dysfunction, second-line therapy includes

vacuum constriction devices, intracavernosal injection, and transurethral therapy (57). Third-line ther-
apy utilizes penile prosthesis and revascularization. Reports evaluating the efficacy of these treatment
modalities in men with PD were not identified in the literature review.

Levodopa and alternate current (AC)-pulsed electromagnetic field density stimulation are not rec-
ognized treatments for ED. However, their effect on sexual function has been described (78,79).
Hypersexuality is a rarely reported side effect of levodopa therapy in men with PD (80,81). Levodopa
was evaluated in a clinical trial of 21 healthy men without ED (78). Subjects ingested 800 mg of lev-
odopa for 7 days. Sleep-related penile tumescence was monitored. Erectile responses significantly
improved from baseline, and no adverse effects were reported. The results provide support for a cen-
tral dopaminergic erection-mediation pathway.

Sandyk (79) reported on two men with PD and ED, ages 70 and 73, respectively, who experienced
sexual arousal and nocturnal erections after receiving treatment for PD with transcranial administra-
tions of AC-pulsed electromagnetic fields (EMFs) of 7.5 picotesla flux density. EMF treatment was
administered after the men received their usual anti-Parkinson medication when they were in the “on”
state. The first patient received EMF treatment for 2 consecutive days. During the first treatment, he
felt relaxed and yawned. He reported a decrease in parkinsonian symptoms after the treatment. In the
evening, he experienced sexual arousal and awakened during the night with several repetitive sponta-
neous erections that lasted 15 to 20 minutes. During the second treatment, he experienced sexual
arousal and had nocturnal erections during the subsequent three nights. The second patient had Hoehn
and Yahr stage IV PD. He had two successive EMF treatments for 4 days and reported sexual arousal
associated with nocturnal erection.
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5.2. Diagnosis and Treatment of Women With PD and Impaired Sexual Function
A diagnostic framework and classification system for female sexual dysfunction has identified four

categories of dysfunction (82). This classification system is consistent with DSM IV: Diagnostic and
Statistical Manual of Mental Disorders of the American Psychiatric Association and International
Classification of Diseases-10 categories (83). The four major categories of female sexual dysfunction
described in this classification system include disorders of sexual desire, sexual arousal, orgasm, and
sexual pain. Sexual desire disorders include hypoactive sexual desire disorder and sexual aversion dis-
order. Dyspareunia and vaginismus are some types of sexual pain disorders. The four classifications
are subtyped as lifelong versus acquired, generalized versus situational, and organic versus mixed. The
etiologies may be multifactorial.

A comprehensive approach to the evaluation of sexual function should include a complete medical
history, physical examination, pelvic examination, and hormonal profile as indicated (5). Recommen-
dations for physiologic testing have been described (5). Therapeutic interventions for the treatment of
impaired sexual function in women with PD were not identified in this literature review.

6. CONCLUSION

The incidence of impaired sexual function in adults with PD is greater than the general population
(8–17). Further clinical and basic science research in this area is required for the development of ther-
apeutic interventions.
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Urological Dysfunction

Carlos Singer

SUMMARY
Symptoms of urinary dysfunction occur frequently with Parkinson’s disease (PD), particularly men. Irrita-

tive symptoms, encompassing frequency, urgency, and urge incontinence, are reported in 57 to 83% of patients
with PD. Obstructive symptoms, such as hesitancy and weak urinary stream, may be present in 17 to 27% of
individuals. Detrusor hyperreflexia is the urodynamic correlate of irritative urinary symptoms. Detrusor are-
flexia is uncommon in PD; when present, anticholinergic drugs are most often responsible. Coexistent obstruc-
tive uropathies may complicate the clinical picture in patients with PD and could produce both obstructive and
irritative effects. Urinary dysfunction with PD may also be the result of dysfunctional infravesicular mecha-
nisms like sphincter bradykinesia. Irritative urinary symptoms owing to PD are often responsive to anticholin-
ergic drugs, whereas catheterization may be necessary if the symptoms are obstructive in nature.

Key Words: Urinary dysfunction; irritative; obstructive; sphincter bradykinesia; detrusor hyperreflexia;
anticholinergic drugs; pontine micturition center.

1. INTRODUCTION

Patients with Parkinson’s disease (PD) commonly present with urinary complaints. The treating
neurologist should have a basic knowledge of the most frequent patterns of presentation to provide
advice on their significance and guide the patient regarding available treatments. This chapter has been
organized around sections that summarize key issues of this subject.

2. GENDER PREVALENCE OF UROLOGICAL SYMPTOMS

The earliest series originated from groups of parkinsonian patients who were being selected for
basal ganglia surgery (1,2). Urological symptoms were present in 38% (11/29) of Murnaghan’s series
(1) and 71% (44/62) of Porter and Bors’ series (all male). There were no comparisons with controls.

Lemack and colleagues selected 80 men and 39 women with mild-to-moderate PD (Hoehn and
Yahr < stage 3) and performed a questionnaire-based assessment using the American Urological Asso-
ciation Symptom Index in men and the Urogenital Distress Inventory-6 in women (3). Men scored
higher than age-matched controls with similar values to those of men with symptomatic benign prosta-
tic hyperplasia. Results were less clear with PD women, who scored higher than nonage-matched vol-
unteers, but lower than an age-matched female group presenting for urological evaluation, and yet free
of neurological disease.

Two series have investigated the prevalence of specific urological symptoms in patients with PD
and compared them to controls (4,5). Significantly higher prevalence figures in PD were found for uri-
nary urgency (4,5), sensation of incomplete bladder emptying (4), nocturia (5), daytime frequency, and
urge incontinence. Estimates for obstructive symptoms (hesitancy and weak stream) exhibited the
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most discrepancy between men and women (5), perhaps reflecting overlap with prostatic disease (see
Table 1).

3. IRRITATIVE VERSUS OBSTRUCTIVE SYMPTOMS

The most frequently investigated urinary symptoms are usually grouped either as irritative (fre-
quency, urgency and urge incontinence) or obstructive (hesitancy and weak urinary stream). Irritative
symptoms invariably predominate by a large margin. Proportions for irritative compared to obstructive
symptomatology range from 73% versus 27% to 83% versus 17% (1,6,7). Pavlakis et al. reported a
distribution of 57% irritative, 23% obstructive, and 20% mixed symptomatology in a group of 30
patients with PD (8).

Obstructive symptoms are not consistently reported, as illustrated by at least three reports (2,9,10).
Alternatively, more careful attention to nonmotor symptoms during the “off” state may uncover a
higher prevalence of urinary symptomatology (11) and possibly a different proportionality of irritative
in comparison to obstructive types.

4. APPEARANCE AND PROGRESSION OF UROLOGICAL SYMPTOMS

Limited information exists regarding predisposing factors for the presence of urinary symptoms in
PD. Both the duration and severity of disease may be influential. Chandiramani et al. reported an aver-
age lapse of 5. 75 years between the onset of motor symptoms and onset of urological symptoms (10).
In their study of 70 urologically symptomatic patients with PD, Araki et al. reported that their symp-
tom index scores increased with disease severity (12).

Sakakibara and colleagues (13) studied 123I-β-CIT single-photon emission computed tomography
scans of seven patients who have PD with urinary dysfunction and compared them to four patients with
PD free of urinary symptoms. The uptake was significantly reduced in the former group, again suggesting
a link between severity of the nigrostriatal dopaminergic deficit and presence of urinary symptomatology.

5. URODYNAMIC CORRELATION OF DETRUSOR HYPERREFLEXIA

Detrusor hyperreflexia is a cystometric finding characterized by the presence of involuntary detru-
sor contractions in response to bladder filling that the patient is unable to inhibit. These contractions
generate pressure values that exceed 15 cm of water (8,14,15).

Some authors have reported a very close clinical correlation of irritative symptoms with detrusor
hyperreflexia in PD (6,12). The prevalence of detrusor hyperreflexia found among urologically symp-
tomatic patients with PD ranges from 45 to 100% (1,2,6–8,12,16–18). Such prevalence figures roughly

Table 1
Prevalence of Urological Symptoms in Two Populations of Patients With PD

Urinary symptoms Singer et al. (4) Sakakibara et al., (13)

Urinary urgency 46% (Men) 54% (Men)
42% (Women)

Sensation of incomplete bladder emptying 42% (Men)
Nocturia 63% (Men)

53% (Women)
Daytime frequency 16% (Men)

28% (Women)
Urge incontinence 70% (Men)

28% (Women)

* Determined to be significantly higher than a control population.
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parallel those reported for irritative symptoms in PD (see Section 3.). The information on factors pre-
disposing to detrusor hyperreflexia in PD also seems to parallel the information on irritative symptoms
(see Section 4.). Stocchi et al. (19) analyzed 30 patients with PD and found that those with detrusor
hyperreflexia had more severe and longer duration of disease. Araki et al. (12) studied 70 patients with
PD who had been referred for urological evaluation and were free of obstructive etiologies. Of these
patients, 67% (47/70) had pure hyperreflexia with the majority (42/47) in intermediate to advances
stages of the disease (Hoehn and Yahr stage 3 or higher).

6. DETRUSOR AREFLEXIA

Detrusor areflexia is a cystometrographic finding with decreased sensation during filling and
increased bladder capacity (2,6) (≥600 mL), along with a desire to void first experienced at a high-fill-
ing volume (20). The postvoid residual volume is higher than 100 mL (20). Detrusor areflexia results
in hesitancy and weak urinary stream.

Detrusor areflexia is uncommon in PD. Incidence figures for detrusor areflexia in series of urologi-
cally symptomatic patients (1,6,8,18,20) have ranged from 0% (0/9; 18) through 11% (12) to 27% (4/15;
6). Stocchi et al. (19) did not find detrusor areflexia in any of their 30 patients who had PD—sympto-
matic or asymptomatic—who were studied with urodynamics where anticholinergics had been withheld.

6.1. Medication Effects and Other Etiologies
Anticholinergic drugs are the most common cause of detrusor areflexia in patients with PD accord-

ing to some authors (15). In fact, the concurrent use of anticholinergics is frequently mentioned in
reported findings of detrusor areflexia in PD (1,2,7,8).

However, in some instances, detrusor areflexia may be found in patients with PD in the absence of
anticholinergic medication. One example is the study by Raz of urologically symptomatic patients
with PD, where the confounding effect of anticholinergics was eliminated by withdrawing them 1
week prior to the urodynamic investigations (6). In such cases, the clinician should consider multiple
system atrophy as an alternative diagnosis to PD (see Section 10.), concurrent obstructive uropathy
(see Section 7.), and “myogenic” areflexia.

Myogenic areflexia was originally described as the result of muscle fiber injury caused by overdis-
tention, which is itself a consequence of obstruction (21). Recently, a myopathic process of the bladder
wall has also been proposed to be present in the absence of obstruction. Araki et al. have invoked this
theory to explain findings in 6 of their 70 patients referred for urological evaluation (12). These
patients—all stage 4 in the Hoehn and Yahr scale—had hyperreflexia that was associated with
impaired contractile function in the absence of obstructive etiologies. A similar process has been
reported in the elderly (22).

7. IMPACT OF COEXISTENT OBSTRUCTIVE UROPATHIES

Obstructive uropathies (i.e., benign prostatic hypertrophy in males and stenosis of the bladder neck
in females) have been recognized as causes of both irritative and obstructive symptoms in the general
population (21). The association of irritative symptoms with obstructive uropathies may also be the
product of detrusor hyperreflexia that is indistinguishable from the purely neurogenic type.

Certain investigations have pointed to obstructive uropathies as the sole or contributing causes of
urinary symptoms in some patients who have PD (7,8,16,18). Estimates of prevalence vary from 17%
to 33% (7,8,18). However, correlation with specific obstructive symptoms is not always outlined with
sufficient clarity (7,8,18).

8. DYSFUNCTION OF INFRAVESICAL MECHANISMS

PD may also course with dysfunctional infravesical mechanisms (DIVM). A full urodynamic evalu-
ation includes measurement of infravesical mechanisms, such as urethral pressure profile, urinary
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flow, and sphincter EMG recording during bladder filling and bladder emptying. DIVMs encompass
dysfunctions of the striated urethral sphincter and the pelvic floor, either occurring alone or in combi-
nation. Different kinds of DIVMs have been described (see Table 2). They have been inconsistently
reported and in variable numbers (1,8,16,19); sometimes they are not found at all (18). The descrip-
tions are sometimes poorly characterized and may not be confirmed again in other reports. Correlation
with clinical symptomatology is frequently inadequate or lacking (1,8,16); therefore, the clinical sig-
nificance of DIVMs is unclear.

8.1. Sphincter Bradykinesia, Pseudodyssynergia, and Vesicosphincter Dyssynergia
The most frequent DIVM is known as sphincter bradykinesia, consisting of delayed relaxation of

the striated urethral sphincter and pelvic floor. There is a normal guarding reflex with an increase in
striated muscle activity during bladder filling before the onset of detrusor contraction. Sphincter
bradykinesia is an abnormality where involuntary EMG activity persists through at least the initial part
of the expulsive phase of the CMG (8).

In one series (8), 11% (3/28) of patients who have PD had sphincter bradykinesia. In another study,
Galloway (17) reported that 42% (5/12) of his urologically symptomatic patients were unable to relax
the external urethral sphincter with voiding, which was associated with low flow rates. Andersen et al.
(16) studied 24 urologically symptomatic patients with Parkinsonism (the term “Parkinson’s disease”
is not used). The same authors revised their data in a subsequent article (14) and reported electromyo-
graphic findings in these 24 patients with PD. The authors did not specify whether all 24 patients were
symptomatic. Of these patients, 21% (5/24) had impaired sphincter control, defined as poor ability to
contract or relax the sphincter on command.

Pseudodyssynergia has been reported less frequently than sphincter bradykinesia. Pseudodyssyner-
gia has been defined as “an attempt at continence by voluntary contraction of the pelvic musculature
during an involuntary detrusor contraction” (21). Pavlakis et al. (8) reported pseudodyssynergia in 2
patients, part of a group of 10 in whom the maximum flow rate was decreased. The clinical role of this
phenomenon could not be defined because of coexistent prostatic obstruction. Sphincter “tremor” was
described in 11 of 12 patients in another series (17). Neither pseudodyssynergia nor sphincter “tremor”
have been confirmed in subsequent reports.

Table 2
List of Dysfunctional Infravesical Mechanisms Reported in the Literature

Dysfunction References

Elevated urethral pressure profile Murnaghan (1)
Raz (6)

Decreased urinary flow Berger et al. (7)
Berger et al. (23)

Sphincter bradykinesia Pavlakis et al. (8)
Galloway (17)
Andersen et al. (16)
Andersen et al. (14)

Pseudodyssynergia Pavlakis et al. (8)
Sphincter “tremor” Galloway (17)
Vesicosphincter dyssynergia Andersen et al. (16)

Andersen et al. (14)
Araki et al. (12)

Involuntary asymptomatic sphincteric activity Berger et al. (7)
Berger et al. (23)
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Vesicosphincter dyssynergia is a DIVM also reported less often than sphincter bradykinesia.
Whereas Pavlakis et al. called attention to the absence of vesicosphincter dyssynergia (8), Andersen et
al. (14,16) reported two patients with an abnormality they initially called “dyssynergia” (16) but later
labeled “spasticity” (14). In a series of 70 PD patients referred for prological evaluation (12) who were
free of obstructive etiologies, Araki et al. found two patients (3%) who had both hyperreflexia and
detrusor-sphincter dyssynergia (2/70).

Berger and colleagues (7,23) studied 29 patients with PD (24 men and 5 women) who were urolog-
ically symptomatic. In 61% (14/23) of patients tested, they documented sporadic involuntary elec-
tromyographic activity of the external sphincter during involuntary detrusor contractions, but in none
did this cause obstruction. They labeled this phenomenon “involuntary sphincteric activity.” Because
this phenomenon was not associated with radiographic or manometric evidence of obstruction at the
level of the membranous urethra, the authors concluded that it did not meet criteria for the definition of
detrusor-sphincter dyssynergia. This activity is reminiscent of pseudodyssynergia in that both occur in
response to involuntary detrusor contractions, but pseudodyssynergia is seen as a voluntary act.

9. DOPAMINERGIC MEDICATION

Dopaminergic medication likely improves voiding by facilitating relaxation of the striated sphinc-
ter and increasing bladder contractility. Raz demonstrated a decrease in the urethral pressure profile
(UPP) after treatment with levodopa in 10 patients who had PD with urological symptoms (6). An
increase in UPP occurred in patients whose treatment with levodopa was interrupted for 1 week (num-
ber of patients not specified).

In a series of 30 patients with PD, 11 displayed delayed or incomplete perineal floor relaxation (19).
All experienced greatly improved perineal muscle control after subcutaneous injection of apomor-
phine (4 mg), a dopamine agonist. There was no effect on detrusor hyperactivity. In another series of
10 patients who had PD with urinary symptoms (24), urodynamic studies were performed before and
after the subcutaneous administration of apomorphine. Voiding efficiency improved after apomorphine
injection with an overall decrease in bladder outflow obstruction. There was an increase in the mean
and maximum flow rates in nine patients and reduction in postmicturition residual volume in six. This
was accompanied by fluoroscopic evidence of widening of the urethra at the level of the distal sphinc-
ter mechanism. Of additional interest was that three patients were unable to void during the “off” state,
despite considerable discomfort and a feeling of bladder fullness, as a consequence of decreased detru-
sor contractility (24). After apomorphine injection voiding detrusor pressure in these three patients
increased while calculated bladder outflow resistance fell, resulting in considerable improvement in
voiding. No information was provided as to whether these patients were on anticholinergic drugs. The
investigators concluded that because their patients were all premedicated with domperidone, a periph-
eral dopamine antagonist, the effects of apomorphine on both smooth and striated musculature of the
lower urinary tract must be mediated by changes in the central dopaminergic transmission (24).

Uchiyama et al. (25) reported the effects of a single dose of 100 mg levodopa on urinary function in
18 patients who had PD with severe end-of-dose wearing-off. Patients were on levodopa and
dopamine agonists, but not on anticholinergics. There was an increase in detrusor contractility; alter-
natively, there was an increase in urethral obstruction. However, the net effect favored the increase in
bladder contractility. The result was a decrease in residual volume, that is, an improvement in voiding
efficiency.

9.1. Effects of Dopaminergic Medication on Detrusor Activity
Fitzmaurice et al. (18) reported on nine urologically symptomatic patients who had PD with detru-

sor hyperreflexia. The effects of levodopa were variable. Six patients had less severe detrusor hyper-
reflexia when off (including one patient whose hyperreflexia disappeared), whereas three were better
when on levodopa. A description of the impact of treatment on the actual symptoms was not provided.
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Detrusor function during the filling (storage) phase was not consistently altered by apomorphine in
another study (24), in which detrusor hyperreflexia improved in some cases and deteriorated in others.

In their study of 18 patients with PD who had severe wearing off, Uchiyama et al. (25) showed an
unpredictable effect on bladder function during filling. Urinary urgency (with or without detrusor
hyperreflexia or low-compliance bladder) was aggravated in nine patients (50%), alleviated in three
(17%), and unchanged in six (33%).

10. DIAGNOSIS OF MULTIPLE SYSTEM ATROPHY

Early and prominent urinary symptoms and “obstructive” symptoms (in the absence of obstruction)
are clues to the diagnosis of multiple system atrophy (MSA). Chandiramani et al. (10) performed a ret-
rospective study of 52 patients with MSA and 41 patients with PD. Of MSA patients, 60% (31/52) had
urinary symptoms preceding or coinciding with diagnosis of the disease. There were 16 patients who
reported frequency, urgency, or incontinence before the onset of Parkinsonism, and 15 patients devel-
oped urinary symptoms at the same time as Parkinsonism. In contrast, in 94% of patients with PD, the
urogenital symptoms clearly followed the neurological diagnosis by a few years. Two other series,
identified in a review by Fowler, also confirm a 60% prevalence of early urinary symptoms in MSA
(26). In one series (10), patients with MSA were more likely to suffer from troublesome incontinence
(73%). They were also more likely to have elevated postvoid residuals than patients with PD (66%
versus 16%, respectively). Among the males with MSA, 93% had erectile dysfunction (ED), including
48% in whom this complaint preceded the MSA diagnosis. Although ED can also be seen in PD, the
proportion of early ED is less (27). In the series of Chandiramani et al. (10), all 11 men with MSA who
underwent transurethral prostatectomy (TURP) were incontinent postoperatively (see Section 15.).

Fowler (26) has proposed the following five urogenital criteria as implied in the diagnosis of MSA:
(1) urinary symptoms preceding or presenting with Parkinsonism; (2) ED preceding or presenting with
Parkinsonism; (3) urinary incontinence; (4) significant postmicturition residue (>100 mL); and (5)
worsening bladder control after urological surgery. However, none of these criteria are specific, and
the clinician has to view their presence in context with the remaining clinical features.

11. SPHINCTER EMG

In the appropriate context sphincter EMG may differentiate MSA from PD. Stocchi et al. (19)
found EMG to provide important differentiating data between MSA and PD. The main feature that dif-
ferentiated 32 MSA patients from 30 patients with PD was abnormal sphincter EMG in 75% (24/32) of
the MSA patients when compared with none of the patients who had PD. Vodušek conducted a com-
prehensive review of the subject (28). He concluded that anal sphincter EMG abnormalities could dis-
tinguish MSA from PD during the first 5 years after the onset of symptoms and signs if other causes
for sphincter denervation (e.g., surgery) had been ruled out. However, with such criteria, as Vodušek
readily admits, sphincter EMG offers a low sensitivity.

12. VOIDING DYSFUNCTION IN PD

Voiding dysfunction results from the loss of the inhibitory effect that the basal ganglia exert on the
pontine micturition center. This inhibitory effect is likely mediated by D1 receptors and results in a
“quiet” bladder during the filling phase. The experimental studies performed by Lewin et al. in cats
have proven pivotal to the understanding of the pathogenesis of voiding dysfunction in PD (29,30).
Lewin et al. stimulated the thalamus and different sites of the basal ganglia and found that the stimula-
tion was inhibitory of detrusor contractions. Inhibition ranged from prolongation of the intercontrac-
tion interval of the detrusor to occasional complete suppression of detrusor contractions with the
activity only resuming after stimulation was stopped. Interestingly, stimulation of the red nucleus, sub-
thalamic nucleus, and substantia nigra was more inhibitory than stimulation of the thalamus.
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Current beliefs propose that impulses from a cortical micturition center in the mesial frontal lobes
(19) travel to the pontine-mesencephalic reticular formation. This pathway is thought to be influenced
by the basal ganglia, thalamic nuclei, and anterior vermis of the cerebellum (8,14). Micturition may
also be influenced by the anterior cingulate gyrus, locus ceruleus, and nucleus tegmento lateralis dor-
salis (19).

Studies in conscious rats suggest that D1 receptors (linked to stimulation of adenylate cyclase; 31)
tonically inhibit the micturition reflex (32). Administration of mixed D1/D2 agonists in anesthetized
MPTP-lesioned monkeys increased their pathologically reduced bladder volume threshold (33) and
could be antagonized by pretreatment with a D1 antagonist. This inhibitory effect of the D1 receptors
presumably would be exerted via the forebrain system (31), perhaps through potentiation of the
GABAergic system in the basal ganglia (33). The loss of D1 activation in PD may therefore underlie
the bladder overactivity present during the storage phase in PD.

13. EFFECTS OF ANTICHOLINERGIC DRUGS

Irritative symptoms are responsive to anticholinergic drugs. However, exclusion of obstructive
uropathy prior to symptomatic treatment is advisable. Oxybutynin and tolterodine are among the more
frequently used anticholinergic drugs in the symptomatic treatment of irritative symptoms. Other
agents include propantheline bromide, hyoscyamine, and flavoxate (34). The oxybutynin dose ranges
from 2.5 mg at bedtime to 5 mg TID. Side effects include hesitancy, weak urinary stream, dry mouth,
difficulty with visual accommodation, constipation, and aggravation of glaucoma.

Some experts have suggested using extended-release forms of anticholinergics to prevent high-
serum levels during therapy with the notion that this may reduce the likelihood of cognitive dysfunc-
tion (35). Examples include tolterodine LA at doses of 2 to 4 mg once daily and oxybutynin LA at
doses of 5 to 30 once daily (36). More recently, oxybutynin transdermal has been released (36). This
route avoids first-pass metabolism, resulting in a lower concentration of its active metabolite. Because
this metabolite has a higher affinity in vitro for parotid cells than for bladder cells, it may explain the
lower incidence of dry mouth reported with transdermal oxybutynin (36).

If therapy with a single anticholinergic agent proves to be suboptimal, the tricyclic antidepressant,
imipramine hydrochloride, can be used in combination, as it has a different receptor site profile (21).

14. TREATMENT OF OBSTRUCTIVE SYMPTOMS

Treating obstructive symptoms is based on ruling out structural causes of obstruction first, followed
by ensuring bladder emptying by either intermittent or permanent catheterization. Combination treat-
ment with anticholinergics and attempts to optimize dopaminergic treatment are also recommended.
The successful treatment of obstructive symptoms of hesitancy and weak urinary stream begins with a
careful drug history, searching for medications with an anticholinergic effect. Urodynamic studies
should follow that investigate for the presence of detrusor areflexia, DIVM, or an obstructive uropathy.

A frequent clinical setting for the development of detrusor areflexia in PD occurs when sympto-
matic detrusor instability (hyperreflexia) is treated with anticholinergic drugs. This may produce the
urodynamic findings of involuntary bladder contractions associated with incomplete emptying, sec-
ondary to unsustained detrusor contractions (21). In that case, management consists in combining anti-
cholinergics with clean, intermittent catheterization by oneself or others (21). Successful management
also helps in preventing recurrent urinary tract infections.

Another possible cause of obstructive symptoms is DIVM. In cases of external urethral sphincter
bradykinesia or pseudodyssynergia with high-voiding pressures (>90-cm H2O), some investigators
recommend both anticholinergics and intermittent catheterization (similar to treatment employed for
mixed detrusor hyperreflexia with incomplete bladder emptying) because persistent high pressures are
certain to result in damage to the bladder and, ultimately, to the upper urinary tract (21). Sphincter
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bradykinesia has also been shown to be responsive to dopaminergic treatment (6,19,24), whereas
pseudodyssynergia may be correctable with biofeedback (8).

Patients with MSA are also more likely to have poor bladder compliance and sphincter insuffi-
ciency (23). This could result in episodes of incontinence, including both overflow and stress inconti-
nence (in addition to hesitancy and weak stream). Intermittent catheterization, with or without
anticholinergics (i.e., oxybutynin), may be the initial treatment (10,23). In some cases, desmopressin
spray may be used (10). Because of motor dysfunction, treatment may evolve to permanent indwelling
catheterization or suprapubic cystostomy (23,35). Stress incontinence in females can be treated with
urethral suspension or a sling procedure, but if there is concurrent detrusor hyperreflexia, the conse-
quence may be suboptimal (35).

15. SURGICAL TREATMENT FOR PROSTATIC OBSTRUCTION

Surgical relief of prostatic obstruction (or other obstructive uropathies) is advisable, but the resolu-
tion of urinary symptoms following surgery is unpredictable. Resolution of the detrusor instability can
be expected in 60 to 70% of patients postoperatively if the instability is the result of prostatic obstruc-
tion (21). Therefore, the patient should be advised that such operations (i.e., prostatectomy) are pri-
marily indicated for relief of obstruction and to avoid the need of catheterization (7), but they may not
eliminate the often coexistent irritative symptoms.

Berger et al. (7) reported persistence of urge incontinence in eight men with PD who had undergone
prostatic surgery with evidence of detrusor hyperreflexia in seven patients. They could not find any
urodynamic parameters that would predict preoperatively whether a hyperreflexic bladder will stabi-
lize after successful relief of the obstruction (7). If urge incontinence persists after surgery, anticholin-
ergic therapy can be added. If it still persists, condom catheter drainage may be necessary. There are
no urodynamic parameters capable of estimating preoperatively which hyperreflexic bladder will sta-
bilize after successful obstruction relief.

Urologists should be aware of the necessity to rule out MSA prior to surgery. In the series of
Chandiramani et al. (10), postoperative results were very different for PD and MSA patients. Three of
the five PD patients who underwent TURP reported a good result. Despite oral oxybutynin, one patient
with an adequate flow rate had persistent urgency but improved considerably after intravesical oxybu-
tynin. Another patient had a large postvoid residual after TURP and was indicated to have an atonic
bladder of unknown etiology. All 11 men with MSA who experienced TURP were incontinent postop-
eratively. Nine (82%) had problems immediately, and two (18%) became incontinent within 1 year.
Similarly, five anti-incontinence procedures in three women were unsuccessful.

16. DEEP-BRAIN STIMULATION SURGERY

It is reasonable to expect improvement of urological symptoms in those patients undergoing deep-
brain stimulation surgery, but more studies are necessary. Murnaghan (1) reported results of basal gan-
glia surgery on urological symptoms and findings in 29 patients with PD. In the analysis, 8 patients
complained of bladder disturbances, and 11 had abnormal cystometrograms. There were 11 patients
who had cystometrograms performed pre- and postoperatively; only 5 were unchanged postopera-
tively. Normal bladder function was converted into hyperreflexic bladder in two of four patients exam-
ined before and after stereotaxic lesions of the thalamic nuclei, whereas stereotactic lesions of the
posterior limb of the internal capsule normalized three of four uninhibited bladders. Murnaghan con-
cluded that thalamotomy may be associated with increased bladder tonus and pallidotomy with
decreased bladder tonus. Capsulotomy may reduce tonus, but bladder sensation may be affected (1).

In 1971, Porter and Bors (2) also reviewed the effects of thalamotomy on bladder function. They
studied the impact of uni- and bilateral thalamotomy on 49 patients with PD (11 of whom had normal
function). They found that neurogenic bladder dysfunction was more frequently seen in clinically
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bilateral cases. It was only after bilateral stereotaxic surgery that improvement of bladder function
could be consistently documented.

The same authors then followed up on the status of 40 patients over a long term (4–8 months after
their last operation, unilateral or bilateral). These patients had somatic manifestations that had been
“significantly improved” after the surgery (no quantification provided). These results indicated that the
neurogenic bladder of the parkinsonian patient was responsive to surgical therapy, although the
response was not as prompt or successful as treatment of somatic manifestations. Furthermore, the
subjective response of the individual was often more pronounced than the objective evidence of
improvement.

The authors also postulated that thalamotomy improved the postvoid residual volume by relaxing
the bladder floor and—especially in the “hypoactive bladder”—by increasing the activity of the detru-
sor muscle (2). This analysis is consistent with the findings of Murnaghan (1). It would have been of
interest to learn if the use of anticholinergics had decreased postoperatively as a possible alternative
explanation to the decline in postvoid residual.

Andersen et al. (16) examined 44 patients with Parkinsonism, including 8 who had undergone thal-
amotomy. None of the eight patients had normal bladder function. The authors concluded that stereo-
tactic operations on the thalamus could produce uninhibited bladder contractions with a subsequent
risk of urological disturbances.

To date, there is only one report of the effect of basal ganglia surgery on Parkinsonian voiding dys-
function that stems from the “new era” that began in the 1990s (37). The investigators studied five
patients who had undergone bilateral implantation of subthalamic nucleus electrodes. These patients
had not been assessed urologically preoperatively. Instead, they were studied urodynamically 4 to 9
months postsurgery with comparisons made between the stimulator-on and -off states. (There was no
mention made as to being “on” or “off” levodopa during the procedures.) The authors found consistent
improvement in bladder capacity (bladder volume at which urinary leakage was observed; or if leak-
age did not occur, bladder volume at unbearable desire to void) and reflex volume (bladder volume at
initial hyperreflexic detrusor contraction).
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Cardiovascular Autonomic Dysfunction

David S. Goldstein

SUMMARY
Patients with Parkinson’s disease (PD) often have signs or symptoms indicating impaired reflexive cardiovas-

cular regulation, including orthostatic intolerance from orthostatic hypotension. Orthostatic hypotension in PD
has been thought to be a side effect of treatment with levodopa. However, recent studies have shown that virtu-
ally all patients with PD and orthostatic hypotension, regardless of levodopa treatment, have abnormal blood
pressure responses to the Valsalva maneuver and markedly decreased baroreflex-cardiovagal gain. In contrast,
only a minority of patients without orthostatic hypotension have abnormal Valsalva responses, and baroreflex-
cardiovagal gain is often approximately normal. Plasma levels of the sympathetic neurotransmitter, norepineph-
rine, are lower in patients who have PD with rather than without orthostatic hypotension, suggesting a relatively
smaller complement of sympathetic nerves. Almost all patients with PD and orthostatic hypotension have signif-
icantly reduced sympathetic noradrenergic innervation of the left ventricular myocardium, and most of those
without orthostatic hypotension also have diffuse or localized loss of cardiac sympathetic innervation. These
findings contrast with those in multiple system atrophy (MSA) with orthostatic hypotension, which can be diffi-
cult to distinguish clinically from PD. In MSA with orthostatic hypotension, sympathetic neurocirculatory failure
occurs without evidence of sympathetic denervation of the heart. Therefore, PD involves not only a central cate-
cholaminergic lesion, with the loss of dopamine cells of the nigrostriatal system, but also a peripheral cate-
cholaminergic lesion, with the loss of postganglionic norepinephrine cells of the sympathetic nervous system,
especially in the heart. The functional consequences of cardiac sympathetic denervation in PD, relationship
between central dopaminergic and peripheral noradrenergic pathologies, and the bases for cardioselective sym-
pathetic denervation in PD without orthostatic hypotension remain unknown.

Key Words: Autonomic nervous system; norepinephrine; sympathetic nervous system; orthostatic hypotension.

1. INTRODUCTION

Patients with PD frequently have symptoms or signs of autonomic failure (1,2). Symptoms include
constipation, urinary incontinence, orthostatic or postprandial lightheadedness, heat or cold intolerance,
and erectile dysfunction. Among the signs are slurred speech and difficulty swallowing, altered saliva
production, decreased bowel sounds, and orthostatic hypotension (3). The latter occurs commonly in PD
(4–11). Because of increased susceptibility to falls and other accidental trauma, orthostatic hypotension
in this setting can be not only disabling but also life-threatening. Despite the availability of effective
treatments, disorders of cardiovascular regulation in PD remain underappreciated (12).

2. ORTHOSTATIC HYPOTENSION INDEPENDENT 
OF LEVODOPA TREATMENT

According to a long-held notion, orthostatic hypotension in PD results from treatment with lev-
odopa (13). If levodopa caused orthostatic hypotension in PD, then patients with orthostatic hypoten-
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sion would be expected to be using levodopa, whereas those without orthostatic hypotension would
not. Therefore, a higher proportion of patients with orthostatic hypotension would be taking levodopa
therapy than patients without it. Recent work has failed to support these predictions (14). Patients with
PD and orthostatic hypotension do not differ from those without orthostatic hypotension, in levodopa
treatment or actual plasma levodopa concentrations. Perhaps most convincingly, orthostatic hypoten-
sion can occur in patients with PD who have never taken levodopa or discontinued levodopa treatment
in the remote past. Nevertheless, as discussed below (in Section 5) such patients have physiologic evi-
dence of baroreflex failure and decreased cardiovascular innervation by sympathetic nerves, which can
explain the orthostatic hypotension.

Orthostatic hypotension in patients with Parkinsonism has also been attributed to another diagnosis,
such as striatonigral degeneration or the parkinsonian form of MSA (15). As described later, these
explanations also often do not suffice because of the intact sympathetic cardiovascular innervation
found in most or all patients with these alternative diagnoses.

Whether sympathetic denervation in the body as a whole explains orthostatic hypotension in PD
has been unclear. Findings based on 123I-metaiodobenzylguanidine (MIBG) scanning have led to the
views that in PD, cardiac sympathetic denervation occurs independently of orthostatic hypotension or
other manifestations of autonomic failure and that the denervation is selective for the heart (16–19). In
contrast, patients with PD and orthostatic hypotension have lower mean plasma levels of norepineph-
rine, the sympathetic neurotransmitter, during supine rest than do patients without orthostatic hypoten-
sion, supporting the notion of relatively more generalized sympathetic denervation (14,20–22).

Patients with PD and orthostatic hypotension have both markedly decreased baroreflex-cardiovagal
gain and attenuated orthostatic increments in plasma norepinephrine levels. These findings point to dis-
ruption of baroreflexes, which would be expected to contribute to orthostatic hypotension.

Even in the setting of carbidopa treatment, which inhibits conversion of levodopa to dopamine out-
side the central nervous system, levodopa increases plasma levels of both dopamine and its deami-
nated metabolite, dihydroxyphenylacetic acid (23–26). Exogenously administered dopamine at
relatively low doses is well-known to produce vasodilation by stimulating dopamine receptors on vas-
cular smooth muscle cells and possibly by inhibiting norepinephrine release from sympathetic nerves
(27–29). Dopamine also augments natriuresis and diuresis, which promotes depletion of extracellular
fluid and blood volumes. Accordingly, in the setting of decreased cardiovascular sympathetic innerva-
tion and baroreflex failure, vasodilation and hypovolemia elicited by dopamine produced from lev-
odopa might decrease the blood pressure, both during supine rest and when standing in patients with
PD. Thus, orthostatic intolerance and orthostatic hypotension may occur in patients with PD while tak-
ing levodopa/carbidopa or dopamine receptor agonists, not directly from effects of these drugs alone
but from interactions with baroreflex and sympathoneural pathophysiologic mechanisms occurring as
part of the disease process.

3. VALSALVA MANEUVER

A particular pattern of beat-to-beat blood pressure responses to the Valsalva maneuver can detect
sympathetic neurocirculatory failure (30). Because of deficient reflexive, sympathetically mediated
cardiovascular stimulation in response to decreased cardiac filling during Phase II of the maneuver the
blood pressure decreases progressively, and during Phase IV, the pressure fails to exceed the baseline
value (Fig. 1).

In our series thus far, extending over 8 years, all patients with unequivocal PD and orthostatic
hypotension (and who have been able to perform a technically adequate Valsalva maneuver) have
shown this abnormal pattern, regardless of levodopa/carbidopa treatment. In contrast, only about one
fourth of patients with unequivocal PD lacking orthostatic hypotension have shown the abnormal pat-
tern. Failure of reflexive sympathetically mediated cardiovascular stimulation in response to acutely
decreased venous return to the heart therefore seems to characterize orthostatic hypotension in PD.



Cardiac Sympathetics in PD 151

4. PLASMA NOREPINEPHRINE

Concentrations of norepinephrine in antecubital venous plasma provide a means—albeit indirect—
to detect sympathetic denervation in the body overall. Thus, patients with orthostatic hypotension from
pure autonomic failure have low plasma norepinephrine levels during supine rest (31,32).

Previous work has noted that patients with PD and orthostatic hypotension have lower plasma nor-
epinephrine concentrations than do patients without orthostatic hypotension (21,33). Our results agree:
patients with PD lacking orthostatic hypotension have a mean plasma norepinephrine level about 50%
greater than do patients with PD and orthostatic hypotension (2.3 versus 1.4 nmol/L, p = 0.005).

In patients with PD and orthostatic hypotension, plasma norepinephrine levels, although signifi-
cantly lower than in patients without orthostatic hypotension, are not particularly low for healthy peo-
ple of similar age and are clearly higher than in patients with pure autonomic failure. Partial loss of
sympathetic fibers possibly leads to augmented traffic in the remaining fibers, resulting in increased
proportionate release of norepinephrine from the reduced vesicular stores. Moreover, because dener-
vation would produce concurrent decreases in both release and reuptake of norepinephrine, plasma
norepinephrine levels might fail to detect a real decrease in norepinephrine release.

5. BAROREFLEX FAILURE IN PD

Normally, plasma norepinephrine levels approximately double within 5 minutes of standing from
the supine position (34). Among patients who have PD without orthostatic hypotension, most have an
increase in plasma norepinephrine levels of 60% or more during orthostasis, whereas in patients who
have PD with orthostatic hypotension, most have an orthostatic increment less than 60%. The finding

Fig. 1. Blood pressure associated with the Valsalva maneuver in a control patient, a patient with MSA and
orthostatic hypotension (OH) (MSA + OH) and a patient with PD and orthostatic hypotension (PD + OH). Note
that in the late portion of Phase II (II_L), blood pressure fails to increase and in Phase IV the blood pressure fails to
“overshoot” the baseline value in the patients with MSA + OH or PD + OH. This pattern characterizes sympathetic
neurocirculatory failure.
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that orthostatic hypotension in PD is almost always associated with failure to increase norepineph-
rine levels appropriately during orthostasis is consistent with decreased baroreflex-sympathoneural
function.

Studies have disagreed about whether baroreflex-sympathoneural gain changes as a function of aging
(35–49). Some of this inconsistency seems to have resulted from the different types of measures used—
direct indices (e.g., peroneal muscle sympathetic activity) or indirect indices (e.g., limb vascular resis-
tance). When both direct and indirect measurements have been applied in the same subjects,
cardiopulmonary baroreflex control of sympathetic outflow, assessed by exposure of subjects to lower
body negative pressure, has been found to be augmented, not impaired, with age in healthy humans;
meanwhile, reflexive limb vasoconstriction is attenuated (41). The ability to inhibit sympathetic outflow
in response to increased cardiac filling from head-down tilt also does not decrease with normal human
aging (44). Regulation of sympathetic outflow by arterial baroreceptors, measured by sympathetic
microneurography after injection of vasoactive drugs, remains approximately unchanged (45), even with
lower body negative pressure applied concurrently to keep central venous pressure constant (42).

In contrast, studies have consistently found that baroreflex-cardiovagal gain decreases with normal
human aging (36,45,46,50). Relatively few studies have reviewed baroreflex-cardiovagal gain in PD
(51), and none to our knowledge has stratified patients regarding the occurrence of orthostatic
hypotension. We have estimated baroreflex-cardiovagal gain from the slope of the relationship
between interbeat interval and systolic blood pressure during Phase II of the Valsalva maneuver.
Nearly all patients with PD and orthostatic hypotension have a baroreflex-cardiovagal gain less than 2
ms/mmHg. The mean value, less than 1 ms/mmHg, is far below the average value of about 6
ms/mmHg in age-matched control subjects. (Normal values in response to a fall in blood pressure can
be somewhat less than those in response to an increase in blood pressure [45].) In contrast, among
patients with PD lacking orthostatic hypotension, only about half have a baroreflex-cardiovagal gain
less than 2 ms/mmHg, with a mean value of 3.2 ms/mmHg. Thus, in PD lacking orthostatic hypoten-
sion, baroreflex-cardiovagal gain is statistically decreased from normal, but in PD with orthostatic
hypotension, baroreflex-cardiovagal gain is virtually always low.

In our series currently, 21 of 22 patients with PD and orthostatic hypotension have had both a
supine plasma norepinephrine level less than 2 nmol/L and baroreflex-cardiovagal gain less than 2
ms/mmHg, whereas only 6 of 15 patients with PD lacking orthostatic hypotension have had both these
findings (p = 0.0002). The combination of low baroreflex-cardiovagal gain and relatively low plasma
norepinephrine levels therefore seems to characterize PD with orthostatic hypotension. Alternatively,
of 10 patients with PD and either a plasma norepinephrine level less than 2 nmol/L or baroreflex-car-
diovagal gain less than 2 ms/mmHg, but not both, only 1 patient has had orthostatic hypotension. This
finding leads to the proposal that a combination of baroreflex-cardiovagal failure and at least some loss
of sympathetic nerves may be required for orthostatic hypotension to become manifest in PD. It should
be noted that baroreflex failure itself is not thought to produce orthostatic hypotension (52,53).

6. CARDIAC SYMPATHETIC DENERVATION IN PD

More than 20 recent studies have agreed on the remarkable finding that virtually all patients with
PD have loss of sympathetic innervation of the heart, as indicated by low myocardial concentrations of
radioactivity after injection of the sympathoneural imaging agents, 123I-MIBG (16–19,54–59 and 6-
[18F]fluorodopamine (14,60,61), as well as by neurochemical assessments during right heart catheteri-
zation (61).

In patients with PD who lack orthostatic hypotension, about half have had a loss of 6-[18F]fluo-
rodopamine-derived radioactivity diffusely in the left ventricular myocardium, and slightly fewer than
half have had loss localized to the lateral or inferior walls, with relative preservation in the septum or
anterior wall. Only a very small minority have had entirely normal cardiac 6-[18F]fluorodopamine-
derived radioactivity (Fig. 2). Thus, virtually all patients with PD have evidence of at least some loss
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of cardiac sympathetic innervation, which agrees with the many studies from European and Japanese
centers that have used 123I-MIBG for cardiac sympathetic neuroimaging.

