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Y
ou have just completed electromyography on one of
your patients when your medical assistant informs
you that your new patient, Joe, a 58-year-old lawyer,
and his wife are very concerned about his shaky
right hand, soft speech and loss of dexterity. Even

before setting foot in the examination room, you suspect that
he may have Parkinson’s disease (PD) and you gird yourself for
the emotional impact that the diagnosis could evoke. 

You enter the room, introduce yourself and query him
about his symptoms. He denies any major medical or surgical
illness and, aside from tremor, he tells you that he is in excel-
lent health. You proceed with the examination and your suspi-
cions are confirmed—he has a typical resting tremor in his
right dominant hand, a soft voice, a masked facial expression
and when he walks down the hall, he fails to swing his right
arm. You inform him that he has PD and assure him that there
are very good medications that can reduce his tremor and other
symptoms, but caution him about medication side effects. You
might place him on a monoamine oxidase-inhibitor or a
dopamine agonist since his relatively young age places him at
risk for developing dyskinesia from levodopa. You also recom-
mend a regular exercise program. A follow-up evaluation in
two months is suggested and you are about to go on to your
next patient when he tells you that he has a few more symp-
toms he wishes to discuss. 

He tells you that about seven years earlier, he lost his sense
of smell and that over the past few years he has noted that he
must arise from bed two to three times a night to void, a change
for him. His wife tells you he has been talking in his sleep for
the past few years and at times had even struck her, though he
does not recall doing so. He admits he has noted a change in
his mood, becoming depressed at times and he has experienced
occasional periods of anxiety. Finally, he is concerned about

having more difficulty concentrating on legal briefs. 
Joe exhibits the classical early motor features of PD: unilat-

eral rest tremor, bradykinesia, hypophonia, hypomimia and
micrographia. However, he also has symptoms that fall outside
the motor system and could easily be attributed to other caus-
es. For example, he might have suffered from sinusitis, causing
his loss of smell. Prostate enlargement could be responsible for
urinary frequency. Depression and difficulty concentrating
might be due to the stress of his job. Finally, nocturnal motor
activity might be attributed to “restless legs.” However, these
symptoms are, in fact, common associated clinical features of
PD. 

Pick up any major neurological textbook, turn to the chap-
ter on Parkinson’s disease and you will most likely find the dis-
ease defined by “resting tremor, rigidity, bradykinesia, and pos-
tural instability.”1 Yet, over the past 50 years, a variety of “non-
motor” features of the disease has been widely recognized and
documented.2 Why then have researchers and clinicians alike
tended to focus attention on the motor features of PD? The
answer, in large part, must be related to the discovery of
dopamine deficiency in the brains of PD patients and the dra-
matic reversal of symptoms following treatment with lev-
odopa.3

The impact of this therapeutic breakthrough was so dramat-
ic that other symptoms of the disease were, in effect, pushed to
the side. Thus, basic researchers began to focus on the basal
ganglia circuitry, especially neurons within the substantia nigra
while the pharmaceutical industry put its energy and resources
into developing and testing new drugs aimed at improving
upon levodopa. It is indeed rather perplexing that a full appre-
ciation of the “non-motor” features of PD lay relatively dor-
mant until the recent publication of a clinical-pathological
study by Braak and colleagues.4 In 2002, these investigators

PD’s effects are more widespread than the 

conventional wisdom previously suggested. 

To identify cases sooner, one must monitor 

both motor and non-motor gauges.



provided compelling pathological evidence that brain involve-
ment is not only widespread in PD, but in a large number of
cases appears to be initiated, not in the substantia nigra, but in
the brainstem and olfactory bulb. Although initially viewed
with skepticism, this study has created a veritable epiphany in
the movement disorder community inspiring a new emphasis
on PD as a diffuse nervous system disorder.5

The Braak Hypothesis
One of the early pathological findings in post-mortem brains
of patients with PD was an intra-neuronal inclusion body first
identified in 1912 by Frederick Lewy, a German pathologist.6

Over the past century, the Lewy
body, traditionally identified by
hemotoxylin and eosin Y (H&E)
staining, has been regarded as
the pathological hallmark of the
disease. Furthermore, Lewy bod-
ies have been identified in a
number of regions within the
nervous system, including the
hypothalamus, nucleus basalis
and even the sympathetic gan-
glia.7,8

Now, if you will, fast for-
ward to the mid-1990s, when
an autosomal dominant form of
parkinsonism, indistinguishable
from PD, was identified in an
Italian family (the Contorsi
Kindred) and five Greek fami-
lies.9,10 Analysis of DNA from
family members revealed an
A53T mutation in a common
brain protein called alpha synu-
clein (AS).10 It was subsequently
discovered that Lewy bodies
contained large amounts of this
protein, establishing the AS antibody as the most sensitive
histological marker for Lewy bodies,11 much more sensitive
than H&E. 

Using the AS antibody to identify Lewy bodies and “Lewy
neuritis,” Braak and colleagues investigated autopsy brains
from three groups: (1) individuals diagnosed with PD, (2)
individuals without PD in life, but who were noted to have
“incidental Lewy bodies” and (3) a control group.4 By corre-
lating PD severity with Lewy body distribution and assuming
that Lewy bodies and neuritis were associated with neuronal
degeneration, they concluded that PD emerged initially in
the medulla oblongata and olfactory bulb, affecting auto-

nomic function and olfaction—even prior to involvement of
the substantia nigra—eventually encroaching on the cortex
(see Figure 1).

Braak also noted that not all neurons appeared to be vulner-
able to Lewy body pathology—the vulnerable neurons
appeared to be those with axonal projections that were relative-
ly long, thin and poorly myelinated.12 Although this pattern of
progression may fit a large percentage of PD patients, there are
exceptions. Clearly, PD is a heterogeneous disorder with vari-
able clinical expression and disease progression.13 Indeed, some
individuals  develop  dementia early in the course of the dis-
ease, but exhibit few motor findings.14

Heterogeneity of Parkinson’s
pathology is also well recognized
as emphasized by Kalaitzakis and
colleagues, who found that of 71
cases of PD, 47 percent did not
fit the spread of PD pathology as
reported by Braak and seven per-
cent failed to show AS inclusions
in the dorsal motor nucleus.15
Nonetheless, 53 percent in this
study did exhibit a distribution
pattern of AS compatible with a
“caudo-rostral spread.” Now,
you might ask, how do these
pathological findings correspond
with the clinical features of the
disease? 

Olfactory dysfunction. Ol-
factory dysfunction in PD was
first studied in the 1970s16 and is
one of the most thoroughly doc-
umented clinical findings of the
disease.17,18 In one study utilizing
the University of Pennsylvania
Smell Identification Test
(UPSIT), over 90 percent of PD

patients registered scores of olfaction below the mean of age-
matched controls and the impairment was independent of
stage or duration of disease.19 More recently, a prospective
assessment in a cohort of Japanese American men, The
Honolulu-Asia Aging Study20 found that impaired olfaction
predated the diagnosis of PD by at least four years.