The extent of loss of sympathetic innervation in PD seems to vary among organs. Normal tissue
concentrations of 6-[18F]fluorodopamine-derived radioactivity have been noted in the liver, spleen,
salivary glands, and nasopharyngeal mucosa, but there have been decreased concentrations in the thy-
roid gland and renal cortex (14).

A case report noted markedly decreased cutaneous vasoconstrictor responses, indicated by laser-
Doppler flowmetry, in a patient with autonomic failure and uncomplicated PD (62). Many studies
about cutaneous sympathetic function in PD have relied on measurements of skin humidity or electri-
cal conductance as indices of sweat production; results have been variable (63–69). However, ther-
moregulatory, gustatory, and emotional sweating depend on sympathetic cholinergic innervation, not
sympathetic noradrenergic innervation. Patients with PD and orthostatic hypotension have intact sym-
pathetic cholinergic innervation, as measured by the quantitative sudomotor axon reflex test, despite
sympathetic neurocirculatory failure (70).

7. ABSENCE OF POSTGANGLIONIC LESION IN MSA

Perhaps as remarkable as the finding that virtually all patients with PD and orthostatic hypotension
have cardiac sympathetic denervation is the indication that all patients with MSA, with or without
orthostatic hypotension, have intact cardiac sympathetic innervation, as measured by sympathetic neu-
roimaging (16,54,55,71), and normal or even increased rates of entry of norepinephrine and other cat-
echols into coronary sinus plasma (61).

Validation of the approach in diagnosing PD differentially from MSA, based on the occurrence of
cardiac sympathetic denervation in the former but not the latter, requires a standard, such as postmortem

Fig. 2. Cardiac positron emission tomography scans in patients with PD lacking orthostatic hypotension. Top
row shows 13N-ammonia perfusion scans and bottom row shows 6-[18F]fluorodopamine sympathoneural scans. Of
27 patients, 13 had markedly decreased 6-[18F]fluorodopamine-derived radioactivity throughout the left ventricu-
lar myocardium, 12 localized decreases in the lateral or inferior walls with relatively more radioactivity in the
interventricular septum, and only 2 normal 6-[18F]fluorodopamine-derived radioactivity.
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pathology, that unequivocally distinguishes these diseases (72). Two recent studies have provided this
important evidence (73,74). All patients with autonomic failure, central neurodegeneration, and
decreased cardiac 123I-MIBG-derived radioactivity submitted to postmortem study have had nigrostri-
atal Lewy bodies, pathognomonic of PD, and absent tyrosine hydroxylase staining in the heart, indicat-
ing sympathetic noradrenergic denervation. All patients with normal cardiac 123I-MIBG-derived
radioactivity have had an absence of nigrostriatal Lewy bodies, glial cytoplasmic inclusions thought to
be characteristic of MSA, and normal myocardial tyrosine hydroxylase staining.

8. DENERVATION SUPERSENSITIVITY IN PD

Clinical and preclinical studies of chronic autonomic failure have consistently noted increased
blood pressure or vasoconstrictor responses to exogenously administered adrenoceptor agonists in PD
with orthostatic hypotension. This type of finding would be consistent with “denervation supersensi-
tivity,” as described classically by Cannon (75). Some of this supersensitivity may result from
increased expression of α- or β-adrenoceptors or altered intracellular signalling after receptor occupa-
tion (76–80). Moreover, cardiac sympathetic denervation supersensitivity may predispose to the devel-
opment of arrhythmias (81).

Augmented cardiovascular responsiveness to adrenoceptor agonists can have other explanations,
such as decreased baroreflex buffering of sympathetic outflows, which as noted seems to characterize
PD with orthostatic hypotension. Structural adaptations of vascular walls with increases in wall:lumen
ratios occur commonly in hypertension, and supine hypertension often seems to attend orthostatic
hypotension in patients with autonomic failure (82). Hence, although studies of patients with PD have
noted augmented pressor responses to exogenously administered norepinephrine, and the augmenta-
tion is seen mainly or exclusively in patients with PD and orthostatic hypotension (20,21), the results
do not necessarily lead to the conclusion that PD with orthostatic hypotension features denervation
supersensitivity.

9. CONCLUSIONS AND FUTURE TRENDS

A combination of loss of sympathetic nerves and baroreflex failure can explain orthostatic hypoten-
sion in PD and the worsening of orthostatic symptoms during treatment with levodopa/carbidopa or
dopamine receptor agonists. Cardiac sympathetic denervation characterizes most patients with PD and
virtually all patients with PD and orthostatic hypotension. This evidence contrasts with normal cardiac
sympathetic innervation in MSA.

The functional consequences of cardiac sympathetic denervation in PD, relationship between cen-
tral dopaminergic and peripheral noradrenergic pathologies, and basis for cardioselective sympathetic
denervation in PD without orthostatic hypotension remain unknown.
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Thermoregulatory Dysfunction

Mark S. LeDoux

SUMMARY
Patients with Parkinson’s disease (PD) must maintain core body temperature in a narrow range despite

fluctuations in both endogenous heat production and environmental conditions. The hypothalamus and
peripheral autonomic nervous system are essential neuroanatomical substrates for thermoregulation. In the
preoptic/anterior hypothalamus, dopamine excites warm-sensitive neurons and inhibits cold-sensitive neu-
rons. Hypothalamic dopamine deficiency may perturb normal thermoregulatory responses. Several features
of both the neuroleptic malignant syndrome (NMS) and the NMS-like syndrome associated with levodopa
withdrawal are likely the result of inadequate stimulation of hypothalamic dopamine receptors. In PD, ther-
moregulatory dysfunction can also manifest as heat and cold intolerance, paroxysmal head and neck hyper-
hidrosis, and dry skin in the lower extremities. Tests of sudomotor function, such as the sympathetic skin
response, quantitative sudomotor axon reflex test, thermoregulatory sweat test, silastic sweat imprint, and
quantitative thermoregulatory sweat test, are often abnormal in PD, particularly in its more advanced
stages. Therefore, clinicians should be cautious when using thermoregulatory testing to differentiate PD
from other neurodegenerative disorders (e.g., multiple system atrophy [MSA]). In early PD, thermoregula-
tory dysfunction is mostly consistent with central and preganglionic autonomic dysfunction. As PD pro-
gresses, an increasing percentage of patients will also show evidence of postganglionic sympathetic
abnormalities.

Key Words: Thermoregulation; Parkinson’s disease (PD); hypothalamus; exothermic; radiation; conduc-
tion; sweat; dopamine; temperature; sudomotor; sympathetic; postganglionic; hyperhidrosis; neuroleptic
malignant syndrome; seborrhea; xerosis.

1. INTRODUCTION

1.1. Normal Thermoregulatory Mechanisms
Patients with Parkinson’s disease (PD) have cells that need energy to do their work. Energy exists

in forms like light, heat, and chemical bonds. Most types of energy can be classified as either kinetic or
potential. Thermal (heat) and radiant (light) are two major kinds of kinetic energy. The first law of
thermodynamics states that the various types of energy can be changed from one form to another. The
process of photosynthesis, for example, converts the kinetic energy of light into the potential energy of
covalent bonds. Concentration and charge gradients are other forms of potential energy that are critical
to biological systems.

Biological systems continuously require energy for the performance of mechanical work, active
transport of molecules and ions, and synthesis of macromolecules. Chemotrophs (e.g., humans) obtain
free energy by the oxidation of foods, a process in which adenosine diphosphate (ADP) is converted to
adenosine triphosphate (ATP). ATP serves as the principal carrier of free energy in biological systems.
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ATP contains two energy-rich phosphoanhydride bonds, and a large amount of energy is liberated
when ATP is hydrolyzed to ADP.

The sequences of reactions required for the production of ATP are exothermic. In exothermic reac-
tions, the products contain less bond energy than the reactants, and the excess energy is usually liberated
as heat. On average, one third of the potential energy contained in foods is converted to heat during the
process of ATP generation. Heat is also generated in the body during the turnover of cellular macromol-
ecules, such as proteins. Heat production by the body is normally expressed in terms of metabolic rate,
which is governed by basal cellular metabolism, muscular activity, thyroid hormones, and levels of cir-
culating epinephrine and norepinephrine. Metabolic rate can be quantified by direct calorimetry, which
measures the total quantity of heat liberated from the body during a fixed period of time.

In addition to endogenous production, heat may also be gained from exogenous sources via mecha-
nisms like radiation and conduction. Radiation is the transfer of heat by electromagnetic radiation.
When environmental temperatures are greater than body temperatures, a thermal gradient is present,
and heat can be transferred to humans by radiation. Conduction is heat exchange between objects that
are in contact with one another. For instance, a person can gain heat by conduction while sitting on
asphalt pavement on a scorching summer day.

Homeotherms, like humans, must maintain core body temperature in a narrow range, despite fluctu-
ations in environmental conditions and endogenous heat production. Humans have a variety of mecha-
nisms for heat loss that can be used to prevent core temperature elevations. The vast majority of heat in
humans is generated by deep tissues (e.g., brain, liver, heart, and skeletal muscles). For effective elim-
ination, this heat must be first transferred to the skin, then from the skin to the surroundings. A robust
microvascular network is present in the dermis and subdermal connective tissues. Draining veins from
skin capillaries are directly connected to a venous plexus located in the lower dermis and subdermal
connective tissue. In the hands, feet, and ears, muscular arteriovenous anastomoses directly link small
arteries to this venous plexus. When necessary, blood flow to the skin venous plexus can increase to
one fourth of cardiac output.

At an ambient temperature of 22°C, most heat is lost from the skin surface by radiation and con-
duction. Conduction of heat to the air layer surrounding the body is greatly augmented by convection.
Heat from the skin that is conducted to the surrounding air is carried away by convection air currents.

Evaporation is the final major mechanism for heat loss and becomes critical when environmental
temperatures exceed body temperature. Evaporation of 1 g of water removes 0.58 kcal of heat from the
body. Most of this water is derived from sweat, but insensible losses from the lungs, upper airways,
and skin average 50 mL per hour. During strenuous physical activity in a hot environment, sweat
secretion can exceed 1600 mL per hour. Urination, defecation, and respiration only account for 2 to
3% of heat loss in normal circumstances.

1.2. Neuroanatomical Substrates of Thermoregulation
An array of autonomic, behavioral, endocrine, and somatic thermoregulatory responses is involved

in the maintenance of core temperature within a narrow range. Mechanisms activated by heat include
sweating, cutaneous vasodilatation, and movement to a cooler environment. Mechanisms catalyzed by
cold include vasoconstriction, piloerection, movement to a warmer environment, shivering, and possi-
bly, increased output of thyroxine. The hypothalamus has a central role in these thermoregulatory
responses.

The anterior/preoptic hypothalamus contains both warm- and cold-sensitive neurons. Warm-sensitive
neurons outnumber cold-sensitive neurons by a 3:1 ratio. Increased core temperatures are associated
with increased firing rates of warm-sensitive neurons, whereas cold-sensitive neurons increase their fir-
ing rates when core temperatures fall (1). Although much less significant in the maintenance of core tem-
perature, temperature sensors are also present in the skin and deep visceral tissues. In the skin, there are
ten times more cold receptors than heat receptors. Afferent pathways for thermal receptors in the skin
begin in the dorsal roots and ascend predominantly in the spinothalamic tract. Thermal receptors in deep
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tissues, such as the abdominal viscera, may course through the vagus and splanchnic nerves before
entering the central nervous system. Both skin and deep thermal receptor pathways terminate in the pre-
optic/anterior and posterior hypothalamic areas. The posterior hypothalamus integrates signals from the
skin, deep tissues, and preoptic/anterior hypothalamus. Integrated signals are compared with the set-
point for core temperature. The posterior hypothalamus then triggers autonomic responses appropriate
for temperature correction. Lesion and stimulation studies highlight the complex and interrelated roles
of the preoptic/anterior and posterior hypothalamus. Stimulation of the preoptic/anterior hypothalamic
area produces cutaneous vasodilatation and sweating, whereas stimulation of the posterior hypothalamus
causes vasoconstriction and shivering. In comparison, lesions of the preoptic/anterior hypothalamus
result in hyperthermia and impair the normal responses to environmental heat (i.e., sweating and cuta-
neous vasodilatation). Lesions of the posterior hypothalamus lead to hypothermia in cold environments
because heat conservation and generation mechanisms are impaired.

The intermediolateral and intermediomedial cell columns of spinal segments T1 to L3 of the spinal
cord are the origin of preganglionic sympathetic outflow. These preganglionic neurons receive first-
and higher-order control from cell groups in the hypothalamus and brainstem, including the rostral
ventrolateral medulla, rostral ventromedial medulla, caudal raphe nuclei, A5 noradrenergic cell group,
lateral and posterior hypothalamus, and periaqueductal gray and preoptic area (2). The axons of pre-
ganglionic neurons form the white rami communicantes that pass to the sympathetic trunk. Pregan-
glionic axons may synapse with postganglionic neurons in the sympathetic ganglia and rejoin the
spinal nerves as gray rami communicantes. Preganglionic axons may also ascend or descend the sym-
pathetic trunk before making synapses on postganglionic neurons. Other preganglionic fibers course
through the sympathetic ganglia and form the splanchnic nerves that synapse in the prevertebral gan-
glia. Acetylcholine is the neurotransmitter released at preganglionic synapses on postganglionic neu-
rons. It is also released by the postganglionic sympathetic innervation of sweat glands, whereas
norepinephrine is released by the vast majority of postganglionic nerves that innervate blood vessels.
Other neurotransmitters, particularly peptides, may be released in combination with either acetyl-
choline or norepinephrine.

1.3. Dopamine Effects on Thermoregulation
The potential role of dopamine in the modulation of neuronal activity in the preoptic/anterior hypo-

thalamus has been studied in a variety of model systems. When directly injected into the preoptic/ante-
rior hypothalamus of rats, the dopamine agonist, apomorphine, causes hypothermia. In contrast, local
injections of dopaminergic antagonists like haloperidol cause hyperthermia (3). An in vitro study by
Scott and Boulant (4) detailed the effects of dopamine on individual hypothalamic neurons; single-unit
activity was recorded from the preoptic/anterior hypothalamic area in rat tissue slices. Dopamine
excited 41% of warm-sensitive neurons and inhibited 100% of the cold-sensitive neurons. Dopamine
also decreased the thermosensitivity of the cold-sensitive neurons. Hasegawa and colleagues (5) used
in vivo microdialysis to monitor the levels of dopamine and its metabolites in the preoptic/anterior
hypothalamus of exercising rats. The levels of the dopamine metabolites 3,4-dihydroxyphenylacetic
acid and homovanillic acid increased during exercise. In aggregate, these experimental findings indi-
cate that dopaminergic innervation of the preoptic/anterior hypothalamus is involved in heat-loss
mechanisms. More recent work suggests that dopamine D1/D5 and D2 receptors may be independent
factors in thermoregulatory mechanisms (6,7).

2. TESTING THERMOREGULATORY MECHANISMS

2.1. Core and Skin Temperature
Human core temperatures undergo circadian fluctuations of up to 0.6°C. Core temperature is lowest

during sleep and, in most people, reaches its nadir at about 6:00 AM. Core temperature is highest in the
evenings and rises with physical activity. In women, core temperature rises during ovulation.
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Esophageal and bladder temperature-sensing devices may be superior to rectal probes for highly accu-
rate measures of core temperature (8). However, rectal temperatures are reliable enough for most rou-
tine clinical applications and more easily acquired in the outpatient setting. Oral temperatures are
typically 0.5°C below rectal temperatures and are relatively unstable during long-term recordings.
Axillary temperatures are not dependable, and tympanic membrane temperature measurements may be
compromised by cerumen, narrow external auditory canals, and tympanic membrane defects from pre-
vious trauma (9).

Contrary to core temperature, skin temperature may vary greatly from one body surface area to
another and is highly reliant on both environmental temperature and the body’s need to dissipate heat.
Skin temperature patterns can be analyzed in two ways: infrared pyrometry and infrared telethermo-
grahy. Pyrometry is the measurement of radiation emitted from an object. Pyrometers work without
making contact with the object of interest. An infrared pyrometer can be used to document skin tem-
peratures at several standard sites (e.g., forearm, thenar pad, hypothenar pad, distal pads of each finger,
thigh, anterior leg, dorsum of the foot, and each toe pad) on each half of the body. Alternatively,
infrared telethermography provides a more sophisticated color-coded digital representation of body-
surface temperatures. High-resolution digital images of the trunk, face, extremities, palmar surfaces of
the hands, and plantar surfaces of the feet can be obtained in minutes. Side-to-side differences of more
than 1°C are considered clinically significant.

2.2. Sudomotor Function

2.2.1. Sympathetic Skin Response
The sympathetic skin response (SSR) has also been called the somatosympathetic response because

the afferent component of its neural pathway is mediated predominantly by types 2 and 3 myelinated
fibers. Although a variety of stimuli can be used to elicit the SSR, many laboratories provide a shock
stimulus to the supraorbital or sural nerves. The efferent component of the SSR is mediated by the type
B and C sympathetic innervation of sweat glands. Using the standard electrophysiological equipment
typically used in nerve conduction studies, potentials are acquired from all four palmar and plantar
surfaces. On the hand, the cathode is placed over the second palmar interspace and anode is over the
pulp of the middle finger. On the foot, the cathode is placed over the second plantar interspace and the
anode is on the pulp of the second toe. Because the SSR is sensitive to a variety of environmental fac-
tors, the patient should be relaxed, the room should be very quiet and dimly lit, and the test should be
performed before other potentially painful neurophysiological studies (e.g., needle electromyography).
Voltage is recorded for 10 seconds. In a study by Knevzevic and Bajada (10), the average latency to
onset of the palmar and plantar responses was 1.5 and 2.1 milliseconds, respectively. In normals, an
early negative potential is followed by positive, then late long-duration negative potentials.

The SSR diminishes with age, and the plantar SSR may be absent in elderly subjects. The SSR also
habituates; repeat studies should be performed at intervals of at least 30 seconds. The SSR is widely
used in clinical neurology, and SSR abnormalities have been described in numerous diseases of both
the central and peripheral nervous systems. Unfortunately, this test suffers from poor sensitivity and
specificity in routine clinical application.

2.2.2. Quantitative Sudomotor Axon Reflex Test
The quantitative sudomotor axon reflex test (QSART) depends on the integrity of postganglionic

sympathetic sudomotor axons and sweat glands. The stimulus for the QSART is iontophoretically
applied acetylcholine (11). Acetylcholine activates the terminals of postganglionic sympathetic axons,
and the impulse is transmitted antidromically to a branch point and then orthodromically to activate
sweat glands. The QSART requires a multicompartment sweat cell; one compartment serves as the
stimulus compartment for delivery of acetylcholine and another for evaporation of sweat by nitrogen
gas. An intervening compartment blocks the diffusion of sweat between the stimulus and evaporation
compartments. Recordings are typically performed from multiple sites, such as the medial forearm,
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proximal leg, distal leg, and dorsum of the foot. The latency, duration, and amplitude of the response
are recorded. The QSART is both sensitive and reproducible.

The QSART is usually normal in purely central and preganglionic disorders, but it is frequently
abnormal in axonal neuropathies, as in diabetes. In early diabetic axonal neuropathy, only distal sites
(e.g., dorsum of the foot) may show QSART abnormalities. As distal axonal neuropathies progress in
severity, postganglionic failure may be detected at more proximal sites.

2.2.3. Thermoregulatory Sweat Test
The thermoregulatory sweat test (TST) provides a global assessment of the sympathetic sudomotor

pathway (12,13). A normal TST requires the integrity of high-order centers in the hypothalamus and
brainstem, intermediolateral cell columns, white rami communicantes, sympathetic ganglia, postgan-
glionic neurons, and sweat glands. To perform the TST, an indicator powder (one part alizarin red, two
parts corn starch, one part sodium carbonate) is first applied to the unclothed body surface. The pow-
der is light orange when dry and purple when wet. The subject is then enclosed in a chamber at 45 to
50°C with a relative humidity of 35 to 40%. Oral temperature is continuously monitored throughout
the procedure and should not exceed 38.5°C. Under these conditions, a heating time of 30 to 45 min-
utes is required to elicit a maximal sweat response. A digital camera is used to photograph the body
and provide a permanent record of sweating patterns. An image analysis program can then be used to
determine the percentage of anterior body surface anhidrosis (%TST).

When used in combination with the QSART, the TST can determine whether an abnormality is pre-
ganglionic or postganglionic in most circumstances. However, it is important to note that the trans-
synaptic effects of longstanding preganglionic lesions can impair postganglionic sympathetic
sudomotor function (12,14). The TST may be used to evaluate sudomotor dysfunction in a variety of
neurological diseases, including hypothalamic structural lesions, spinal cord pathology (e.g., vitamin
B12 deficiency, syrinx, traumatic myelopathy, multiple sclerosis), neurodegenerative disorders, such as
multiple system atrophy (MSA), and disorders of the peripheral nervous system (e.g., diabetes, amy-
loidosis, and other small-fiber neuropathies). In patients with compensatory regional hyperhidrosis,
the TST can be used to demonstrate anhidrosis in other body regions.

2.2.4. Silastic Sweat Imprint Test
The silastic sweat imprint test (SSIT) directly measures the sweat gland response to a muscarinic

agent, pilocarpine. Denervated glands fail to respond. In many laboratories, acetylcholine is used in
place of pilocarpine, although sweating in response to acetylcholine reflects the stimulation of both
muscarinic and nicotinic receptors. After intradermal injection of pilocarpine, sweat imprints are
formed by the secretion of active sweat glands into a plastic (Silastic) imprint. Following removal, the
indentations in the Silastic material can be examined with a microscope, photographed in either digital
or analog format, and analyzed with a variety of morphometric software packages. The test can deter-
mine sweat gland density, sweat droplet size, and sweat volume per area. Denervated sweat glands
lose their sudomotor response to pilocarpine.

The SSIT is sensitive, reproducible, and complements the QSART. The QSART detects postgan-
glionic sudomotor dysfunction among a population of sympathetic axons and sweat glands. In con-
trast, the SSIT method provides quantitative information about individual sweat glands. The QSART
may be more sensitive than the SSIT method for detection of early autonomic neuropathy.

2.2.5. Quantitative Thermoregulatory Sweat Test
Subjects are acclimatized to a room with stable temperature (40°C) and humidity (40%) for 30 min-

utes (15). Local sweat rates are measured using the ventilated capsule method. Plastic capsules are
attached to two skin-recording areas (forearm and thigh) and connected to plastic tubing. Low-humid-
ity air is passed at a constant flow rate through the capsule, and changes in relative humidity are mea-
sured using capacitance hygrometry. Resting sweat rates and the frequency of sweat expulsions are
measured for 10 minutes from the two recording sites. Thyrotropin-releasing hormone (TRH) is then
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infused while the resting sweat rates and frequency of sweat expulsions are measured for another 10
minutes. Control subjects show significant increases in sweat rates and number of sweat expulsions
during infusion of TRH.

2.3. Skin Blood Flow
Laser Doppler flow meters can be used to measure skin blood flow before, during, and after auto-

nomic maneuvers (16). Modern laser Doppler flow meters provide real-time assessment of perfusion in
very small volumes of tissue (1 mm3). Changes in blood flow are measured in response to perturbations
intended to increase or decrease sympathetic innervation of the cutaneous vasculature. Measurements
are frequently acquired from the finger and toe pads because sympathetic activity in these areas is lim-
ited to vasoconstriction. Simultaneous continuous noninvasive measurements of blood pressure and
laser Doppler perfusion from the forearm allow for calculation of cutaneous vascular resistance in
response to both sympathetic vasoconstrictor (deep inspiration and foot immersion in cold water) and
vasodilator (postischemic reactive hyperemia and heating of the body) responses (17).

3. CLINICAL MANIFESTATIONS OF THERMOREGULATORY 
DYSFUNCTION IN PD

3.1. Heat and Cold Intolerance
Heat and cold intolerance are both difficult to define and fairly common in the elderly population. A

person with heat intolerance may feel unusually hot and dizzy after vigorous activity or on a torrid
summer day. Other manifestations of heat intolerance may include flushing, malaise, and generalized
weakness. Cold intolerance is seemingly a more common complaint noted on review of systems. How-
ever, cold intolerance is usually interpreted by patients to mean an inability to keep their hands and
feet warm, particularly in cold weather. A more significant manifestation of cold intolerance would be
difficulty maintaining core temperature with associated weakness and dulling of consciousness in
chilly environments. One report suggests that Parkinsonian patients may have an increased suscepti-
bility to hypothermia (18). A comprehensive autonomic symptom survey in PD analyzed the relative
frequency (1 day/week to 7 days/week) of subjective heat and cold intolerance in patients who had PD
in comparison to age-matched controls (19). On average, cold intolerance was more common in the
PD group, but this result did not reach statistical significance. In contrast, no differences were found
between patients with PD and age-matched controls in heat intolerance.

3.2. Paroxysmal Hyperhidrosis and Other Sweating Abnormalities
Sweating (i.e., sudomotor) abnormalities were included in early descriptions of PD prior to the

availability of levodopa (20,21). More recently, patients have reported that sweating abnormalities
may antedate their initial diagnosis of PD. Ray Kennedy, for example, a renowned soccer player in
England during the 1970s, exhibited “unprovoked bouts of perspiration accompanying feelings of
heat” before his PD was diagnosed and then treated with levodopa (22). Most studies indicate that
sweating abnormalities increase in severity with declining motor function in PD. Both hypohidrosis
and hyperhidrosis have been described in PD. Hypohidrosis is most common in the lower extremities;
hyperhidrosis, if present, tends to occur in the upper trunk, neck, and face. Head and neck hyperhidro-
sis could be a compensatory response to impaired sweating in other body regions (23). However, in
some patients with PD, profuse sweating may seemingly involve the entire body surface.

Hyperhidrosis may occur on a paroxysmal basis with the paroxysms being triggered by “off” peri-
ods. Sage and Mark (24) described copious sweating during “off” periods in four patients with
advanced PD. Plasma levodopa concentration was measured in one of their patients and correlated
with clinical signs. Drenching sweats started just before the noted decline in plasma levodopa levels
and continued into the motor “off” period for about 1 hour.



Thermoregulatory Dysfunction 165

Dry skin (i.e., xerosis), especially in the lower extremities, is a common complaint among patients
with PD. Manifestations may include redness, dry scaling, pruritus, and fine crackling. Dry skin is
likely a manifestation of appendicular sudomotor dysfunction in PD.

3.3. Levodopa and/or Dopamine Agonist-Withdrawal Neuroleptic 
Malignant-Like Syndrome

The NMS most commonly occurs 4–14 days after therapy initiation with a neuroleptic; approxi-
mately 90% of NMS cases occur within 10 days of neuroleptic initiation. Although the clinical spec-
trum of NMS is broad, certain features are necessary to make a diagnosis: hyperthermia (>38°C),
muscular rigidity, delirium, and autonomic dysfunction. Autonomic features may include hyperten-
sion, hypotension, tachycardia, diaphoresis, sialorrhea, and incontinence. Rhabdomyolysis with ele-
vated creatinine kinase is present in many cases; renal failure may result. An NMS-like syndrome may
occur after the withdrawal of levodopa and/or dopamine agonists. Concomitant use of either lithium or
anticholinergics increases the risk of both NMS and NMS-like syndromes.

In patients with PD, an NMS-like syndrome may occur during “off” periods (25), following reduc-
tion in levodopa or dopamine agonist therapy (26,27), and even during the premenstrual period,
despite the lack of levodopa withdrawal (28). The average age was 72 years, and mean disease dura-
tion was 9.5 years in a recent series of 11 patients with PD who developed an NMS-like syndrome
after sudden discontinuation of levodopa therapy (29). In this series, the NMS-like syndrome appeared
at a mean latency of 93 hours after stopping levodopa.

The first and most important component of treating the NMS-like syndrome in patients who have PD,
is immediate reinstitution of therapy with levodopa and/or a dopamine agonist. Patients with an NMS-like
syndrome must be closely monitored in an intensive care unit. A nasogastric feeding tube should be
inserted if the patient is delirious and unable to take medications orally. If available, apomorphine can be
administered until a feeding tube can be used or in patients with upper gastrointestinal dysfunction (e.g.,
anatomical obstruction and recent laparotomy). The serum creatinine kinase and urine myoglobin should
be checked for evidence of muscle necrosis. Urine output should be monitored with an indwelling
catheter. It is important to correct volume depletion and hypotension with intravenous fluids. Methods to
reduce body temperature include cooling blankets and oral or rectal acetaminophen. Benzodiazepines can
be can be used to calm the agitated patient. Dantrolene has been used in patients with NMS to reduce
rigidity and lessen the severity of rhabdomyolysis. Forced diuresis with a mannitol drip can prevent renal
failure in patients with laboratory evidence of rhabdomyolysis. Clinical outcomes are good in the major-
ity of patients who receive proper intensive medical management.

3.4. Seborrhea and Seborrheic Dermatitis
Seborrheic dermatitis is a red, scaly, itchy rash that most commonly occurs in areas that have the

highest concentration of sebaceous glands, such as the nose, eyebrows, eyelids, behind the ears, and
middle of the chest. Seborrhea is oiliness of the skin, particularly of the face and scalp, without asso-
ciated redness or scaly rash. Seborrhea and seborrheic dermatitis are more common in PD than in age-
matched controls. The etiology and pathophysiology of seborrhea and seborrheic dermatitis are
poorly understood. A variety of factors, including androgens, lipophilic Malassezia yeast, and dys-
function of the central and peripheral nervous systems, may contribute to the development of sebor-
rheic dermatitis.

The pathophysiology of seborrheic dermatitis is peripherally related to thermoregulation in PD. The
sebaceous glands secrete sebum, an oily substance that helps prevent sweat loss from the skin and thus
contributes to thermoregulation. Sebum is a component of the hydrolipid system that is partly respon-
sible for the skin’s barrier function. The hydrolipid system consists of sweat, sebum, and other mois-
turizing factors (e.g., urea). Sebum helps keep the skin pliable and crack-free and prevents the hair
from becoming brittle and split. In essence, sebum “waterproofs” the skin and hair.
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The development of seborrhea and seborrheic dermatitis is somehow related to dopamine defi-
ciency. For example, seborrheic dermatitis is quite common in patients with neuroleptic-induced
Parkinsonism (30). Anecdotal evidence suggests that improvement in parkinsonian motor dysfunction
shown with levodopa and/or dopamine agonists may be associated with corresponding improvement
in seborrheic dermatitis. Finally, quantitative methods have been used to prove that levodopa and the
dopamine agonist, bromocriptine, reduce sebum production in patients with PD (31–33).

Cutaneous vascular instability, particularly on the face, may occur in up to one third of patients with
PD and may coexist with seborrheic dermatitis (34). Interestingly, there is an anatomical overlap
among hyperhidrosis, seborrhea, and cutaneous vascular instability in patients with PD. Cranial hyper-
hidrosis and cutaneous vascular instability are possibly associated with the development of seborrheic
dermatitis.

4. THERMOREGULATORY TEST ABNORMALITIES IN PD

Sudomotor and other thermoregulatory test abnormalities are present in many patients with PD (see
Table 1). In early PD, test abnormalities are mostly consistent with central and preganglionic auto-
nomic dysfunction. In more advanced PD, an increasing percentage of patients will additionally show
evidence of postganglionic sympathetic abnormalities. As in most other neuropathies, the postgan-
glionic sympathetic neuropathy in PD initially becomes manifest in the longest axons (i.e., those to the
distal lower extremities). Given that idiopathic PD is most appropriately classified as a neurodegener-
ative syndrome with variable and broad expressivity, it is not surprising that even within a particular

Table 1
Tests of Sudomotor Function in Parkinson’s Disease

Pathway (s) Findings in 
Name Technique analyzed Parkinson’s disease References

Sympathetic skin Record palmar and Types 2 and 3 Incidence of absent (38,41,42)
response (SSR) plantar current mechano-receptor or diminished 

change in response afferents and sympa- responses that increase 
to shock stimulus thetic efferents with increasing 

disease severity
Quantitative sudo- Measure sweat vol- Postganglionic sympa- Mildly abnormal, in (37,55)

motor axon ume and latency of thetic innervation general, and degree of 
reflex test response to of sweat glands abnormality increases 
(QSART) iontophoresis of with disease severity

acetylcholine
Thermoregulatory Apply indicator Central and peripheral Patchy or mainly lower (23,35–37,

sweat test powder to whole sudomotor pathways extremity anhidrosis or 43)
(TST) body prior to whole- hypohidrosis in the 

body heating majority of patients
Silastic sweat Obtain imprints of Postganglionic sympa- Mean total volume and (41,42)

imprint test sweat droplets after thetic innervation of sweat droplet density 
(SSIT) iontophoresis of sweat glands lower in PD

pilocarpine or 
acetylcholine

Quantitative Measure resting sweat Central and peripheral Absent response to TRH (40)
thermo- rate and frequency sudomotor pathways, in early PD
regulatory sweat of sweat expulsions including hypothal-
test (QTST) before and after amic control centers

infusion of TRH

TRH, thyrotropin-releasing hormone.
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Hoehn and Yahr (H & Y) stage, sudomotor testing will be normal in some patients and yet strikingly
abnormal in others. Therefore, thermoregulatory testing may not be particularly useful for diagnosing
PD in an individual patient but may supply information important for the clinical management of a
patient already diagnosed with PD based on standard clinical criteria.

The TST was used in two early studies of autonomic dysfunction in PD. Appenzeller and Goss (23)
reported a normal TST in 8 of 18 patients with PD; the remaining patients had almost complete
anhidrosis on the trunk and limbs with hyperhidrosis on the face. The authors suggested that the facial
hyperhidrosis was a compensatory response to anhidrosis elsewhere on the body. In the same year,
Aminoff and Wilcox described patchy impairment of the TST in 4 of 11 patients with PD (35).

In 1986, Goetz and colleagues published their studies of autonomic function in 31 patients with PD
(36). Average patient age, disease duration, and H & Y stage were 61 years, 123 months, and 3.1,
respectively. Findings were compared to those of 10 age-matched controls. Skin temperature after heat
stress, measured while patients were off medication, was lower in the PD group than in controls. Off-
medication head and neck sweating, as indicated with TST, was significantly greater in the PD group.
In contrast, there were no differences in skin temperature and sweating between the control group and
patients with PD on medication, thereby showing a substantial role for dopaminergic neurotransmis-
sion in thermoregulation. A study of 35 carefully selected PD patients with the TST at the Mayo Clinic
revealed a mean anterior hypohidrosis of about 40% (37). Of these 35 patients, 50% had H & Y stage
III disease, approximately 30% had stage IV disease, no one had stage V disease, and the remainder
had either stage I or II disease.

Quantitative measures of sweating using instrumentation that generates continuous dependent vari-
ables (evaporimetry and capacitance hygrometry) also show that patients with PD sweat more in the
head and neck region than age-matched normal subjects. Patients who have PD also tend to exhibit
lower extremity hypohidrosis, particularly as their disease progresses. Also consistent with distal sym-
pathetic dysfunction, foot temperature may be colder in patients with PD than in controls (38). Turkka
and Myllylä (39) found that sweating in the upper body parts was greater in patients with PD than in
controls both before and after heating. Upper body relative hyperhidrosis also ascended with increas-
ing disease severity. Patients who had PD sweated less on the foot than the control subjects after a 5-
minute heating stimulus.

In early PD, sweating abnormalities are both less frequent and less severe. For example, Kihara and
coworkers (40) measured local sweat rates on the forearm and thigh in 10 patients with early PD (H & Y
stages I and II) and found that forearm sweat rates were virtually identical to control values. In distinc-
tion, the control group had a higher average thigh sweat rate than the PD group, but this difference did
not reach statistical significance. A quantitative thermoregulatory sweat test (QTST) was included in the
same study, and it was found that patients with early PD failed to increase local sweat rates with TRH
infusion. This result is intriguing and suggests the need for additional testing with a larger cohort of
patients to establish the reproducibility, sensitivity, and specificity of the QTST as a marker of early PD.

Several groups have demonstrated SSR abnormalities in PD (38,41,42). Because the SSR is medi-
ated by both central and peripheral autonomic pathways, it can be loosely interpreted as a general mea-
sure of sudomotor integrity. The incidence of abnormal SSRs increases and response amplitudes
decrease with rising H & Y stages and United Parkinson’s Disease Rating Scale scores. In PD, therapy
with levodopa or dopamine agonists has no significant effect on the SSR (38,42). SSR abnormalities
are more pronounced on limbs with greater motor dysfunction (e.g., tremor, rigidity) than on their con-
tralateral, less impaired, counterparts (38).

Asymmetrical thermoregulatory test abnormalities in patients with asymmetrical motor signs have
been reported by some (38,42) but not all investigators (36,39). De Marinis et al. (43) reported both
asymmetrical sweating and facial telethermography in patients who had PD. In their study, facial cuta-
neous dilatation was induced by sublingual administration of nitroglycerin. Facial telethermography
was performed at baseline and at 15 and 30 minutes after nitroglycerin administration. Both sweating
and cutaneous facial dilatation were reduced in patients with PD. Decreased heat elimination and



168 LeDoux

sweating were more pronounced on the hemibody (arms and legs) with greater motor dysfunction. As
initially described by Gowers (20), excessive head and neck sweating in patients with PD may only
involve the parkinsonian side of the body. Therefore, asymmetrical head and neck sweating in PD may
be a compensatory response to asymmetrical hypohidrosis elsewhere. Asymmetric autonomic dys-
function has also been described in patients with strokes and other focal structural abnormalities of the
central nervous system (44–46). Lesions of the hypothalamus are associated with contralateral hyper-
hidrosis (45,46). It is possible that dopaminergic projections to the preoptic/anterior hypothalamus
and/or the posterior hypothalamus are defective ipsilateral to the side of the brain with greater
dopaminergic cell loss. Alternatively, the activities of cortical-hypothalamic projections that contribute
to thermoregulation are distorted by defective signaling within cortical-basal ganglia loops.

Postganglionic sympathetic innervation of sweat glands, as measured by the QSART and SSIT,
may show abnormalities in PD, particularly in more advanced stages of the disease. In the study of 35
patients with PD from the Mayo Clinic cited previously, the QSART was 37% abnormal at the forearm
and 40% abnormal at the foot (37). However, the QSART abnormalities were mild in most patients
who had PD. In two studies, SSITs were used to show the decreased total sweat volume and sweat
droplet density in patients with PD in comparison to age-matched controls (41,42). In the report by
Mano and colleagues, the average sweat volume per gland was 0.0143 mm3 in patients with PD (1, H
& Y stage I; 11, H & Y stage II; 11, H & Y stage III; 11, H & Y stage IV; 0, H & Y stage V) and 0.0327
mm3 in controls (41). Mean total sweat volume was 3.6 mm3 per cm2 in PD patients and 11.9 mm3 per
cm2 in controls.

5. PATHOLOGICAL BASES FOR THERMOREGULATORY 
DYSFUNCTION IN PD

The thermoregulatory test abnormalities and clinical manifestations of thermoregulatory dysfunc-
tion in PD suggest the presence of widespread neural pathology that encompasses both preganglionic
neurons and sympathetic ganglion cells as well as higher-order autonomic centers in the brainstem and
hypothalamus. Postmortem pathological findings provide the anatomical basis for specific sudomotor
and other thermoregulatory findings in PD. Because neuronal loss occurs at sites where Lewy bodies
are numerous, Lewy bodies have been used as a marker for neuronal degeneration in PD. All compre-
hensive pathological studies have shown that Lewy bodies are not limited to the substantia nigra, pars
compacta. Clearly, PD is not a disease restricted to midbrain dopamine neurons. In fact, the earliest
pathological descriptions of PD noted the presence of Lewy bodies within an important component of
the central autonomic nervous system—the dorsal motor nucleus of the vagus nerve (47). Den Hartog
Jager and Bethlem (48) emphasized the widespread distribution of Lewy bodies in their seminal
pathological study of PD, being detected in the sympathetic ganglia in five of six PD cases. In the cen-
tral nervous system, there were several Lewy bodies in the locus ceruleus, hypothalamus, and brain-
stem. In four cases, Lewy bodies were found in the lateral horns of the spinal cord. Den Hartog Jager
and Bethlem stated, “…we believe that every investigation into the pathogenesis of idiopathic paraly-
sis agitans will have to make allowance for this widespread neuronal degeneration.”

Subsequent postmortem pathological studies corroborated and expanded on previous findings in PD.
Rajput and Rozdilsky (49) examined the brains from six patients with PD, one with MSA, and one con-
trol. Lewy bodies in sympathetic ganglia were seen in five of the PD cases; using nonstereological meth-
ods, associated ganglion cell loss was present in three of these cases. Intermediolateral cell column Lewy
bodies were prominent in the MSA case but were detected in only one of the six PD cases. In sympathetic
ganglia from PD, Lewy bodies are certainly a symbol of neurodegeneration, not a trivial consequence of
aging. Forno and Norville (50) examined the stellate ganglia from 9 patients with PD, 9 patients with
Parkinsonism without nigral Lewy bodies, and 17 controls. Stellate ganglia Lewy bodies were limited to
the PD cases. In a more recent study, Lewy bodies in the paravertebral sympathetic ganglia were found in
28 of 30 PD cases, but in only 5 of 60 non-Parkinsonian controls over age 60 years (51).
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Although less severe than that noted in MSA cases (52), neuronal loss within the intermediolateral
cell column of the spinal cord has been well-documented in PD, despite a relative paucity of Lewy
bodies (53). In a study of 25 PD and 25 control cases, there was a 31% relative reduction of neurons
within the intermediolateral cell column at the second thoracic segment in the PD cases. A more strik-
ing 63% reduction in neurons was seen at the ninth thoracic segment.

In addition to the substantia nigra, locus ceruleus, and dorsal motor nucleus of the vagus (49), a
report by Langston and Forno (54) indicates that Lewy bodies are also consistently found in the hypo-
thalamus. In their study of 30 PD brains, at least 2 Lewy bodies were identified in each hypothalamus.
More than 60 Lewy bodies were detected in 6 of the brains. Lewy bodies were concentrated in the
tuberomamillary, lateral, and posterior hypothalamic nuclei. Degeneration in the posterior hypothala-
mus could explain some of the thermoregulatory abnormalities in PD. It is noteworthy that shivering,
which is controlled by the posterior hypothalamus, was shown to be severely impaired in one patient
who had PD and was exposed to experimental lowering of body temperature (18).

6. THERMOREGULATORY TESTING TO DIFFERENTIATE PD FROM OTHER
NEURODEGENERATIVE DISORDERS

In an individual patient, testing of thermoregulatory function or even autonomic function generally
may not distinguish patients with PD from those with other neurodegenerative disorders, such as MSA
(55), progressive supranuclear palsy (PSP), the Guamanian Parkinsonism-amyotrophic lateral sclero-
sis (ALS)-dementia complex, and cortical-basal ganglionic degeneration. Nevertheless, when coupled
with a careful history and physical examination, magnetic resonance imaging, and additional neuro-
physiological studies (e.g., electronystagmography, electromyography), tests of thermoregulatory
function, particularly sudomotor function, can assist PD diagnosis and, in a very high percentage of
cases, allow for accurate differentiation of PD from other, less common, disease processes.

Delineation of MSA from PD is a major diagnostic dilemma for both general neurologists and spe-
cialists in movement disorders. Because first-rate facilities for testing autonomic function are not
available at many medical centers, neurologists at these sites rely heavily on clinical clues to differen-
tiate PD with autonomic dysfunction from MSA, such as: (1) good response to carbidopa/levodopa,
(2) presence of a resting tremor, (3) asymmetry of motor signs, (4) absence of significant anterocollis,
(5) absence of upper motor neuron signs, and (6) absence of the “cold hands sign” (56). Unfortunately,
even highly skilled clinicians have difficulty distinguishing some cases of PD from MSA. When avail-
able, thermoregulatory testing may provide additional evidence supporting one diagnosis or the other.
These tests range from simple bedside tests to complex overnight studies. Index-finger temperature
can be measured in the clinic with a routine digital thermometer. In one study, mean (± standard devi-
ation) index finger skin temperatures were 29.5 ± 3.9°C in 9 patients with MSA, 32.6 ± 0.9°C in 10
patients with PD, and 32.2 ± 1.1°C in 10 age-matched control subjects. Values from five of the MSA
patients were within the range of patients with PD and controls. On average, patients with MSA are
more likely than those with PD to exhibit severe abnormalities on thermoregulatory tests, e.g., QSART
and TST, that are commonly performed in specialized autonomic function laboratories (37,57,58).
Specifically, in one study, mean anterior anhidrosis was nearly 90% in a group of 75 patients with
MSA undergoing the TST (37). The SSR can be performed in most neurology clinics with standard
electromyography equipment and is also more likely to be absent or markedly diminished in MSA
than in PD (58,59). Contrasting to PD, TRH may enhance sweating in MSA (15,40). Finally, long-term
measurement of core temperature with a rectal probe has shown that the normal nocturnal fall in core
temperature is blunted in MSA patients (60). Certainly, a patient is unlikely to have idiopathic PD if
not treated with levodopa or a dopamine agonist and with minimal or absent resting tremor, mild sym-
metric rigidity, cold digits, absent SSRs, and marked anhidrosis as documented with a QSART.

To prevent potential diagnostic confusion, it is important to recognize that thermoregulatory testing
may also be abnormal in other, less typical, neurodegenerative disorders, e.g., PSP and the Guamanian
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Parkinsonism-ALS-dementia complex. Low and colleagues at the Mayo Clinic examined autonomic
function in 16 Guamanian Parkinsonism-ALS-dementia complex patients (61). Deficits in postgan-
glionic sudomotor function (i.e., QSART) were greater in the Guamanian Parkinsonism-ALS-demen-
tia complex patients than in non-Guamanian PD, but less severe than that seen in MSA. In a series of
12 PSP patients with moderate to advanced disease, average anterior anhidrosis on the TST and per-
cent abnormality on the QSART were slightly more than that found in a group of 35 patients who had
PD of H & Y stages I–IV (37). It is doubtful that thermoregulatory testing would be very useful in dis-
tinguishing early PSP from early PD.

7. TREATMENT OF THERMOREGULATORY DYSFUNCTION IN PD

7.1. Cold Intolerance
Patients with cold intolerance should be informed of several common sense approaches in dealing

with cold weather conditions. Most importantly, they must wear warm socks, mittens, or gloves, and
the head should be covered with a wool hat or cap. In windy conditions, the head, neck, and upper
chest should be protected with a hood and scarf, windbreaker jacket, or other suitable apparel. If walk-
ing through snow, it is important to wear waterproof shoes to keep the feet dry. Cigarette smoking
should be avoided, as smoking can impair circulation in the hands and feet. Finally, patients should be
encouraged to wear several layers of clothing; one or more layers can be easily peeled off indoors.

7.2. Heat Intolerance
Anticholinergics (e.g., benztropine and trihexyphenidyl) and other medications with anticholinergic

effects, such as diphenhydramine and tricyclic antidepressants, should be avoided in patients with heat
intolerance. These patients should be instructed to limit physical activity in hot or humid environments
and make a special effort to keep well-hydrated during warmer months. For example, they should not
mow their lawn during the early afternoon of a hot summer day. Outdoor activities should be limited to
the early morning and late afternoon or evening. A wide-brimmed hat limits exposure to direct sun-
light, and loose lightweight clothing allows convection to occur. Patients taking diuretics should be
particularly cautious in hot environments.

7.3. Hyperhidrosis
Because head and neck hyperhidrosis may be an appropriate thermoregulatory compensatory

response to appendicular sudomotor dysfunction, it should not be specifically treated. However,
patients can carry a handkerchief to wipe sweat from their foreheads and avoid wearing shirts with a
tight collar. Episodic hyperhidrosis that occurs at the onset of motor “off” periods may improve with
adjustments in dopaminergic therapy, such as addition of a dopamine agonist (24), closer spacing of
levodopa dosing, and use of a catechol-O-methyltransferase inhibitor.

7.4. Dry Skin (Xerosis)
Emollients containing either 40% urea (Carmol 40®) or 12% ammonium lactate (Lac-Hydrin®) are

effective for xerosis. In one study, clinical improvement occurred in less time with the 40% urea cream
than with the 12% ammonium lactate cream (62). Both Carmol 40® and Lac-Hydrin® are available as
either a lotion or a cream. These medications should be thoroughly rubbed into affected areas twice
daily. A positive clinical response may require a range of several days to a week or more of applica-
tions.

7.5. Seborrheic Dermatitis
Low-potency topical corticosteroids (e.g., 1% hydrocortisone cream) are frequently used to treat

seborrheic dermatitis and usually decrease erythema and flaking. Unfortunately, the benefits of corti-
costeroids are often transient with recurrence of seborrheic dermatitis within days after discontinua-
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tion of topical corticosteroid application. The antimycotic, ketoconazole, is more efficient than topical
corticosteroids to treat seborrheic dermatitis and greatly increases the time to recurrence (63). Keto-
conazole is available in both topical cream and shampoo forms. Ketoconazole cream (2%) should be
applied to affected areas twice daily for 4 weeks or until clinical clearing. Oral antimycotics, e.g.,
terbinafine, can be used with substantial efficacy in the more severe cases of seborrheic dermatitis
(64).
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Respiratory Dysfunction

Holly A. Shill

SUMMARY
Pulmonary complications remain a primary cause of morbidity and mortality in Parkinson’s disease (PD).

Obstructive and restrictive airway deficits are related to disordered motor control of the respiratory muscula-
ture. Although this may sometimes lead to overt symptoms, such as stridor and respiratory failure, it more
commonly results in silent aspiration and atelectasis, predisposing patients to pneumonia. Anti-Parkinson med-
ications may produce pulmonary side effects (e.g., pleuropulmonary fibrosis associated with ergot-based
dopamine agonists). Finally, motor fluctuations in patients with advanced PD may affect the respiratory sys-
tem. Recognizing these pulmonary complications will assist the clinician in appropriately managing the dis-
ease and potentially reducing the impact of the abnormal respiratory system on the overall health of the patient
with PD.

Key Words: Parkinson’s disease; upper airway obstruction; restrictive abnormality; stridor; pleuropul-
monary fibrosis; respiratory dyskinesia; hypophonia.

1. INTRODUCTION

In 1817, James Parkinson described a man who spoke “with such a low voice and indistinct articu-
lation, as hardly to be understood but by those who were constantly with him. He fetched his breath
rather hard” (1). Thus, involvement of the airway and respiratory apparatus has been appreciated since
the original description of the shaking palsy. In the early reports on morbidity and mortality in Parkin-
son’s disease (PD), pneumonia was a common cause of early death (2). More recently, reports indicate
that, although patient lifespan is improving with optimal medical management, pulmonary complica-
tions remain the most frequent cause of death (3–6). Clinician attention to these prevalent complica-
tions is therefore paramount. Many of the clinical aspects of respiratory dysfunction in PD discussed
in this chapter are, in actuality, related to underlying Parkinsonian motor dysfunction in some manner,
but they are often evaluated and treated by non-neurologists and consequently remain appropriate sub-
jects for consideration and discussion under the rubric of nonmotor dysfunction in PD.

2. HYPOPHONIA

Dysarthria with hypophonia, owing to bradykinesia and rigidity of the vocal cords, is common and
can be considered a cardinal sign of PD (7). Its severity can be graded both in terms of subjective per-
ception of difficulties by the patient and objective findings on clinical examination. More than 70% of
patients experience problems with speech, and 30% find the difficulty to be the most debilitating
aspect of their disease (8,9). Patients are often reluctant to speak in front of others, talk on the tele-
phone, or go out socially because they fear the difficulty in being understood.
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Strategies to improve vocal quality have been quite broad. Neurologists generally approach the
problem by manipulating dopaminergic medications, and speech ability typically responds to this to a
certain extent. Simple speech therapy has been used, as well as more specific therapies designed to cir-
cumvent the abnormal basal ganglia circuitry in PD. A therapy program, termed the Lee Silverman
Voice Treatment, focuses on “think loud, think shout” and may change the neural control of speech to
a more “reflex” production of speech (10). A second method, the Pitch Limiting Voice Treatment, may
improve speech without the straining associated with the previous method (11). Although otolaryngol-
ogists have used permanent therapies to augment voice, such as laryngoplasty and alloplastic or autol-
ogous vocal cord injections, evidence for their efficacy in PD is limited. Percutaneous collagen
injection into the vocal cords may offer a more tolerable, albeit nonpermanent, option for patients
(12,13). Neurosurgical approaches, e.g., pallidotomy and deep-brain stimulation of the thalamus and
subthalamic nucleus, are beneficial for many PD symptoms and signs, yet are typically less helpful for
hypophonia. In fact, bilateral therapies and unilateral gamma knife therapy may have an unacceptable
adverse effect on speech (14–17). Therefore, patients should be appropriately counseled regarding
expectations with these surgical therapies and their potential effect on voice.

3. OBSTRUCTIVE COMPLICATIONS

In initial reports, a lower airway obstructive defect, similar to chronic obstructive pulmonary dis-
ease, was thought to be the prominent ventilatory abnormality in PD (18,19). If symptomatic, this is
manifest clinically as wheezing and decreased expiratory flow rate. However, with a combination of
improved medical therapies, better patient characterization, and control for obstructive risk factors
(e.g., smoking), this entity is now known to be less common than previously thought.

Attention has subsequently shifted to upper airway obstruction, manifest clinically as stridor. There
are two typical obstructive patterns of the upper airway associated with PD (20). Type A, termed “res-
piratory flutter,” shows an oscillatory pattern on a flow-volume loop with a frequency similar to
tremor. This pattern results from vibration of the vocal cords and supraglottic structures, rather than
diaphragmatic oscillations. Type B has irregular and abrupt changes in airflow, sometimes with inter-
mittent complete obstructions and may be owing to both upper airway obstruction and poor control of
the ventilatory pump. Both patterns are believed to be the consequence of poor basal ganglia control of
the striated muscles of the ventilatory system. In an early study of 21 patients with PD, 12 had a type A
pattern and 6 a type B pattern. One third of patients met respiratory criteria for upper airway obstruc-
tion (UAO). Only four patients had respiratory symptoms. Patients with airway obstruction had more
advanced PD, as measured by Hoehn and Yahr staging. Many of the patients in this study were smok-
ers, and PD medications were not controlled, which necessitates caution in interpreting this study. In a
second, similarly performed study of 31 nonsmoking, respiratory symptom-free patients with
advanced PD, a type A pattern was present in 4 and a type B pattern in 16; 9 displayed UAO (21).
Patients in this study were on levodopa treatment. This suggests that even asymptomatic, medically
managed patients may have subclinical evidence of UAO.

Based on these early studies, UAO has been generally considered to be relatively asymptomatic
and present primarily in more advanced and sedentary patients who have PD. Consequently, it has
received little clinical attention. However, it is important to recognize its presence, because it may
have significant relevance in patient management. Stridor may be a presenting symptom of PD and
respond to levodopa (22). Stridor and respiratory failure may also result from abruptly stopping
dopaminergic medication (23–25). Such reports have fueled further study into the effects of medica-
tion on respiratory function. Both levodopa and dopamine agonists may improve ventilatory parame-
ters, particularly UAO (26–28). Patients undergoing spirometry show a much higher prevalence of
UAO while off levodopa therapy in comparison to during therapy (29,30). In patients with the combi-
nation of poor upper airway control and sensitivity to dopaminergic medications, withdrawal of oral
medications near the time of surgery might contribute to the higher frequency of aspiration pneumo-
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nias and longer hospital stays seen in surgical patients with PD (31). Thus, this “asymptomatic” abnor-
mality, coupled with an impaired cough reflex (32), might be more relevant from a clinical standpoint
than previously thought.

Careful attention to the manipulation of PD medications is important pertaining to the upper air-
way. Every attempt should be made to continue PD medications through any type of procedure or
surgery (33). In the outpatient setting, doses should be changed gradually in an effort to reduce these
types of respiratory complications.

Finally, upper airway obstruction and central hypoventilation are associated with the Parkinsonism-
plus syndrome—multiple system atrophy (MSA; 34,35). Autonomic insufficiency, clinically manifest
as impotence, incontinence, and orthostatic hypotension, eventually develops in most individuals with
MSA. MSA is characterized by poor response to PD medications. Stridor occurring in the MSA setting
is generally also not responsive to PD medications and is a poor prognostic sign (36). Patients should
be counseled appropriately after developing this sign because of its poor prognosis, and tracheostomy
should be considered.

4. RESTRICTIVE ABNORMALITIES

Restrictive abnormalities of the pulmonary apparatus in PD have also been recognized. Chest-wall
muscles may develop bradykinesia and cocontraction with a consequent increase in chest-wall compli-
ance (29). The intercostal and scalene muscles may also develop a tremor pattern, which contributes to
decreased coordinated activity of the respiratory pump (37). Furthermore, in individuals with PD,
repetitive muscle activity results in early fatigue (38). This result may, in turn, lead to apparent weak-
ness of the chest-wall muscles during normal respiration, similar to what is indicated in primary neu-
romuscular disorders, and manifest in pulmonary function testing as a restrictive abnormality (39,40).
Postural and arthritic changes from longstanding disease may also mechanically restrict ventilation
(30,41). Restrictive changes may further adversely affect the overall clinical state by reducing vital
capacity, leading to symptoms of fatigue. Additionally, poor expansion of the lungs leads to atelecta-
sis, which predisposes to pneumonia. Restrictive abnormalities are less responsive to dopaminergic
therapy, but may be affected by pulmonary rehabilitation (see the Exercise and Ventilation section).

Medical therapy for PD may also produce restrictive abnormalities in the lung tissue itself. All of the
ergot dopamine agonists have been reported to cause pleuropulmonary fibrosis (42,43). This phenome-
non appears to be specific to the ergot dopamine agonists and has not been found with newer, nonergot
agents, such as pramipexole and ropinirole. Clinical symptoms of pleuropulmonary fibrosis include dys-
pnea, pleuritic pain, and nonproductive cough; pulmonary infiltrates and pleural effusions appear on
chest radiographs. The sedimentation rate may be elevated, and pleural fluid may show inflammatory
cells with a predominance of eosinophils. Although initially believed to be present in 2–5% of patients
on these agents, this condition is now known to be exceedingly rare (44,45). Discontinuing the offending
dopamine agonist usually reverses the abnormalities. The pathophysiology for this entity is poorly
understood, but it may reflect serotonergic activation that triggers an inflammatory response (46). More
recently, a link between this response and prior exposure to asbestos was postulated (47).

5. FLUCTUATIONS

Although levodopa therapy improves respiratory and motor function, development of levodopa-
induced dyskinesias may also affect ventilation. Patients with respiratory dyskinesias may complain of
dyspnea and chest pain shortly after levodopa administration (48). Serial pulmonary function testing
demonstrates the appearance of rapid shallow breathing and a decline in pulmonary functions in con-
junction with the clinical onset of limb and orofacial dykinesias that are typical of peak-dose lev-
odopa-induced dyskinesias (49). Because complaints of acute chest pain and shortness of breath in this
older population might result in an extensive evaluation for cardiac and pulmonary disorders, this side
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effect of treatment should be considered early in the differential diagnosis. Generally, the dyskinesias
subside with reduced dopaminergic medication.

Additionally, in more advanced patients, the wearing-off phenomena between levodopa doses may
induce acute pulmonary complaints. Dystonia of the laryngeal muscles, causing stridor, is an example
(50). Chest-wall tightness with shortness of breath and anxiety, superficially resembling a panic attack,
may also occur (51). In part, this may be a psychological reaction to the sudden appearance of chest-
wall rigidity, causing an acute restrictive condition. These types of wearing-off phenomena are treated
similarly to other motor fluctuations (52). Generally, the strategy is to smooth the levodopa response
by providing appropriate dose overlap or initiating longer-acting therapies that reduce abrupt with-
drawal symptoms.

Although it might be anticipated that these kinds of nonmotor symptoms are rare complications of
long-term therapy, it is becoming apparent that they are more common and debilitating than previously
realized. In a survey of a group of patients who had PD with motor fluctuations, 40% complained of
dyspnea, 21% had stridor as a wearing-off symptom, and 8% had intermittent coughing (53). All of
these respiratory symptoms were linked to the patient’s motor state; the correlation with PD fluctua-
tions suggests they are a part of the primary pathophysiology in PD.

6. EXERCISE AND VENTILATION

Defective motor control of ventilatory muscles is the primary contributor to the obstructive and
restrictive changes found in PD. However, patients who have PD may also have trouble regulating
breathing when walking because they are not able to effectively synchronize breathing with locomo-
tion (54). This may lead to decreased exercise tolerance and also could contribute to the fatigue that
many patients experience (53). Patients who exercise regularly seem to maintain better respiratory sta-
tus (55), and those undergoing a formal pulmonary rehabilitation program may experience improve-
ment in ventilatory function (56,57). Thus, patients complaining of fatigue and poor exercise tolerance
should be considered for these nonpharmacological interventions.

7. SUMMARY

PD affects the ventilatory system at all levels. Laryngeal involvement brings forth hypophonia,
which possibly responds to both medical treatment and nonpharmacological therapies. Upper airway
involvement may generally present clinically as stridor or subclincally as silent aspiration and
responds well to dopaminergic therapy. Restrictive impairment can perhaps manifest as fatigue and
predispose to atelectasis and pneumonia. Motor fluctuations in PD may also present as pulmonary
symptoms and are addressed by appropriate adjustment of dopaminergic medications. Dopamine ago-
nists can potentially induce pleuropulmonary fibrosis. Finally, attention to the respiratory tract may
improve exercise capacity and reduce fatigue. Awareness of all the pulmonary complications can help
to reduce morbidity and mortality in PD.
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Maria L. Moro-de-Casillas and David E. Riley

SUMMARY
Insomnia is the most common sleep disturbance in Parkinson’s disease (PD), affecting 40–90% of patients.

Insomnia usually takes the form of frequent nocturnal awakenings (“sleep fragmentation”). There are numer-
ous factors contribute to insomnia in PD, including the persistence or recurrence of PD symptoms (especially
tremor and immobility) during light stages of sleep, effects of medications used to treat PD on sleep, depres-
sion, restless legs syndrome, and nocturia. Identification and minimization of such factors is the first step in
proper management. General sleep hygiene principles are outlined. Avoidance of regular hypnotic therapy is
encouraged, but recommendations regarding the use of hypnotic drugs in selected cases are provided.

Key Words: Insomnia; sleep fragmentation; restless legs syndrome; sleep hygiene; hypnotics.

1. INTRODUCTION

The International Classification of Sleep Disorders defines insomnia as “difficulty in initiating
and/or maintaining sleep” (1). However, several definitions exist; there is no clear consensus in this
matter. The core elements of insomnia are an inadequate quantity or quality of sleep (2,3) with both
nocturnal and daytime consequences (4). Traditionally, insomnia has been subgrouped into sleep-onset
insomnia, sleep-maintaining insomnia, and insomnia with early morning awakening. However, there
is extensive overlap, and most insomniacs fit into more than one subgroup (2,5).

There are many consequences of insomnia in a patient’s daily life. Aside from the obvious complica-
tions of daytime fatigue and somnolence, insomniacs have an increased incidence of psychiatric disor-
ders, such as depression and anxiety, increased use of over-the-counter medications and alcohol, and a
higher incidence of accidents and unemployment, among others (2,4). The economic impact of insomnia
in our society is enormous: an estimate of the total direct annual cost of insomnia in the United States
placed it above $13 billion (4). Insomnia is the most commonly reported sleep problem in the United
States and in industrialized nations worldwide (6–9). Bixler and colleagues (7) reported an overall
prevalence of insomnia of 42% in a sample of 1006 subjects ages 18–80. Women are 1.3 times more
likely to report insomnia symptoms than men (4,10) The elderly (>65 years old) have a prevalence rate
of sleep difficulty 1.5 times higher than that of adults younger than 65 (4,10). In a study of the preva-
lence of insomnia in an older population (ages 53–97), Schubert et al. (11) found that almost half (49%)
of the population reported at least one insomnia trait (difficulty getting to sleep, difficulty returning to
sleep after waking up, or repeated awakenings) occurring at least five times per month.

Against this background, it is difficult to determine the contribution of superimposed illness to the
problem of insomnia in affected patients. Nevertheless, insomnia has been associated with many med-
ical conditions, e.g., neurodegenerative disorders like Parkinson’s disease (PD; 12,13). Nonmotor
manifestations of PD, including sleep disorders, have a major impact on the quality of life of patients
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and their families (14). In the investigations of Karlsen et al., the two most important nonmotor com-
plaints associated with poor quality of life in patients with PD were depression and insomnia (15,16).

2. SLEEP PHYSIOLOGY

The definition of sleep is based on both behavioral and physiologic criteria (17). The behavioral cri-
teria are: eye closure, reduced responsiveness to environmental stimuli, decreased or absent move-
ments, and a reversibly unconscious state (17,18). Physiologically, sleep normally proceeds through
cycles of five stages. The first four, collectively known as non-rapid eye movement NREM sleep, are
numbered consecutively and represent progressively deeper states of somnolence. They account for
75–80% of sleep time in a healthy adult (17). During these phases, electroencephalography displays
varying amounts of high-voltage slow activity and delta waves (1–4 Hz) with characteristic sleep spin-
dles (12–14 Hz) and K-complexes during stage II. The fifth stage of sleep is characterized by rapid eye
movement (REM), atonia, low-voltage fast brain activity, cardiorespiratory irregularities, and dream-
ing (17). Sleep cycles last 90–100 minutes, and a normal sleep period has four to six cycles. The dura-
tion of REM sleep increases from the first to the last cycle and can persist for as long as 1 hour at the
end of the sleep period (17). Interference with the initiation, orderly progression, and completion of
normal cycles of sleep result in insomnia.

The sleep cycle is regulated by a variety of neurochemical systems and is the result of active and
passive mechanisms. Multiple monoamines, including serotonin, norepinephrine, and histamine, as
well as acetylcholine and the neuropeptide hypocretin (17,19–22), appear to be involved in the modu-
lation of the sleep–wake cycle. Recently, interest has re-emerged about the role of dopamine and its
systems in the sleep–wake cycle. The most prominent pathways that utilize dopamine include the
mesostriatal, mesocortical, and mesolimbic systems (23). Midbrain dopaminergic neurons may have
the potential to influence thalamocortical neuronal excitability, and theoretically the sleep–wake state,
through connections with the striatum and via extensive collaterals to the thalamus (23). Neural
mechanisms closely related to behavioral states have been associated with the modulation of “burst-
firing” patterns of dopaminergic neurons (19). REM sleep deprivation may produce a significant
increase in striatal dopamine levels, suggesting that sleep deprivation can induce plasticity in the
mesostriatal dopamine system (19,24,25). Dopamine activity is itself under the influence of a circa-
dian rhythm (19,26). Perhaps the strongest evidence of the role of dopaminergic systems in the modu-
lation of sleep–wake cycles derives from clinical studies (19). Abnormal sleep and impaired daytime
alertness both occur in the majority of patients with PD (27,28). Clinical observations of sleepiness in
PD further support the role of dopamine in the sleep–wake cycle (19). The effects of levodopa and
dopamine agonists on sleep (29) also imply a role of dopaminergic systems in sleep. Therefore, it is
not surprising that most patients who have PD experience difficulties with sleep owing to the disease,
its treatment, or both (30,31).

3. INSOMNIA IN PD

Sleep disorders are common in patients with PD (27,32,33). Their frequency appears to be higher
than that expected from the effects of age alone (27), but not all authors agree (31). Measurements of
the prevalence of sleep disorders in PD range from 40% to 98% (28,31,34,35). Sleep disturbances can
occur at any stage of PD, but they are more common as the disease progresses, which suggests a direct
relation between impaired sleep and disease severity (35,36). However, sleep impairment becomes
more typical with advancing age in the absence of PD, and some studies have failed to show a signifi-
cant association with the stage of PD (31).

Insomnia is the most common sleep complaint in both the general population and in patients who
have PD (14). Polysomnographic data in patients with PD have shown: (1) light-fragmented sleep
(37), (2) decreased sleep efficiencies (38), (3) increased wakefulness (38), (4) decreased amounts of
REM sleep (38), (5) increased REM sleep latencies (39), (6) fragmented REM sleep (38), (7) increased
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frequency of arousals (38), (8) decreased amounts of sleep spindles (39,40), (9) poorly formed K com-
plexes (39,40), and (10) increased muscle activity in REM sleep (REM without atonia; 38). Evidently,
both the macro- and microstructure of sleep are affected in this group of patients.

The most common form of insomnia in patients with PD is that of frequent nocturnal awakenings,
also known as sleep fragmentation (27,28,39). Factor and colleagues (27) studied sleep complaints and
the effect of sleep on motor symptoms through a survey in 78 patients with PD (median age 67 years
old; average disease duration 6.7 years) and 43 elderly controls (median age 63 years old). Sleep initi-
ation problems occurred frequently in both groups with no significant difference between them, but
sleep fragmentation was more common in patients who had PD (88.5% in PD versus 74.4% in the con-
trol group). In a community-based study, Tandberg et al. (34) found that the most common sleep com-
plaints reported by 245 patients with PD were sleep fragmentation and early awakening. In their study,
patients with PD indicated sleep disorders significantly more often than patients with diabetes and
healthy control subjects, and one third of the patients with PD rated their overall nighttime problem as
moderate-to-severe. Another study (41) compared 90 patients who had PD to 71 age-matched healthy
subjects, showing a high prevalence of sleep disturbances in both groups (81% patients with PD versus
92% controls). There were no differences between the groups regarding the prevalence of disturbances
of sleep initiation or maintenance; however, those patients with PD who experienced sleep mainte-
nance difficulties reported a significantly greater number of awakenings.

Kumar and colleagues (35) studied the frequency and nature of sleep disturbances in 149 patients
with PD and 115 age-matched controls and found that 42% of patients who had PD reported sleep
problems when compared to 12% of a healthy control population. Insomnia was reported by 39.6% of
patients and 5% of the control group. Within the PD group, those patients with sleep complaints had a
longer duration of disease and higher Unified Parkinson’s Disease Rating Scale (UPDRS) scores and
received higher levodopa doses. They also had longer sleep latencies than those without sleep prob-
lems. Nighttime awakenings were significantly associated with rigidity and Hoehn and Yahr (H & Y)
scores.

The frequency of sleep initiation difficulties in patients with PD is not as well-established as that of
sleep maintenance. Most studies have not observed significant differences between patients with PD
and control subjects (27,34,41). However, Kales et al. (30) found sleep initiation problems to be a
prominent issue in patients who had PD.

Although it has been suggested that sleep deprivation influences dopamine systems (42), data on
the effects of sleep deprivation on motor symptoms in patients who have PD are scarce and controver-
sial. Bertolucci et al. (43) reported improvement in rigidity, bradykinesia, gait, and posture distur-
bances lasting 2 weeks after a single night of total sleep deprivation in 12 patients with PD. These
results supported the positive effects of REM-sleep deprivation shown in an animal model of PD (44).
However, beneficial results are not universal. There were 15 patients with PD who underwent one
night of total sleep deprivation, one night of partial sleep deprivation, and one control night of normal
sleep. Mean UPDRS motor scores and tapping velocities were not substantially affected by sleep
deprivation. Only four patients following PSD showed an improvement in their motor score of greater
than 20% when compared to the score after normal sleep (42).

4. CONTRIBUTING FACTORS

The etiology of light and fragmented sleep in PD is multifactorial (28,32,37,45). Treated patients
with more advanced disease typically experience wearing-off of medication effect at night, resulting in
recurrence of tremor, rigidity, and akinesia, and increased sleep latency. Rigidity and akinesia both
contribute to the inability to turn in bed, which has been rated as the most troublesome nocturnal
symptom, affecting 65% of 220 patients who had PD in one study (28). Multiple motor symptoms per-
sist during sleep and interfere with its normal physiology (32,33). During light sleep, PD tremor can
reappear (33). The effect of sleep on the involuntary movements or dyskinesias in PD and other move-



184 Moro-de-Casillas and Riley

ment disorders was studied by Fish et al. (46). They reported that involuntary movements or dyskine-
sias in PD were most likely to occur after awakenings or in stage 1 sleep; these movements were very
rare during the deeper phases of sleep. The movements that occurred without awakenings were usually
preceded by arousal phenomena and, rarely, by sleep spindles or slow waves.

Repetitive muscle contractions can occur during NREM sleep. Askenasy and colleagues reported
that NREM sleep transforms the waking “alternating” parkinsonian tremor into subclinical repetitive
muscle contractions. Their amplitude and duration decreased as NREM sleep progressed and disap-
peared during REM sleep (47). Additional motor abnormalities that are factors to sleep fragmentation
include dystonia, which can lead to pain (28), blinking and blepharospasm (32,33), painful leg cramps
(28), and fragmentary myoclonus (45).

A common complaint of patients who have PD is frequent urination, and nocturia was the most
common form of nighttime disability in a group of 220 patients who had PD (28). In this study, 79% of
the patients had to “visit the lavatory” during the night, and one third needed to urinate three or more
times. When nocturnal urinary frequency is compounded with the inability to walk without assistance
(e.g., as in 35% of these 220 patients; 28), nocturia can represent a major source of stress and disabil-
ity in PD. Urinary frequency in PD may be a result of disease-related dysautonomia or age-related uro-
logical abnormalities and can increase patients’ morbidity, as it exposes them to frequent falls and
consequent injuries, including fractures (45) and further immobility.

Coexisting psychiatric and medical disorders can also affect sleep in patients with PD. Depression
may have an important role in modulating normal sleep architecture, and early-morning awakening
with inability to return to sleep is a classic symptom of depression. The high prevalence of depression
in PD patients makes it an important consideration in the differential diagnosis of insomnia. (Depres-
sion is discussed in detail in an earlier Chapter 1.)

Other sleep disturbances that can contribute to insomnia, namely REM-sleep behavior disorder
(Chapter 16) and sleep-related breathing disorders (Chapter 18), are detailed elsewhere in this volume.
Other PD nonmotor symptoms discussed elsewhere that may affect the ability to sleep restfully
include pain (Chapter 22), anxiety (Chapter 2), and hallucinosis (Chapter 5) (32,33,45).

5. RESTLESS LEGS SYNDROME

Restless legs syndrome (RLS) is characterized by an irresistible urge to move the limbs that (1)
becomes evident or is accentuated in the evening and at nighttime (2), occurs when the legs are rested
(sitting or lying down) and is relieved by moving the legs or walking, and (3) is accompanied by pares-
thesias or dysesthesias variously described as creeping, crawling, itching, burning, pulling, aching,
restless, tingling, cramping, or other sensations. The onset is unilateral in 40–50% of cases. The legs
are almost always involved, but the arms may be affected as well in 25–50%. Most patients also expe-
rience periodic limb movements in sleep, and many display similar dyskinesias while awake (48).
Symptoms tend to increase with age. RLS may affect as much as 5% of the population and 10% of
those over age 65. The main effect on sleep of RLS is sleep-latency insomnia (i.e., delaying the onset
of sleep), but RLS may also cause fragmented, nonrestorative sleep and occasionally excessive day-
time sleepiness.

Many cases are idiopathic or hereditary. Yet, as with insomnia in general, RLS is a common disor-
der that is even more typical when associated with a variety of chronic illnesses, including PD.
Approximately 20% of patients with PD report symptoms consistent with RLS; in over 70% of cases,
the onset of PD preceded or occurred concomitantly with the development of RLS (49). Tan and col-
leagues (50) could not find any patients who had PD with RLS in a survey of 125 consecutive patients,
but the same authors reported a prevalence of RLS of only 0.6% in their general population. Some
patients with PD clearly relate their RLS symptoms to the development of motor symptoms when the
benefit from their medications wears off (50–52). Gunal and colleagues (53) identified 5 such
instances among 72 consecutive patients who had PD with motor fluctuations.
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It is important to identify RLS because of its response to specific treatment. Systematic survey of
patients with PD indicates that the majority of affected individuals will not volunteer symptoms of
RLS (49). In cases where the symptoms of RLS fluctuate in tandem with motor manifestations of PD,
patients may assume that such symptoms are typical of “off” periods, not a distinct experience. Thus,
such historical information must be actively and specifically sought to establish the diagnosis of RLS.

6. EFFECTS OF ANTI-PARKINSONIAN TREATMENT

Pharmacological agents used in PD treatment may be a cause of sleep disorders. Anti-Parkinsonian
medications alter the sleep–wake cycle (29,31), and dopaminergic medications have prominent effects
on both circadian rhythms and sleep–wake modulatory systems (32). The effects of levodopa on sleep
are nonspecific. They are exerted through pre- and postsynaptic mechanisms and via interaction with
different neurotransmitters (32). Levodopa suppresses REM sleep and delays REM-sleep latency
(29,32,54); it has improved daytime vigilance in narcoleptic patients (55). In a questionnaire study,
Nausieda et al. (31) found that the use and duration of levodopa therapy were associated in patients
who had PD with a higher frequency of sleep disruption, and sleep fragmentation was the most com-
mon sleep complaint.

Bromocriptine has induced changes in sleep architecture similar to levodopa in patients who had
PD, including shorter REM sleep, superficial sleep, and prolongation of REM-sleep latency (56). Per-
golide, bromocriptine, and apomorphine produce “biphasic effects” (opposite effects at low and high
doses) on sleep architecture in rats (57). At low doses, they decrease wakefulness and increase NREM
sleep. In a 71-year-old sleep-deprived patient with PD, pergolide suppressed REM-sleep rebound phe-
nomena (58). The newer nonergoline dopaminergic agonists, ropinirole and pramipexole, also affect
sleep physiology. At lower doses, D3 agonists increase NREM and REM sleep and reduce locomotion
in rats (59); with higher doses, D2/D3 agonists improve locomotion without major sedation (59). In
one study, ropinirole was shown to improve sleep efficiency and total sleep time in five patients with
chronic insomnia secondary to RLS (60). The potential clinical effect of dopamine agonists and lev-
odopa to induce “sleep attacks” is reviewed in Chapter 17. Selegiline can suppress REM sleep (61).
Puca et al. reported an increase in sleep spindle activity in Parkinsonian patients following administra-
tion of amantadine (62).

7. TREATMENT OF INSOMNIA IN PD

7.1. Contributing Factors
The first step in insomnia management in PD is accurate identification of contributing factors. A

detailed history provided by the patient and any bedmate or caregiver is crucial. For those with com-
plicated or varying sleep problems, a symptom diary could be useful. In some instances, diagnostic
testing with polysomnography might be necessary. Successful treatment of sleep disturbances in
patients with PD can postpone their institutionalization, allow the caregiver better sleep, and improve
their quality of life (45).

If a specific cause for insomnia is found, it should be treated first (2). Comorbid conditions, such as
nocturia, sleep apnea, RLS, anxiety, and depression, should be addressed, as their treatment will likely
improve sleep quality. General sleep hygiene rules should be recommended as appropriate to each
individual. Some of these instructions include:

1. Reduce excessive time in bed.
2. Increase exercise and physical activity.
3. Curtail caffeine intake.
4. Observe a fixed wake-up time.
5. Avoid naps.
6. Avoid caffeine, alcohol, or heavy meals before bedtime.
7. Limit fluid intake after 5 pm.
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8. Use available aids for getting in and out of bed.
9. Make medications, water, and a bathroom or commode chair easily accessible (2,32,45).

Sleep hygiene rules should be instituted only once at a time to enhance compliance. Behavioral
therapy (through stimulus control), sleep restriction, sleep hygiene education, and chronotherapy, are
important factors in the treatment of insomnia (32,45,63).

7.2. Dopaminergic Medication Adjustment
Insomnia in a Parkinsonian patient should always prompt careful reassessment of dopaminergic

therapy (45). Dosage adjustment must be carefully individualized. In some patients, excessive dosages
of dopaminergic medications should be avoided at night. Levodopa can have an arousal effect, poten-
tiate wakefulness, and enhance sleep fragmentation (45). Alternatively, increased doses of dopaminer-
gic medications may significantly improve sleep by improving motor symptoms, specifically tremor
and akinesia. Activity and immobility during sleep was recorded by a wrist monitor in 84 patients with
PD and 83 age- and sex-matched normal controls (64). In mild-to-moderate disease, levodopa or
dopamine agonists were disruptive to sleep by their effects on sleep regulation. However, in more
severe PD forms, the drugs had beneficial effects on nocturnal disability (64). The influence on sleep
of other medications, e.g., anticholinergics, selegiline, and amantadine, should also be considered.

7.3. Sedatives/Hypnotics
Use of hypnotics is usually not indicated, as the primary role of these medications is to treat acute

insomnia, and in chronic insomnia, there is a risk of dependence (32,45). If benzodiazepines are used,
the short-acting kinds are preferred; those with a long half-life can produce daytime sedation, dozing,
and disturbances in perceptual skills (2,45). Newer, nonbenzodiazepine hypnotic agents have been
well-accepted in the treatment of insomnia in the general population. Zolpidem and zaleplon have
hypnosedative actions comparable with that of benzodiazepines, but they display specific properties.
These agents share a short plasma half-life (zaleplon, 1 hour; zolpidem, 5 hours) and a limited duration
of action, and they are less sedating than benzodiazepines (65). A double-blind placebo-controlled trial
of zolpidem in 10 patients with PD suggested that it may be helpful for parkinsonian motor symptoms
as well as insomnia (66).

Melatonin effects in the treatment of insomnia in the general population is controversial (2). Its use
in PD requires further investigation.

7.4. Treatment of Nocturia
Nocturia frequently causes sleep disruption in patients who have PD. Oral anticholinergic agents,

such as oxybutynin and tolterodine, may provide sufficient antispasmodic effects on the urinary blad-
der, and both are available in sustained-release preparations for nighttime dosing. Suchowersky et al.
(67) found intranasal desmopressin to be a safe and effective tool for nocturnal polyuria in PD.

7.5. Treatment of RLS
Fortunately, RLS shares responsiveness to dopaminergic medication with PD, and dopamine agonists

are particularly appropriate in the management of RLS because of levodopa’s greater tendency to produce
augmentation (68). Other effective agents in treatment include gabapentin, clonazepam, and opiates.

7.6. Deep-Brain Stimulation Surgery
Sleep architecture in PD may improve with subthalamic nucleus (STN) stimulation (69), or pallido-

tomy (70). In 10 insomniac patients with PD on dopaminergic therapy, STN improved nighttime aki-
nesia by 60%, suppressed axial dystonia, and increased total sleep time by 47% and sleep efficiency by
36%. It also decreased the duration of wakefulness following sleep. Periodic leg movements and
motor behavior during REM sleep were not influenced by stimulation (69).
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8. CONCLUSION

Insomnia is a common complaint and one of the most important determinants of quality of life in
patients with PD. The most typical form of insomnia in patients who have PD is frequent nocturnal
awakenings. Insomnia may be a direct complication of PD or its treatment, or it may be a byproduct
of other complications like depression, nocturia and RLS. Proper management of insomnia involves
the identification and treatment of contributing factors, careful assessment of the regimen of anti-
Parkinsonian medications, institution of effective sleep hygiene measures, and judicious use of hyp-
notic medication.
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Rapid Eye Movement Sleep Behavior Disorder

Suzanne Stevens and Cynthia Comella

SUMMARY
Rapid eye movement sleep behavior disorder (RBD) is a rapid eye movement (REM) parasomnia in which

the normal muscle atonia of REM sleep is absent. The lack of muscle atonia may lead to motor activation and
the appearance of dream-related behaviors. Dream content during RBD is vivid and often has aggressive
themes, such as being threatened, chased, or attacked. During an episode, both the patient with RBD and their
bed partner are at risk for serious injuries (e.g., bruises, lacerations, and bone fractures). Diagnosis of RBD
currently requires the presence of established clinical criteria, but polysomnography is recommended to con-
firm the diagnosis and differentiate it from other sleep disorders, including sleep apnea. Controlled trials are
lacking; yet, clonazepam has been effective in treating symptoms in up to 90% of patients with RBD. Other
treatment approaches are dopaminergic agonists, antiepileptic agents, α-adrenergic agonists, acetyl-
cholinesterase inhibitors, and melatonin. RBD is frequently associated with synucleinopathies, such as multi-
ple system atrophy, dementia with Lewy bodies, and Parkinson’s disease. In these patients, RBD symptoms
may precede motor symptoms by months to years. Abnormalities in central dopaminergic mechanisms have
been postulated.

Key Words: REM sleep; REM sleep behavior disorder; parasomnia; dreams; polysomnography; clon-
azepam.

1. INTRODUCTION

Rapid eye movement (REM) sleep typically comprises 15 to 25% of the normal sleep cycle and is the
stage in which at least 80% of dreaming occurs. REM sleep is defined electrophysiologically by a desyn-
chronized cortical electroencephalogram (EEG), skeletal muscle atonia, REM, autonomic instability,
and pontogenicular (PGO) spikes. REM sleep behavior disorder (RBD) was initially described as a para-
somnia by Schenk in 1986 (1). RBD is an abnormal state of REM in which normal REM-associated
muscle atonia is absent, enabling the activation of the motor system. Loss of REM-associated muscle
atonia may lead to an enactment of dream content. Dream content during RBD episodes often involves
aggressive themes of being threatened, chased, or attacked. Hence, the activities observed during RBD
may include talking, yelling, clapping, punching, thrashing, kicking, sitting up, falling out of bed, and
running. Because of these sometimes violent behaviors, several reports exist of injuries during sleep,
including lacerations, ecchymoses, bone fractures, and subdural hematomas. These injuries have been
indicated in both patients and bed partners during episodes. The bed partner may be suddenly awakened
by being pummeled or choked by the spouse, who exhibits no evidence of hostility during waking hours.
The bed partner often seeks refuge by sleeping in another room. Then, the patient awakens in the morn-
ing with no recollection of these behaviors, but associated dreams may be recalled.
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Idiopathic RBD is diagnosed when no concurrent neurological disease is found; symptomatic
RBD is found when additional neurological findings are present. RBD is more common in the
elderly population, affects men more than women, and is particularly frequent in certain neurode-
generative disorders that have common features of Parkinsonism and pathological findings of synu-
clein pathology (e.g., idiopathic Parkinson’s disease [PD], multiple system atrophy [MSA], and
dementia with Lewy bodies [DLB; 2].)

2. PREVALENCE

The prevalence of RBD in the general population is approximately 0.05%. The male predominance
is significant; up to 87% of patients with RBD are men (3,4). Gender predisposition has not yet been
explained. The mean age of onset with RBD symptoms is in the age range of 52 to 62 years, but RBD
has been reported in patients from 9 to 84 years old. Cross-sectional analysis of large groups of
patients with RBD shows that idiopathic RBD is less common than symptomatic RBD. In three large
case series, 25 to 43% of patients with RBD were designated as idiopathic, whereas 48 to 75% were
classified with symptomatic RBD. The most frequently associated neurological disorders in patients
with RBD were neurodegenerative diseases, which comprised 48 to 92% of cases (3–5). Neurodegen-
erative diseases most often linked with RBD are synucleinopathies, PD, and MSA (4,6), but rare case
reports of RBD in progressive supranuclear palsy (7) and corticobasalganglionic degeneration (CBD;
8), both tauopathies, also exist.

RBD frequency in the synucleinopathies has been extensively investigated. In one interview study,
15% of idiopathic patients who had PD were found to have a clinical history meeting the International
Classification of Sleep Disorders (ICSD) criteria for RBD. Among the RBD patients, one-third had
caused injury to themselves or their caregivers (9). Using polysomnography (PSG) along with clinical
history, investigators have shown as many as 58% of patients who had PD tested to have REM sleep
without atonia, but 42% of these did not have obvious behavioral abnormalities, suggesting that RBD
is a common feature in PD and may be presymptomatic in many (10). In one study that compared clin-
ical features in patients who had PD with RBD to those without, factors related to RBD occurrence in
PD included longer duration of PD, more severe disease, and treatment with higher doses of dopamin-
ergic drugs (11).

The prevalence of RBD in MSA has been found to be even greater than that in PD. One study
assessing 39 consecutive MSA patients showed that 69% had clinical features consistent with RBD,
and 90% were diagnosed with RBD when evaluation included PSG (12). Similarly, in patients with
RBD and dementia, these clinical features are highly suggestive of DLB; confirmatory pathological
examinations have been performed in some cases (2,13).

One intriguing aspect of the relationship between RBD and these parkinsonian syndromes is the
observation that RBD symptoms may precede the onset of parkinsonian symptoms by many years.
Schenck reported that in 38% (11/29) of 29 primary RBD male patients, a parkinsonian syndrome
developed a mean of 4 years after the clinical diagnosis of RBD and a mean of 13 years after historical
symptoms of RBD began (14). This estimate has been confirmed by others (15). In patients with DLB
assessed by Boeve et al., 97% developed RBD either before or concurrent with the onset of dementia
(13). Similarly, RBD preceded MSA onset of symptoms by at least 1 year in 44% of individuals with
MSA (12). Based on these observations, RBD has been theorized to be a harbinger of specific neu-
rodegenerative conditions (16).

3. ETIOLOGY AND PATHOGENESIS

3.1. Anatomy
Anatomic localization and pathophysiological mechanisms underlying RBD remain to be fully elu-

cidated. Jouvet was the first to describe the REM mechanisms in animals (17,18). He also showed that
cats lesioned bilaterally in the dorsolateral pontine tegmental region had REM sleep without atonia,



REM Sleep Behavior Disorder 193

which developed into dream enactment behavior in the weeks following lesioning, a phenomenon like
that seen in human RBD. In these experiments, lesions of other regions of the brainstem did not result
in REM abnormalities. Furthermore, suppression of REM sleep abolished the oneiric behaviors,
implying that the abnormality responsible for REM-related motor activation involved the disruption of
pathways responsible for the normal components of REM sleep.

Specific anatomic areas suspected to be engaged in the pathogenesis of RBD include the peduncu-
lopontine nucleus (PPN) and lateraldorsal tegmental nucleus (LDT). The PPN is located in the pon-
tomesencephalic tegmentum. Both the PPN and the LDT are cholinergic nuclei with rostral projections
to the gigantocellular tegmental field (FTG). Injections of cholinergic agents into the pontine reticular
formation enhance the release of acetylcholine in the FTG and induce a REM-like state with EEG
desynchronization and the generation of PGO spikes, which implicates that the PPN and LDT may
have a pivotal role in the regulation of REM (19). The PPN has also been implicated in the akinesia
and gait difficulties in Parkinsonism (20). Although limited work has been done, the PPN has been
found in several studies to degenerate in PD with a loss of approximately 50% of the cholinergic neu-
rons (21,22). This finding has led to the hypothesis that a loss of PPN cholinergic neurons may be
involved in both selected motor findings in Parkinsonism and RBD development. The pathological
findings in a small number of patients with RBD, most with features suggestive of DLB, have included
significant neuronal loss in the locus ceruleus. The locus ceruleus has important connections with the
PPN and is integrally associated with the control of REM sleep (23,24).

Lai and Siegel have developed a more detailed theory to explain the frequent coexistence of RBD
and Parkinsonism (16). In their model, two juxtaposed areas of the brainstem undergo degeneration:
the rostroventral midbrain (RVMD) and the ventral mesopontine junction (VMPJ). The RVMD
includes the substantia nigra, among other nuclei, and projects to the basal ganglia and basal forebrain.
The VMPJ consists of the caudal part of the ventral tegmental area, retrorubral nucleus, and ventral
mesencephalic field (among others) and projects to the pontine inhibitory area, locus ceruleus, and
nucleus magnocellularis. Lesions in the VMPJ area in animals produce increased phasic and tonic
muscle activity during REM sleep. RVMD lesions in animals produce transient Parkinsonism and
sleep fragmentation, a sleep disturbance that affects many patients who have PD (25). Lai and Siegel
hypothesize that neuronal degeneration occurs simultaneously in both brainstem areas in Parkinson-
ism. In those patients whose initial symptoms consist of RBD, degeneration may begin in the VMPJ
and later involve the adjacent areas of the RVMD. Conversely, Parkinsonism symptoms preceding
RBD may implicate the onset of neurodegeneration in the RVMD with subsequent involvement of the
VMPJ, thus providing evidence of an anatomic link between Parkinsonism and RBD (16).

3.2. Neuroimaging and Neurophysiology
In symptomatic RBD, magnetic resonance imaging has demonstrated lacunar infarcts in the dorsal

pontomesencephalic area in some patients, suggesting that abnormalities in this area may underlie
RBD (26). However, in primary RBD, MRI findings do not differ from age-matched controls, and pro-
ton magnetic resonance spectroscopy (1H-MRS) does not indicate mesopontine neuronal loss or 1H-
MRS-detectable metabolic disturbances (27). However, multiple studies have shown alterations in the
dopaminergic system in patients with primary RBD. Using [11C] dihydrotetrabenazine (DTBZ)
positron emission tomography (PET) scans, Albin et al. showed a marked reduction in dopaminergic
innervation in the caudate nucleus and the anterior and posterior putamen in patients with RBD (28).
With the same methodology and the addition of [123I]iodobenzovesamicol to measure the density of
thalamic cholinergic terminals, Gilman et al. demonstrated an inverse correlation between dopaminer-
gic innervation and the severity of muscle atonia loss in patients who had MSA with RBD. Changes in
thalamic cholinergic terminals did not correlate with the severity of REM atonia loss but instead corre-
lated with the severity of sleep apnea in these patients (29).

Single-photon emission-computerized tomography (SPECT) scans using radio-labeled N-(3-
iodopropene-2-yl)-2β-carbomethoxy-3β-(4-chlorophenyl) tropane demonstrated that in patients with
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subclinical RBD and clinically manifest idiopathic RBD, there is a progressive reduction in dopamine
transporter binding when compared to age matched controls; the reduction is not as profound as that
seen in PD (30,31). Studies with DTBZ, a ligand that binds to the VMAT2 receptor and reflects the num-
ber of dopamine-producing neurons, show that patients with idiopathic RBD have a reduced density of
striatal DTBZ binding, indicating loss of dopaminergic neurons in the substantia nigra and that the
degree of loss correlates with the severity of RBD symptoms (28). Together, SPECT and PET scans sup-
port the hypothesis that dopaminergic dysfunction may be a primary factor in the pathogenesis of RBD.

4. REM SLEEP BEHAVIOR DISORDER AND HALLUCINATIONS

The recent association of RBD with the occurrence of dopaminergic medication-induced hallucina-
tions in PD suggests that the disorders may be related and that both are manifestations of disordered
REM sleep. Comella et al. reported that patients who had PD with hallucinations had reduced noctur-
nal REM sleep when compared to a similarly treated group without hallucinations (32). Arnulf et al.
found that hallucinating patients with PD all demonstrated RBD, and REM intrusions into delusions
and hallucinations coincided with REM intrusions into wakefulness (33). Using a similar paradigm,
Nomura et al. showed that hallucinating patients had more sleep fragmentation, and 71% had REM
sleep without atonia versus only 25% of nonhallucinating patients (34). They also demonstrated that
visual hallucinations coincided with periods of REM, and the dream content of the sleep-onset REM
periods during the multiple sleep latency test closely resembled the content of their daytime hallucina-
tions. Both hallucinations and RBD symptoms improved with administration of clonazepam, an
accepted, although unproven, treatment for RBD. An 8-year longitudinal study in 80 patients who had
PD showed that the presence of RBD in PD predicted the later development of hallucinations (35).
Overall, these studies suggest that REM sleep disruption may have a pivotal influence, not only in the
development of RBD, but also in the pathophysiology of drug-induced hallucinations in PD.

5. CLINICAL PRESENTATION

Individuals with RBD often seek medical evaluation only at the urging of their bed partner, who
describes the most prominent clinical feature of RBD—acting out dreams. The history from the bed
partner is typically the following: during sleep, the patient often punches, kicks, or vocalizes.
Although the patient often attacks the bed partner, the patient is actually responding to dream content
occurring during REM sleep, which creates an internal environment to which the patient is actually
reacting. If the patient is awakened during an episode, the patient is frequently coherent and has recol-
lection of a vivid dream, commonly involving themes of being chased or having to protect oneself
against an attacker. However, the dream content may be mundane as well, such as sitting and having a
conversation. This content often matches the physical activity or verbalizations made by the patient.
Given that REM sleep occurs more in the later half of the night, history often places the timing of
these events to the second half of the night. Yet, they may occur at any time throughout the night.

Case presentation: A 70-year-old man presented with violent behaviors during the night that had
begun 8 years previously. He had been unaware of these behaviors, but his wife found these events to
be very disturbing. As a result of these nocturnal behaviors, the patient intermittently had injured his
wife, and on more than one occasion had awakened to find himself on the floor with bruises and abra-
sions. He provided three examples of such episodes: (1) He was dreaming of a dog biting and attack-
ing him. In defense, he kicked at the dog, but in actuality was kicking his wife. When awakened by his
wife, he was immediately coherent and recalled the content of the dream. (2) He dreamed he knocked
a cake platter on the floor and broke it, when he actually had knocked the lamp off of his nightstand
table and broken it. (3) He dreamed he was being chased by unknown assailants and was hiding behind
a door in a barn. He actually had gotten out of bed, and while running behind a closet, collided with
the doorknob and incurred a contusion around his eye.
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Two years after his presentation to our sleep disorders clinic, and 7 years after the onset of RBD he
developed a resting tremor, cogwheel rigidity, mild bradykinesia, and masked face, consistent with
idiopathic Parkinson’s disease.

6. DIAGNOSIS

The ICSD codifies the diagnostic criteria for RBD (Table 1; 36). PSG is not required for diagnosis
of RBD by these criteria, but it is thought to be the gold standard to establish the diagnosis. REM with-
out atonia is not sufficient to confirm diagnosis and must be accompanied by motor activation or
vocalization to definitively diagnose RBD (37). Inter-rater reliability for scoring REM sleep in PD has
been shown to be high (38). There is little data about the night-to-night variability of RBD, and false-
negative studies certainly may be encountered, particularly with a single-night study. If there is a coex-
isting primary sleep disorder, such as obstructive sleep apnea (OSA) or periodic limb movement
disorder (PLMD), the sleep disruption resulting from these disorders may trigger RBD episodes,
necessitating treatment of these primary sleep disorders, which may improve coexistent RBD.

The differential diagnosis of a patient presenting with the history of acting out dreams includes
sleepwalking and sleep terrors. These are non-REM parasomnias, which often occur during slow-wave
sleep and are classified as arousal disorders by the ICSD. Additional diagnostic possibilities are
seizure, rhythmic movement disorder, dissociative disorders, and malingering. As mentioned previ-
ously, movements associated with other primary sleep disorders, such as arousals associated with
obstructive sleep apnea, arm and leg movements associated with periodic limb movement disorder, or
seizure, can be ruled out by overnight PSG. These disorders may be the primary cause of motor activ-
ity during sleep, or a precipitating factor for RBD.

Eisensehr et al. conducted a retrospective analysis of PSG data while investigating the utility of
specialized interviews for detecting RBD (39) and found that the specialized interviews had a low sen-
sitivity of 33% for RBD patients with PD but a high specificity of 90%. In contrast, the sensitivity was
100% and specificity was 99.6% in non-PD subjects. They concluded that PSG was required to diag-
nose RBD in patients with PD, whereas interviews were sufficient for patients without PD. Gagnon et
al. prospectively studied 33 subjects with PD and 16 control subjects, who each underwent a struc-

Table 1
Criteria for Diagnosing REM Sleep Behavior Disorder in the International Classification 
of Sleep Disorders

The minimal diagnostic criteria are B plus C:
A. The patient has a complaint of violent or injurious behavior during sleep.
B. Limb or body movement is associated with dream mentation.
C. At least one of the following occurs:

1. Harmful or potentially harmful sleep behaviors
2. Dreams appear to be “acted out.”
3. Sleep behaviors disrupt sleep continuity

D. Polysomnographic monitoring demonstrates at least one of the following:
1. Excessive augmentation of chin electromyography (EMG) tone
2. Excessive chin or limb phasic EMG twitching, irrespective of chin EMG activity and one or more of the 

following clinical features during REM sleep:
a. Excessive limb or body jerking
b. Complex, vigorous, or violent behaviors
c. Absence of epileptic activity in association with the disorder

E. The symptoms are not associated with mental disorders but may be associated with neurologic disorders
F. Other sleep disorders (e.g., sleep terrors or sleepwalking) can be present but are not the cause of the behavior
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tured clinical interview followed by PSG. Of the PD patients 11 (33%) had RBD by PSG, but only half
of these were detected by history. Only 1 of the 16 control subjects had RBD by PSG (10).

Clinical interview alone does not appear to be sufficient to diagnose RBD in patients with PD. PSG
should be performed to rule out other primary sleep disorders, such as OSA and PLMD, as well as to
look for epileptiform activity on the EEG. Capturing an RBD episode during PSG validates the diag-
nosis. Even if there is no confirmation of an RBD episode, REM without atonia may be seen, and the
disorders already mentioned can be eliminated if the study is normal.

7. TREATMENT

7.1. Pharmacological Treatment
Clonazepam has been shown to be effective in up to 90% of patients who tolerate this medication

(3–5), but no controlled clinical trials have been conducted to date. However, in some patients, the
long half-life and sedating side effects of clonazepam may result in daytime sleepiness, confusion, or
falls, and may worsen underlying OSA (40). There are reports of triazolam improving RBD, but no
evidence of other benzodiazepines as yet, although those with a shorter half-life than clonazepam
could potentially have less troublesome daytime side effects. The efficacy of clonazepam may be a
result of a serotonergic property not shared by other benzodiazepines. Studies in idiopathic RBD have
shown that clonazepam decreases the visible motor activities of RBD occurring during sleep, but REM
without atonia persists, as measured by EMG. This may indicate the presence of two different sys-
tems—one responsible for the actual motor activity of acting out of dreams and the other responsible
for REM without atonia—as opposed to these being on a continuum of disease severity. Other medica-
tions used to treat RBD are listed in Table 2. Clonidine may be effective through its REM suppression
effect. Fluoxetine and tricyclic antidepressants have been indicated to worsen RBD, despite that these
classes of medications may also have a REM suppressing influence in some patients. Successful treat-
ment of RBD with levodopa has been reported in patients who have PD. Melatonin has been reported
to improve RBD in both idiopathic and symptomatic cases. PSG in some RBD patients treated with
melatonin has shown restoration of REM without atonia. No large-scale, randomized studies compar-
ing these various therapies currently exist that would assist in clinical decision-making regarding RBD
treatment.

Table 2
Medications Reported to Improve
REM Sleep Behavior Disorder

Benzodiazepines
Clonazepam
Triazolam

Dopaminergic medications
Carbidopa/levodopa

Antiepileptic medications
Carbamazepine
Gabapentin

α Adrenergic agonists
Clonidine

Acetylcholinesterase inhibitors
Donepezil (41)

Others
Melatonin (42)
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7.2. Nonpharmacological Treatment
Safety of the sleeping environment is of the utmost importance in this disorder. Given the severity

of injuries that have been reported, securing the environment must be reinforced to patients with this
disorder. This may include removing any potentially injurious furniture or other items from the area
around the bed, or putting pillows or a mattress on the floor beside the bed if the patient falls out of the
bed routinely.

Case presentation (continued): The patient was initially treated with 0.5 mg clonazepam at bed-
time, which was subsequently titrated to 3 mg at bedtime without significant improvement. Car-
bidopa/levodopa was initiated, given his parkinsonian symptoms, but the patient discontinued this
medication because of gastrointestinal upset. Clonidine was then tried and titrated up to 0.8 mg at bed-
time, with dramatic improvement in the patient’s presenting complaint of acting out his dreams.

8. CONCLUSION

RBD is present in many patients with PD and may be owing to the degenerative changes occurring
with PD in brainstem structures crucial for generating REM sleep. Patients who have PD with halluci-
nations appear to have RBD more often than those without hallucinations, offering support to the the-
ory that hallucinations are caused by a REM abnormality. Injury risk with this disorder is high,
particularly because the elderly population is at higher risk for developing RBD. PSG should be per-
formed to rule out other causes for motor activity during sleep. When tolerated, clonazepam treatment
is highly effective. Patient safety can be improved by securing the sleeping environment to minimize
the risk of injury in this disorder.
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Excessive Daytime Sleepiness

David E. Hardesty, Daryl Victor, and Steven J. Frucht

SUMMARY
Excessive daytime sleepiness (EDS) is common in patients with Parkinson’s disease (PD) and can lead to

serious medical consequences, including depression, cognitive impairment, and death or injury from sleep-
related accidents. It can also have a deleterious impact on social functions such as work and marriage. To suc-
cessfully prevent or remedy such negative outcomes, it is important to periodically screen PD patients for
EDS. The Epworth Sleepiness Scale (ESS), which can be completed in about 5 minutes, is a reasonable screen-
ing tool when used in conjunction with a focused history. When EDS is present, assessment of safety is a prior-
ity, and recommendations should be clearly stated to the patient. Next, an underlying cause of EDS can often
be identified. Obstructive sleep apnea (OSA) is a common and treatable cause of EDS in the general popula-
tion. Patients with PD are also at increased risk for other sleep disorders that cause EDS, such as rapid eye
movement (REM), sleep behavioral disorder, and insomnia. PD symptoms can directly cause EDS by dramati-
cally reducing sleep quality. PD treatment can cause EDS directly, or cause hallucinations and dyskinesias that
similarly interfere with sleep. Furthermore, medications that reduce these side effects also cause somnolence.
Finally, the underlying pathophysiology of PD also appears to directly cause EDS. Polysomnography may be
needed to clarify the etiology of EDS, but often history and physical examination can lead to correct diagnosis
and specific treatment. When no cause can be found, or treatment is unsuccessful, it may be appropriate to treat
patients with wakefulness-promoting agents. Our goal is to provide the clinician with a rational, flexible, and
cost-effective approach to evaluate and manage EDS in patients with PD. Sleep attacks and driving are addi-
tional issues that we discuss at the end of this chapter

Key Words: Parkinson’s disease (PD); excessive daytime sleepiness (EDS); somnolence; hypersomno-
lence; Epworth Sleepiness Scale; polysomnography, sleep attacks.

1. INTRODUCTION

Sleepiness, or somnolence, describes the state in which there is “an inclination to sleep” (1), refer-
ring either to the subjective experience of impending sleep or to an objective and often measurable
increased propensity to fall asleep. Definitions of excessive daytime sleepiness (EDS) vary (2,3). Clin-
ically, we define EDS as an increased propensity to fall asleep (with or without subjective sleepiness)
that is having a significant impact or posing significant threat to the quality of life of the patient. Stan-
dardized tools, such as the Epworth Sleepiness Scale (ESS), provide quantitative estimates of EDS
that can assist in making this clinical determination.

EDS is common. In the general population of older adults (55–84 years old), 15% report EDS that
interferes with daily activities at least several days a week, and 4% report falling asleep while driving.
Although problematic, this is less than the 20% of younger adults (18- to 54-year-olds) who report
falling asleep while driving, a statistic that is somewhat surprising. (4). EDS is even more common in
neurological disorders, including narcolepsy, multiple sclerosis, dementia, and Parkinson’s disease
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(PD). Moderate-to-severe sleepiness is seen in 15.5% of patients with PD compared to 1% of healthy
elderly controls and 4% of diabetics (5). Once EDS develops in patients with PD, it often persists, and
as many as 6% of patients with PD develop EDS each year (6).

2. MECHANISMS

Primary EDS in PD is the result of damage and adaptation of various critical neurotransmitter sys-
tems that modulate sleep and wakefulness, including the dopaminergic system. States of dopamine
(DA) deficiency and excess can both cause EDS, depending on the circuitry being modulated. Rats
with selectively damaged nigrostriatal pathways develop hypersomnolence (7). Non-human primate
models of PD can develop hypersomnolence that reverses with treatment of levodopa and bupropion
(8). Medications that deplete or block DA also commonly cause sedation. (9). Furthermore, studies
using specific DA reuptake inhibitors have shown that blockade of DA reuptake and/or stimulation of
DA release in specific brain regions may mediate the wakefulness-promoting effect of central nervous
system stimulants (10). It might seem paradoxical, then, that drugs that increase dopaminergic activity
also cause somnolence. However, this side effect is well established, (11,12) and may be mediated by
agonist activity at the D2 receptor (10,13).

Further complicating the matter, extra-striatal pathology in PD may also contribute to EDS. This
point is supported by clinical studies that have found that EDS does not correlate with motor scores
(9,14–16). Abnormal wakefulness in PD may be  the result of pathology in the dorsal raphe nucleus,
the locus ceruleus, or the pedunculopontine nucleus, which promotes thalamocortical arousal and
REM sleep (9,17).

In summary, the mechanisms that underlie primary and medication-induced EDS in PD are com-
plex. It is important for the clinician to be aware that both PD and the medications used to treat it may
cause somnolence, often through mechanisms that are not currently well defined.

3. EVALUATION OF EDS

3.1. History
For various reasons, even patients with severe EDS often neglect to bring it to their physicians’

attention. Furthermore, some patients without subjective drowsiness fall asleep inappropriately. As a
result, all PD patients should be periodically screened for symptoms of EDS, particularly after medica-
tion adjustments. Probably the best approach is to ask the patient directly about EDS, and to supple-
ment this focused history by asking the patient to complete the ESS, as discussed in Subheading 3.3.
We often ask “Is being tired or sleepy ever a problem for you?”; “Do you fall asleep in inappropriate
situations?”; or “Do others notice that you fall asleep easily?” Spouses or caregivers often provide crit-
ical details, and should be invited to participate in the interview whenever possible. 

Subjective sleepiness in the absence of an increased propensity to fall asleep may be more consis-
tent with mental fatigue, defined as the “sensation of boredom and lassitude owing to absence of stim-
ulation, monotony, or lack of interest in one’s surroundings,” and characterized by a lack of energy or
motivation. (3). In such circumstances, exploring medical and psychiatric conditions, particularly
depression, is warranted. Alternatively, an increased propensity to fall asleep with or without the sen-
sation of sleepiness is more consistent with EDS.

Once EDS is found, the clinician should assess safety and make appropriate recommendations, includ-
ing (but not limited to) driving restrictions. In the United States particularly, the entire assessment and
plan should be clearly documented for legal protection. To determine the etiology of the EDS, the time
course over which it developed may provide useful clues. It is not uncommon for sleepiness to emerge
with the initiation or escalation of DA agonists or levodopa (18,19). When this association is clear and the
patient is being treated with a DA agonist, it is reasonable to reduce the dose, switch to a different DA
agonist, or eliminate the drug altogether. When somnolence does occur with levodopa, it usually resolves
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shortly after the dose is taken, and it rarely limits treatment. Higher doses of levodopa were actually asso-
ciated with decreased somnolence in a fairly large prospective study (16).

Subacute or acute development of EDS in the absence of medication change suggests encephalopa-
thy, and this should focus the history on likely etiologies, such as falls (subdural hematoma), infection,
and dehydration.

Sleep hygiene should also be assessed early on, and when markedly abnormal, may be the sole eti-
ology for EDS. In such circumstances, it is appropriate to normalize sleep hygiene before embarking
on further work-up, provided close follow-up can be achieved. Assessment of sleep hygiene can also
reveal an underlying insomnia.

We next determine if excessive sleep time (hypersomnolence) is present. In some individuals, this
presents as increased sleep requirement despite relatively normal sleep times. In the presence of hyper-
somnia, the clinician must consider a sleep-related breathing disorder (SRBD; see Chapter 18). Wit-
nessed apneas, snoring, and large neck size are clearly established risk factors. Other clues to the
diagnosis include hypertension, congestive heart failure, hypothyroidism, impotence, morning
headaches, recent weight gain, and increased alcohol consumption. Stridorous breathing, which occurs
commonly in multiple system atrophy (MSA), may also manifest as a change in snoring pattern, and
such patients should be followed very closely. Medications and alcohol can also cause hypersomno-
lence.  Other sleep disorders that cause hypersomnolence include REM sleep behavior disorder (RBD;
see Chapter 16) and periodic limb movements of sleep (PLMS). Often in these disorders the patient is
unaware of problems during sleep, and the history must be obtained from a bed partner. When hyper-
somnolence is absent, the aforementioned causes of EDS are still in the differential diagnosis, but are
less likely. The remainder of the history should focus on the problems listed in Table1 or other issues
that seem to be relevant.

3.2. Physical Exam and Ancillary Tests
A focused physical exam may be helpful in evaluating patients with EDS. Obesity is a tip-off for a

SRBD, although 10% of those afflicted have a normal body mass index. A large-neck circumference
and craniofacial abnormalities (e.g., micrognathia) also suggests the diagnosis. Lethargy indicates an
underlying encephalopathy. Focal neurological findings may warrant neuroimaging to rule out other
neurological processes, such as subdural hematoma or mass. Laboratory tests for EDS should be con-
sidered, particularly when the onset is subacute or acute. Thyroid function tests, complete blood count,
serum electrolytes and glucose, erythrocyte sedimentation rate, ammonia, and liver function tests may
be appropriate to screen for medical etiologies. An iron profile and renal function should be ordered in
patients with restless legs syndrome (RLS)/PLMS. When a narcolepsy phenotype is present with cata-
plexy, blood can be sent to determine whether or not the human leukocyte antigen HLA DQB1*0602
is present. The absence of HLA DQB1*0602 dramatically decreases the likelihood of narcolepsy in
such individuals (3). The narcolepsy phenotype without cataplexy is common in PD, and HLA testing
is rarely necessary.

3.3. Sleep Testing
There are several tests available to quantify sleepiness and diagnose sleep disorders. We briefly dis-

cuss four of them here: the ESS, polysomnography (PSG), the Multiple Sleep Latency Test (MSLT), and
the Maintenance of Wakefulness Test (MWT). The ESS is a quick and useful questionnaire that quanti-
fies an individual’s propensity to fall asleep (20). The respondent is asked to rate the chance of dozing in
eight situations on a 4-point scale, where 0 represents a situation in which the respondent “would never
doze,” and 3 represents a “high chance of dozing.” The cumulative score ranges from 0 to 24. Normal
range for individuals aged 22 to 59 years without sleep disorders (by screening questionnaires) is from 0
to 10 (mean = 2.8 +/– 3.8 standard deviation; 21). The ESS is easy to use, low in cost, and reliably
detects patients with a severely increased propensity to fall asleep.



202 Hardesty, Victor, and Frucht

Both narcoleptics and subjects with obstructive sleep apnea have higher average scores on the ESS,
and scores decrease with effective interventions. The ESS has several weaknesses that should be
acknowledged. It is dependent on the subject’s recollection of sleepiness in the recent past, which may
be inaccurate. Furthermore, the respondent may have to estimate the likelihood of falling asleep in sit-
uations not regularly experienced. Even with accurate reporting, the ESS is only sensitive in detecting
marked somnolence (22). However, it is still a useful tool, and helps greatly to supplement the history
as a screen for EDS.

Overnight PSG is the diagnostic test of choice for the evaluation of most sleep disorders. While the
patient sleeps, simultaneous recordings are obtained from electroencephalogram, submental elec-
tromyogram (EMG), electro-oculogram (EOG), electrocardiographic tracings, limb movement (via
anterior tibial EMG), body position, oxygen saturation, respiratory effort and airflow. Other monitor-
ing devices used in conjunction with PSG include infrared videorecorders, microphones (to capture
snoring), and esophageal pH probes. In the patient who has PD with EDS, PSG may identify treatable
disorders that are not obvious by history. Most of the disorders discussed in this chapter can be diag-
nosed by PSG. The sensitivity of PSG for each disorder varies, and the test may miss the diagnosis in

Table 1 Excessive Daytime Sleepiness

Cause of EDS common to general population

Poor sleep hygiene
Sleep-related breathing disorder
RLS
PLMS
Narcolepsy
Insomnia
Circadian rhythm disturbance
Use of certain medications, alcohol, illicit drugs

PD-specific causes of EDS 

Use of medications to treat PD
Virtually any medication can cause EDS, including MAOIs. DA agonists are particularly

problematic.
Sleep disorders

RBD
Owing to symptoms of PD or “Wearing Off”

Tremor, rigidity (inability to turn in bed, shoulder pain), dystonia, nocturia, central pain, 
sweating, etc.

Because of PD treatment/overdose effects
Nightmares, hallucinations, dyskinesias.

Other
DID dyskinesias/dystonia
akathsia
Directly owing to underlying pathology of PD

aRLS/PLMs may be more common in PD.
bA narcolepsy phenotype without cataplexy also occurs in PD, which often resolves with med-

ication adjustment.
cSee Chapter 15.
EDS, excessive daytime sleepiness; RLS, restless legs syndrome; PLMS, periodic limb

movements of sleep; PD, Parkinson’s disease; MAOIs, monoamine oxidase inhibitors; DA,
dopamine; RBD, rapid eye movement behavior disorder; DID, drug-induced dyskinesias.
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a patient with intermittent events (21). The test is further limited by cost and availability of resources.
Some patients also find it difficult to sleep in the sleep laboratory setting. Regardless, the test can pro-
vide extremely valuable information and is critical to the diagnosis of many sleep disorders. Repeat
PSG may be necessary to monitor response to treatment.

We recommend PSG for the evaluation of suspected SRBD, PLMS, RBD (if there is a need to sub-
stantiate the diagnosis), and for significant EDS of unknown etiology that does not improve with rou-
tine measures. When sleep apnea is suspected, but PSG is not available, portable monitoring with
oximetry may be the next best option, but this method is much less sensitive. When nocturnal stridor is
suspected, PSG should be ordered urgently.

The MSLT quantifies sleepiness and is utilized primarily in the diagnosis of narcolepsy. The test
should be performed the day after overnight PSG to ensure adequate pretest sleep. During five 20-
minute sessions that are spread out at 2-hour intervals, the patient tries to fall asleep in a dark, comfort-
able room while being monitored in the sleep laboratory. The combination of REM sleep and reduced
sleep latency suggests narcolepsy (21). However, similar results can occur with sleep deprivation and
various medications, and is not uncommon in PD, which limits the usefulness of this test in PD.

The MWT is similar to the MSLT, but the subject is asked to remain awake, not sleep, and is placed
in a somewhat less soporific situation (a dimly lit room, sitting supported by pillows). This test is not
commonly used in clinical practice, and results may not predict behavior in daily life (21).

4. CAUSES AND MANAGEMENT OF EDS 

4.1. Common or Important Causes of EDS in All Patients

4.1.1. Poor Sleep Hygiene
Poor sleep hygiene can result from insufficient time for sleep, poor sleep environment, poor sleep

habits, caffeine, alcohol, or use of prescribed or over-the-counter medications. Normalizing sleep
requires patient education, and although this can be time consuming, it is often critical to success.
When good sleep hygiene is accomplished, the patient associates easily achieved sleep with a regular
sleep location and time. Simple recommendations include establishing regular times for waking up
and going to bed, regular exercise (but not for several hours prior to sleep), and avoidance of caffeine,
alcohol, and lying in bed when not sleepy.

4.1.2. Sleep-Related Breathing Disorders
Obstructive sleep apnea (OSA), central sleep apnea, and upper airway resistance syndrome are

common in the general population, particularly among men. They are important to identify because
they are treatable and can otherwise have adverse systemic health consequences. Moderate  to severe
OSA occurs in approximately 20% of patients who have PD with EDS (16). SRBDs are discussed in
detail in Chapter 18, and are mentioned only briefly here. History and physical examination, as previ-
ously discussed, determine the risk factors for OSA. Definitive diagnosis is made by PSG.

Conservative treatment consists of weight loss, the use of a lateral sleep position, and avoidance of
sedatives and alcohol (23). When treatment is necessary, continuous positive airway pressure (CPAP)
is the preferred treatment. If CPAP is not tolerated and OSA is not severe, dental appliances are a rea-
sonable alternative. Otherwise, surgery may be the best option. Treatment of sleep apnea has been
shown to improve quality of life, mood, alertness, and the risk of automobile accidents. CPAP has
been shown to improve hypertension and cardiac ejection fraction in patients with congestive heart
failure (23).

4.1.3. Restless Legs Syndrome and Periodic Limb Movements of Sleep
RLS leads to sleep loss and fragmentation and is often associated with EDS. RLS has a prevalence

in the normal adult population of between 2.5% and 15% (24). It is not yet clear if PD increases risk
for RLS, and most estimates place the prevalence near the upper border of this range. In RLS, uncom-
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fortable sensations manifest in the legs, particularly at night, and are alleviated by pacing. Differentiat-
ing RLS from “off” sensory phenomena may be difficult, if not impossible to do. The presence of a
family history of RLS and/or symptoms that predated levodopa-induced fluctuations suggests that
RLS may be present. Once RLS is suspected, consider potential etiologies and order appropriate lab
tests (see Subheading 3.2). Medications that frequently precipitate RLS include antidepressants (tri-
cyclic antidepressants [TCAs], monoamine oxidase inhibitors [MAOIs], selective serotonin reuptake
inhibitors, and venlafaxine), lithium, antihistamines, and antipsychotics. When feasible, these medica-
tions should be adjusted, switched with alternative therapies, or discontinued. Iron replacement ther-
apy may help patients who have an iron deficiency (24), although the effect of iron replacement for
RLS in PD is not clear. Pharmacotherapy with DA agonists is often an effective treatment for RLS.
However, in PD, RLS often presents in a patient already on a DA agonist, or in a patient who cannot
tolerate them, particularly at night. Alternative treatments include opiates, benzodiazepines,
gabapentin, and carbamazepine (25.) Rebound and augmentation may occur with any treatment, and
symptoms may need to be treated during the waking hours. 

PLMS is an associated disorder in which involuntary leg movements lasting 4 to 5 seconds occur
during sleep. Movements occur at regular intervals of about 20 seconds, and can be unilateral or
bilateral. Very often, RLS coexists with PLMS. When PLMS is present without RLS, the clinician
should reconsider the possibility of a SRBD or medication-induced PLMS (26). PSG will quantify
the severity of PLMS, and also helps to negate the possibility of an underlying SRBD, although it is
not necessary prior to treatment in all cases. PLMS typically responds to the same pharmacological
interventions as RLS (27). However, anticonvulsants vary in their effect. For instance, carba-
mazepine helps RLS but not PLMS, and lamotrigine and valproate are more potent at controlling
PLMS.

4.1.4. Narcolepsy
Symptoms of narcolepsy usually begin before middle age, although it is not uncommon for the

diagnosis to be missed for decades. Therefore, narcolepsy should be considered in a patient with PD
when symptoms of the disorder presented early in life. Narcolepsy is characterized by EDS and/or an
irresistible urge to sleep, cataplexy, hypnagogic and/or hypnopompic hallucinations, and sleep paraly-
sis, although it is rare for patients to have all symptoms. Narcolepsy can be familial, and is often asso-
ciated with deficient levels of hypocretin.

Although narcolepsy is not particularly common, patients with PD often develop a narcolepsy-like
syndrome. Out of 54 consecutive PD patients with EDS treated with levodopa, 50% had pathological
sleepiness and 39% had early onset REM sleep (determined by MSLT) that is typical of narcolepsy
(16). However, such patients have normal levels of cerebrospinal fluid (CSF) hypocretin-1 (28). Fur-
thermore, patients with PD do not usually have cataplexy. This presentation in PD is often associated
with dopaminergic medications, particularly DA agonists, and medication adjustment usually allevi-
ates symptoms. Otherwise, patients can be treated with wakefulness-promoting agents.

When cataplexy is present, narcolepsy should be considered. HLA-DQB1*0602 is present in 93%
of narcolepsy patients with cataplexy versus 17% of controls (29). Therefore, it is reasonable to send
blood for the presence of this antigen in these patients. When absent, it effectively rules out nar-
colepsy. However, if present, the diagnosis remains uncertain. Measurement of CSF hypocretin-1 lev-
els in such rare cases may be reasonable. Narcolepsy is usually treated with wakefulness-promoting
agents, such as modafinil or methylphenidate.(30) Cataplexy may be treated with γ-hydroxy-butyrate
(GHB) or norepinephrine reuptake inhibitors such as venlafaxine.

4.1.5. Circadian Rhythm Disorders
Disruptions of circadian rhythm represent another treatable form of EDS. Diagnosis should be con-

sidered when a patient has a long history of going to sleep at an unusually early or late hour. Light
therapy or melatonin may provide significant relief.
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4.1.6. Insomnia
Insomnia is particularly problematic in PD, can be very difficult to treat, and may result in EDS.

Chapter 15 discusses this in detail.

4.2 PD Specific Causes of EDS

4.2.1. REM Sleep Behavior Disorder
RBD was discussed in detail in the preceding chapter, so it is only mentioned briefly here. RBD is

characterized by the loss of normal muscle paralysis during REM sleep, which leads to the enactment
of dreams (31). It is seen with a variety of neurological conditions, including PD, and it frequently
causes EDS (32). In fact, Olson found that 63% of all patients with RBD had complaints of EDS.
Clonazepam is generally an effective treatment. Because RBD is often associated with other sleep dis-
orders, PSG may be required when EDS does not resolve with treatment.

4.2.2. Nightmares, Vivid Dreams, and Hallucinations
Hallucinations and psychosis in PD frequently disrupt sleep and cause EDS. Medications are the

usual culprit, although encephalopathy must also be considered. Management of these symptoms are
discussed in detail in Chapter 5. Unfortunately, both quetiapine and clozapine also frequently cause
EDS. Promoting wakefulness in the morning hours with caffeine, modafinil, or stimulants is some-
times needed, although hallucinations may worsen.

4.2.3. Dyskinesias
When severe, dyskinesias can prevent sleep and cause EDS. They often occur late in the day as the

doses of dopaminergic medication accumulate, particularly with extended-release levodopa. In such
cases, lowering the overall dose, avoiding nighttime doses, and switching to regular carbidopa/levodopa
may resolve the issue. Later doses of entacapone may also be stopped. Amantadine may help reduce
dyskinesia severity, but can lead to other complications with sleep. Diphasic dyskinesias can also
develop at night, and often respond well to a nighttime dose of an extended-release carbidopa/levodopa.

4.2.4. “Off” Phenomena and Insufficient Treatment of PD Symptoms
Motor and sensory symptoms can interfere with sleep when anti-Parkinsonian agents are no longer

sufficient or when wearing off occurs at night. Tremor, inability to turn in bed, pain, sweating, and dys-
tonia often lead to sleep fragmentation. Extended-release levodopa preparations given at bedtime can
help alleviate these problems. Anti-cholinergic agents, when tolerable, can reduce frequent awaken-
ings from nocturia and dystonia.

5. “SLEEP ATTACKS” AND DRIVING

In 1999, Frucht and colleagues described eight patients taking pramipexole who had sudden
episodes of sleep while driving. Since then, there have been numerous reports of “sleep attacks” with
ergot and non-ergot DA agonists, as well as levodopa (11,12,18), sometimes occurring without warn-
ing. EEG in one such patient documented a normal background of wakefulness despite a sleep latency
of less than 1 minute (33). Sleep episodes may be more common in men and in patients with dysau-
tonomia (34,35).

So how common are “sleep attacks,” and can they be predicted? The Canadian Movement Disorder
Group surveyed 420 nondemented PD patients who continued to drive, and found that of those with
EDS (remarkably, 51%), 16 (3.8%) reported sudden-onset sleep episodes while driving (36). Three
reported no warning. Unfortunately, data was not collected from a control group. An ESS score greater
than 7 predicted 75% of sleep episodes, but this score is well within the normal range, and therefore
lacks specificity. A score of 1 on the Inappropriate Sleep Composite Score, which was introduced in
this study, had a sensitivity of 52% and a specificity of 82%. Of note, the Canadian Movement Disor-



206 Hardesty, Victor, and Frucht

der Group did not find an increased risk of sleep-related accidents or excessive sleepiness in those tak-
ing DA agonists. One problem with the study is that PD patients (with EDS) may not recognize when
they have fallen asleep, and in fact do so less often than patients with other sleep disorders (primary
hypersomnia and sleep apnea), even with longer nap times during MSLT (37). Furthermore, patients
who misperceive falling asleep tend to have lower ESS scores, which underscores the need for a dif-
ferent screening instrument for detecting “sleep attacks.”

Regardless of EDS, driving is impaired in PD, in part because of slower reaction times (38).
Patients with PD also have an increased frequency of collisions during driving simulation (39). Fur-
thermore, neurologists, unlike driving instructors and psychiatrists, may overestimate the ability of
patients with PD to drive (40).

How, then, does one decide on a driving recommendation? Unfortunately, there are no guidelines to
determine which patients with PD are safe to drive, and predicting who is at risk for falling asleep
while driving is difficult. Although sudden-onset sleep episodes are frequent enough to warrant serious
concern, the true risk for such spells or related accidents in PD is not known. Furthermore, the impact
of medications, particularly DA agonists and levodopa, remains controversial. Until these questions
are answered, the clinician must remain vigilant to detect those who appear to be at high risk. In some
cases, such as when there is a recent history of a sleep attack or when there is prominent EDS, driving
restrictions are appropriate. For patients with a sufficiently long and mild warning, it may be reason-
able to recommend extreme caution while driving and to discourage long drives and traveling alone.
When an episode only occurs shortly after a dose of medicine, the timing of the dose may sometimes
be changed to accommodate to the patient’s schedule. Those receiving high-dose DA agonist therapy
should also be extremely cautious, particularly during dose escalation. Finally, all driving patients
should probably be educated about “sleep attacks,” including the rare possibility of experiencing one
without warning. Doing so may help the patient to identify the problem before it occurs while driving.

6. CONCLUSION

EDS is common, particularly in patients with PD, and screening for it helps to ensure patient safety
and improve quality of life. The ESS provides a quantitative estimate of EDS and, when used in con-
junction with a focused history, is the best screening instrument available. When EDS is present it is
important to assess safety and minimize risks, which sometimes means driving restrictions. A good
sleep history and examination often leads to an accurate diagnosis. In some cases, PSG may be
required, particularly when an SRBD is suspected. Management of sleep hygiene and adjustment of
medications may be sufficient for treatment in select patients. Otherwise, targeted therapies are usually
available, depending on the underlying cause of EDS. When no cause can be identified, or treatment is
unsuccessful, relief may be provided with wakefulness-promoting medications.
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Sleep Apnea

Cheryl M. Carlucci and Robert A. Hauser

SUMMARY
Two types of sleep apnea have been identified: obstructive sleep apnea (OSA) and central sleep apnea

(CSA). OSA occurs when the upper airway collapses; in OSA, there is no airflow, often despite great respira-
tory effort. In CSA, the transitory cessations of breathing are because of a drop in respiratory capacity—there
is no airflow and no respiratory effort. Excessive daytime sleepiness is a consequence of both OSA and CSA. A
comprehensive history, ideally obtained from both the patient and bed partner, is the essential first step in diag-
nosing sleep apnea, but the gold standard for assessing sleep apnea is the polysomnogram. Sleep apnea has not
been extensively evaluated in the setting of Parkinson’s disease (PD), but recent studies have suggested that
OSA may be more common in PD than in age- and sex-matched controls, and obesity may not be as important
a risk factor for OSA in PD as it is in the general population.

Key Words: Obstructive sleep apnea; central sleep apnea; polysomnography; snoring, excessive daytime
sleepiness.

1. OVERVIEW

The word “apnea” comes from the Greek terms “a” for no and “pnea” for breath. Hence, apnea
means “no breath” and sleep apnea, by definition, is apnea that occurs during sleep. Individuals with
sleep apnea literally stop breathing for brief periods of time when asleep and must at least partially
awake in order to resume breathing. Sleep is therefore fragmented.

Because there can be very brief episodes of decreased respiratory activity during normal sleep, cri-
teria have been established for the diagnosis of sleep apnea. An apneic event is defined as cessation of
airflow for 10 or more seconds (1). Episodes of decreased, but not complete, cessation of flow are
hypopneas. Hypopneas are defined as a decrease in airflow of at least 50% from the patient’s baseline
accompanied by either a drop in O2 saturation of at least 3% or an arousal (2).

Obstructive sleep apnea (OSA) and central sleep apnea (CSA) are two forms of sleep apnea. There
is no airflow in OSA, often regardless of significant respiratory attempt. OSA arises with upper airway
failure, either during inspiration or at the end of expiration, depending on the patient’s upper airway
anatomy. The patient is attempting to breathe against a closed airway (see Fig. 1). The transitory arrest
of breathing in CSA are caused by reduced respiratory activity, where no airflow or respiratory effort
exists (see Fig. 2).

Some apneic events are comprised of elements of both central apnea (i.e., the absence of effort) fol-
lowed by obstructive apnea (increased effort in the absence of airflow). These events are mixed apneas
and may be the predominant type for some patients (see Fig. 3). Notably, almost every obstructive
apneic event appears to be preceded by a very brief decrease in effort.
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OSA is estimated to occur in approximately 4% of adult males and 2% of adult females (3). OSA
prevalence increases with age, and it is estimated that by age 60, 60% of men and 45% of women have
symptoms (most commonly, snoring) suggestive of OSA (4). Pure, or even primarily, CSA is consid-
ered rare and is generally reported to account for 4 to 10% of patients seen in sleep centers (5). There
are no general population statistics for CSA at this time.

2. OBSTRUCTIVE SLEEP APNEA

Although the nasal cavity accounts for half of the total resistance in the upper airway, its contribu-
tion is relatively constant (6). In OSA in the general population, the main focus of concern is the phar-
ynx, which can be divided into four segments: nasopharynx, velopharynx, oropharynx, and hypopharynx.
Although most patients with OSA have several areas of pharyngeal collapse, the velopharynx (region
immediately behind the uvula) and the oropharynx (region behind the oral cavity and tongue) are the
primary sites involved.

Dilation of the upper airway is produced by over 20 skeletal muscles that surround the pharyngeal
airway and stiffen the pharyngeal walls (7). Control of these muscles is a complex process because any
muscle action depends on the actions of other muscles and the state of the surrounding anatomical
structures. For example, whether the mouth is open or shut affects the position of the tongue, and
opening the mouth can destabilize the upper airway. The size of the tongue and position of the
mandible can also have significant effects on the size of the pharyngeal airway. The functions of the
various pharynx muscles are also affected by the status of the airway itself. If the pharyngeal constric-
tors are activated when there is a relatively high airway volume, the airway will be constricted. If they
are activated at a low airway volume, the airway is dilated. Thus, the upper airway anatomy and func-
tional state of the musculature determine the size of the pharyngeal airway.

Any factor that decreases muscle tone will also contribute to OSA. During rapid eye movement
(REM) sleep, skeletal muscles other than the diaphragm show a marked decline in tone. This stage of
sleep is normally characterized by virtual paralysis with very brief episodes of intermittent phasic
activity. Hence, OSA is generally at its worst when the patient is in REM sleep.

In addition to the tone of the intrinsic upper airway muscles, positional factors have been found to
be influential. Many patients experience upper airway restriction only when they are supine. Neck
flexion predisposes to airway closure, whereas extension of the neck promotes a more open airway (8).
Kyphoscoliosis can also contribute to OSA.

Finally, no OSA discussion is complete without including obesity as a cause for OSA. Obesity is
one of the cardinal risk factors for OSA and is believed to affect the process primarily by narrowing
the upper airway.

3. CENTRAL SLEEP APNEA

Although many normal individuals exhibit irregular respiration at sleep onset with brief respiratory
pauses, some individuals experience repeated episodes of CSA at sleep onset. In some cases, these
events lead to arousals that awaken the patient, and it is not unusual for such patients to present with
complaints of insomnia.

During sleep, metabolic mechanisms control ventilation and pCO2 is the single most important fac-
tor (9). A low pCO2 reduces the drive for respiration. Hypocapnia can be the result of intrinsic disor-
ders of chemosensitivity or hyperventilation. The latter is often associated with arousals and poor
ventilatory control (10). Severely diminished or absent sensitivity to pCO2 results in sleep-disordered
breathing, typically CSA (11).

Nasal congestion is certainly associated with OSA, but it can also have a significant role in CSA.
Possible impact may be owing to occlusion of nasal receptors that are instrumental in respiratory con-
trol and to pharyngeal collapse that can occur secondary to nasal obstruction (12).

Various neurological disorders are related to CSA (see Table 1). The Shy-Drager syndrome (multi-
ple system atrophy) has been associated with severe OSA with reports of death (13). Brainstem infarc-
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tion and medullary lesions from polio can lead to hypoventilation and abnormal ventilatory control,
which predisposes to CSA. Even if the brainstem is intact, disruption of the neuronal control of the
respiratory muscles ultimately affects the metabolic control of respiration. Neuromuscular disorders
can cause decreased respiratory effort and waking hypoventilation, which can lead to loss of normal
chemosensitvity and CSA (14).

4. CLINICAL FEATURES OF SLEEP APNEA

Patients with OSA are typically unaware of their sleep problem. In contrast, the bed partner usually
recognizes a sleeping problem because OSA is significantly associated with snoring. The snoring may
be so loud that no one wants to share a bed or bedroom with an OSA patient. The bed partner may pro-
vide a highly suggestive description: the individual falls asleep, snores (typically very loudly), and
then is silent. The silence lasts long enough for the observer to become aware of it, and the silence usu-
ally ends with a loud snorting sound. Bed partners frequently report having to hit or push the patient to
get them to breathe again.

The most common complaint of patients with OSA is excessive daytime sleepiness (EDS). Indeed,
the daytime sleep manifestations of severe OSA patients can be mistaken for narcolepsy to the extent
that sleep is severely fragmented by frequent awakenings. Headache is another common complaint;
morning headaches are especially frequent. However, many patients also report nocturnal headaches.
Generally, the headache of OSA is dull, nonfocal, and lasts a few hours (15; see Table 2).

As noted previously, OSA is more common during REM sleep. Depression, personality changes,
and psychomotor dysfunction may occur secondary to disruption of REM sleep, but hypoxemia may
also be a factor. Night sweats, nocturia, and sexual dysfunction result from hemodynamic and auto-
nomic changes that develop caused by apneic events.

The presentation of CSA can vary depending on whether or not there is hypercapnia. Hypercapnic
CSA is characterized by respiratory failure, cor pulmonale, polycythemia, and daytime sleepiness.
When hypercapnia is not present, daytime sleepiness and insomnia owing to restless sleep may also be
accompanied by mild and intermittent snoring, awakenings that may be associated with choking, and a
normal body habitus (16).

5. DIAGNOSIS OF SLEEP APNEA

Similar to other medical disorders, a comprehensive history is the crucial first step in diagnosing
sleep apnea. If possible, the history should be obtained with the bed partner or housemate present.
Denial of daytime sleepiness is common, and patients hardly ever report hearing themselves snore. If
they are aware of nocturnal arousals or awakenings, they can only rarely identify the triggering factor.

The gold standard for assessing sleep apnea is the polysomnogram (PSG), involving overnight
monitoring of the patient, including electroencephalography, which is necessary for determining sleep

Table 1
Disorders Associated With Central Sleep Apnea

Autonomic dysfunction
Multiple system atrophy
Familial dysautonomia
Diabetes mellitus

Brainstem infarction
Cervical cordotomy
Muscular dystrophy
Myasthenia gravis
Postpolio syndrome
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onset and sleep staging. Extraoccular eye movements are recorded (via electro-oculography), as is
mentalis muscle tone (via electromyography), to help determine when the patient is in REM sleep. In
addition to these specific sleep parameters, the study includes transducers to record airflow, respiratory
effort, and cardiac rhythm. Pulse oximetry is obtained to assess the severity extent of oxygen desatura-
tions associated with apneic events. Also, the motor activity of the legs is recorded with electrodes on
the anterior tibialis muscles. The patient is usually videotaped during the PSG. Although somewhat
involved and time-consuming, a full PSG allows identification of sleep-related breathing disorders,
sleep-related cardiac arrythmias, and various movement disorders known to occur during sleep,
including periodic limb movements of sleep, and REM behavior disorder.

More recently, portable equipment to assess sleep and respiration has been developed (17).
Although these studies have not replaced laboratory-based PSG, they offer the potential to reduce cost,
inconvenience, and delays in obtaining sleep studies.

6. TREATMENT OF OSA

As with any other medical disorder, an understanding of the underlying pathophysiology provides
the key to treatment. OSA can be successfully treated by alleviating the obstruction. There are two
major ways to accomplish this goal; one is to remove the obstruction. Several surgical procedures have
been developed that address the different areas of obstruction (18; see Table 3). Sufficiently aggressive
surgery can effectively treat even the most severe OSA, but the patient must be willing to undergo the
procedure indicated by the site of collapse.

The mainstay of OSA treatment is the use of nasally administered positive airway pressure. This is
achieved by establishing a seal via a mask over the nose and administering room air under pressure
sufficient to keep the airway patent during sleep. The earlier versions of these devices did so at a con-
stant pressure and were therefore referred to as continuous positive airway pressure (CPAP) devices.
Subsequently, bilevel positive airway pressure (BiPAP) devices, capable of varying the pressure to
account for the decreased pressure needed to maintain the airway on expiration were developed. The
latest advance is the use of autotitrating devices that adjust the pressure at the mask to account for
changes in the resistance of the patient’s upper airway.

Pressures required to maintain an open airway can range from as little as 3 to 5 mmHg up to 16 to 20
mmHg. As would be expected, compliance is generally better at lower pressures. At the highest pressures,
serious consideration must be given to surgical interventions that may not cure the OSA, but can result in
significantly lower pressure requirements for positive airway pressure treatment. Reducing pressures
improves compliance and decreases the incidence of CPAP complications, such as nasal irritation, con-
junctivitis from air leaks under the mask, aerophagy, and very rarely, pneumothorax or pneumoencephaly.

The use of positive airway pressure has been well-documented as an effective means of eliminating
apnea during sleep. The major problem is that the device has to be used on a regular basis and for

Table 2
Common Symptoms of Obstructive Sleep Apnea

Excessive daytime sleepiness
Psychomotor dysfunction

Decreased motor skills
Memory impairment

Depression
Headache
Night sweats
Nocturia
Personality changes
Sexual dysfunction
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extended periods during sleep. Unfortunately, compliance is a major problem with reports of actual
use typically varying from 65% to 80% (19).

Other techniques and devices are aimed at addressing specific problems. Nasal dilators, both intrin-
sic and extrinsic, have been used effectively to reduce snoring but cannot be regarded as sufficient
treatment for OSA. Devices to train the patient not to sleep in a supine position have some benefit for
positionally related OSA. Weight loss, if it can be achieved, is also very efficient in reducing the
degree of OSA in obese patients.

7. TREATMENT OF CSA

Although it seems counter-intuitive, the use of positive airway pressure has been demonstrated to be a
beneficial treatment for CSA. As noted previously, activation of nasal and pharyngeal receptors have a
positive effect on respiration control. Typically, very low pressures are required, and BiPAP may be more
effective for these patients as it reduces the work of breathing on expiration when compared to CPAP.

Prior to the advent of CPAP and BiPAP, several different medications were attempted to treat CSA.
Acetazolamide, a carbonic anhydrase inhibitor, had been shown to reduce central apneas in a small
number of patients, but long-term studies did not show continued efficacy, and exacerbation of mixed
apneas was reported. In essence, none of the drug therapies that have been tried, including the proges-
tational agent, medroxyprogesterone, or stimulants (e.g., theophylline) have proved effective (20).

8. SLEEP APNEA IN PARKINSON’S DISEASE

EDS in Parkinson’s disease (PD) received very limited attention prior to the report by Frucht et al.,
which described eight patients taking pramipexole and one taking ropinirole who fell asleep while dri-
ving (21). This report sparked a series of investigations into the prevalence of EDS in PD and its
causes. One recent survey of 303 patients who had PD found that 50.2% had EDS as defined by an
abnormally high (>10) Epworth Sleepiness Scale score (22). Stepwise regression analysis revealed
that sleepiness correlated with longer duration of PD (p < .0001), more advanced PD (p < .0004), male
sex (p < .0001), and the use of any dopamine agonist (p < .0004).

Although many recent investigations have focused on anti-Parkinsonian medications as a cause of
EDS, other potential causes must not be overlooked. Several early sleep surveys in patients who had
PD indicated that overnight sleep disturbances, especially frequent awakenings (sleep fragmentation),
were common in PD. Factor et al. noted that 88.5% of patients with PD reported difficulty maintaining
sleep, and most awakened two to five times per night, whereas 74.4% of control subjects reported dif-

Table 3
Surgical Procedures for the Treatment of Obstructive Sleep Apnea

Site of obstruction Procedure

Nose Deviated septal repair
Turbonate resection
Adenoidectomy (rare)

Velopharynx Uvulopalatalpharyngoplasty
Somnoplasty
Tonsillectomy

Oropharynx Mandibular osteotomy with genioglossis advancement

Hypopharynx Hyoid myotomy with suspension
Maxillomandibular advancement osteotomy
Base of tongue resection

Bypass all upper airway obstruction Tracheotomy
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ficulty maintaining sleep and awakened one to three times nightly (p < .005; 23). Similarly, Tandberg
et al. found a significantly higher prevalence of frequent awakenings in patients who had PD (38.9%)
than diabetes patients (21%) or healthy elderly controls (12%) (p < .001; 24). It was speculated that
frequent awakenings in PD might be owing to motor disability, depression, or pain. However, it is also
possible that sleep disorders, including sleep apnea, may have a role in causing frequent awakenings in
PD, because PSG evaluations were not included in these studies.

An early PSG study confirmed frequent and prolonged awakenings throughout the night in patients
who had PD (25). In this study, hypoventilation and sleep apnea were not observed in 12 patients with
PD or 12 normal controls.

However, another early PSG study found more apneic episodes and desaturations in patients with
PD than age- and sex-matched controls (26). In this study, Efthimiou et al. studied 4 untreated patients
who had PD, 6 treated patients who had PD, and 20 controls. The mean number of apneic episodes and
mean number of desaturations during sleep were: treated PD, 48.5/26; untreated PD, 24/3; and normal
controls, 10.8/0.7. The percentage of apneic episodes that were obstructive or mixed were: treated PD,
83.5%; untreated PD 93%; and normal controls, 9%. One patient with untreated PD fulfilled criteria
for sleep apnea syndrome—interestingly, this patient was not obese.

In a more recent study employing contemporary electrophysiologic techniques, Arnulf et al. evalu-
ated 54 consecutive levodopa-treated patients who had PD with a complaint of EDS (27). Of these
patients, 20% had moderate or severe sleep apnea, as defined by an apnea-hypopnea index more than
15 per hour. This prevalence is substantially greater than that in an elderly American population
(2.5–4.4%; 28). Obstructive apneas and hypopneas were typical, whereas central and mixed apneas
were extremely rare. Patients with moderate or severe sleep apnea had body mass indices (25.3 ± 5.2
kg/m2) and MSLs (5.3 ± 0.8 minutes) similar to patients with no or mild sleep apnea. These investiga-
tors also described a narcolepsy-like phenotype (≥2 sleep-onset REM periods) in 39% of subjects.
These patients were sleepier than those without such a phenotype, as evidenced by shorter Multiple
Sleep Latency Tests (MSLTs).

Therefore, preliminary information suggests that OSA may be more common in PD than age- and
sex-matched controls, but this remains to be proven. There is also the suggestion that obesity may not
be as important a risk factor for OSA in PD as it is in the general population, which may reflect a dif-
ferent physiologic basis for OSA, such as upper airway muscle dysfunction (29).

The significance of OSA as a cause of sleepiness in PD remains to be determined. In the study by
Arnulf at al., patients who had PD with a complaint of EDS with and without OSA were equally
sleepy, as reflected by similar MSLTs. However, it is possible that the non-OSA group was preferen-
tially affected by other causes of sleepiness. A beneficial response to CPAP would indicate that OSA is,
in fact, causing or contributing to sleepiness. Clinical experience indicates that some patients who
have PD with OSA do experience a substantial reduction in sleepiness with CPAP treatment. However,
a definitive evaluation of response to CPAP in a large group of patients who have PD with EDS and
OSA is necessary. Unfortunately, such a study may be complicated by issues like compliance, ade-
quate pressure titration, and lack of benefit in CPAP response in some patients with OSA in the general
population.

Currently, it seems likely that EDS in PD can be caused by the disease itself, dopaminergic medica-
tions, and sleep disorders (e.g., sleep apnea). In patients with PD who experience EDS, reversible or
treatable conditions that might be the cause should be sought. Typically, dopaminergic medications are
first considered. Dopamine agonists may be lowered or discontinued, and if necessary and feasible, the
levodopa dose may be reduced. However, if there is no improvement in sleepiness when dopaminergic
medications are lowered or if such manipulations are not possible, consideration should be given to
obtaining an overnight PSG to exclude potentially treatable sleep disorders like OSA.

We and others have suggested that it may be possible to treat EDS in PD with modafinil, a novel wake-
promoting agent (30,31). However, we are concerned about the possibility that modafinil administration
in patients with untreated OSA could lead to subjective improvement while still exposing the patient to
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potentially harmful physiologic consequences of OSA. Therefore, we usually attempt to obtain an
overnight PSG to eliminate OSA prior to introducing modafinil or other wake-promoting agents.

Fatigue is a common complaint in PD, but its cause and treatment are uncertain. We recently con-
ducted an open-label pilot evaluation of fatigue in PD (32). Of 18 patients who completed baseline
evaluations, 10 (56%) were found to have an apnea-hypopnea index more than 20 per hour. Of 13 sub-
jects who completed the treatment phase of the study, 9 were judged to have clinically relevant OSA; 7
were treated with CPAP, and 2 refused. Four subjects treated with CPAP were also treated with
modafinil, and four patients were treated with modafinil alone. The mean modafinil dose at endpoint
was 271 ± 95 mg. Fatigue severity scores improved from 48.4 ± 8.8 at baseline to 40.2 ± 13.4 at end-
point (p = .004). One subject discontinued modafinil because of a headache, and one terminated early
owing to worsening PD.

Although very preliminary, this study raises the question as to whether OSA might be a cause of
fatigue in PD. To definitively answer that question, a comparison should be made of OSA prevalence
in patients who have PD with and without fatigue. Further evaluations would be required to determine
if CPAP could improve fatigue in such patients. Whether modafinil can improve fatigue in PD also
awaits definitive study in an appropriately designed double-blind study.

9. SLEEP APNEA IN MSA

Numerous of studies have demonstrated a high prevalence of sleep-related respiratory disturbances
and nocturnal stridor in multiple system atrophy (MSA; 33–34). There is a high prevalence of vocal cord
abductor dysfunction, and stridor may be caused by dystonia of the vocal cords rather than paralysis (35).

Chokroverty et al. evaluated 10 men with olivopontocerebellar degeneration and found that 5
(50%) had sleep apnea (34). Three had pure central sleep apnea, and two showed obstructive, central,
and mixed apneas. The apneas occurred during non-REM sleep and lasted up to 45 seconds.

Munschauer et al. studied respiration during sleep in seven patients with MSA and autonomic failure
(MSA-AF) and seven control subjects (36). Although mean values for respiratory rate, tidal volume, and
inspiratory flow rate were similar in both groups, the coefficients of variability were significantly greater
in patients with MSA-AF. One patient had central apnea, five had loud snoring, and five had respiratory
stridor during sleep. Four of the five patients with MSA examined had vocal cord paralysis, and four of
five nontracheostomized patients had upper airway obstruction without significant oxygen desaturation.
Three of these five patients subsequently died suddenly during sleep. The investigators concluded that
MSA-AF is associated with upper airway dysfunction and disordered central respirations that can be
life-threatening. They suggested that even mild obstruction during sleep may warrant tracheostomy.

Silber et al. compared 17 patients who had MSA with nocturnal stridor, including 7 with daytime
stridor to 25 patients who had MSA without stridor (33). Analysis of 30 patients with follow-up infor-
mation showed a significantly shorter survival from the sleep evaluation (but not from disease onset)
for patients with stridor when compared to those without. Of patients with stridor, 9 of 11 died a
median of 2 years from presentation, and the only two survivors had undergone tracheostomy. Patients
with daytime stridor and immobile vocal cords had especially poor prognoses. Based on these find-
ings, the authors recommended tracheostomy for MSA patients with stridor. However, 2 of 4 patients
with tracheostomies also died, as did 6 of 19 without stridor. The investigators postulated that central
hypoventilation may have been responsible for many of these other deaths and therefore also recom-
mended assessment for central hypoventilation and appropriate management if present.

Iranzo et al. studied sleep patterns and laryngeal function of 20 patients with MSA and found sleep
disturbances in all and vocal cord abduction dysfunction in 14 (70%; 36). In three patients with noc-
turnal stridor and complete vocal cord abductor dysfunction, CPAP eliminated laryngeal stridor,
obstructive apnea, and oxygen desaturation.

Thus, OSA is common in MSA and appears to be closely related to vocal cord abductor dysfunc-
tion. Although CPAP can eliminate OSA in MSA, compliance may still be an issue. It is not clear if
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CPAP can prolong survival, and some investigators have recommended tracheostomy if even mild
obstruction is present. Patients with MSA may also experience central hypoventilation.

10. SUMMARY

OSA should not be overlooked as a potential cause of EDS in PD. Recent studies have demon-
strated that approximately 20% of PD patients with complaints of EDS have OSA. Likely, OSA is
more typical in PD than in matched controls, but this remains to be proven. Also, obesity may not be
as serious a risk factor for OSA in PD as it is in the general population. Therefore, one should not dis-
count the possibility of OSA in patients with PD who are not obese. In patients who have PD with
EDS, we first consider manipulation of anti-Parkinsonian medications. If EDS cannot be adequately
alleviated by reduction of anti-Parkinsonian medications, we generally then proceed with an overnight
PSG to evaluate possible sleep disorders, including OSA. At this time, we believe it is prudent to
obtain a PSG before the initiation of a wake-promoting medication.
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Visual Dysfunction

Robert L. Rodnitzky

SUMMARY
Various abnormalities of visual function have been documented in Parkinson’s disease (PD). Levodopa-

responsive abnormalities of visual-evoked potentials (VEP) and electroretinographic patterns have been
demonstrated in PD patients as well as in primates with experimental Parkinsonism. Dopamine is found within
several structures subserving vision, including the visual cortex, lateral geniculate, and retina, but retinal
dopaminergic dysfunction is likely the greatest contributor to visual syndromes associated with PD. Abnormal-
ities of color perception, especially in the blue–green axis, and visual-contrast sensitivity (VCS) are two of the
most important and well-documented visual aberrations related to PD. Although VCS impairment seems
largely related to retinal dopaminergic dysfunction, the observation that this form of visual impairment is ori-
entation-specific raises the possibility of visual cortex involvement as well. Visual abnormalities in PD are sel-
dom clinically apparent and not likely to be discovered during the routine neurological examination using
ordinary high-contrast visual acuity testing. However, it is important to recognize that several types of disabil-
ity, ranging from gait freezing to visual hallucinations or impaired driving, may be related to an underlying
impairment of visual function in PD.

Key Words: Parkinson’s disease (PD); visual dysfunction; dopamine; color vision; contrast sensitivity;
visual acuity; hallucinations.

1. INTRODUCTION

A wide range of visual dysfunction is common in patients with Parkinson’s disease (PD; 1,2). Most
of these abnormalities are relatively subtle from a clinical point of view, but all can have practical con-
sequences under certain circumstances. Despite the potential functional implications of visual symp-
toms in PD, they are seldom of sufficient severity to replace motoric dysfunction as a patient’s primary
clinical complaint. Most of the visual abnormalities linked to PD are demonstrable in the very early
clinical phase of the illness and are presumably present in the preclinical phase of PD as well. As PD is
predominantly a disorder of the elderly, it is not surprising that patients in this age group are often
aware of declining visual function. When symptoms (e.g., visual blurring, difficulty reading, impaired
near vision, or abnormal light sensitivity) appear in a patient with PD, it prompts both the patient and
the clinician to wonder what, if any, relationship these symptoms have to the underlying neurological
disorder. When complaints referred to the visual system are specifically solicited from patients who
have PD, the most common are tired eyes or blurred vision when reading and diplopia (3). Can com-
plaints like this be logically associated to the known pathophysiology of PD? In this chapter, the
known aberrations of visual function that occur in PD are discussed as well as their pathogenesis. In
the course of the discussion, it becomes apparent that several forms of visual dysfunction in PD are
very subtle and more easily demonstrated through electrophysiologic or psychophysical testing than
by clinical means.
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Prior to discussing clinical dysfunction of the visual system in PD, it is useful to first review the
role of dopamine in the visual system and abnormalities of this neurotransmitter that have been shown
within this context.

2. DOPAMINE AND THE VISUAL SYSTEM

Dopamine is found in several anatomical structures that subserve vision; its localization within the
amacrine and interplexiform cells of the retina is perhaps the most important (4). In an autopsy study
of patients with PD, retinal dopamine concentration was shown to be decreased (5) but was normal in
those who had received levodopa therapy shortly before death, suggesting that this therapy might be
instrumental in reversing visual dysfunction related to retinal dopamine deficiency. Several observa-
tions support the concept that dopamine has a specific function in the retina of primates. The chemical
protoxin 1-methyl-4-phenyl-1-2-5-6-tetrahydropyridine (MPTP) produces a clinical parkinsonian syn-
drome when injected into primates and significantly lowers retinal dopamine. These changes are asso-
ciated with abnormalities in the latency and amplitude of both the pattern visual-evoked potential
(VEP) and the electroretinogram, both of which can be reversed by levodopa administration (6). Simi-
larly, intravitreal injection of the neurotoxin 6-hydroxydopamine into aphakic monkeys results in
abnormalities in both the phase and amplitude of the pattern electroretinogram (PERG) and VEP pat-
tern, particularly for stimuli with higher spatial frequencies (7). This finding suggests dopamine as a
factor in retinal spatial tuning. The visual-evoked response (8) and PERG (9) are abnormal in idio-
pathic PD as well, and both can be improved with levodopa, especially the latter (10).

Other structures within the visual system also have dopaminergic innervation, including the lateral
geniculate (11) and visual cortex (12). Recordings from single units in the lateral geniculate body of
cats during simultaneous iontophoretic application of dopamine have implied that dopamine controls
visual activity in this structure in several ways, e.g., direct inhibition of relay cells through D1 recep-
tors, and both direct facilitation of relay cell function and excitation of inhibitory neurons through D2
receptors (13). Asymmetric primary visual cortex glucose hypometabolism has been demonstrated in
PD, where the most severe abnormality appears ipsilateral to the most severe motoric dysfunction
(14). The laterality of this abnormality indicates that it is more likely related to dysfunction in the
nigrostriatal system than the retina because the former structure is asymmetrically involved in PD,
whereas the latter, even if asymmetrically affected, has bilateral input to the visual cortices and is
expected to result in symmetrical hypometabolism.

Notwithstanding dopamine’s potential widespread influence within the visual system, its role in the
retina seems to be the most significant. Dopamine content in the retina exhibits distinct circadian
rhythms that can be driven by light–dark cycles or, in total chronic darkness, by the cyclic presence of
melatonin (15,16). Dopaminergic neurons are thought to subserve a modulatory influence in the retina
and may mediate center-surround functions important to receptive field organization (17). An investi-
gation in which the PERG spatial-contrast response was recorded after taking dopamine D1 or D2
antagonists or a D1 agonist suggested that D1 receptors may be the most important for surround orga-
nization of retinal ganglion cells, and D2 receptors may contribute to the center response amplification
of other ganglion cells (18). The neurobiology of retinal dopamine has recently been thoroughly
reviewed (19).

3. VISUAL ACUITY

Although common clinical experience suggests that there is not a severe and clinically impressive
decline of visual acuity in PD, group comparisons between PD patients and controls do reveal a differ-
ence. Repka et al. (3) tested high-contrast visual acuity in 39 patients who had PD and an equal num-
ber of age-matched controls. A small, but statistically significant, difference in visual acuity was found
between the groups, the mean value in PD being 20/39 and in controls 20/28. Visual acuity decline in
patients with PD correlated with increasing disease severity, further supporting the notion that this
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abnormality is linked to the evolving pathology of the underlying PD. Whether loss of visual acuity in
PD is related to retinal or cortical dysfunction is uncertain, but the authors speculated that the known
reduction of retinal dopamine in PD might result in an increase of the receptive field size, leading to a
decrease in visual function. Despite that severity of visual acuity loss in PD appears to be associated to
advancing disease, it does not appear to be reversible with treatment because high-contrast visual acu-
ity has been demonstrated to be similarly impaired whether patients are “on” or “off” dopaminergic
drugs (20). One other link between dopamine and visual acuity is the clinical observation that lev-
odopa administration improves human amblyopia in both children and adults (21).

Although not directly related to visual acuity, one common efferent visual problem in PD that can
significantly reduce visual efficiency (especially for reading) is convergence insufficiency (3). This
extremely common condition in PD is associated with an abnormally distant near point of conver-
gence, greater than 10 cm, and slow convergence amplitude. It is typically linked with the subjective
complaint of asthenopia, or eyestrain, and is especially bothersome for patients using bifocal eye-
glasses for reading because their proper use requires intact convergence. Near vision may be function-
ally impaired in such patients but amenable to correction with the use of prisms to compensate for
impaired convergence or by instruction in the practice of monocular occlusion when reading. A recent
report suggests that convergence insufficiency in PD can be improved by therapy with levodopa (22),
strengthening the connection between this form of dysfunction and dopamine deficiency.

4. COLOR VISION

Abnormal color discrimination has frequently been reported in patients with PD (23,24). The impair-
ment is typically most prominent in the tritan (blue–yellow) axis (25,26). Abnormalities of color percep-
tion have been demonstrated using both bedside clinical testing techniques, such as the Farnsworth-Munsell
(FM) 100-hue test (26), or more elaborate psychophysical means, e.g., computer-generated assessment
of color-contrast sensitivity (25). Haug et al. offered an explanation as to why the tritan-contrast thresh-
old is most affected in PD. Generally, the blue cone system is preferentially affected in retinal disease
because its response range is limited and has the greatest vulnerability. The relatively selective involve-
ment in PD can be explained by the fact that these short-wavelength–sensitive cones are relatively
scarce in the retina and spaced widely apart, such that maintenance of their large-receptive fields is
dependent on interaction across considerable distances, a function mediated by the dopaminergic inter-
plexiform and amacrine cells of the retina, the precise retinal elements most affected in PD.

The abnormality of color vision seen in PD can be demonstrated very early in patients prior to
receiving pharmacological therapy for their condition. It can be reversed by treatment with levodopa
and other dopaminergic drugs (27,28). When color vision was tested in untreated patients with PD a
significant correlation was noted between the error score of the FM test and the severity of clinical
parkinsonian signs measured by the motor and activities of daily living subscales of the Unified
Parkinson’s Disease Rating Scale (29). Furthermore, when patients who have PD are followed longitu-
dinally over time, color discrimination scores decline progressively as the underlying disease pro-
gresses (30). Despite the apparent correlation with disease severity, one investigation found that color
vision abnormalities in PD do not correlate with dopaminergic nigral degeneration as measured by I123

β-CIT single-photon emission tomography of the dopamine transporter, suggesting that this visual
abnormality is extranigral in origin (31). A unifying reason why color discrimination does not correlate
with nigral degeneration, yet parallels the clinical severity of PD, is that retinal dopamine depletion
(the probable cause of the abnormality in color vision), albeit independent of nigral dopamine deple-
tion, occurs contemporaneously at a relatively constant pace over time. Regan et al. (32) questioned
whether abnormalities of color discrimination tests in PD are real or just an epiphenomenon related to
the motor disability of PD. Used to demonstrate impaired color vision in many studies of PD, the FM
test requires the patient to execute a motor response to correctly identify varying color hues. They
questioned whether it is the motor disability of patients who have PD rather than a primary visual dis-
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order, that causes these patients to fail this test, and at the same time explains why levodopa (which
corrects the motoric abnormality) improves the color vision score. These investigators utilized a com-
puter-controlled test of color vision that did not require a motor response and found no difference
between patients who had PD and a control group. However, their hypothesis fails to explain why
other investigators (25) uncovered abnormalities of color vision in PD, when utilizing computerized-
testing techniques, or why most studies have revealed a preferential loss in the tritan-color axis with
little or no abnormality in the protan (red–green) axis, both of which should have been similarly
affected if the abnormal test scores were simply a reflection of parkinsonian motor impairment. Addi-
tional evidence that supports the validity of color vision dysfunction in PD is the fact that abnormali-
ties of the visual-evoked response produced by color pattern stimuli are more responsive to levodopa
therapy than are those evoked by black-and-white stimuli (33). Similarly, color-contrast sensitivity in
patients with PD is most impaired along the tritan axis (25). Lastly, other medical conditions charac-
terized by impairment of dopaminergic transmission have been associated with color vision abnormal-
ities. In patients undergoing cocaine withdrawal, a hypodopaminergic state, a similar tritan-axis deficit
in color discrimination has been noted that is not seen during the hyperdopaminergic intoxication
phase (34). In contrast, color discrimination abnormalities in schizophrenia have been found to be gen-
eral and not hue-specific, leading to the hypothesis that axis-specific color discrimination abnormali-
ties are a reflection of depletion of dopamine, not its general deregulation (35).

5. VISUAL-CONTRAST SENSITIVITY

Visual-contrast sensitivity (VCS) is a function not traditionally considered or tested in the clinical
realm, yet it is an important sensory function that pervades many activities of daily living. VCS is a
visual function consistently found to be abnormal in PD and is measured by determining the minimal
contrast allowed to distinguish objects from one another presented at a given spatial frequency. Visual
targets spaced very closely together are said to have a high-spatial frequency, and those spaced farther
apart represent a low-spatial frequency. Another way to depict VCS is to ask how close in contrast
adjacent images displayed at a given spatial frequency must be before they are indistinguishable from
a visually homogeneous field. Typically, sinusoidal gratings of various spatial frequencies are used to
test this function in humans. In this context, the term “sinusoidal” refers to the gradual diminution of
contrast between adjacent targets, not a precipitous contrast change, such as would be seen between
adjacent black-and-white squares on a checkerboard. In PD, VCS is most severely reduced at interme-
diate-spatial frequencies (36,38), and the abnormality is most exaggerated when the gratings are tem-
porally modulated at medium frequencies of 4–8 Hz (36). Additionally, VCS is sometimes less
attenuated at lower spatial frequencies in PD than it is in normal individuals (39). These abnormalities
are different from those of the VCS changes that are associated with normal aging (40). In some stud-
ies, VCS loss has correlated with the overall severity of PD (41) but not in others (38). However, on an
hourly basis over the course of an individual day, there appears to be a more consistent correlation
with the severity of parkinsonian symptoms. VCS exhibits a circadian variability that conforms to the
common pattern of improved morning and worsened afternoon motoric disability seen in PD (38).
Recent evidence describing the circadian cycles of retinal dopamine content are consistent with this
observation (15,16). Similarly, VCS function can change in parallel to motor symptoms during tran-
sient “on” and “off” phases in fluctuating patients who have PD (42) and can be improved with lev-
odopa (43). VCS loss that is spatial frequency-selective and orientation-dependent is also seen in
patients with drug-induced Parkinsonism, suggesting that dopamine deficiency of other causes can
result in visual dysfunction similarly to that seen in idiopathic PD (44).

Whether the basic abnormality underlying abnormal VCS in PD resides in the retina, visual cortex,
or both is still unclear. The presence of interocular differences in VCS (38,45) indicates a link to reti-
nal pathology. Moreover, the PERG, which largely reflects retinal ganglion cell activity, has been
found to be abnormal in PD (46,47) with a characteristic amplitude loss at intermediate-spatial fre-
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quencies like those associated with the greatest VCS abnormality in PD (46). As is the case with VCS,
levodopa therapy improves the PERG abnormality in PD (46,47). In a recent study, the demonstration
that contrast-discrimination threshold in patients who had PD correlated with frequency-specific
PERG abnormalities (a retinal phenomenon), but not VEPs (a cortical phenomenon), was viewed as
further evidence that the VCS abnormality in these patients is predominantly a result of retinal
dopamine deficiency (48). However, some evidence also supports a cortical abnormality as a cause of
VCS dysfunction in PD. VCS impairment in patients with PD is orientation-specific, in that the VCS
deficit is more severe for horizontally oriented patterns than those arrayed vertically (36,37). Orienta-
tion specificity may be partially subserved by the lateral geniculate, (49), but mostly this perceptual
function is believed to reside in the orientation-tuned receptive fields of the visual cortex (50). This
observation clearly raises the possibility of a central contribution to the VCS abnormality in PD as
well. On the other hand, preservation of the cortically mediated function of contrast adaptation in PD
has been considered evidence that cortical pathology is not significant in this condition and is not
likely to have a major role regarding the reduced-contrast sensitivity seen in these patients (51).

Like color vision abnormalities in PD, VCS impairment progressively increases over time as the
underlying neurologic condition worsens (30). This worsening appears at the intermediate-spatial fre-
quencies known to be most affected in PD, rather than at higher spatial frequencies, which would be
expected to show the greatest decline if the progressive worsening were solely a result of aging (52). Con-
sonant with this decline in VCS over time is a progressive reduction in latency amplitude and lengthening
of the ERG in PD, once again linking abnormal VCS in this patient population to retinal dysfunction (53).

VCS in patients with PD is not commonly tested for, and abnormalities that might be present often go
unnoticed. Such abnormalities are typically present despite the normal visual acuity measured by stan-
dard Snellen chart testing (54,55), which is confined to extremely high-contrast visual stimuli. The use
of lower contrast letter charts in patients with PD and other medical conditions has been found to detect
visual loss that was not appreciated through the use of standard visual acuity charts (54). Although
patients with PD and their physicians may not be aware of a contrast-sensitivity abnormality unless
specifically tested for it, functional correlates of this deficit might exist. Intact spatiotemporal vision is
functionally important on a daily basis because much of the visual world is periodic in array (56). For
example, intact-contrast sensitivity is important for the normal perception of depth and depth discrimi-
nation (57). In patients who have PD, abnormal-contrast sensitivity might predispose to gait freezing.
Mestre et al. (58) described a patient with gait freezing who exhibited increased contrast sensitivity to
low- and intermediate-spatiotemporal frequencies, in the presence of environmental stripes arrayed at
this frequency, but not at higher spatial frequencies or with his eyes closed. They postulated that a hyper-
sensitivity to these low-frequency visual stimuli resulted in an adaptive “braking” reflex, leading to gait
freezing. Other investigators have demonstrated that the gait of patients with PD improves in the pres-
ence of well-illuminated periodic stimuli (lines) in the visual environment (59), and parameters of gait,
such as stride length, are related to visual cues (60). It is not unreasonable to hypothesize that abnormal
VCS in patients who have PD might lead to impaired function in certain other circumstances, such as
driving a motor vehicle in a low-contrast environment that can exist at dusk or dawn.

6. VISUAL HALLUCINATIONS

Visual hallucinations occur frequently in PD. They were reported by over 25% of individuals in a
recent evaluation of 214 consecutive patients with this condition (61). In addition to known risk fac-
tors, such as age, dementia, and therapy with anticholinergic or dopaminergic drugs, visual loss may
also contribute to complex visual hallucinations (62–64). The occurrence of visual hallucinations in
visually impaired, but psychologically normal, individuals is considered a form of the Charles Bonnet
syndrome (65,66).

Because patients afflicted with this syndrome are cognitively intact and have retained insight,
this form of hallucinosis, which is usually devoid of personal meaning, tends to be somewhat less
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emotionally upsetting. Functional magnetic resonance imaging of patients with the Charles Bonnet
syndrome has revealed increased activity in the ventral extrastriate region (67), but whether this
abnormal signal and the associated clinical syndrome reflect abnormal cortical excitation, a release
phenomenon, or disrupted re-entry signals is not yet known. Although visual hallucinosis is most
typically associated with significant visual loss (63,65,68), in PD it has been associated with several
relatively mild visual abnormalities, including abnormal color discrimination, reduced visual-con-
trast sensitivity (64), and impaired color-contour perception (62). In these studies, patients with the
Charles Bonnet syndrome had otherwise normal visual acuity, indicating that relatively minimal
visual abnormalities only need to be present to predispose a patient who has PD to hallucinosis. The
appearance of Charles Bonnet syndrome in patients who have PD with somewhat subtle visual loss,
and its predominance in elderly individuals, has led to speculation that some degree of underlying
cerebral degeneration is critical to development of the syndrome (68). Treatment of the Charles Bon-
net syndrome can be difficult, and therapy with neuroleptics that improve other forms of PD-related
hallucinosis has been generally unpromising (69). Alternatively, improvement in the syndrome has
been reported after institution of optical aids that result in improved functional vision (70).

7. CONCLUSION AND PRACTICAL CLINICAL SIGNIFICANCE

Abnormalities of electrophysiologic tests, such as the VEP and PERG, as well as psychophysical
tests of VCS and color discrimination leave little doubt that the visual system is involved in PD. Rever-
sal of these deficits with levodopa and the correlation of abnormal electrophysiologic tests with reduced
retinal dopamine in experimental Parkinsonism establish a compelling link between deficiencies in this
neurotransmitter and the visual abnormalities of PD. The role of retinal dysfunction seems certain, but
the contribution of cortical- and lateral-geniculate impairment to these visual symptoms is yet unclear.

The potential clinical relevance of these visual abnormalities in PD is not widely appreciated.
Abnormalities (e.g., impaired VCS and abnormal color discrimination) are unlikely to be clearly
apparent to the patient, but it is important for the clinician to realize that a variety of more subtle and
indirect forms of dysfunction as diverse as gait freezing, impaired depth perception, and visual halluci-
nations might be related to these categories of visual impairment. Another issue of clinical importance
that emerges from these findings is the extent to which documenting abnormalities of vision might be
diagnostically significant in identifying early or presymptomatic PD or distinguishing PD from vari-
ous other parkinsonian syndromes. The differentiation between idiopathic PD and multiple system
atrophy has been investigated in this regard, and distinct group differences between the two conditions
have been identified in mean VEP latency and visual-contrast thresholds (45,51). As these are group
differences, they are not very useful in making a clinical distinction between the two conditions in
individual patients. In progressive supranuclear palsy, mean VCS performance has been noted to be
more severely impaired than in PD but not so consistently abnormal in individual patients to be useful
in distinguishing this syndrome from other parkinsonian conditions (48). Regarding color testing as a
diagnostic aid, Birch et al. (26) found that 23% of PD patients had tritan color vision deficits, whereas
none of 40 age-matched controls were abnormal. These results suggest that impaired blue–yellow
vision supports a PD diagnosis, but a normal result does not rule it out.

Using visual tests to identify PD in its earliest stage or even prior to the onset of motoric symptoms
is slightly more promising. Indications suggest that abnormalities of color vision and VCS may be pre-
sent prior to the typical PD clinical presentation. Color vision has been found to be abnormal in mild
and untreated patients with PD, very early in the course of illness, implying that the abnormality may
have antedated clinical diagnosis of PD (24). Perhaps the most useful application of VCS testing in the
identification and diagnosis of PD is its use in association with other assessments as part of a battery.
Camicioli et al. (71) found that a battery consisting of tapping rate combined with either olfactory
assessment or measurement of visual-contrast sensitivity discriminated between patients who had mild
PD and control subjects with greater than 90% accuracy.
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The continuous unraveling of the anatomic, neurochemical, and neurophysiologic substrates of the
visual impairment typical of PD will not only advance our understanding of the mechanisms that
underly this dysfunction but likely will enhance our ability to derive useful diagnostic, therapeutic, and
prognostic information from its clinical investigation. Clearly visual dysfunction in the various forms
seen in PD constitutes a less serious form of disability than the motoric impairment that is typical of this
disorder, but there can be little doubt that it contributes in the aggregate to overall functional impair-
ment. This fact alone should provide significant impetus for continued investigation of visual dysfunc-
tion mechanisms in PD and renewed interest in analyzing its mechanisms and clinical significance.
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Primary Visual and Visuocognitive Deficits

Ivan Bodis-Wollner and Andrea Antal

SUMMARY
Visual abnormalities in individuals with Parkinson’s disease (PD) are unlikely to be uncovered during rou-

tine neurological examination. However, more sophisticated electrophysiological testing using techniques,
such as the visual-evoked potential and pattern electroretinogram, confirms the presence of visual system
involvement in PD. Progressive select pathology of dopaminergic neuronal processing in the retina, leading to
loss of spatiotemporal tuning and distorted retinal input to higher visual centers, is present.

With its dopaminergic deficiency, the retina may not be the only site of visual pathology in PD. More com-
plex visuocognitive difficulties, e.g., impairment of consciously controlled visual information processing, have
also been identified in PD. Visual event-related potential testing in patients with PD demonstrates a delay in the
P300 component, suggesting slowness of visual information processing. Whereas some investigators have
noted this abnormality only in demented patients with PD, others have indicated its presence in both demented
and nondemented individuals. The visuospatial sketchpad, a component of the working memory system, shows
a specific selective impairment in PD, and visual categorization deficits (suggesting involvement of posterior
parietal cortex) have also been found. Concurrent electrophysiological recordings of primary and visuocogni-
tive responses reveal that the impairment of higher order visual processing in PD is not simply a consequence
of retinal dopaminergic deficiency. Electrophysiological, neuropsychological, and functional neuroimaging
data imply that both frontal and posterior cortico–subcortical circuits may be involved.

Key Words: Vision; Parkinson’s disease (PD); pattern electroretinogram; visual-evoked potential;
visuocognitive; event-related potential; working memory.

1. INTRODUCTION

Parkinson’s disease (PD) is generally known as a movement disorder resulting from dopaminergic
deficiency that affects the basal ganglia. Therapy with dopaminergic agents reliably improves motor
symptoms. Although dopaminergic deficit is the pathogenomic feature of the disease, dopaminergic
deficits and the clinical manifestations of the disease extend beyond the motor system. In the last two
decades, it has become apparent that beyond or parallel with progressive motor impairments, nonmo-
tor symptoms are also present. One well-explored area of nonmotor dysfunction in PD is vision. Visual
perceptual, visuospatial, visuomotor, and visuocognitive dysfunctions have been studied by various
techniques in PD. This chapter discusses the relationship of visual and visuocognitive abnormalities to
motor symptoms and visual response to dopaminergic therapy. Visual electrodiagnostic, psychophysi-
cal, and whenever possible, imaging data on visual and visuocognitive processing in PD is described.

Because PD is predominantly a disease of the elderly, it is not surprising that many patients have
visual complaints. They may represent various etiologies, and clinicians do not relate these nonspecific
symptoms to a primarily motor disease. Indeed, visual abnormalities in PD are probably not uncovered
during a routine neurological examination. Vision assessment relying on ordinary high-contrast visual
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acuity (VA) and visual field testing are unlikely to capture the visual deficit in PD. In this disorder, evi-
dence exists for intrinsic retinal dopaminergic deficiency, affecting intraretinal processing of spatial
and temporal contrast. To strengthen the case for considering certain visual deficits in PD germane to
the disease, the evidence for retinal dopamine (DA) deficiency as a cause of visual impairment in PD
is summarized. However, aside from primary visual impairments, visuocognitive difficulties, such as
impairment of consciously controlled visual information processing (including sustained and selective
attention) and visual categorization are also among the common cognitive symptoms observed in PD.
Dopaminergic dysregulation of the prefrontostriatal circuits and related posterior cortical areas in
patients who have PD also has to be considered in the higher levels of cognitive dysfunction. Experi-
ments that show high levels of visual processes possibly linked to dopaminergic deficiency indepen-
dently of retinal dysfunction are discussed.

2. BACKGROUND: PRIMARY VISUAL DYSFUNCTION AND THE ROLE 
OF DOPAMINERGIC VISUAL PROCESSES

2.1. Retina
Originally, it was reported by Bodis-Wollner and Yahr (1) that over 50% of treated patients with PD

had delayed visual-evoked potential (VEP) (Fig. 1). Not only the prevalence, but the finding itself
remained controversial until a number of electrophysiological and psychophysical studies addressed
the importance of the specificity of the visual stimulus used for testing (for reviews, see refs. 2–4). The
VEP and pattern electroretinogram (PERG) abnormality in PD is most evident for foveal stimuli of
medium and high spatial frequencies. (>2 cycles/degree [cpd]). This stimulus type is optimal for
healthy observers, i.e., they require the least contrast to see them among any other stimulus patterns
(5–7; Fig. 2). The psychophysically determined contrast sensitivity (CS) reveals the same stimulus-
specific abnormality: it is the most reduced above 2 cpd (2,6,8–14). However, visual impairment
remains clinically undocumented in the majority of patients, as many vision care specialists are
unaware of testing for a potentially profound CS deficit in any patient with near normal VA.

CS loss in PD becomes more profound when the stimulus grating is temporally modulated at 4 to 8
Hz (10,15,16), suggesting that a dopaminergic deficiency state also affects distal temporal processing
(17). In summary, the spatial and temporal selectivity of visual losses detected with CS in PD is con-
sistent with the results of electrophysiological tests (PERG and VEP). The interpretation of visual

Fig. 1. Increased P100 latency in the right eye (140 ms) and in the left eye (142 ms) of a 75-year-old PD
patient. Positivity is downward. From ref. 1 with permission of Brain.



Visuocognitive Deficits 235

deficits in PD suggests that the disease process causes progressive, select pathology of dopaminergic
neuronal processing in the human retina, leading to loss of spatiotemporal tuning and distorted retinal
input to higher visual centers.

VEP delay (P100 component) is observed in de novo and also in treated patients who have PD using
stimuli at middle (2–6 cpd) spatial frequencies (18–20). However, one study (20), reported that treated
patients have more delayed VEPs than untreated patients have. This result could possibly suggest that
levodopa therapy has a deleterious effect on vision. Yet, this apparently paradoxical result may indi-
cate that treated patients have more advanced disease, which results in worse retinal visual responses
per se (7,14). Generally, although both pattern electroretinogram (PERG) and VEP improve with ther-
apy, there is an apparent difference: levodopa therapy improves PERG abnormalities to a higher
degree than it does VEP deficits (19,21,22). One possible interpretation is that VEP changes in PD rep-
resent secondary nondopaminergic, and therefore more chronic, alterations in visual processing.

Essential proof of visual system involvement in PD was recently provided by a longitudinal study
of visual dysfunction: CS impairs in parallel with the worsening of motor score (14). These results
therefore suggest that the visual system shares progressive degeneration of dopaminergic neurons
and/or progressive failure of the effect of L-dopa therapy with the motor system.

Fig. 2. The PERG tuning function in PD: PERG spatial-transfer function obtained in patients (squares) and age-
matched subjects (diamonds). The functions are parallel at lower SF and very close at the higher SF tested (6.9 cpd).
Note lack of tuning of the PERG transfer function in PD. From ref. 7 with permission of Clinical Neurophysiology.
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The foregoing discussion makes a case for the conclusion that visual dysfunction is an integral part
of PD: the deficit fluctuates with motor symptoms in “on-off” patients and worsens with the progres-
sion of motor symptoms. The role of DA deficiency is strongly implied by all these studies, but DA
deficiency may not be exclusively responsible for visual changes in PD.

2.2. Cortex
PERG changes in PD are caused by retinal dopaminergic deficiency. However, the retina may not be

the only site of visual pathology in PD; there are other dopaminergic loci. The lateral geniculate nucleus
(LGN) (23) and visual cortex have dopaminergic innervation (24). Asymmetrically lateralized primary
visual cortex glucose hypometabolism has been demonstrated in PD. The most severe abnormalities are
contralateral to the most severe motoric dysfunction (25). It is therefore possible that occipital hypome-
tabolism indirectly reflects basal ganglia dysfunction, rather than being consequent to disordered retinal
input. Another possibility is that occipital hypometabolism represents intrinsic cortical pathology.

Consistent with the notion of intrinsic cortical pathology are the reported pattern orientation-depen-
dent CS losses in PD (10,12). Orientation selectivity of visual neurons is first established in the primary
visual cortex of primates and most mammalians (26,27). The PD deficit is more severe for horizontal
patterns than for vertical patterns (12). This finding is not explained by retinal dopaminergic deficiency.
One possible explanation may be visual cortical pathology in PD. The presence of intraocular differ-
ences in CS and VEP in PD is consistent with either retinal pathology (13) or with pathology affecting
monocular columns in V1. Alternatively, orientation-dependent CS abnormality in PD suggests cortical
pathology. However, contrast adaptation, which has a cortical origin, is spared in PD (28). Studying the
effect of dopaminergic therapy on orientation-selective losses in PD may be valuable.

3. VISUOCOGNITIVE PROCESSING

Besides the distal regulatory and modulatory role of DA in the visual process, a correlation possibly
exists between cortical DA innervation and expression of cognitive capacities (29). This is not surpris-
ing because of the known widespread cortical ascending systems and loops connecting the basal gan-
glia and various sensory cortical areas (30). However, DA is apparently involved in much more than
just “gating” bottom-up visual information flow. Several aspects of consciously controlled information
processing, such as planning, problems solving, decision making, and response selection are associ-
ated with the function of frontostriatal circuits (31–36). A dopaminergic dysregulation of this subcor-
tico-cortical system in PD leads to apparent higher level cognitive dysfunctions (32,35,37–39). Recent
electrophysiological, neurophysiological, and functional imaging studies attempt to link cognitive
symptoms and specific neuronal circuits of the basal ganglia and its connections.

3.1. Electrophysiology: P300 Deflection of Event-Related Potentials and the 
Clinical Neuropharmacology of P300 Abnormalities

Identifiable positive and negative deflections of event-related potentials (ERPs) have been impli-
cated to provide indices for the timing of stages in information processing, which include stimulus
evaluation, response selection and context updating (40). ERPs are recorded in response to an external
stimulus or event to which the subject is consciously paying attention. They are often elicited when the
subject distinguishes one stimulus (target) from other stimuli (nontargets). The most extensively stud-
ied ERP component is the P300, appearing 300 to 400 ms after the onset of the target stimulus (41).
P300 amplitude is maximal at the midline electroencephalographic electrodes (Cz and Pz) and is
inversely related to the probability of the eliciting event.

Many visual ERP studies yielded a delayed P300 only in demented patients suffering from PD
(42–46), but other studies reported a delayed P300 in nondemented patients (47–51). This suggests the
slowness of visual information processing may be independent or precedes global dementia. Although
it is uncertain why visual P300 latency is reported to be affected in some but not in all studies of non-
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demented patients with PD, there may be some rational explanations. First, differences in visual stim-
uli and experimental paradigms should be taken into account. Wang et al. (52) have observed that dif-
ferent interstimulus intervals (ISI) could distinguish patients with PD from controls: cognitive
processes reflected by P300 latency to rare target stimuli were influenced by longer ISI in patients who
had PD but not in control subjects. Second, P300 latency during the oddball paradigm in PD was also
influenced by age at test, age at onset, and duration of illness (47,49,52).

Differences in the type of medication that patients receive should also be considered. Studies in
1-methyl-1,4 phenyl-1,2,3,6-tetra-hydropyridine (MPTP)-treated monkeys suggest that levodopa ther-
apy alone does not affect the visual P300 (53); however D2 receptor blockade can be an influence
(54). D1 receptor is involved in visual working memory (WM) in the prefrontal area (for review, see
ref. 55), which was also identified as one of the generators of P300 (56). It has been shown that to
improve motor symptoms of PD, the activation of both D1 and D2 receptor subtypes is needed (57).
Therefore, it is conceivable that the synergistic action of D1 and D2 receptors is needed to improve the
visual P300. Levodopa treatment has been found to shorten the latency of P300 in patients (42,58; Fig.
3). However, some investigators have described a prolonged P300 latency in medicated patients
(59,60). One possibility is that medicated patients are more severely affected to start with, and P300
correlates with disease severity. (Such correlation has not been studied in detail.)

Another possibility is that cognitive slowing in PD is caused by abnormalities of nondopaminergic
systems (61), but there is little direct evidence of correlation of the P300 in PD with cholinergic or
other types of neurotransmitter alterations. Pretreatment-delayed P300 improved in patients who had
PD following treatment with amantadine, a low-affinity uncompetitive N-methyl-D-aspartate receptor
antagonist (62). Amantadine is closely related to memantine, advocated for the treatment of cognitive
impairment in Alzheimer’s disease. Amantadine’s effect was noticeable not only as a monotherapy, but
also in patients treated with levodopa. It is unknown how amantadine exercised this beneficial effect.

Fig. 3. Comparisons of the P300 latencies in controls and patient groups. Open circles with bars show mean
and SDs. LD indicates levodopa. From ref. 58 with permission of Journal of Neurological Science.
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A frequent assertion is that amantadine has DA-mimetic properties; therefore; it cannot be excluded
that amantadine improves cognitive ERPs in PD as a DA-mimetic agent.

3.1.1. Does P300 Abnormality Reflect Working Memory Impairment?
WM refers to the short-term, attention-demanding maintenance and manipulation of information

for purposeful actions (63). WM is closely related to the notions of stimulus-representation matching
and decision making. In the previously mentioned experiments, in which classic oddball paradigm is
used to elicit the P300 component, a target stimulus has to be stored in the active memory to compare
that with subsequently presented stimuli for a same-different decision making. Additionally, cortical
areas identified as generators of P300 (dorsolateral prefrontal and parietal cortices) have also rules in
WM processes (56). One part of the WM system, the visuospatial sketchpad that relates to the main-
taining of visual information (63), shows a specific selective impairment in PD. The visual subsystem
responsible for the object-related visual analysis seems to be spared until the later stages of the dis-
ease, whereas the visual processing of spatial location, motion, and three-dimensional properties is
impaired early (35,64–66). For example, in delayed-response tests, patients who had PD with mild
symptoms were unable to briefly maintain the memory trace of spatial locations of irregular polygons,
whereas they successfully kept online the shapes of the same stimuli (66). Patients with PD also make
significantly more errors in mental rotation of three-dimensional wireframe figures (65).

Wang et al. (52) has combined the oddball paradigm with a delayed-response test (S1-S2 para-
digm). In this procedure, a simple geometric design is first presented (S1), followed by another (S2)
stimulus that can be the same as S1. P300 is recorded only for S2 stimuli. It was shown that when the
time interval between S1 and S2 increases, nondemented patients with PD show particular deficits,
suggesting impaired working memory for visual shapes.

3.1.2. The Relationship of Primary Visual-Evoked Potentials 
and the Concurrently Obtained P300
3.1.2.1. LATENCY

Comparing the P100 and P300 of the concurrently obtained visual ERP resulted in a somewhat sur-
prising finding in two independent and ethnically different groups of patients with PD. A prolongation
of the normalized P300 latency (P300–P100 latency difference, called central processing time) differ-
entiated younger patients who had PD from controls (47). These data suggest that younger patients
with PD could be differentiated from other types of PD patients using a concurrent VEP and visual
P300 recording, but were confirmed in non-Caucasian patients with PD (49). Amantadine also short-
ened the latency of the visual P300 with little or no effect on the primary VEP component (62).

3.1.2.2. AMPLITUDE

Although numerous studies have analyzed P300 latency, only a few have examined P300 amplitude in
PD. P300 amplitude increases when more attention is allocated, as when performing unexpected or com-
plex tasks. However, it is conceivable that the interpretation of raw amplitude can be misleading, because
a nonspecific, age-related low-voltage EEG recording could cause low P300 amplitude (47). Measuring
the P300:P100 amplitude ratio could give a more reliable measure on amplitude alterations. Indeed, it was
found that this individually normalized P300 amplitude provided a significant distinction of younger non-
demented patients with PD than from older patients and age-matched control subjects (47,49).

3.1.3. The Passive P300
Most of the studies have used an active condition to evoke the P300 component (silent count or but-

ton press to the target stimuli). However, there is another positive wave termed “P3a” or “passive P300,”
which is elicited by unexpected neutral stimuli under conditions of passive attention. Although this com-
ponent did not distinguish between demented patients who had PD and age-matched controls, it sepa-
rated the group of demented patients with PD from Alzheimer’s patients (43). This result suggests that
an abnormality of the passive P300 may depend on the specific underlying neuropathology of dementia.
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3.2. N200 of the Visual ERP
Apparently P100 and P300 are independently affected in PD. Thus, it would be relevant to know

the stage of visual processing where their independence becomes established. The analysis of earlier
cognitive ERP components, such as N200, showed that this component is also independently changing
from P300 (47). The visual N200 that follows P100 and precedes P300 is probably a visual form of the
auditory mismatch negativity (67). This component is more negative for the infrequent deviant stimuli
and distributed over the extrastriate visual areas and posterior-temporal cortex. N200 latency was
delayed in nondemented patients with PD, even when P300 was not prolonged with a simple visual
paradigm (47). In a semantic discrimination task, the same result was found (48). This further suggests
that visual deficits and processes indexed by the P300 may reflect processing that is either parallel or
well beyond the interface of bottom-up and top-down visual inputs (68,69).

3.3. Electrophysiological Evidence of Visual Categorization Impairment
Although previous studies have suggested that the visual subsystem responsible for object-related

visual analysis is spared until the later stages of PD (35,64–66), recent electrophysiological studies
have found it is otherwise.

Fig. 4. Grand averaged ERPs for (A) nonanimal/distractor and for (B) animal/target stimuli in the control
group (continuous line) and PD group (dotted line). Note that there is an amplitude difference of N1 component for
distractors, but there is no N1 difference for targets. From ref. 75 with permission of Cognitive Brain Research.
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The vast majority of human mental activities are based on categorical processes that serve adaptive
and purposeful behavior (70). Basic visual feature encoding and initial stages of perceptual categoriza-
tion occur in the first 200-ms poststimulus, whereas conceptual and semantic properties are represented
in later stages of information processing (71,72). Thorpe and his associates found that nonanimal scenes
elicited more negative responses than images with animals, even at 150 ms following stimulus onset
(N1; 73,74). Despite relatively preserved P100, this difference was not observable in patients with PD
(75,76; Fig. 4). However, the exact psychological and physiological mechanisms of this difference are
not well-established. It is hypothesized that the neostriatum may mediate feature weighting and extrac-
tion processes, and the differential N1 may refer to this function. This hypothesis is consistent with
multiunit recording data from the basal ganglia of human volunteers. Electrophysiological responses
revealed different neuronal responses when the subjects paid attention to select stimulus features (e.g.,
shape, orientation, and brightness; for review, see ref. 77). This top-down attentional bias, probably
mediated by frontostriatal circuits, can facilitate object categorization by feature weighting. In PD, a
possible dysfunctional weighting and selecting process is reflected by the diminished differential N1.

In addition to frontostriatal circuits, one should consider other possible circuits of visual categorization
should be considered. It has been suggested (78) that analysis of form and color of category exemplars
takes places in the occipitotemporal extrastriate visual cortex. Support for the role of the occipitaltempo-
ral areas in visual categorical perception is underlined by electrophysiological studies showing that
response properties of monkey anterior inferior temporal (IT) neurons cannot account for all aspects of
the categorical representation (79). The prefrontal cortex contains category-specific units and receives
input from the neostriatum, which receives inputs from large populations of IT neurons (80).

Similarly to the previously described N1 effects, the amplitude of the N400 component is reduced
in patients who have PD (81,82). The ERP N400 component has been extensively investigated as an
indicator of semantic relatedness: pictures and words appearing in an incongruent semantic context
elicit more negative N400 (83–85). Thus, an attenuated N400 may refer to impaired working memory
functions responsible for the maintenance of context (35,86).

3.4. Electrophysiological Deficits in Distributed Mechanisms of Visual Perception
There is growing evidence that cognitive processes require the interaction between distributed neu-

ronal groups. The “binding hypothesis” essentially assumes that it is not feasible to provide special-
ized brain areas for each of the multitude of different tasks. Rather, different areas have to be “bound”
together within very short time intervals to solve perceptual tasks likely by synchronized or desyn-
chronized activities of neuronal assemblies. The frequency range around 20 to 60 Hz is known as
“gamma-band” activity. This rhythm exists spontaneously and/or can be evoked, induced, or emitted
in different structures of the central nervous system in response to olfactory, auditory, somatosensory
and visual stimuli or in concomitance with attentional/perceptual-cognitive processes. In normal
observers, γ-band activity has been shown to accompany primary visual-evoked responses and be sup-
pressed during the P300 period of the VEP (51,87). However, this suppression in PD does not exist
(51). Generally, this cortical suppression is thought to reflect competitive hippocampal gamma activa-
tion associated with P300 target processing (88); therefore, hippocampal gamma activation may be
caused by short-term memory updating. In patients who have PD the lack of “cognitive” γ suppression
may reflect on visuocognitive processing deficits during performance of the task (51). Additionally, it
was observed that cortico–cortical frequency coherence can be modified by levodopa therapy in
patients with PD (89). Using a simple visual-tracking task, coherence increase was found after lev-
odopa therapy, whereas without levodopa, the coherence was much reduced. It appears that ascending
dopaminergic projections from the mesencephalon may modulate the pattern and extent of
cortico–cortical coupling in visuomotor tasks. Additionally, it seems that time-frequency analysis of
visual ERPs might contribute to differentiate patients with and without hippocampal dysfunction or,
more generally, it could help bring better understanding of the binding of different cortical areas in
dysfunctional cognitive processing in PD.
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4. CONCLUSION

In the last two decades, an increasing body of evidence has revealed specific and nonspecific visual
abnormalities in patients with PD. Most prominently, the abnormal and levodopa-sensitive PERG tun-
ing (7,42,90), levodopa-sensitive delayed VEPs (1), and reduced CS that fluctuates with the dopamin-
ergic state (2,9,16,17) provide evidence of a specific parkinsonian retinopathy. Improvements of these
abnormalities by levodopa therapy in humans and in the PD monkey model have established a link
between the visual symptoms observed in PD and retinal pathology. However, beyond the retina, elec-
trophysiological, neuropsychological, and functional neuroimaging data suggest dopaminergic dysreg-
ulation of a higher level of visuocognitive functions in the cortico–subcortical system in PD. Recent
studies of visual categorization deficits imply that the posterior parietal cortex is involved in this dis-
ease. A wealth of cognitive studies in PD are consistent with the hypothesis of Brown and Marsden
(91), who proposed that patients who have PD are particularly impaired in self-initiated, effort-
demanding tasks. At this point, it is clear that visuocognitive impairment is not a passive or predictable
consequence of retinal dopaminergic deficiency. However, the anatomical site(s), particularly the
exclusive role of the frontal cortex, has to be modified in view of recent studies implying a posterior
stream of visual-working memory.

Some overwhelming, human and electrophysiological evidence indicates that dopaminergic ther-
apy improves visuocognitive impairment, at least in the initial phase of PD. As the disease progresses,
this treatment type seems to be less effective, possibly because of the nondopaminergic disturbances
of PD (noradrenergic, serotonergic, and cholinergic deficits and cortical Lewy bodies; 35,87). In the
future, novel pharmacological methods targeting the neurodegenerative process itself (e.g., com-
pounds acting on the glutaminergic N-methyl-D-aspartate and growth-factor receptors) may become
warranted.
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Olfactory Dysfunction

Sarah Furtado and Zbigniew K. Wszolek

SUMMARY
Numerous studies have established the presence of olfactory dysfunction in Parkinson’s disease (PD), which

includes deficits in odor identification, threshold detection, and odor recognition memory. Sniff vigor may also have
an important role in PD, but this is not typically assessed. Regardless, the olfactory deficit in PD typically ranges
from moderate hyposmia to anosmia and is therefore more severe than the milder hyposmia (or even normosmia)
found in patients with other Parkinsonian syndromes, such as multiple system atrophy, progressive supranuclear
palsy, and corticobasal ganglionic degeneration. Patients with inherited Parkinsonism also have significant deficits
in olfactory function. Lastly, this chapter reviews the neuropathology of olfactory dysfunction in PD.

Olfactory dysfunction in PD may precede the onset of motor dysfunction by many years. This information
may become important in (1) making a clinical diagnosis of PD, (2) distinguishing PD from other Parkinsonian
syndromes, and (3) making decisions regarding the utilization of potential neuroprotective therapies when they
become available.

This chapter reviews the nature of olfactory dysfunction in PD. Neuroanatomical aspects of olfaction are
first considered.

Key Words: Parkinson’s disease (PD); olfaction; olfactory nerve; hyposmia; sniff vigor.

1. INTRODUCTION

Olfactory dysfunction has long been recognized as one of the nonmotor complications of Parkin-
son’s disease (PD) and may precede the onset of the motor disorder. Recent advances in neuroimaging
and anatomy have further elucidated the nature of the impairment. The purpose of this chapter is to
review this literature and discuss the utility of this information for advancing research and developing
therapies for PD.

2. OLFACTION IN HUMANS: ANATOMICAL
AND CLINICAL CONSIDERATIONS

The olfactory epithelium in the posterior nasal cavity is a specialized sensory epithelium responsi-
ble for carrying information regarding the plethora of odorants encountered by humans. This special-
ized epithelium contains bipolar receptor cells: the short process extends to the mucosal surface, and
the long process forms the olfactory nerve (cranial nerve I), which projects to the olfactory bulb
beneath each hemisphere. These bipolar cells undergo regeneration approximately every 60 days from
precursor basal cells (also in the epithelium), necessitating the continuous formation of connections
between the epithelia and olfactory bulb (1).

Odorants are absorbed into the mucous layer overlying the receptor cell through the aid of olfac-
tory-binding protein, which facilitates interaction of the odorant with receptor cell cilia. This interac-
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tion results in increased frequency of action potentials, usually increasing the level of cyclic adenosine
monophosphate through adenyl cyclase; this stimulation is odorant potency-dependent. Single neurons
may respond to multiple odorants, enabling humans to detect hundreds of different odorants. However,
individual neurons express distinct receptor molecules, and up to 1000 odorant receptors are thought
to exist. Research suggests that nasal mucosae are organized topographically; e.g., certain odorants
preferentially activate the anterior mucosae, whereas others activate posterior regions (1,2).

The unmyelinated axons of the roughly 6 million bipolar receptor cells form the olfactory nerve,
traversing the cribriform plate of the ethmoid bone to terminate in the olfactory bulb on the den-
dritic arbor of mitral cells and tufted cells. The specialized clusters in the area of termination are
collectively referred to as glomeruli; dopamine and γ-aminobutyric acid are known transmitters in
this area (2,3). Neurons are also generated from the subventricular zone in the brain and migrate
rostrally to the olfactory bulb, where differentiation occurs into local interneurons. The olfactory
tract (axons of mitral and tufted cells) then continues to the primary olfactory cortex (without relay
in the thalamus). Synapses are located in the anterior olfactory nucleus (caudal to the olfactory bulb
with some neurons in the olfactory tract), olfactory tubercle, pyriform cortex (receptor of dopamin-
ergic projections from the midbrain [3]), cortical nucleus of the amygdala, and entorhinal area. The
entorhinal area projects to the hippocampus; the olfactory tubercle projects to the medial dorsal
nucleus of the hippocampus, then projects to the orbitofrontal cortex and is thought to be involved
in the conscious perception of smell. The amygdala projects to the hypothalamus and midbrain and
is believed to be related to the emotional perception of smell (1,2). The connections of the olfactory
system are shown in Fig. 1.

The study of olfaction in humans involves the use of tests that assess odor threshold detection, odor
discrimination, odor identification, and odor memory. An example of a commonly used test (for
assessing odor identification) is the University of Pennsylvania Smell Identification Test (UPSIT; Sen-
sonics, Haddon Heights, NJ), which asks subjects to identify 40 odors in a multiple-choice paradigm.
This test is widely available, easy to use, has standardized normative data with reproducible results,
and is available in multiple languages. The Cross-Cultural Smell Identification Test combines a simpli-
fied version of the UPSIT with odor threshold detection (4). Other less commonly used techniques
involve recording olfactory event-related potentials in response to different odorants, morphological
evaluation of the olfactory epithelium performed during local or generalized anesthesia, and post-
mortem pathological analysis of olfactory structures (4).

Through the use of these tests and others, certain discoveries have been made regarding human
olfaction: (1) generally, women have a better sense of smell than men; (2) odor identification is medi-
ated partly by a heritable component; (3) a significant loss in sense of smell occurs after 65 years of
age; (4) this loss occurs earlier in men than in women; (5) olfaction is compromised by smoking and
urban living conditions (2).

Functional neuroimaging obtained during olfactory testing showed activation of primary olfactory
forebrain structures with expected changes (less activation in men than in women and less activation
with increasing age). Functional magnetic resonance imaging techniques showed that amygdala acti-
vation was associated with odor intensity, whereas orbitofrontal cortex activation was associated with
odor valence (5). Odorants may activate posterior lateral areas of the cerebellum, whereas the act of
sniffing activates the anterior cerebellar areas (6).

This chapter focuses on the main olfactory system (cranial nerve I and its connections). The
vomeronasal/accessory olfactory system and trigeminal somatosensory systems (2), which have not
been well-studied in humans, are not discussed here.

3. OLFACTION AND PD

The first study of olfaction in PD was that of Ansari and Johnson (7), who conducted a test of odor
detection threshold in 22 men treated for PD. Study criteria excluded patients with head trauma, nasal
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injury, or other significant comorbidity. When compared to control subjects with other neurologic dis-
orders (e.g., seizure, multiple sclerosis, stroke, or headache), patients with PD were impaired in their
detection of amyl acetate. The odor detection threshold appeared to be related to the rate of disease
progression but not to treatment (7).

In another early description of olfactory dysfunction in PD, Ward et al. (8) tested patients with PD
for odor detection threshold as well as the discrimination of common odorants. Patients who had PD
were significantly impaired in both tests; some were anosmic. Treatment and PD duration had no influ-
ence on olfactory dysfunction.

Tissingh et al. (9) assessed odor detection, discrimination (without naming), and identification in
patients with treated or early untreated PD in comparison to healthy controls. Both the treated and the
untreated patients with PD showed significant impairment in all three tests. Because a deficit in odor
detection may influence odor discrimination and identification, data from these tests were corrected for
odor detection before analysis. With this correction, medicated patients did not perform as well as unmed-
icated patients on tests of odor discrimination or identification, possibly because of disease progression.

Similarly, Muller and colleagues (10,11) conducted tests of odor threshold detection, discrimina-
tion, and identification in 50 patients with treated or untreated PD. All PD patients demonstrated mod-
erate-to-complete anosmia, but no relationship was found between anosmia and PD subtype or
duration of disease. Deficits were maintained over time.

Olfactory dysfunction in patients with PD has been reported extensively (12–14). The findings are
generally robust with dysfunction demonstrated in the areas of odor identification, threshold detection,
and odor recognition memory (15). However, variable findings remain in the following areas: (1) stage
of disease (7,12), (2) treatment status (8,9), (3) degree of olfactory impairment in each nostril
(9,16,17), and (4) possible disease subtype (10,11,18). This variability may be related to methodologi-
cal issues (whether some or all tests of olfaction are used; whether patients with head injury, active
smoking, or dementia have been excluded; or whether the diagnosis of PD is accurate). Interestingly,
olfactory dysfunction in PD does not respond to apomorphine (19), which suggests that this dysfunc-
tion is not mediated by the dopaminergic system.

The importance of methodological considerations is reflected in investigations by Sobel and col-
leagues (20) into potential causes of olfactory dysfunction in PD. Patients who had PD indicated a sig-
nificant deficit in sniffing ability as assessed by reduced sniff airflow rate and volume; this dysfunction
influenced their ability to perform on olfactory function tests. Increasing sniff vigor improved olfac-
tory performance in patients with the poorest olfaction. Because vigor of sniffing is not usually mea-
sured in tests of olfactory function, there may be an overestimation of the olfactory deficit in PD.

The olfactory deficit may precede the onset of motor deficit in PD by many years, which has impli-
cations for early diagnosis (12,21) and potential neuroprotective medications. Montgomery et al. (21)
found a higher proportion of abnormal scores on a PD battery, including studies of olfaction in first-
degree and clinically unaffected relatives of patients with PD than in controls with no family history of
PD. Some of these first-degree relatives later developed PD.

In the aforementioned study by Ward et al. (8), a considerable proportion of the control group was
either a clinically unaffected monozygotic or same-sex dizygotic twin of the proband. In the case of
one set of twins, the olfactory deficit was more marked in the unaffected cotwin than in the affected
subject. Subsequent research indicates that longitudinal follow-up increases the likelihood of PD diag-
nosis in the cotwin (22), along with the finding (described in Chapter 4) that olfactory dysfunction may
precede the onset of motor abnormalities of PD by several years. In light of this research, one wonders
whether the study by Ward et al. (8) may have underestimated the severity of the olfactory deficit in
PD and whether the olfactory deficit described in the unaffected cotwin may have been an early
marker of PD in this particular individual.

Berendse et al. (23) studied 25 hyposmic and 23 normosmic relatives of patients with PD through
the use of single-photon emission-computed tomography (SPECT) with 2(β)-carboxymethoxy-3(β)(4-
iodophenyl) tropane (β-CIT). They found reductions in striatal dopamine transporter binding in 4 of
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25 hyposmic relatives but in none of the 23 normosmic relatives. Clinical Parkinsonism developed in 2
of the 4 hyposmic relatives with abnormal SPECT scans 6–12 months after the SPECT studies. A uni-
lateral resting tremor developed in a third hyposmic relative, but no other features of Parkinsonism
were observed (23).

4. OLFACTION IN OTHER PARKINSONIAN SYNDROMES 
AND INHERITED PD

The demonstration of olfactory dysfunction in PD has raised questions regarding the specificity of
this dysfunction for PD. Various studies have examined olfactory dysfunction in other Parkinsonian
syndromes. Generally, a mild deficit has been shown (i.e., mild hyposmia in patients with multiple sys-
tem atrophy and normosmia in patients with progressive supranuclear palsy [PSP] or corticobasal gan-
glionic degeneration [CBGD]), but the deficit in PD is more severe (10,11,24). Normosmia has also
been found in Parkinsonism induced by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (25). These
findings have raised the possibility that olfactory testing may provide another tool in the clinical arma-
mentarium to distinguish idiopathic PD from other Parkinsonian syndromes.

In contrast, Ahlskog et al. (26) showed a marked impairment on the UPSIT in patients with various
subtypes of the amyotrophic lateral sclerosis-Parkinsonian complex found in the native Chamorro
population of Guam. Lesser deficits of olfactory function were also shown in the Chamorro control
group, raising the potential of presymptomatic disease in these individuals.

Olfactory dysfunction in familial Parkinsonism has also been addressed. Markopoulou et al. (27)
administered the UPSIT to affected members of various large Parkinsonian kindreds with either idio-
pathic PD (families B, D, and H) or Parkinsonism-plus phenotypes (family G, pallido-ponto-nigral
degeneration [PPND] family). In the idiopathic PD kindreds, four of the six affected individuals were
anosmic and two were microsmic; three of the four at-risk individuals were microsmic, and one was
normosmic. In the Parkinsonism-plus families, five of the six affected individuals were anosmic, and
one was microsmic; six of the eight at-risk individuals were normosmic, and two were microsmic. As
expected, the clinically affected individuals demonstrated greater olfactory dysfunction than the at-
risk individuals. Among anosmic or microsmic patients, those with the PD phenotype were similar to
those with the Parkinsonism-plus phenotype in degree of olfactory impairment. However, affected or
at-risk individuals from the families with the Parkinsonism-plus phenotype were less likely to be anos-
mic or microsmic and more likely to be normosmic than those with the PD phenotype. Olfactory dys-
function appeared to present at early stages of the illness. Notably, the genetic defects are known in
two of these families (in the gene for α-synuclein in family H and tau in the PPND family), suggesting
that olfactory dysfunction in these families is part of an inherited disorder.

We have shown significant deficits on the UPSIT in affected members of the Alberta family, a fam-
ily with Parkinsonism-predominant spinocerebellar ataxia type 2 (28). Two affected family members
also had changes on positron emission tomography scanning (decreased fluorodopa striatal uptake,
normal-to-increased raclopride binding) that were reminiscent of idiopathic PD. In the patients we
examined, there is a possible relationship between the olfactory deficit and disease duration, but the
number of patients available for examination was small.

A summary of the findings on Parkinsonism associated with olfactory dysfunction is given in Table 1.

5. PATHOLOGY OF OLFACTORY DYSFUNCTION IN PD

Crino et al. (29) used β-amyloid staining to examine olfactory epithelium from three patients with
PD. In two of these patients, dystrophic neurites without Lewy bodies were found, occurring largely in
the basal portions of the olfactory epithelium and suggesting localization to basal cells, the precursors
of the olfactory neurons. This finding suggests that β-amyloid may participate in the production of
olfactory neurons. It should be noted that similar staining was also found in patients with Alzheimer’s
disease and Down’s syndrome (29).
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Hawkes et al. (13) examined the olfactory bulbs in a postmortem study of patients who had PD.
Lewy bodies were seen in every olfactory bulb examined, including the anterior olfactory nucleus, and
were sufficiently distinctive to allow a presumptive diagnosis of PD. Pearce et al. (30) reviewed the
anterior olfactory nucleus of the olfactory bulb in PD. On gross neuropathologic examination, the
olfactory bulbs were flattened and shrunken, and the tracts were markedly thinned. Notable neuronal
loss was observed in the anterior olfactory neurons of the olfactory bulbs and tracts; neuronal loss cor-
related strongly with disease duration but not with age of onset. Lewy bodies were found in all areas,
as confirmed by staining for ubiquitin. The typical trilaminar structure was lacking, and the Lewy bod-
ies found resembled cortical Lewy bodies (Fig. 2). Similar findings in the anterior olfactory nucleus of
the olfactory bulb were found by Hawkes et al. (13). Keeping with the normosmia demonstrated in
PSP and CBGD, Tsuboi and colleagues (31) found minimal tau pathology in the olfactory bulbs in 28
cases of PSP and 3 cases of CBGD.

Harding et al. (32) examined the amygdala in postmortem analysis of brains from nondemented
patients with PD at various disease stages. Amygdala volume was reduced in PD by about 20%. Lewy
bodies were found throughout the various nuclei of the amygdala in PD, including the cortical nucleus,
and present in approximately 4% of neurons with the concentration of Lewy bodies in the cortical and
basolateral nuclei. A significant loss of neurons was also observed in the cortical nucleus of the amyg-
dala, but importantly, these patients had not been examined for olfactory dysfunction.

6. OLFACTORY DYSFUNCTION AND ADVANCES IN RESEARCH 
AND THERAPY FOR PD

How can this information about the olfactory deficit in PD be used to help patients with the disor-
der? Olfactory dysfunction may provide clues to the pathogenesis of PD. Early olfactory dysfunction
in PD may suggest a potential route for pathogenesis related to virus or neurotoxin inhalation and sub-
sequent olfactory dysfunction; alternatively, olfactory dysfunction may be secondary to a primary
degenerative process in PD (9).

The diagnostic accuracy for PD, even with experienced neurologists specialized in movement dis-
orders, is in the range of 65 to 75% when neuropathologic data from autopsy are available (33,34).

Table 1
Parkinsonism Associated With Olfactory Dysfunction

Disease Olfactory function References

Parkinson’s disease Impaired Numerous
Progressive supranuclear palsy Normal Wenning et al. (24)
Corticobasal ganglionic degeneration Normal Wenning et al. (24)
Multiple system atrophy Mild impairment Wenning et al. (24)

Muller et al. (10,11)
MPTP-induced Parkinsonism Normal Doty et al. (25)
Guamanian ALS-Parkinsonism complex Impaired Ahlskog et al. (26)
Familial Parkinson’s disease Markopoulou et al. (27)

Family H (α-synuclein) Impaired
Family B Impaired
Family D Impaired

Familial Parkinsonism Markopoulou et al. (27)
Family G Impaired
PPND family (tau) Impaired
Alberta family (spinocerebellar ataxia type 2) Impaired Furtado et al. (28)

ALS, amyotrophic lateral sclerosis; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; PPND, pallido-
ponto-nigral degeneration.
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However, routine incorporation of olfactory testing into the clinical battery, combined with functional
neuroimaging, may increase diagnostic accuracy. Such an approach may also identify those at risk for
idiopathic PD (23,35).

What about patients who already have a diagnosis of PD? As described previously in Chapter 3, it
is known that neurogenesis in the area of the olfactory epithelium and olfactory bulb (from the sub-
ventricular zone) is a lifelong process. Furthermore, experiential (36,37) and hormonal (38) influences
modify neurogenesis in laboratory animals. Such manipulations may eventually become useful in the
treatment of humans with PD.

7. CONCLUSION

Patients with PD have long been known to show olfactory dysfunction. This deficit appears to be
present at an early stage of the illness and may precede the onset of the motor disorder. A portion of the
deficit appears to be related to impairment in sniff vigor. Olfactory dysfunction has been found not
only in inherited PD but also in some inherited Parkinsonism syndromes. However, when olfactory
dysfunction occurs in Parkinsonism syndromes, the deficit is not as severe as that in idiopathic PD.

The olfactory dysfunction in PD has been characterized at a neuropathologic level regarding gross and
microscopic atrophy of olfactory structures and the presence of Lewy bodies and dystrophic neurites in
these structures. The potential for using this information to obtain clinical benefits for patients is discussed.

Fig. 2. Micrograph of anterior olfactory nucleus from a patient with a pathologic diagnosis of transitional
Lewy body disease. Arrows indicate Lewy bodies of the cortical type. (Immunochemistry staining with α-synu-
clein antibody; ×200.) Figure courtesy of Drs. Y. Tsuboi and D. Dickson, Mayo Clinic, Jacksonville, FL.
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Pain Syndromes and Disorders of Sensation

Blair Ford and Ronald F. Pfeiffer

SUMMARY
Although routine clinical neurological examination generally does not reveal any abnormality of sensation

in persons with Parkinson’s disease (PD), subjective sensory symptoms are quite frequently present, and objec-
tive abnormalities of proprioceptive function and sensorimotor integration have been demonstrated with
sophisticated testing. Primary sensory symptoms of PD may include paresthesias of varied descriptions (numb-
ness, tingling, and burning).

Painful symptoms in PD can be classified into five categories: musculoskeletal pain, radicular or neuro-
pathic pain, dystonia-related pain, primary (central) pain, and akathitic discomfort. Musculoskeletal pain in
the form of shoulder stiffness frequently develops in persons with PD, often preceding the development of
more classic motor features of the condition. Spinal deformities and painful contractures may also compli-
cate the clinical picture in individuals with PD. The postural PD deformities may predispose to the develop-
ment of compressive radiculopathy and sciatica. Dystonic spasms are among the most painful symptoms
that a patient with PD may experience. Dystonia most often appears as an “off” phenomenon, but medica-
tion-induced dystonia may also occur. Primary or central pain is generated within the brain itself and is
commonly characterized by bizarre, disagreeable painful sensations that are resistant to treatment. Parkin-
sonian akathisia is characterized by subjective inner restlessness that manifests as a constant need to move
or change position, typically during “off” periods. The recognition and differentiation of parkinsonian pain
from pain owing to other coincident medical conditions is vitally important for the effective diagnosis and
treatment of pain in PD.

Key Words: Sensorimotor integration; pain; musculoskeletal; dystonia; central pain; akathisia.

1. INTRODUCTION

In his landmark description of what he labeled “the shaking palsy,” James Parkinson provided an
amazingly perceptive cataloging of the clinical characteristics of what is now known as Parkinson’s
disease (PD; 1). His focus was on the motor features of the illness, yet, the information in this chapter
demonstrates that abnormalities of sensation and sensory processing, evident with sophisticated mea-
suring techniques unavailable in Parkinson’s era, also occur in PD and that pain can be an important,
and sometimes devastating, feature of the malady.

2. SENSORY IMPAIRMENT

2.1. Historical Aspects
If only the routine sensory testing performed during the usual clinical neurological examination is

considered, James Parkinson’s assertion that sensation is spared in PD is correct. On routine clinical
testing, objective sensory loss is not apparent in patients with PD (2). However, that is not the entire
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story. Subjective sensory symptoms are actually frequently present, and more sophisticated sensory
testing does indeed demonstrate the presence of impairment of some aspects of sensation in PD.

In the years following Parkinson’s original treatise, descriptions of subjective sensory phenomena
in PD make their appearance. Hammond, in his 1871 textbook, maintains that “sensibility is rarely
affected” in PD (3), whereas Charcot details the presence of “disagreeable sensations of a special
order” that include not only “a nearly permanent sense of tension and traction in most of the muscles”
and “an indefinable uneasiness, which shows itself in a perpetual desire for change of posture,” but
also “an habitual sensation of excessive heat,” often associated with profuse perspiration (4). Gowers,
while commenting that “cutaneous sensibility is never affected in paralysis agitans,” goes on to add
that “subjective sensations are frequent.” Like Charcot, he describes “some abnormal sensation of
temperature” in 75% of the 80 cases on which he had notes and a “sense of heat” in 22 of 47 individu-
als (47%) in whom the symptom was investigated (5).

2.2. Subjective Sensory Symptoms
In the modern era, attention was drawn to the presence of sensory symptoms in PD by Snider and

colleagues (6). They noted the presence of sensory symptoms, not attributable to non-neurogenic
causes, in 43 of 101 (43%) of the patients they studied and labeled them “primary sensory symptoms.”
Similar symptoms were present in only 8% of 64 controls. Although pain was the most frequently
described sensory symptom, experienced by 29 (67%) of the 43 patients reporting sensory phenomena,
tingling sensations were noted by 22 patients (51%), and 21 (49%) reported numbness. In their entire
group of patients, 32% (32/101) admitted to the presence of paresthesia-like sensations not linked with
sensory loss. In some individuals, sensory symptoms preceded development of the more classic motor
features of PD. Koller subsequently reported that 38% (19/50) of patients with PD studied experienced
sensory symptoms consisting of “true paresthesias” (numbness, tingling, and burning), compared with
none of 15 individuals with essential tremor (2).

2.3. Objective Sensory Abnormalities
In recent years, more sophisticated sensory testing has demonstrated that objective sensory

abnormalities may also be present in PD. Using sensitive techniques to study touch pressure and
vibration perception on the plantar aspect of the foot, Pratorius et al. (7) demonstrated significantly
higher thresholds (at least 2 times) in patients with PD in comparison to controls and suggested that
this reduced sensitivity in the plantar foot might contribute to impaired balance control. Impaired
joint position sense has also been demonstrated in PD, such that individuals with PD have more dif-
ficulty than controls in discriminating differences in the static angular position of their elbow joints
(8). Tactile discrimination, studied by testing the ability to differentiate rectangular parallelepipeds
(six-faced polyhedrons, all of whose faces are parallelograms) differing only in oblongness, is also
diminished in persons with PD (9). Patients with PD also are impaired in their ability to discrimi-
nate differences in the location of simultaneously applied bilateral tactile stimuli (10), and elevated
thresholds for two-point discrimination have been noted in the index fingers of patients who have
PD (11).

Abnormalities in sensorimotor integration have also been clearly delineated in PD. When making
slow, active pointing movements, individuals with PD tended to make hypometric movements and
undershoot the target when deprived of the ability to watch their moving hand (12). This abnormality
was present with both active and passive arm movement, suggesting the presence of a defect of kines-
thesia to the investigators. Further support for the presence of a deficit in kinesthetic processing in PD
has been provided by the demonstration that PD patients have impaired ability to accurately move the
index finger from one target to another when vision is occluded (after the target location has been
shown by passive movement of the finger; 13). Using a testing paradigm in which vibration is applied
to the antagonist muscle, investigators have demonstrated that patients with PD display less pro-
nounced vibration-induced undershooting of both wrist and ankle movements than do normal controls
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(14,15). In patients with asymmetric disease, this abnormality (reduced undershooting) was more evi-
dent on the more involved side, and tended to be less apparent when patients were in the “on” state in
individuals with motor fluctuations (14). These findings were attributed to a disturbance in propriocep-
tive guidance, likely owing to impaired central processing of proprioceptive input by the basal ganglia.
The investigators also suggested that this impairment of processing proprioceptive information might
contribute to the motor abnormalities evident in PD (14,15). Depressed frontal responsiveness to sen-
sory stimuli, as tested by somatosensory-evoked potentials, has also been demonstrated in PD, further
implicating a disturbance in sensorimotor integration (16).

Thus, a considerable body of evidence has accumulated that documents the presence of subtle, but
potentially significant, abnormalities of sensory function and sensorimotor integration in PD.

3. PAIN

3.1. Background
Pain is an important, but under-recognized, symptom in PD. This lack of recognition is often shared

by both patients and physicians. For most individuals with PD, the clinical features of bradykinesia,
rigidity, tremor, postural instability, dementia, and other impairments dominate the clinical perspec-
tive. However, many patients, when questioned directly, report painful symptoms or discomfort that
they regard as connected to their PD.

The causes of chronic pain in PD are protean, which renders accurate diagnosis difficult. Virtually
every type of pain sensation has been described in PD. For many, painful symptoms fluctuate in parallel
with motor symptoms of the disorder and are designated as nonmotor sensory fluctuations (17). Although
pain is often an inconsequential component of the overall clinical view, in a minority of patients with PD,
pain is so severe and intractable that it overshadows the motor symptoms of the disease.

3.2. Historical Aspects
Despite not being considered as a major feature of the disorder, pain is listed prominently in many

of the early descriptions of PD (1,4,5,18–20). James Parkinson wrote in his famous monograph that
painful symptoms may be the first sign of the disorder (1), and Gowers noted “aching pains in the
limbs” to be an occasional early clinical feature (5).

3.3. Prevalence of Pain
The true prevalence of pain in PD remains unknown, but it might be suspected to be higher than in

the general population because of the rigidity, dystonia, physical restraints, and motor complications
that the disease imposes. Painful or unpleasant sensations in patients with PD are, in fact, more com-
mon than expected. In five recent surveys of painful sensations in patients with PD, the percentage of
patients who acknowledged the presence of pain ranged from 38% to 54% (2,6,17,21,22).

The challenge for the clinician is to recognize when a patient’s complaint of pain requires further
evaluation and to categorize the painful symptoms of PD into a framework for diagnosis and treat-
ment. One study classified painful sensations by etiology (22). In this survey, 43 of 95 patients with
PD experienced pain. Muscle cramps occurred in 32 (74%), dystonia-associated pain occurred in 12
(28%), radicular or neuritic pain developed in 6 (14%), and joint pains were present in 6 (14%).
Other investigators have reported a higher incidence of central or primary parkinsonian pain (2) or
akathisia (17).

3.4. Classification of Pain
The presence of pain in a patient with PD poses a considerable diagnostic and therapeutic dilemma

to the clinician. The protean presentations and variable characteristics of pain in the PD setting can
easily lead to diagnostic confusion and inappropriate treatment. Thus, a useful and practical system of
pain classification in PD would be of great value. (Some attempts at this have been undertaken.)
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Sigwald and Solignac (21) studied 203 randomly selected patients with PD and documented the
presence of painful symptoms in 108. Symptoms were subdivided into paresthesias and pain symp-
toms. Painful sensations were classified by body region; the legs were the most frequently involved
region, followed by arms, neck, lumbar region, epigastrium, and abdomen. No attempt was made to
systematically classify painful symptoms by etiology.

As noted earlier, in the survey of Snider and colleagues (6), 67% of individuals (29/43) who experi-
enced primary sensory symptoms as part of their PD classified the symptom as pain. The pain was typ-
ically described as an intermittent poorly localized aching or cramp-like sensation more likely to affect
the proximal portion of a limb and involve the limb with the greatest motor deficit. There were 11
patients that described burning paresthesias sometimes aggravated by levodopa. Painful muscle
cramps or spasms were not counted as primary sensory symptoms in this study.

Koller considered all abnormal sensations to be primary sensory symptoms and, as noted previ-
ously, documented the presence of sensory symptoms in 38% (19/50) of the patients with PD studied
(2). Patients were further classified as having numbness (12), tingling (8), pain and achiness (6), cold-
ness (6), and burning (1).

Goetz and colleagues (22) documented pain directly attributable to PD in 43 (45%) of the 95 sub-
jects in their study. They divided patients’ description of pain into five categories: 32 patients (74%)
had pain of muscular origin; 12 (28%) experienced pain owing to dystonia; 6 (14%) were felt to have
joint pain; 6 (14%) had radicular or neuritic pain; and diffuse “akathitic” pain occurred in 1 patient
(2%). Symptoms suggestive of central or thalamic pain were not described in this series.

More recently, in a series of 50 patients with PD who were experiencing motor fluctuations, only 5
patients had no sensory symptoms (17). Sensory symptoms were divided into seven categories:
akathisia, tightening sensation, tingling sensation, diffuse pain, restlessness, neuralgic pain, and burn-
ing sensation. Diffuse pain was experienced by 54% of the 50 patients, neuralgic pain by 18%, and
burning sensations by 8%. The vast majority of sensory symptoms, including those that might be con-
sidered painful, appeared during “off” states, but sometimes both diffuse pain and neuralgic pain were
experienced during periods of dyskinesia.

Considering this background, painful symptoms can be classified into one or more of the following
five categories: musculoskeletal pain, radicular or neuropathic pain, dystonia-related pain, primary
(central) parkinsonian pain, and akathitic discomfort. Pain from mechanisms and sources outside of
PD also may certainly occur in patients with PD. However, a discussion of this aspect of pain in PD is
beyond the scope of this chapter.

4. SPECIFIC PAIN SYNDROMES

As a general approach, painful symptoms should be considered in relation to the cardinal
symptoms of tremor, rigidity, akinesia, dystonia, and akathisia. It is important to note whether anti-
Parkinsonian medications induce, exacerbate, or relieve PD-associated pain. Most painful symptoms
in PD are more prominent during “off” motor fluctuations and therefore represent nonmotor fluctua-
tions. However, not all pain experienced in the “off” state is a direct result of dopamine deficiency.
For many patients, “off” pain represents a secondary consequence of increased rigidity and immobil-
ity. Pain caused by dystonia can be diagnosed when there is visible twisting, cramping, or posturing
of the painful extremity or body part. Dystonia that develops during the “off” state may be painful,
but medication-induced dystonia, occurring while the patient is “on” or during transitions between
states, may be equally uncomfortable. Deep-brain stimulation may also induce painful dystonic mus-
cle spasms, possibly from the spread of discharge to the corticospinal tract. A careful appraisal of
possible musculoskeletal or rheumatologic pain mechanisms is important in patients with PD.
Akathisia, although not painful, is intensely unpleasant and is a rare, but distinctive, symptom that
occurs in PD. Primary parkinsonian pain, unrelated to a disturbance in motor function, is presumed
to be of central origin and may be inferred partly by the nature of its clinical features and partly
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through exclusion of other causes. In the sections that follow, categories of painful symptoms in PD
are described in further detail.

4.1. Musculoskeletal Pain

4.1.1. Mechanisms of Musculoskeletal Pain
In individuals with PD, pain of musculoskeletal origin mostly appears to be related to rigidity and

bradykinesia. Deformities of posture, stiffness of limb movements and gait, and awkward mechanics
for body motion and tasks may also place unusual stresses on the musculoskeletal system, and muscle
cramps and joint-based pain may further fuel the discomfort. Aching, cramping, and joint pains in
patients with PD presumably result from diminished mobility of affected limbs and joints. Muscle
cramps and tightness typically involve the neck, arms, paraspinal, or calf muscles; joint pain most fre-
quently originates in shoulders, hips, knees, and ankles (22). Musculoskeletal discomfort in PD tends
to be most evident during periods of increased Parkinsonism (22).

4.1.2. Shoulder Stiffness
One of the most common musculoskeletal afflictions in PD is shoulder stiffness; a stiff shoulder

may be the first sign of PD. The prevalence of the “frozen shoulder,” also called periarthritis or adhe-
sive capsulitis, is higher in patients with PD than in age-matched subjects without PD (23). Among
150 consecutive patients with PD followed in a movement disorders clinic, 65 (43%) related a history
of some type of shoulder disturbance, including shoulder trauma, which had preceded the development
of their Parkinsonism. Six patients provided a history of spontaneous pain and restricted mobility
regarding the shoulder joint. The peak incidence of frozen shoulder occurred in the 2 years preceding
the first symptoms of PD, and in almost all cases, the initial PD symptoms developed in the upper limb
ipsilateral to the frozen shoulder. Moreover, among patients with frozen shoulder, akinesia was the
first PD symptom, occurring twice as frequently as tremor (23).

4.1.3. Spinal Deformities
Spinal deformities are well-described in PD and may be responsible for pain. The typical posture of

the individual with PD is stooped forward with the neck held in flexion. Some patients develop a fixed
postural deformity, whereas others have an apparent truncal or neck dystonia that varies with posture
and activity. In extreme cases, the spinal deformity in PD patients may become sufficiently severe to
merit the label “camptocormia” or “bent spine” (24). Individuals with camptocormia may have thora-
columbar spinal curvature so significant that the upper body is bent forward into a horizontal position.
In such a position, upward gaze may be severely limited or even impossible. One of the hallmarks of
camptocormia is that the deformity is not fixed; it completely disappears when the individual assumes
the recumbent position. The pathogenesis of camptocormia in PD is uncertain. Camptocormia has
been suggested to be a dystonic phenomenon, and levodopa has been reported both to accentuate and
ameliorate the condition (24). In contrast, a recent report described camptocormic posture in a patient
as a result of focal myositis of the paraspinal muscles (25).

There does not appear to be a specific or effective treatment for camptocormia. With advancing dis-
ease, the flexion deformity only worsens, despite treatment with anti-Parkinsonian agents. It is tempt-
ing to speculate that insertion of spinal rods might straighten the curvature, but anecdotal evidence
suggests that this often fails owing to hardware disruption or migration or the development of infec-
tion. Deep-brain stimulation does not seem to ameliorate severe truncal flexion.

Scoliosis occurs more often in PD than in the elderly general population (26,27). In one study, sco-
liosis was present in 62 of 103 (60%) patients with PD; the side of the convexity was unrelated to that
of maximal deficit (28).

4.1.4. Rheumatological and Orthopedic Abnormalities
An astounding array of rheumatological and orthopedic symptoms may be encountered in patients

with PD, including temporomandibular joint disease, bursitis, arthritis, Baker’s cyst, plantar fasciitis,
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stress fractures, cervical spondylosis, spinal stenosis, sciatica, ankylosing spondylitis, contractures,
and others. The incidence of these conditions in PD has not been studied, and it is not possible to con-
clude a statistical or causal association with PD because rheumatologic conditions are common in the
PD age range. In women, the combination of osteoporosis and PD, especially when postural instability
is present, is particularly dangerous.

4.1.5. Painful Contractures
Painful contractures, the consequence of immobility, are yet another important source of pain in

PD. Contractures result from a pathological shortening of muscle fibers, tendons, or ligaments and
may involve the ankles, knees, hips, fingers, hands, wrists, elbows, or neck. Contractures can result
from the characteristic flexed attitude of the disease and represent a complication of immobility. They
may form surprisingly rapidly, sometimes within a matter of weeks.

Hand and foot deformities have typically been described in persons with PD, both by the neurolog-
ical masters of the 19th century (4,5) and more recently (29–32). The clenched fist in Parkinsonism
may begin as a dystonic posture, but it leads to contractures, usually within several months of sus-
tained hand and finger flexion. The clenched fist is often extremely painful and leads to loss of hand
function, poor hand hygiene, and palmar infections (32). Pain may result from the initial sustained
dystonic contractions of the fingers in flexion or eventual consequent contractures, from joint disease,
or from the nails piercing the skin of the palm.

In PD, the risk of developing contractures appears proportional to the amount of rigidity and
bradykinesia. Limb contractures may represent a side effect of bromocriptine (33), an agent that may
cause fibrosis, but there are too few cases to substantiate this.

4.1.6. Diagnosis of Musculoskeletal Pain
When patients with PD develop what appears to be musculoskeletal pain, careful assessment of the

muscles and tendons, bones, and joints is necessary. Painful symptoms must be considered in relation
to Parkinsonian signs, range of motion, posture, activity, and anti-Parkinsonian medication. It should
be possible to arrive at an accurate diagnosis on the basis of the history and exam, but ancillary testing,
including serological tests, X-rays, bone scans, ultrasound, or rheumatological or orthopedic consulta-
tion, are occasionally needed. The presence of joint deformities or a concurrent rheumatological con-
dition should be obvious. Differentiating between Parkinsonian rigidity, painful cramping, contracture,
dystonia, and a fixed skeletal deformity can all be done on clinical examination.

4.1.7. Treatment of Musculoskeletal Pain
Treatment of musculoskeletal pain in PD depends on its cause. If Parkinsonian rigidity is the pri-

mary cause, dopaminergic therapy, physical therapy, and an exercise program are indicated. The goal
of treatment is to restore mobility. Once this is achieved, an exercise program can be invaluable in
maintaining mobility and preventing further musculoskeletal problems.

Nonsteroidal anti-inflammatory drugs (NSAIDs) and analgesics are helpful for rheumatological
and orthopedic conditions in tandem with physical therapy. Passive range of motion exercises are
important to prevent contractures in patients with limited mobility, but once formed, a contracture gen-
erally requires surgical intervention.

4.2. Radicular and Neuritic Pain

4.2.1. Mechanisms of Radicular and Neuritic Pain
Pain and discomfort that is well-localized to the territory of a nerve or nerve root is described as radic-

ular or neuritic pain and accounted for 14% of the pain syndromes experienced by patients with PD in one
survey (22). However, most case reports and surveys do not permit detailed evaluation of this type of pain
because the descriptions do not provide adequate clinical information or neuroimaging data to confirm the
pathological process. Thus, the true incidence of radicular and neuritic pain in PD is uncertain.
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It is also unclear whether PD itself actually fosters the development of neuritic or radicular pain.
Postural deformities of PD might conceivably predispose to the development of compressive radicu-
lopathy, sciatica, or myelopathy. Immobility is certainly a risk factor for the evolution of compressive
focal neuropathy. A traumatic radial nerve palsy was described in one report (34). Peak-effect dyskine-
sias may exacerbate radicular and neuritic pain (22,35). Both tremor and dyskinesia involving the
wrist may possibly promote development of carpal tunnel syndrome. Trigeminal neuralgia has been
described in PD (36).

4.2.2. Diagnosis and Treatment of Radicular and Neuritic Pain
Evaluation and treatment of pain in this category begins with careful clinical examination supple-

mented (if needed) by electrodiagnostic studies and neuroimaging. Radicular pain can often be treated
with a judicious mobility program, NSAIDs, and pain medication. In one interesting case report
describing two individuals whose sciatica was exacerbated by dyskinesia, morphine treatment not only
reduced the sciatica pain but also suppressed the dyskinesias (35). In the presence of refractory pain,
or a severe or worsening neurological deficit that coincides with an abnormality on the radiological
studies, decompressive surgery may be indicated. For a compressive peripheral neuropathy, avoidance
of aggravating postures is important, sometimes with the aid of splints or braces. Decompressive
surgery may also be required when conservative measures do not suffice.

4.3. Dystonic Pain

4.3.1. Characterization of Dystonia
Dystonia is characterized by sustained and forceful twisting movement that leads to abnormal pos-

tures and deformities. Dystonic spasms are among the most painful symptoms that a patient with PD
may experience. Spasms may be spontaneous or triggered by movement or activity; they may be brief
(lasting minutes), prolonged (lasting hours), or even continuous. Dystonia in PD can affect any limb,
trunk, neck, face, tongue, jaw, pharynx, and vocal cords, usually developing in sites most severely
affected by Parkinsonism. Dystonia may precede the development of Parkinsonism, develop as a late
feature, appear after the onset of dopaminergic therapy, follow stereotactic neurosurgery, or be induced
by deep-brain stimulation. The pattern of dystonia in PD may be classified as focal, cranial, segmental,
or generalized. Dystonia developing during “off” periods most often involves the feet, whereas drug-
induced dystonia has a predilection for the neck, trunk, and cranial distribution (37).

The evaluation of dystonia requires especially careful consideration of its relationship to dopamin-
ergic medication. Dystonia may occur as an early morning manifestation of dopaminergic deficiency
or as a wearing-off phenomenon later in the day or in the middle of the night. In some patients, dysto-
nia is a painful beginning-of-dose or end-of-dose phenomenon; in others, it develops at the peak of
response to a dose of dopaminergic medication. The classic flowing, writhing, choreoathetotic dyski-
nesias induced by dopaminergic medication are not sustained or painful and are generally not consid-
ered to be dystonic. However, drug-induced dystonia may occur, which is characterized by sustained
and twisting postures that can be very painful. When the timing of the dystonia is uncertain, it may be
helpful to observe the patient in the office for several hours to appreciate the association of dystonia to
the medication dose cycle. Classifying dystonia in relation to the levodopa-dosing schedule provides a
useful and rational framework for evaluating and treating painful dystonia in PD (38,39).

4.3.2. Early Morning Foot Dystonia
The most thoroughly studied presentation of dystonia in PD is early morning foot dystonia, which

develops in approximately 16% of patients with PD and is defined by foot or toe cramping and postur-
ing (40). Every variety of foot posture is possible: plantar flexion, dorsiflexion, foot inversion, curling
of the toes, or forced extension of the great toe (“striatal toe”). Foot dystonia is often accompanied by
stiffness of the calf muscles.
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It has been argued that early morning dystonia is a complication of long-term levodopa therapy
because it takes place usually in patients with longer disease duration and in individuals in whom
dyskinesias are present (40–44). In a study of 42 patients with PD and foot dystonia, 41 (97.5%) indi-
viduals experienced early morning foot dystonia before the first levodopa dose with subsequent milder
attacks during the late evening or during the night, suggesting that dystonia is intrinsic to the Parkin-
sonism in most cases, representing a wearing-off phenomenon (45). However, painful foot dystonia in
PD was described long before the advent of levodopa (46). It may also precede the other manifesta-
tions of the disorder (47).

4.3.3. Treatment of Dystonia
Early morning dystonia is typically relieved by activity, or it resolves shortly following the first

dose of dopaminergic medication during the day. In some patients, early morning dystonia is so
severe that subcutaneous injections of apomorphine, with its onset of action within minutes, can be
justified (48). When dystonia occurs as a wearing-off effect during the day, appropriate treatment is
analogous to the treatment of wearing-off motor fluctuations and is aimed at reducing the duration of
the “off” period. More frequent levodopa dosing, use of controlled-release levodopa preparations,
levodopa supplementation with a catechol-O-methyltransferase inhibitor, use of dopamine agonists
as adjunctive or monotherapy, or use of apomorphine as a “rescue” agent can all be effective.
Although dopaminergic drugs are usually first-line therapy for off-period dystonia in PD, anticholin-
ergic drugs (41,45), baclofen, (49), and lithium (50) have also been used successfully. In patients
with levodopa-induced dystonia, treatment typically consists of reducing dopaminergic stimulation
by decreasing levodopa dosage or by reducing its absorption; substituting a less potent agonist may
also be effective.

Injections of botulinum toxin may be beneficial treatment for focal dystonia in PD. In an open-label
study of 30 patients with painful foot dystonia, where dystonia was severely or completely disabling in
23 (77%), injections of botulinum toxin A produced dramatic relief of pain and disability (51). Injec-
tions were accomplished under electromyographic guidance and tailored to the specific appearance of
the dystonic foot. The median dosage was 70 U (range of 40–100 U).

As noted earlier, the clenched fist seen in patients with PD may begin as a dystonic posture, but it
can evolve into a sustained contracture relatively quickly. Treatment with intramuscular botulinum
toxin injections, given to the flexor digitorum superficialis or lumbricals, can relieve the dystonic com-
ponent of the process, sometimes for 4 months (32). Active muscular contractions, as documented by
electromyography, are associated with good result from botulinum toxin injections, whereas an
absence of electromyographic activity, denoting contractures, predicts treatment failure (32). The
flexed neck posture that occurs in PD also responds poorly to botulinum toxin injections.

Advanced neurosurgical techniques may also decrease painful dystonia associated with PD. Palli-
dotomy has been reported to relieve this condition (18,52). Painful off-period dystonia, present in 20
patients who underwent bilateral subthalamic nucleus stimulation, was completely alleviated in 12
individuals, and considerably improved in 4 (53). In a recent study that examined the effect of globus
pallidus stimulation on parkinsonian pain (54), all types of off-period painful sensations were
markedly reduced: dystonic pain, muscle cramping, dysesthesias, and “global pain,” as measured
using a rating scale. Benefit developed quickly after surgery and remained stable through the 1-year
follow-up interval. Patients with unilateral globus pallidus stimulation experienced pain reduction pri-
marily on the contralateral body side, whereas bilateral stimulation produced bilateral reduction in
pain.

Deep-brain stimulation in the subthalamic nucleus or globus pallidus can also induce acute painful,
dystonic spasms, possibly owing to the spread of current to the internal capsule. The necessary inter-
vention in this situation is a change in stimulator parameters, usually a reduction in voltage or pulse
width, which promptly reverses the muscle spasms. Intrathecal baclofen, effective for spasticity of
spinal or cerebral origin, has shown little effect on the dystonia associated with Parkinsonism (55).
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4.4. Primary (Central) Pain

4.4.1. Characterization of Central Pain
Perhaps the most striking pain syndromes in patients with PD are those of central origin. Central

pain is defined as pain produced directly by a lesion or abnormal function within the central nervous
system. Current concepts hold that central pain is generated by the brain and requires the presence of a
lesion in the thalamus, its afferent or efferent pathways (56). Most clinical literature implicates the
thalamus as the source of central pain, specifically a lesion of the ventroposterior thalamus (57).

Primary (central) parkinsonian pain was outlined in the seminal description of Souques in 1921
(18), in which he described 17 patients with PD or Parkinsonism, some of whom were afflicted with
pain syndromes that he believed were intrinsic to PD. He listed many characteristics of his patients’
pain: bizarre unexplained sensations of stabbing, burning, scalding, and formication—all descriptions
associated with “neuropathic” pain originating in the central or peripheral nervous systems. Souques
noted that the presumed central pain syndromes in his patients typically afflicted the side of the body
most affected by Parkinsonism and could precede, even by years, the motor manifestations of the dis-
order. Using a conceptual framework outlined earlier by Dejerine (58), Souques postulated a central
origin of pain in PD caused by a disturbance in signaling between the corpus striatum and thalamus.

The argument for a separate central pain syndrome in PD finds support in several unusual case
descriptions. In contrast to musculoskeletal conditions, which tend to affect the limbs, muscles, and
joints most afflicted with Parkinsonism, reports exist of unusual pain syndromes involving the face,
head, epigastrium, abdomen, pelvis, rectum, and genitalia (6,21,38,59), all areas in which painful dys-
tonia or musculoskeletal conditions are unlikely or implausible. Sigwald and Solignac (21) described
patients with pharyngeal, epigastric, and abdominal pain. In a series of eight patients with Parkinson-
ism (7 with PD; 1 with atypical Parkinsonism) and oral or genital pain (59), oral pain affected the
gums, teeth, tongue, inner cheek, face, and jaw. These oral pain syndromes, resembling the idiopathic
“burning mouth syndrome” (60), were described as burning, pulsating sensations often strikingly lat-
eralized within the oral cavity. The pain tended to correlate with “off” periods, but it was not necessar-
ily abolished by dopaminergic therapy. Genital pain occurred in three of the eight individuals—all
women—and consisted of burning, numbness, or vibrating sensations. In all patients, the pain had a
relentless, obsessional, distressing quality that overshadowed other Parkinsonian symptoms (59).

Consistent with its presumed origin within the central nervous system, peripheral nerve blockade
does not abolish central pain in PD, as illustrated by a patient whose oral pain was unaffected by a
complete dental nerve block (59). In a similar vein, Sage and colleagues describe a patient with
Parkinsonism, dystonia, and severe leg pains, in whom epidural anesthesia with chlorprocaine suffi-
cient to produce complete sympathetic, sensory, and motor blockade, relieved the dystonia but not all
elements of the patient’s pain, suggesting the presence of a central component to the pain, possibly
from deafferentation (61).

Classic central pain is postulated to involve a lesion of the thalamus, but primary Parkinsonian pain
may be the consequence of an abnormality of sensory pathways within the basal ganglia. Somatosensory
processing within the basal ganglia takes place within the substantia nigra, caudate, putamen, globus
pallidus, thalamus, and their interconnections (62). The basal ganglia may perform an important gating
role for nociceptive information before it reaches consciousness (63). The fact that 6-hydroxydopamine
lesions in the striatum or ventral tegmental area decrease the latencies of nociceptive reflexes in rats sug-
gests that the dopaminergic system has a role in modulating nociceptive information in the striatum and
limbic system (64). Battista and Wolff noted that levodopa administration increased the heat-pain thresh-
old and tolerance in patients with PD and speculated that dopamine, presumably acting through stria-
tothalamic projections, modulates the peripheral inputs to the thalamus (65).

4.4.2. Treatment of Primary (Central) Pain
Treatment of presumed central pain in PD is challenging, especially if dopaminergic agents, the

first-line therapy for this disabling problem, are not effective. Conventional analgesics, opiates, tri-
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cyclics, and atypical neuroleptics (e.g., clozapine) may be helpful (59). In one report of a patient with
intractable, recurrent, and severe painful fluttering sensations in her left-thoracic region, subcutaneous
injections of apomorphine provided complete relief after all other classes of medication—dopaminer-
gic, benzodiazepines, tricyclic antidepressants, opiates, baclofen, clozapine, and intercostal nerve
blocks—had failed (66).

With the increased application of deep-brain stimulation in advanced PD, it is possible that unusual
painful or uncomfortable sensations of central origin may be reported. Stimulators can induce a variety
of unpleasant sensations, such as the jolting dysesthesias that transiently occur during stimulator-pro-
gramming sessions, and are reported in up to 70% of patients.

4.5. Akathisia

4.5.1. Characteristics of Restlessness or Akathisia
Restlessness is a frequent and potentially disabling complaint indicated by individuals with PD.

Parkinsonian akathisia is characterized by subjective inner restlessness, producing an intolerance of
remaining still and manifesting as a constant need to move or change position. In evaluating a com-
plaint of restlessness, it is important to establish that the need to move is not caused by other factors,
such as the primary symptoms of Parkinsonism, other somatic complaints or urges, dyskinesias, anxi-
ety, depression, or claustrophobia.

The definition of pure akathisia is meant to exclude additional neuropathic symptoms, but patients
with akathisia often describe crawling sensations, burning, or tingling (67,68). Parkinsonian akathisia
can be severe: patients may be unable to sit, drive a car, eat at a table, or attend social gatherings. Some
patients remain in constant motion. In extreme cases, Parkinsonian akathisia has driven individuals to
suicide (19). In about half of the reported cases of Parkinsonian akathisia, symptoms have been noted
to fluctuate with levodopa-dosing schedules and to improve with adjustment of dopaminergic medica-
tion (68).

4.5.2. Frequency of Akathisia
Like many pain syndromes that occur in PD, restlessness is probably under-recognized and, if specif-

ically inquired about, present more frequently than expected. Gowers provided an early description of
this symptom in PD in his 1888 textbook, Diseases of the Nervous System (5). In one survey of 100
patients with PD, 68 (68%) complained of a periodic need to move (67). In 26 of these individuals
(26%), restlessness represented genuine Parkinsonian akathisia. Comella and colleagues studied 56
patients with PD; 25 (45%) acknowledged the presence of akathitic movements (68). The movements
usually involved the legs and correlated with patients’ own subjective descriptions of inner restlessness.

4.5.3. Akathisia and Dopamine
The appearance of Parkinsonian akathisia as a wearing-off phenomenon and its levodopa respon-

siveness suggest that akathisia is related to impaired dopaminergic neurotransmission. The fact that
two other major causes of the syndrome—postencephalitic Parkinsonism and neuroleptic-induced
akathisia—are also characterized by dopaminergic dysfunction strengthens the association. Akathisia
is suggested to result from dopaminergic deficiency involving the mesocortical pathway, which origi-
nates in the ventral tegmental area and is known to be affected in PD (69). Some indirect support for
this is provided by the observation that clozapine, which has a high affinity for D4 receptors and pref-
erentially affects the mesocortical and mesolimbic dopaminergic systems, can be remarkably effective
in treating akathisia (70–72).

4.5.4. Akathisia and Restless Legs Syndrome
Restlessness is also a core element of the restless legs syndrome (RLS), a disorder of unknown

cause in which patients experience an intense and irresistible urge to move the legs, accompanied by
sensory complaints and motor restlessness. Characteristically, the symptoms are worse at rest, relieved
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with motion, and increase in severity in the evening or at night. The possibility that RLS can be dra-
matically relieved by levodopa or dopamine agonists implies it is a disorder of altered dopaminergic
transmission (73). The relationship of RLS to, and its distinction from, akathisia in patients with PD is
not always clear.

5. HEADACHE

Headache is an important symptom that may occur in PD, but its relationship to the disease is
uncertain. It does not fit into the pain categories already described, but instead represents a painful
symptom that often requires its own specific evaluation and treatment. In a survey of 71 patients with
PD, 25 individuals (35%) acknowledged headache (74). Headaches were generally located in the
nuchal region, but they did not correlate with a clinical assessment of nuchal rigidity. Headaches
ranged from dull aching discomfort to sharp squeezing or pulsatile pain. In a subsequent report, a spe-
cific early morning headache was described in three individuals, relieved within 2 hours of the first
levodopa dose (75). In another report, patients who have PD with headache scored significantly higher
on measures of depression and anxiety than those without headache (76). Medication, especially the
dopaminergic ergot alkaloids, pergolide and bromocriptine, may also be a source of headache in
patients with PD. A severe or unusual headache accompanied by neurological signs can never be
attributed to PD and requires thorough neurological evaluation, usually with neuroimaging.

6. DEPRESSION AND PAIN

Depression may alter the interpretation of painful symptoms in PD. Goetz and colleagues (77)
found that depression is more severe in patients with PD who experience pain than among those who
do not. Although there are no systematic data to guide the clinician, it is important that any pain
assessment in an individual with PD considers the potential contributing role of depression, which
itself may require specific treatment.

7. CONCLUSION

Pain is not regarded as a cardinal feature of PD, but it can be an important complication of the dis-
ease and presents a diagnostic and therapeutic challenge to the treating physician. It is vitally impor-
tant to differentiate Parkinsonian pain from pain produced by other coincident medical conditions. The
nature of modern medical practice is that a physician caring for a patient with PD may be the first to
evaluate a new or unusual painful complaint; defining the boundaries of neurological inquiry may not
be simple. For example, chest pain and abdominal pain may be a result of PD but are best approached
from a larger perspective, where appropriate referrals and testing may be necessary.

Approximately 40 to 50% of patients with PD experience pain, and in a minority of these individu-
als, the problem is so distressing that it overshadows the motor symptoms. Most Parkinsonism-related
pain can be assigned to one or more of five categories: musculoskeletal pain, neuritic or radicular pain,
dystonia-associated pain, primary or central pain, and akathitic discomfort. There are no diagnostic
tests to guide the clinician, but the patients’ own descriptions of pain and associated clinical features
should enable an accurate diagnosis of pain in most individuals.
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Oculomotor Dysfunction
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SUMMARY
The oculomotor system is known to engage key structures within the basal ganglia and respond to dopamin-

ergic stimulation. Therefore, it is unsurprising that Parkinson’s disease (PD) should be associated with distinc-
tive abnormalities of eye movement generation and control. Briefly outlined is the functional neuroanatomy of
the oculomotor system, then the examination of the abnormalities seen in PD, their value in the differential
diagnosis of Parkinsonism, and their response to pharmacological and surgical treatment are discussed. The
chapter concludes with a novel hypothesis that attempts to reconcile saccadic hypometria, the most character-
istic oculomotor deficit in PD, with current models of basal ganglia function.

Key Words: Saccades; dopamine; basal ganglia; oculomotor dysfunction; Parkinson’s disease; saccadic
hypometria.

1. INTRODUCTION

The principal neuro-ophthalmological manifestation of Parkinson’s disease (PD) is a disturbance of
the oculomotor system. Although it rarely gives rise to symptoms, this disturbance is a valuable sub-
ject for study because it illuminates two areas of wider interest: (1) the nature of the motor and cogni-
tive dysfunction in PD, and (2) the role of the basal ganglia in oculomotor control. This chapter
provides a brief overview of the anatomy and physiology of eye movements before proceeding to a
detailed examination of the oculomotor abnormalities in patients with PD.

2. EYE MOVEMENTS: ANATOMY AND PHYSIOLOGY

Only a small region of the visual field, that subserved by the fovea, contains a detailed representa-
tion of objects that fall within it. Thus, the eyes must move to acquire and maintain the object of inter-
est in the foveal field of view. The oculomotor system has evolved to make this process as fast and
efficient as possible. Saccades are rapid, conjugate eye movements that bring the image of a peripheral
object onto the fovea of each eye; vergence movements are disjunctive movements that ensure the
image in each eye corresponds to the same region in space; and smooth-pursuit, vestibular, and optoki-
netic movements lock the image on the fovea when either the object (smooth pursuit) or the entire
head or body (vestibular and optokinetic) is in motion. In our survey of the neural mechanisms under-
lying eye movements, we shall focus on saccades and smooth pursuit because they are the best studied
and of the greatest relevance to PD.

2.1. Saccades
It is customary to classify saccades according to the behavioural context in which they are per-

formed. Thus, spontaneous saccades are executed at rest when the subject is not attending to any par-
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ticular item in the visual field and not performing any task. Reflexive saccades are executed in
response to the sudden appearance of a novel stimulus, usually a visual target. Voluntary saccades are
executed deliberately by the subject in response to some kind of “internal” decision. Voluntary sac-
cades are further divided into four categories largely for the convenience of the paradigms used to
study them, but some are valid from an ecological standpoint. A memory-guided saccade is made to
the location of an eccentrically placed visual target after a period of time that the target has been extin-
guished. A predictive saccade is executed in anticipation of the appearance of a target. An antisaccade
acts in response to a visual target but to a location equidistant from and in the opposite direction to the
target. Finally, an endogenous saccade is executed either in the absence of a peripheral target or in
response to a stimulus other than the target.

Because few parameters are required to specify an eye movement, saccades are relatively easy to
characterize. The metrics that are most commonly used are: (1) latency, the length of time between the
onset of the target and onset of saccade; (2) gain, the ratio of the saccade amplitude and target ampli-
tude; (3) peak velocity; and (4) the final eye position (FEP) after the primary saccade and any sec-
ondary saccades required finally to foveate the target. These parameters are not independent: there is a
strong positive correlation between the peak velocity and the amplitude of a saccade, which may be
used to identify an abnormal eye movement as generated by the saccadic system.

The neuronal circuitry responsible for generating saccades is widely distributed within the brainstem.
Commands specifying the horizontal component of a saccade originate within the dorsomedial pons in a
region known as the paramedian pontine reticular formation, whereas those that specify the vertical orig-
inate within the rostral midbrain (for reviews, see refs. 1–3). The saccadic generators in the brainstem
receive inputs capable of triggering saccades mostly from the superior colliculus (SC), but saccades may
also be evoked via direct projections from several cortical and subcortical areas, including the frontal eye
field (FEF), supplementary eye field (SEF), and dorsolateral prefrontal cortex (DLPFC) in the frontal
lobe; area 7a and the lateral intraparietal area (LIP) in the parietal lobe; and substantia nigra pars reticulata
(SNr) and caudate nucleus in the basal ganglia. Extensive reciprocal connections exist between these
areas, particularly projections from the basal ganglia to cortical areas, either directly or via the thalamus.

Most of what is known about the role of the basal ganglia in oculomotor control has been derived
from studies in monkeys that have focused on the relation between the CN, SNr, and SC (for a detailed
review, see ref. 4). A complex perspective of their interconnections has emerged (see Fig. 1).

Neurons in the SC that are capable of generating saccades are found within its intermediate layer. It
has been shown that these cells are under tonic inhibition from a population of γ-amino-butyric acid
(GABA)ergic cells within the SNr whose firing is transiently suppressed when a saccade is executed,
particularly when the saccade is memory-guided. This transient suppression precedes the execution of
a saccade—suggesting that it is required for a saccade to be executed—and is mediated through at
least three pathways within the basal ganglia. First, a subset of inhibitory neurons within the CN pro-
ject directly to the SNr. These cells receive rich inputs from the frontal cortex and have highly selec-
tive visuomotor responses, including increased activity during memory-guided saccades when
compared with other types of saccades (4). Other cells within this population do not project directly to
the SNr but instead project to neurons within the globus pallidus externa (GPe), which, in turn, send
inhibitory efferents to the SNr, forming a second indirect pathway. The third pathway involves the sub-
thalamic nucleus (STN), which sends excitatory glutaminergic projections to the SNr and receives
afferents directly from the cortical eye fields in the frontal lobe and from the striatum via GPe.

The caudate neurons involved in these pathways have been implicated in the control of reward-
directed behavior. In modified memory-guided saccade tasks, some of these neurons show anticipatory
activity that depends on the association between location of the spatial cue and expectation of reward
from executing a saccade to that location (5). This activity may be selective for specific features of the
cue (6) and may be differentially modulated by the probability of reward (7). Furthermore, saccadic
latency and peak velocity (but not other parameters) are significantly influenced by the expectation of
reward (8), and latency correlates with the degree of neuronal activity (7).
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The mechanism by which the reward signal is transmitted to the striatum remains obscure, but it is
speculated that dopaminergic projections from the substantia nigra pars compacta are critical. Caudate
neurons that project directly to the SNr express D1 receptors preferentially, whereas those that project
via the GPe express D2 receptors. Some evidence shows that D1-mediated activation may be facilita-
tory, whereas D2 is inhibitory. If this is indeed the case, dopamine deficiency may produce saccadic
abnormalities via dysfunction of either the direct or indirect pathway, and “internally guided” saccades
would be expected to be preferentially affected.

In support of this supposition, dopamine depletion following systemic exposure to 1-methyl-4-
phenyl-1,2,6-tetrahydropyridine (MPTP) in humans (9) and experimental animals (10,11) results in
infrequent, slow, and hypometric saccades; yet, the systemic manifestations make the study of oculo-
motor disturbance in these circumstances very difficult. Furthermore, because dopaminergic neurons
in the SNc project diffusely to the basal ganglia (12), it is difficult to ascertain the critical locus of
dopaminergic action in oculomotor control. However, when MPTP is unilaterally infused directly into
the regions of the monkey CN where neurons with oculomotor functions reside, thereby reducing any
global effects, specific deficits emerge. These include saccadic hypometria (especially during memory-
guided saccades), a marked reduction in the frequency of spontaneous saccades, and a paucity of sac-
cades executed in the contralesional hemifield (13,14). The animals in these experiments also showed
evidence of spatial neglect with both a motor and an attentional component.

2.2. Smooth Pursuit
The oculomotor system responsible for smooth pursuit is less understood and appears to be segre-

gated from that responsible for saccades, but the degree of segregation is a matter of dispute (for

Fig. 1. Oculomotor connections of the basal ganglia. Thick lines denote excitatory connections; thin lines are
inhibitory. (Not all known connections are shown. Refer to text for abbreviations.)
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review, see ref. 15). Broadly, the areas involved are the middle temporal and middle superior temporal
cortices, FEF, LIP, dorsolateral nuclei in the pons, floccular region of the cerebellum, and the vestibu-
lar nuclei.

Smooth pursuit movements are harder to study. The usual parameters of interest are the fidelity with
which the eyes can follow a moving target, either a simple-ramp stimulus or a sinusoidally modulated
target. This can be expressed by measuring the discrepancy between the eye-pursuit velocity and
velocity of the target.

3. OCULOMOTOR ABNORMALITIES IN PD

Although pathologically proven PD can occasionally simulate conditions associated with marked
oculomotor disturbance, such as progressive supranuclear palsy (16), gross eye movement abnormali-
ties obvious at the bedside are rarely seen. Their presence should always raise the possibility of
another parkinsonian disorder. However, there is no doubt that there are subtle abnormalities, but no
clear consensus has emerged as to their precise nature and extent. The major difficulty with existing
literature is that there is considerable heterogeneity in the selection of patients and experimental proto-
cols used to study them, particularly the severity and treatment history of the disease and details of the
paradigms used to elicit eye movements.

3.1. Saccades

3.1.1. Primary Abnormalities
The most consistent oculomotor abnormality in PD is the saccadic hypometria in which the primary

saccade undershoots. This was initially demonstrated in saccades executed to verbal command (17), in
the dark (18,19), or to fixed targets (20). Predictive saccades also show hypometria in addition to diffi-
culty in anticipating the stimulus (21,22), and in unilaterally affected patients, the abnormalities were
found to be lateralized (23).

In agreement with findings in dopamine-depleted animals, memory-guided saccades are most strik-
ingly affected, regardless of whether the remembered stimulus is visual (24–27), vestibular, or cervical
(28). The first question that arises is whether the impaired performance is a consequence of a deficit in
spatial-working memory or another resource that is engaged by the memory-guided saccade task. If
the former is true, then patients should have difficulty in identifying the target location. In fact,
although the primary saccade is hypometric, patients make secondary saccades that produce an accu-
rate FEP when the memory delay is short (25,26,29,30) but possibly not when it is longer than 5 sec-
onds (31). Thus, abnormalities of FEP are seen in monkeys with dopaminergic blockade of the DLPFC
(32), but if there is a spatial-working memory deficit in PD, it is only revealed by tasks with a high-
working memory load. Indeed, an abnormal FEP is found when patients are asked to perform
sequences of memory-guided saccades (27,33), and we have shown that this is present only when
novel sequences are compared with those rehearsed (34). Furthermore, any deficit in spatial-working
memory may be compounded by global abnormalities in executive function interfering with the plan-
ning of gaze strategies (35). Nonetheless, these findings do not account for saccadic hypometria of
gaze, which occurs equally in the execution of both novel and rehearsed saccadic sequences (34).

Contrary to memory-guided saccades, although some studies have shown mild impairment in
reflexive saccades to peripheral stimuli (20,22), most have not (23–27,29,36,37). Two studies have
even found a reduction in saccadic reaction time when compared with controls when a “gap” was
introduced between the disappearance of the central fixation point and appearance of the peripheral
target (38,39). The fact that reflexive saccades should be normal or enhanced when memory-guided
saccades are definitely abnormal suggests a dissociation between behavior that is reflexive or exoge-
nously driven and that which is volitional or endogenously driven. There is good evidence from imag-
ing (40) and saccadic adaptation (41) that this dissociation reflects the operation of separate neural
networks in the oculomotor system.
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If endogenously and exogenously driven saccades are differentially affected in PD, a task that pits
one against the other should demonstrate an impairment. The simplest such task is the antisaccade
task, where the subject has to suppress a reflexive saccade to a peripheral target and execute an
endogenously driven saccade to the opposite location. Three studies have found no significant impair-
ment in the performance of patients with PD in comparison with age-matched controls (26,36,37), and
another three have shown impaired performance (25,42,43). It is difficult to draw firm conclusions
from these studies because of methodological difficulties. However, the one study that employed a
“gap” paradigm and tested patients in their “off” state demonstrated more errors, increased latency,
and reduced gain in patients with mild-to-moderate PD (43) when compared with controls.

3.1.2. Response to Treatment
Although it seems reasonable to suppose that saccadic abnormalities in PD are related to dopamin-

ergic depletion, evidence indicating that they can be reversed with dopaminergic treatment is sparse.
Despite that a few studies have shown beneficial effects on the parameters of voluntary saccades
(17,44,45) and on the ability to perform sequences of memory-guided saccades (31), no study has ever
demonstrated any improvement in the most characteristic abnormality in PD—the hypometria of
memory-guided saccades. By contrast, a study of eight patients who had PD implanted with deep-
brain stimulators found that high-frequency stimulation of the STN produced a marked improvement
in the gain of memory-guided saccades in the absence of any changes in other saccadic parameters
(46). Also, there is one case report of similar improvement in memory-guided saccades, as well as
antisaccades in a patient with a GPi electrode when the stimulator is turned on (47).

3.2. Smooth Pursuit
Abnormalities in smooth pursuit in PD are recognized (18,20,44,45,48–51), particularly in smooth-

pursuit gain (45,48), but these have been less explored. The mechanisms remain uncertain; as with
saccades, it is not clear whether the dysfunction is (44) or is not (45,52) sensitive to dopaminergic
replacement. In a recent study, infusion of apomorphine in patients previously untreated with levodopa
or dopamine agonists produced an increase in smooth pursuit velocity and gain, but the improvement
was not as great as the improvement in limb motor function (53).

3.3. Other Abnormalities
Apraxia of eyelid opening usually occurs as an isolated focal dystonia but is occasionally seen in

PD (54). It may be treated with botulinum toxin injections and may be ameliorated by mechanical
stimulation of surrounding skin, such as is produced by wearing goggles (55).

Deranged convergence is rarely reported in PD. In one case, it was found to be responsive to lev-
odopa (56).

4. DIFFERENTIAL DIAGNOSIS

The oculomotor abnormalities in PD are generally too subtle to detect at bedside. Consequently,
their presence or absence is rarely a helpful diagnostic tool in routine clinical practice. In contrast, the
presence of marked oculomotor abnormalities is often a helpful guide to another parkinsonian disor-
der. Clinically obvious impairment in vertical eye movements is characteristic of progressive supranu-
clear palsy (PSP). But it may be seen in other conditions, such as diffuse Lewy body disease (57–60)
corticobasal degeneration (CBD; 61) Guam Parkinson–Dementia Complex (62), Whipple’s disease
(63), amyotrophic lateral sclerosis (64), postencephalitic Parkinsonism (65), and Creutzfeld-Jacob dis-
ease (66,67). In PSP, slowing of vertical saccades precedes ophthalmoplegia and is probably the earli-
est sign of oculomotor involvement. A supranuclear gaze palsy may be seen in CBD, but usually only
when the disease is advanced (68). Eye signs are rarely an early feature of multiple system atrophy
(MSA), but may mimic PD in some cases (69).
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It is uncertain to what extent eye movement recordings are helpful in discriminating between differ-
ent types of Parkinsonism. One small study has examined simple saccadic metrics in the vertical, hor-
izontal, and diagonal planes in patients with PD, MSA, pure akinesia, PSP, and CBD (70). In
comparison to age-matched controls, only patients with PSP had slow saccades (in any direction), and
only patients with CBD had increased saccadic latency. Although other parameters (e.g., hypometria,
vestibulo-ocular responses, and smooth pursuit) did not discriminate between groups, deviation of
oblique saccades toward the horizontal plane was more marked in patients with pure akinesia and PSP.
In another study (36), patients with CBD had greater saccadic latency, and those with PSP, more
marked hypometria and worse antisaccade performance versus patients with PD, but there were no
saccadic criteria by which patients with MSA could be differentiated from those with PD. Thus,
detailed eye movement analysis may be helpful in identifying patients with PSP and possibly CBD,
but until there is more data on its sensitivity and specificity, it is difficult to recommend it for routine
use in the diagnosis of parkinsonian disorders.

5. COMPLICATIONS OF TREATMENT

The oculomotor manifestations of PD do not consistently respond to treatment; yet, treatment is
also not associated with any deleterious effects on the oculomotor system.

Generally, the eyes are spared in treatment-induced dyskinesias, but there are isolated reports of
patients whose peak-dose dyskinesias have an oculomotor component in the form of large-amplitude
oscillations (71) or brief tonic deviations of gaze (72).

Pallidotomy produced no improvement in saccadic hypometria in one study of 31 patients with PD
and resulted in only slightly reduced-peak velocities in the context of improved peripheral motor func-
tion (73). In one small series, an increase in the frequency of square-wave jerks was found in the
absence of any change in other saccadic parameters (74). Transient conjugate eye deviation following
the implantation of a GPi stimulator has been described in one patient (75), but the deviation was seen
only at supratherapeutic voltages and may have resulted from activation of neighboring regions.

6. CONCLUSION

We have seen that the most characteristic oculomotor disturbance in PD is hypometria of voluntary
(especially memory-guided) saccades in the context of essentially normal reflexive visual-orienting
behavior. Although deficits in spatial working memory and executive function may be contributory,
the physiological changes underlying this disturbance remain obscure. Microelectrode recordings in
monkeys suggest that caudate neurons may modulate the metrics of saccades in response to the expec-
tation of reward. It is tempting to speculate that similar modulation mediates internally guided behav-
ior in humans, and the saccadic abnormalities in PD are consequent on the dysfunction of these cells
within a dopamine-depleted striatum. However, until further evidence is gained, this will have to
remain in the realm of speculation.

Even if the role of striatal neurons can be proved, a satisfactory account would need to explain why
the abnormalities are largely confined to saccadic gain, and why they are not rapidly responsive to
treatment with levodopa. Here we present a hypothetical explanation that addresses these questions.

Saccades in infants are markedly hypometric with a gain of around 0.6. During childhood, saccadic
gain increases, but there is always a tendency to undershoot the target even when development is com-
plete; this increase in gain is accompanied by a reduction in saccadic error. Simulations have shown
that the relationship between gain and error during development is such that saccadic flight-time is
minimized (76). Thus, the larger the saccadic error, the more advantageous it is to undershoot the tar-
get because a corrective saccade in the same direction can be executed faster.

Experiments where the saccade target is displaced intrasaccadically to generate error in the sac-
cadic end-position have consistently shown in both monkeys and humans that over numerous trials, a
corrective adjustment in gain occurs: this phenomenon is known as saccadic adaptation. There is strong
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lesion (77) and imaging (78,79) evidence that adaptation relies on the integrity of midline cerebellar
structures, at least in adaptation tasks that employ reflexive saccades. Interestingly, in monkey experi-
ments, when the target is shifted to produce a small constant error in the end-position of each saccade,
saccadic gain is reduced even when the error is positive, i.e., the saccade is made to undershoot its tar-
get (80,81). Hence, the question has not been directly addressed, but it appears that, similar to Harris’s
prediction (76), the adaptive mechanism responsible for maintaining saccadic accuracy tends to reduce
saccadic gain when saccadic error is increased.

A few studies have shown increased variance in the gain of memory-guided saccades in PD (21,23)
but have not attributed any great significance to it. An increase in variance in these circumstances is
also seen in limb movements (82) and is predictable from some models of motor dysfunction in PD,
where the principal problem is envisaged as a failure to adequately facilitate goal-directed motor plans
combined with a failure to inhibit competing ones (83,84). The hypometria may therefore be the con-
sequence of a normal adaptive response to increased variance in saccadic gain produced by a failure to
inhibit competing internally guided motor plans. If so, its failure to respond immediately and consis-
tently to treatment with levodopa or to fluctuate in synchrony with “on–off” periods would not be sur-
prising. Such failure of inhibition is paralleled by the well-documented failure of the suppression of
antagonist activity in the limbs in PD (85). Furthermore, the importance of inhibition in basal ganglia
function has recently been elegantly demonstrated in a neurophysiological study in cats. This study
showed that uncrossed nigrocollicular fibers are deactivated ipsilaterally before a saccade is made to
release the superior colliculus from inhibition, whereas nigrocollicular fibers that cross to the con-
tralateral colliculus are simultaneously activated, thereby suppressing activity that could have gener-
ated a saccade in the opposite direction (86).

Presently, there is no direct empirical support for this hypothesis, but it makes strong predictions
about the nature of the oculomotor disturbance in PD, which can be tested experimentally with relative
ease. The only study to examine the adaptation of memory-guided saccades in PD has found an
increased tendency to hypometria when compared with controls, even during positive adaptation.
However, the authors did not report the saccadic gain variance; therefore, its contribution to the differ-
ence in adaptation performance cannot be adequately assessed (87).
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Fatigue

Carol Ewing Garber and Joseph H. Friedman

SUMMARY
Fatigue is a common complaint in patients with Parkinson’s disease (PD). More than half of all patients

with PD rank fatigue among their three worst symptoms. Fatigue has been variously hypothesized to be caused
by dysfunction of the striato–thalamo–cortical loop, abnormalities in the hypothalamic–pituitary–adrenal axis,
inflammatory processes, and neurotransmitter abnormalities within the central nervous system. However, there
is no firm evidence that any of these proposed etiologies explain the fatigue experienced by patients who have
PD or other diseases.

Fatigue may be associated with depression, sleep disorders, and medication-induced adverse effects, but it
also remains a distinct symptom that can occur independently from these other disorders and problems.
Fatigue is a persistent symptom in individual patients, and it is unrelated to disease severity. Fatigue is difficult
to define and even more difficult to measure. Several questionnaires are available to measure fatigue, but many
of these are disease-specific and do not apply to patients who have PD. Some questionnaires measure general
overall fatigue, whereas others measure different aspects of fatigue, including mental, physical, emotional,
motivational, and exertional fatigue. Often fatigue is confused with sleepiness, a related but distinct construct.
Clearly, fatigue has a significantly negative impact on the quality of life and physical function of patients with
PD. Currently, there is no proven effective treatment for this problematic nonmotor symptom of PD. Addi-
tional research is needed to provide a better understanding of this complex problem.

Key Words: Fatigue; central fatigue; motor fatigue; Parkinson’s disease (PD); quality of life.

1. INTRODUCTION

Fatigue is a common problem to many neurological, psychiatric, and medical conditions (1–6). For
neurologists, the word “fatigue” generally evokes a knee-jerk reaction to “multiple sclerosis,” yet
fatigue is so much a part of countless disorders that when a patient complains of it, it is impossible to
know exactly what to do with the information. Fatigue affects all people at some point. Consider the
following:

• Fatigue represents the leading complaint in 4 to 9% of all office visits to internists and family practitioners
(7–9).

• A sense of chronic fatigue was reported as a “major problem” by 25% of consecutive patients seen in a pri-
mary care clinic; of these, 75% had suffered with it for at least 1 year (10).

• Fatigue was the presenting PD symptom in 2% of newly diagnosed patients in the classic study by Hoehn
and Yahr (11).

• Fatigue occurs in 80 to 100% of patients with systemic lupus erythematosus and is among the most com-
monly reported symptoms (12,13).

• Fatigue has a major impact on quality of life in multiple sclerosis (MS; 14). One small (n = 32) study of MS
patients found that fatigue was the worst symptom in 28% (15).
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Complicating the understanding of fatigue is the difficulty in apprehending its meaning and dis-
crepancies in its use (see Table 1). Fatigue is defined as lassitude, overtiredness, and lacking in energy.
Synonyms include weariness, debilitation, enervation, languor, listlessness, heaviness, drowsiness,
tedium, and overtiredness (16). In physiology, it is used to mean fatigue of a neuron, muscle, or organ-
ism. Further complicating comprehension, fatigue is often used as a synonym for sleepiness or tired-
ness, which are distinct constructs. For example, the New England Journal of Medicine published
three articles in one issue in 2002 on fatigue in doctors, yet the articles actually focused on sleep depri-
vation, a related disorder, not physical or mental fatigue (17–19). With so many facets, it is inevitably
difficult to interpret the symptom, because it is usually a symptom complex. Grappling with knowl-
edge of this problem is reminiscent of a Bertrand Russel quote, uttered about mathematics, another
seemingly straight forward entity: “Mathematics may be defined as the subject in which we never
know what we are talking about, nor whether what we are saying is true” (20).

2. MEASURES OF FATIGUE

Attempting to measure a subjective sensation that eludes accurate description is a complex under-
taking that will inexorably yield multiple overlapping scales. Such is the case for depression, psy-
chosis, and every other subjective condition. Before the modern era of clinical trials and recent
exponential development of rating instruments, concern had been raised that fatigue might not be mea-
surable (21). Since then, many self-report questionnaires have been developed to measure fatigue in a
variety of diseases, including neurological, cancer, and immune disorders. These have been developed
using inconsistent application of psychometric test development methodologies, and often, small num-
bers of subjects (22).

Krupp and her collaborators have led the way in measuring fatigue in MS and other disorders, thus
shedding light on its appearances in neurological and non-neurological conditions (23–30). The
Fatigue Severity Scale (FSS; 26) is a nine-item questionnaire that employs a seven-point Likert scale
response to each of the items. The FSS has been shown to be valid and reliable in a variety of popula-
tions (24–30) and has been shown to have good discrimination between fatigued and nonfatigued
patients with MS (22).

Table 1
Fatigue Definitions

1. “An overwhelming sense of tiredness, lack of energy and feeling of exhaustion. It is distinguished from symp-
toms of depression. Fatigue is also distinguished from limb weakness” (25).

2. “A sense of physical tiredness and lack of energy, greater than expected for a usual task” (146).
3. Fatigue Assessment Inventory: “a sense of tiredness, lack of energy, or total body give out” (27).
4. “A condition resulting from previous stress, which leads to reversible impairment of performance and func-

tion. Affects the organic interplay of the functions and finally may lead to disturbance of the functional struc-
ture of the personality; it is generally accompanied by a reduction in readiness to work and heightened
sensation of strain” (147).

5. “A chronic form of tiredness, which is perceived by the patient as being unusual or abnormal and absolutely
disproportionate with respect to the amount of exercise or activity he/she has carried out and is not removed
by resting or sleeping” (148).

6. “Inability to maintain force” (149). … “Sensation experienced when the effort to perform work, whether phys-
ical, mental, or both, seems disproportionate to the task involved (149).

7. “A sense of physical tiredness and lack of energy, interfering with physical functional and social life, distinct
from mental exhaustion, sadness, sleepiness, and impaired motor function secondary to PD symptoms” (61,62).

8. “A subjective lack of physical and/or mental energy that is perceived by the individual or caregiver to interfere
with usual and desired activities” (150).
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Measures of fatigue that have been used in PD and other neurological disorders consist of: (1) sim-
ple visual-analog scales, in which subjects mark a point on a line extending between a point denoted
by severe fatigue and another denoted by “not fatigued at all” or “energetic” (28,31–33); (2) the
Fatigue Assessment Inventory (FAI; 27); (3) a 30-item self-report scale that contains a 7-item FSS
(26); (4) the 14-item Fatigue Scale (FS; 34); and (5) the 21-item Modified Fatigue Impact Scale
(MFIS; 35). All of these have been validated in other diseases. The FS developed by Chalder and col-
leagues (34,36) is a 14-item scale, developed in a community sample, and generally applied to patients
with chronic fatigue and CFS (36,37). The FibroFatigue Scale (38) is a 12-item rating scale utilized to
measure fatigue in patients with fibromylagia and chronic fatigue syndrome (CFS).

Several scales have been developed to assess fatigue in cancer patients, including the Multidimen-
sional Fatigue Inventory (MFI; 39), Schwartz Cancer Fatigue Scale (40,41), and the Piper Fatigue
Scale (PFS) (42). Both the PFS and MFI have been applied to patients with other conditions, including
polio, amytrophic lateral sclerosis (ALS), fibromylagia, and chronic fatigue syndrome (43–46). The
PFS (42) consists of a series of 41-item visual-analog scales that address the temporal, visual, affec-
tive, intensity, and sensory aspects of fatigue. The MFI is a 20-item self-report scale, which contains
the five subsets of general, physical fatigue, mental fatigue, motivation, and activity, being used in
many different disorders. The four mental fatigue questions only measure concentration.

Two quality-of-life measures that have been validated in patients with PD—Parkinson’s Disease
Questionaire 39 (PDQ-39) (47) and Parkinson’s Disease Questionaire Long Form (PDQL) (48)—
include fatigue assessments, but the Euro QoL-5 dimension questionnaire (EQ-5D) (49) does not. Dami-
ano et al. (50) used several PD expert consultants and quality-of-life experts to review the PDQ-39 and
PDQL. In doing so, they defined 12 areas that they thought must be covered by a useful quality-of-life
scale, including energy/fatigue.

3. FATIGUE IN PD

3.1. Review of Studies
Two distinct types of fatigue have been identified: peripheral and central fatigue (26,51,52). Periph-

eral fatigue refers to local muscular fatigue, in which an individual can no longer produce adequate
force during repeated muscular contractions (51,53). In contrast, central fatigue has both physical and
mental components and is characterized by the difficulty in initiating and sustaining mental and physi-
cal tasks in the absence of cognitive or motor impairment (51,53). Mental fatigue itself may be subdi-
vided into fatigue caused by sustained hyperarousal or hypervigilance (extended hyperarousal or
overactivism) versus the fatigue of boredom (extended hypoarousal; [54]). Hypovigilance occurs with
tedious repetitive tasks. Emotional fatigue can be considered analogous to the sustained hyperarousal
of mental fatigue. However, only certain types of inattention might be considered indicative of fatigue;
e.g., the inattention of attention deficit disorder would not be an example of fatigue.

Peripheral fatigue is often experienced in patients with sarcopenia that accompanies neuromuscular
and rheumatic disorders (52,55,56), but the disabling fatigue associated with chronic disorders is cen-
tral fatigue (25,51,52). Central fatigue has generally shown poor associations with other markers of
disease (52). Fatigue, although a common symptom in multiple neurological disorders, receives little
attention in texts (e.g., see ref. 57).

Before considering fatigue in PD, it is useful to review myasthenia gravis (MG) as a paradigmatic
illness, because muscle fatigue is its core clinical feature. Weakness is caused by fatigue in muscle
contractions. Although the neuropathology of MG is believed to be entirely peripheral, Paul et al.
(58,59) found high levels of cognitive fatigue in MG patients. Additionally, diminished cognitive per-
formance correlated with self-perception of fatigue (59). Other peripheral immune-mediated neuro-
pathic conditions unassociated with muscle fatigue have been related to fatigue (60). Interestingly, one
study showed that fatigue correlated inversely with the degree of recovery from the Guillain-Barre
syndrome (60), i.e., the patients who had the best outcome had the most fatigue.
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There have been only a few studies of fatigue in PD. Most have discussed phenomenology; a few have
looked at treatment. Aside from the report by Hoehn and Yahr (11), in which fatigue is listed as a rare-pre-
senting symptom of PD, the first reports focusing on fatigue in PD were published in 1993 (31,61,62).

Van Hilten et al. (62) compared 65 nondemented patients with PD to 68 age-matched controls. How
controls were chosen and whether they were linked by gender was not specified. Their hypothesis was that
fatigue would vary over the course of the day. Activity monitors on the nondominant hand were used to
assess movements, dyskinetic patients excluded. Fatigue was self-assessed on a five-point scale that asked
how often fatigue was present, rather than how severe it was. “Excessive fatigue,” defined as fatigue being
“often present,” “very often present,” or “continuously present,” was present in 31 patients (48%). In these,
14 did not suffer fatigue at any particular time of day, whereas 2 were most affected in the morning, 5 in
mid-day, 5 in the late afternoon, and 5 in the evening. Interestingly, there was no correlation between
fatigue and either diurnal motor activity or bedtime, an observation confirmed in a later study (63).

In another study (61), Van Hilten et al., possibly using some of the same subjects evaluated in the pre-
viously cited report (62), evaluated both sleep and fatigue in 90 nondepressed nondemented patients
with PD (50 men and 40 women). Although this was a case-control study, the control subjects were only
compared to patients on sleep disorders measures, not fatigue. Fatigue was measured using the FSS and
the seven-point scale, as described previously, where “excess” meant “frequent,” “very frequent,” or
“always present.” Fatigue was defined as in definition 7 (Table 1). Excessive daytime fatigue (EDF),
defined as fatigue present at least “frequently,” afflicted 43% of patients who had PD and had been pre-
sent for a mean of 8.6 years. However, in half of those affected by EDF, its onset predated the develop-
ment of PD. Of patients, 15% reported fatigue as their worst symptom of PD; 54% described it as equal
to their other PD symptoms; and 31% found it to be their least severe symptom. There was no diurnal
aspect to the fatigue and no association with excessive daytime sleepiness (EDS). The lack of a diurnal
pattern to the fatigue contrasted with earlier observations based on clinical impression (64,65). No rela-
tionship was found with medication, and they deduced, as had Schwab (66), that fatigue was related to
motor dysfunction, a point contested by others.

A survey of fatigue by Friedman and Friedman (32) evaluated consecutive nondemented patients
who had PD and asked each subject to ask a same-sex friend or relative who was within 5 years of the
subject’s age and did not have PD to serve as a control. There were 51 of 58 patients with PD and 41 of
58 controls who completed the FSS questionnaire and the Geriatrics Depression Scale (67). Patients
also scored their fatigue on a visual-analog scale. As expected, patients with PD endorsed significantly
greater levels of depression and fatigue than the controls, and one third of patients reported fatigue as
the single worst symptom of PD. On a 1 to 7 scale, 58% of all patients with PD scored 5 or greater on
the FSS question: “Fatigue is one of the three most disabling symptoms of PD.” Most described the
fatigue as having a different quality than fatigue experienced prior to the onset of PD; despite that
fatigue correlated with depression, it did not correlate with motor dysfunction as hypothesized by pre-
vious authors (see refs. 61,62,66). Although fatigue correlated with depression, the authors noted that
many nondepressed subjects also suffered from fatigue. Of special note to neurologists was the obser-
vation that these patients with PD had a mean score of 4.6 on the FSS, the same instrument used to
assess MS patients, whose mean score was 4.8 (26), a clinically insignificant difference.

In another study, a convenience sample of 70 patients who had PD living within 30 miles of Duke
University (68) was evaluated at baseline 1 and 3 years later, and 40% reported fatigue. Fatigue was
more prevalent in patients who identified themselves as having “poor health,” in contrast to those who
identified themselves as being in “good health”; 58.6% of self-characterized “poor health” subjects
reported fatigue. Fatigue prevalence increased during the first year in patients who initially thought
themselves to be in “good health.”

Shilman et al. (69) evaluated 99 “selected” nondemented patients who had PD with the FSS (which
includes the FAI), Beck Depression Inventory, Beck Anxiety Inventory, and Pittsburgh Sleep Quality
Index and used a mean FAI score of 4 or more as the definition for fatigue. Using these criteria, 40% of
patients suffered from fatigue. Fatigue correlated with anxiety, but significant associations were not
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found between fatigue and sleep disorders, gender, age, depression, or motor dysfunction. A positive
correlation was found between one measure of activities of daily living (ADL), the Unified Parkinson’s
Disease Rating Scale (UPDRS) part II, but not with the Schwab and England ADL scale. More than half
of the patients scored fatigue as one of their three most disabling symptoms. The lack of correlation
between fatigue and motor dysfunction was underscored by the observation that, whereas 37% reported
worsened motor function in the morning, only 14% reported fatigue being worse in the morning.

Abe et al. (70) studied 26 nondemented patients chosen in a nondisclosed manner (16 men and 10
women) and 26 age- and gender-matched controls with tension or migraine headaches. All patients
with PD were on PD medications, but no one was taking antidepressants. Subjects completed the FSS,
Zung Self-Assessed Depression Scale, and two neuropsychological measures of frontal lobe function
(Go-No-Go task and the Wisconsin Card Sorting Test), a brain magnetic resonance imaging and tech-
nicium-99m hexamethyl-proprolene amine oxime (99mTc-HMPAO) single-photon positron emission
tomography (SPECT) scan. The patients with PD scored slightly (but not significantly) higher on both
fatigue and depression scores than controls. There was no correlation between depression scores and
fatigue or motor and fatigue scores for patients who had PD. Interestingly, HMPAO SPECT revealed
diminished frontal perfusion in patients who had PD with fatigue. Scores on the neuropsychological
tests showed a trend toward a relationship with fatigue. The authors concluded that fatigue in PD may
represent frontal lobe dysfunction.

A Norwegian study of fatigue in PD (71) reviewed nondemented nondepressed subjects with PD (n =
66) versus those with severe hip arthritis (n = 79) and randomly chosen sex- and age-matched controls (n
= 131). The patients comprised almost all eligible patients with PD in four municipalities. The mean
FSS scores were 4.1 for PD, 2.9 for arthritics, and 2.7 for controls. When compared to only 25% of the
other groups, 50% of patients with PD scored 4 or greater on the FSS. On a univariate analysis, fatigue
in patients with PD related to motor dysfunction, but not disease duration or sleep dysfunction; multi-
variate analysis revealed no factors associated with fatigue. The authors concluded that fatigue in nonde-
pressed patients who had PD did not correlate with any motor or nonmotor factors they could identify.

Lou et al. (53) compared 39 patients with mild-to-moderate PD with 32 age-matched controls. How
subjects were chosen was not stated. Controls were spouses or friends. The behavioral measures
employed were the MFI (72), Fatigue Severity Inventory (a modified form of the FSS), Profiles of
Mood States, and two depression scales. Patients scored significantly higher than controls on all five
sections of the MFI: general fatigue, physical fatigue, mental fatigue, reduced activity, and reduced
motivation. None of the five measures correlated with disease severity (Hoehn and Yahr, stages 1–3
only), and mental fatigue correlated with reduced motivation.

Tolson et al. (73), reporting on a convenience sample of 17 women with PD, found that menstrua-
tion was associated with exaggerated PD symptoms, reduced medication effectiveness, increased
when “off,” and increased fatigue.

A recent study by Garber and Friedman (63) characterized the relationships between symptoms of
fatigue, physical activity, physical function, and functional capacity in a convenience sample of 37
patients with idiopathic PD. Standard questionnaires were used to measure physical activity (Godin
Leisure Activity Questionnaire, Yale Physical Activity Questionnaire), and fatigue (FSS). The Up and
Go and Six-Minute Walk Test were used to assess physical function, and functional capacity was mea-
sured by a maximal oxygen-uptake exercise test (VO2max). Significant inverse relationships were
detected between fatigue severity and leisure activity levels, frequency of vigorous physical activity,
time spent performing daily tasks each day, diastolic blood pressure, and VO2max. Fatigue correlated
positively with the Up and Go and carbidopa/levodopa (CL) use. A multiple regression analysis was
performed with the FSS as the dependent variable and Up and Go, Leisure Activity Score, CL use,
VO2max, and diastolic blood pressure as the independent variables. Of these variables, Up and Go and
CL use contributed significantly to the predictive model of fatigue, whereas the other variables
appeared to be moderator variables that affect the relationships between the variables of interest. The
study demonstrated that patients who had PD with more severe fatigue are more sedentary. They also
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have poorer functional capacity and physical function in comparison to patients with less fatigue, but
these results do not imply causality.

3.2. Course of Fatigue
Little is known regarding the natural course of fatigue in PD. The first follow-up study addressing

this issue looked retrospectively at patients initially studied 9 years earlier and found that fatigue was a
persistent problem (31). Not only did mean fatigue scores worsen, but all subjects who strongly
endorsed fatigue as a prominent symptom in the original study remained fatigued 9 years later. Only 2
of 13 subjects who strongly endorsed fatigue as a major symptom at the 9-year mark had not been
fatigued earlier. In short, fatigue in this small study generally appeared early and tended to be persis-
tent. Few patients either fell into or out of the fatigued group. The authors had attempted a variety of
treatments for most of these subjects, including sedatives at night, antidepressants, stimulants, and
exercise, but these were neither systematically administered nor discussed. Fatigue did not predict
mortality, dementia, or later alteration of diagnosis (to an alternative Parkinsonian condition). In con-
trast, Schenkman et al. (68) reported an increase in fatigue prevalence in their self-reported “good
health” group of patients with PD during the first year of their studies, implying a decline over time.
The authors could not locate any other longitudinal studies of fatigue in PD.

3.3. Fatigue and Depression
Estimates of the incidence of depression in patients with PD range from 2% to 70% (74–77). How-

ever, depression is often unrecognized in PD (74,78). Depression has been associated with the neuro-
chemical changes occurring in PD; yet, it is not understood why some patients are depressed and
others are not (79–81).

Depression is often associated with general feelings of tiredness and malaise, often mistaken for
fatigue (76,79). The link between depression and fatigue is complex. For example, fatigue is a major
limitation even among those patients with PD who are not depressed (82). A study by Abe and col-
leagues (70) compared patients who had PD with age-matched healthy controls and found no signifi-
cant relationship between the fatigue and depression, although a notable association was observed
between depression and fatigue in the control subjects.

Depression has been related to many dimensions of fatigue, such as mental fatigue and reduced
activity, but it has not been shown to correlate with physical fatigue (44,70,83). Cognitive and behav-
ioral factors have been implicated in the persistence of fatigue in patients with other neurological dis-
orders. A study of fatigue in chronic fatigue syndrome patients and MS patients found that perceptions
of control were important predictors of fatigue—depression did not explain fatigue (83,84).

3.4. Etiology of Fatigue
Fatigue’s etiology in PD and other neurological disorders is unknown (55). In chronic diseases, sev-

eral mechanisms for fatigue have been hypothesized (52). Theories are (1) a heightened stress
response results in altered activation of the hypothalamic–pituitary–adrenal axis; (2) fatigue results
from inflammatory processes; and (3) there are alterations in neurotransmission within the central ner-
vous system. None of these proposed theories for the pathology of fatigue have been carefully evalu-
ated for validity in other patients with chronic fatigue, and none have been studied in PD. One
fundamentally untested hypothesis proposes that fatigue in PD is the result of disruption of nonmotor
functions in the basal ganglia and dysfunction of the striato–thalamo–cortical loop (51). The loss of
the neurotransmitter, dopamine, and alterations in serotonin activity have been proposed as important
correlates of this dysfunction (51).

Efforts to link symptoms of fatigue to individual muscle fatigue have not been revealing (53,56).
Lou and colleagues (53) assessed fatigue in 39 patients with PD and 32 age-matched normal controls
using the MFI (five dimensions of fatigue: general fatigue, physical fatigue, reduced motivation,
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reduced activity, and mental fatigue) and the FSI. The patients with PD scored higher than the control
subjects in all of the five dimensions of fatigue on the MFI, and no relationship existed between the
severity of physical fatigue and mental fatigue. Ziv et al. (56), reporting on 17 patients with PD and 10
age-matched controls, measured muscle fatigue during 30-second maximal, isometric forearm flexion.
Patients who had PD experienced a 50% increase in fatigue following the exercise; this response
improved after an oral dose of levodopa.

Brain perfusion was evaluated in a small group of patients with PD by Abe et al. (70), comparing 26
patients with PD (16 men and 10 women) to 26 age- and sex-matched controls without neurological
deficits. All patients underwent SPECT using 99mTc-HMPAO and MRI imaging and measurement of
fatigue. A significant correlation was observed between perfusion in the frontal lobe and fatigue, such
that poorer perfusion was associated with greater fatigue, but this work has not yet been confirmed.

Proinflammatory activity has been proposed as a pathological mechanism of fatigue in MS; however,
this has not been well-supported in the literature. Mainero et al. (85) failed to show any abnormalities in
the blood-brain barrier in patients with MS, which has been thought to reflect damage that results from
proinflammatory cytokine activity. A study by Giovannoni et al. (86) found no relationship between FSS
score and several markers of inflammation, including a marker of interferon-γ-activated macrophage
activity, serum C-reactive protein, and soluble intercellular adhesion molecule-1 levels.

Studying MS patients, Roelcke et al. (87) found that patients with higher levels of fatigue assessed
by the FSS had reduced glucose metabolism bilaterally in the prefrontal area, premotor cortex, puta-
men, and in the right supplementary motor area. Filippi et al. (88) observed that fatigued patients with
MS had impaired interactions between functionally related cortical and subcortical areas, whereas
Colombo et al. (89) reported a significant association between FSS scores and lesions in the parietal
lobe, internal capsule, and periventricular trigone in patients with MS. Other studies (see refs. 90 and
91) suggest that pathological changes evident with MRI cannot fully explain fatigue in MS.

4. CENTRAL FATIGUE IN EXERCISE: A POTENTIAL MODEL
OF MECHANISMS FOR FATIGUE

During long-duration endurance exercise, such as ultramarathons, where both central and periph-
eral fatigue occurs, byproducts of the hydrolysis of adenosine triphosphate (ATP), particularly inor-
ganic phosphate, in the muscle have been related to fatigue (92). These byproducts are believed to
cause fatigue as they accumulate and interfere with transmission of the excitatory impulse across the
neuromuscular junction, impair calcium release by the sarcoplasmic reticulum, and prevent muscle
cross-bridge formation (92). Although not studied in relationship to fatigue symptoms in PD, abnor-
malities of the function of the mitochondrial respiratory chain in the substantia nigra, including ATP,
have been described in patients who have PD (93,94). Some studies (but not all) have identified simi-
lar abnormalities in the skeletal muscles of patients with PD (95). Thus, it is possible that mitochondr-
ial dysfunction, and its subsequent effects on cellular metabolic activity, are related to the symptoms of
fatigue experienced by patients who have PD. Whether these reported abnormalities are the cause or
effect of the disease is controversial. For instance, it is well-known that mitochondrial density and
function in skeletal muscle reflects the participation level in regular physical activity, resulting from
alterations in genetic transcription in the sarcomere (96).

Some investigations have supported a physiological cause for fatigue in PD. A decline in acute
muscle fatigue was observed after an oral dose of levodopa in one study (56), suggesting a relationship
between muscle fatigue and dopamine deficiency. Another study documented a delay in the anaerobic
threshold during exercise after a dose of levodopa in subjects with PD, reflecting improved aerobic
metabolism and exercise capacity (55). These studies indicate that the dopamine deficiency associated
with PD can affect peripheral fatigue, but the effects on central fatigue have been mostly untested.

Studies of endurance athletes (97,98) have identified potential roles of several neurotransmitters in
central fatigue, including serotonin, dopamine, and acetylcholine. Serotonin has been studied most
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extensively, and increases in serotonin activity during prolonged exercise have been found to acceler-
ate fatigue, and decreases appear to delay the onset of fatigue (97,98). Known neuromodulators—
cytokines and ammonia—may also affect central fatigue during exercise (98).

Possible effects of regular physical activity and exercise on fatigue have been explored in both ani-
mal and human models. Interestingly, studies of rats following exercise training have reported
increases in the number of D2 dopamine receptors, improved dopamine uptake in the striatum, and
reversal of oxidative stress induced by immobilization (99,100). Studies in athletes (101) have docu-
mented that increased serotonin concentrations from exercise training are related to improved mood
and physical efficiency, whereas overtraining results in disruptions in serotonin biosynthesis that
appear to be related to mental (central) fatigue.

Whether the mechanisms of central fatigue during exercise have any implications for fatigue in PD
is unknown. However, in light of the suspected role of the ATP byproducts and several neurotransmit-
ters (particularly dopamine) in central fatigue, the exercise model may help to expand the understand-
ing of this subject.

5. Resting Energy Expenditure and Fatigue
Patients with PD have been reported in several studies to have a higher resting metabolic rate when

compared with healthy control subjects (102,103). Markus et al. (103) found that levodopa treatment
resulted in a reduction in energy expenditure only in patients with rigidity in the untreated state. These
findings imply that muscle rigidity is responsible for an increased resting metabolic rate in patients
who have PD. However, although it is possible that a higher resting metabolic rate could contribute to
fatigue associated with PD, it cannot explain why some, but not all, patients report feeling fatigued.

Complicating the influence of fatigue to the disease process is the observation that pramipexole, used
to improve tremors in patients with PD who are already taking levodopa, worsened fatigue (104). A
study showed 10 of 34 pramipexole-treated subjects versus 4 of 35 placebo-treated subjects developed
fatigue as an adverse effect. There was no correlation between fatigue and tremor reduction. However,
fatigue was not assessed with a standard questionnaire in this study, and it may have been sleepiness that
patients were actually reporting. Pramipexole is well-known to induce sleepiness (105). In contrast, Abe
et al. (106) reported that patients with PD using pergolide showed significant improvement in the FSS
(from 5.1 to 4.4), and patients taking bromocriptine did not have any change in fatigue (from 4.8 to 4.7).

6. FATIGUE AND RESPIRATORY FUNCTION

Patients with PD have been reported to have inefficient breathing patterns, which could produce a
perception of fatigue, particularly during exertion. However, this has not actually been evaluated in
any study. Patients with PD have been shown to have a restrictive pattern of flow-volume loops both in
“on” and “off” states, and a significant reduction in both forced expiratory volume in 1 second (FEV1)
and forced vital capacity (FVC) was noted during the “off” state by De Pandis et al. (107) These
results have been confirmed by other investigators (108,109).

Weiner et al. (110) studied 20 patients with PD and the perception of dyspnea. Perception increased
during “off” periods and decreased when “on.” These changes were not related to those in respiratory
muscle performance or pulmonary function.

Respiratory muscle efficiency is reduced during inspiratory resistive-loaded breathing tasks in PD
(111). In a recent report, Masoudi et al. (112) studied subjects performing submaximal exercise and
found that the ventilatory equivalent, a measure of respiratory efficiency, was abnormally elevated in
patients with PD, suggesting inefficient breathing mechanics in patients who had PD. Furthermore, the
minute ventilation during exercise was at a greater proportion of the maximum voluntary ventilation,
showing that patients with PD encroach on their ventilatory reserve, even at low exertion levels. These
results may be caused by ineffective breathing patterns or respiratory muscle inefficiency and may
contribute to exercise limitation and possible fatigue in patients with PD.
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Recent work by Garber and Friedman (63) found that fatigue is associated with reduced levels of
physical activity and poorer levels of physical function and exercise capacity in patients with mild-to-
moderate idiopathic PD. Patients with more fatigue moved less as part of their daily activities versus
patients reporting little fatigue, and they were less likely to engage in regular exercise of any type.
Sedentary patients with fatigue had poorer physical capacity and function, both of which reflect proba-
ble limitations of the ability to perform ADL. These results demonstrate that fatigue, whether the cause
or result of a sedentary lifestyle, is an important negative factor in physical function and quality of life
of patients with PD. Similar relationships between fatigue and physical activity have been reported in
patients with SLE (113).

7. EFFECTS OF EXERCISE ON FATIGUE

An active lifestyle results in numerous physiological and psychological alterations that have the
potential to affect fatigue and physical and mental well being. Some effects of regular exercise
include: (1) improvements in exercise capacity and vascular transport capacity; (2) increased myocar-
dial oxygen delivery with reduced demand; (3) increased muscle fiber size, mitochondrial density and
activity; (4) improved motor unit recruitment; (5) alterations in endocrine responses and neurotrans-
mitter activity; and many other physiological changes (114–117). Exercise has also been reported to
have a positive impact on mood and decreases depression and anxiety in healthy middle-aged and
older adults (117,118).

Studies of patients with PD have demonstrated exercise-related improvements in functional mobil-
ity, perception of illness, and quality of life (119–126). Although regular exercise has been shown to
benefit patients with PD, there have been no studies (to our knowledge) that have used exercise as a
therapy for fatigue in patients who have PD. Regular exercise has the potential to alter both the physi-
ology and perceptions of fatigue in patients with PD. Fatigue has been shown to decrease following
exercise training in sedentary older (127) and obese (128) adults.

Several studies of chronic illnesses lend support for the potential beneficial role of exercise as an
adjunctive treatment for fatigue in PD. Some studies of MS have reported reduced fatigue, anger, and
depression after exercise training (129,130), but others detected no differences in fatigue (129).
Reduced fatigue with exercise has also been found in patients with fibromayalgia (130), chronic
fatigue syndrome (131), and SLE (132). Yet, it is difficult to exclude the possibility that the reported
fatigue was secondary to mood disturbances in these studies.

Exercise has been recommended as a nonpharmacological therapy for fatigue in cancer patients
(133–135). Although further study elucidating the effects of exercise on fatigue in cancer has been rec-
ommended (136), several studies demonstrate that notable reduction in fatigue in patients with breast
and other cancers following exercise, even in patients undergoing chemotherapy (137–144). Schwartz
has suggested that the beneficial effects of exercise on fatigue mediate the improvements in quality of
life reported with exercise training in cancer patients (145).

Fatigue in MS, cancer, or other chronic conditions is not necessarily the same as fatigue in PD,
despite that all contain elements of central and peripheral fatigue. However, the efficacy of exercise as
a treatment approach in MS and cancer patients supports the possible effect in patients with PD.

8. CONCLUSION

Fatigue is a common and often debilitating facet of PD with both mental and physical components
and is poorly understood. Fatigue is not associated with motor disability. This counter-intuitive obser-
vation, in turn, suggests that studies attempting to link muscle fatigue to lassitude are inevitably fruit-
less to understand the condition and to treat it. Contributing factors, such as sleep dysfunction,
depression, and treatable medical conditions, must be assessed and dealt with when possible.
Endurance training, rarely harmful, has appeal as an unproven intervention that has been beneficial in
most medical disorders and all fatigued populations in which it has been employed.
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pharyngo-esophageal sphincter, 99
phases of swallowing, 97–99

esophageal phase, 99
lingual phase, 98
oral preparatory phase, 97–98
pharyngeal phase, 98–99
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perforation, 120
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post-surgical, 31, 80–81
Yale-Brown Obsessive-Compulsive

Scale (YBOCS), 30–31
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prevalence, 257
shoulder stiffness, 259
spinal deformities, 259

Pallidal deep brain stimulation, 81–82, 262,
276

anxiety, 81
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neuroleptics, conventional, 59
olanzapine, 63–64
ondansetron, 57, 65–66
quetiapine, 55, 64–65
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nitric oxide, 131, 133
oxytocin, 131
physiology, 131

estrogen, 132
female, 132
libido, 128, 129, 132
orgasm, 129
penis, 131
prevalence, 127–128
psychogenic, 132
satisfaction, 128, 130, 131
sexual response cycle, 128
treatment, 132–134

apomorphine, 133
electromagnetic fields, 134
levodopa, 134
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Telethermography, 162
Temperature, 160–162

core, 161–162
oral, 162–163
rectal, 162
skin, 161–162

Testosterone, 10, 132–133
Thalamic (ventral intermediate nucleus)

deep brain stimulation, 78–79, 174
cognitive changes, 78–79
depression, 79
quality of life measures, 79
speech and language disturbances, 78,

174
verbal fluency, 79

Thalamus, 6, 76–79, 182, 263
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Thalamotomy, 77–79
bilateral, 77–78
cognitive changes, 77
depression, 78
gamma (γ)-knife, 78
quality of life measures, 78
speech and language disturbances, 77–78
verbal fluency, 77–78

Thermoregulation, 159–171
cold intolerance, 164, 170
cold-sensitive neurons, 160–161
core temperature, 161–162, 169
dopamine, 161
evaporation, 160
heat, 159–160

loss, 160
production, 160

heat intolerance, 164, 170
hypothalamus, 160–161, 163

anterior/preoptic, 161
posterior, 161

neuroanatomical substrates, 160–161
normal mechanisms, 159–160
sweating abnormalities, 164–165
vasoconstriction, 161
vasodilatation, 161
warm-sensitive neurons, 160, 161

Thermoregulatory sweat test (TST), 163, 166, 169
Thyrotropin-releasing hormone (TRH), 163,

167, 169
Tolcapone, 52
Tolterodine, 145, 186
Tourette’s syndrome, 29
Triazolam, 196
Tricyclic antidepressants, 10, 20, 170, 196, 204
Tyrosine hydroxylase, 154

U

Unified Parkinson’s Disease rating Scale
(UPDRS), 38, 59, 97, 128, 133, 167, 183, 225

University of Pennsylvania Smell Identification Test
(UPSIT), 246, 249

Urinary incontinence, 129
Urodynamic testing, 141–143, 145
Urological Distress Inventory-6, 139
Urological dysfunction, 139–147

anticholinergics, 141, 143, 145–146
apomorphine, 143–144
catheterization, 145–146
desmopressin, 146
dopaminergic medication, 143–144

dysfunctional infravesicular mecha-
nisms, 141–142, 145

imipramine, 145
irritative symptoms, 140–141, 145

treatment, 145
levodopa, 143
obstructive symptoms, 140–141

treatment, 145–146
obstructive uropathy, 141, 145
oxybutynin, 145
pontine micturition center, 144
prevalence, 139–141
prostatic hypertrophy, 141
pseudodyssynergia, 142, 145
sphincter bradykinesia, 142, 145–146
sphincter electromyography, 144
surgery, 146

prostatectomy, 146
deep brain stimulation, 146–147
thalamotomy, 146–147
tolterodine, 145

urodynamic testing, 141
vesicosphincter dyssynergia, 143
voiding dysfunction, 144–145

V
Vagina, 132
Vagus nerve, 106–107, 117, 119, 161
Valproate, 204
Valsalva maneuver, 150
Vasoactive intestinal peptide, 119, 132
Velopharynx, 213
Venlafaxine, 9, 204
Ventral mesopontine junction, 193
Vesicosphincter dyssynergia, 143
Videomanometry, 122
Visual dysfunction, 223–229, 234–236, 241

color vision, 225–226
contrast sensitivity, 226–227, 234–236
convergence insufficiency, 225
diplopia, 223
dopamine, 223–234
gait freezing, 227
hallucinations, 227–228
lateral geniculate, 224
levodopa, 225
retina, 223–236, 241
visual acuity, 224–225
visual cortex, 224, 236

Visual evoked potential (VEP), 224, 228,
234–235, 238, 241
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Visuocognitive deficits, 233–241
central processing time, 238
event-related potentials, 236–240

N200, 239
N400, 240
P100, 238, 239, 240
P300, 236–238, 239, 240
passive P300, 238

γ-band activity, 240
visual categorization impairment, 239–240
visuocognitive processing, 236, 240
visuospatial sketchpad, 238
working memory, 237–238, 240

Vocal cord injections, 174
Volvulus, 120
Von Economo’s encephalitis, 29

W

Wisconsin Card Sorting Test (WCST), 31, 285
Working memory, 237–238

X

Xerosis, 165, 170
treatment, 170

Y

Yale-Brown Obsessive-Compulsive Scale
(YBOCS), 30–31

Z

Zaleplon, 186
Ziprasidone, 65
Zolpidem, 186
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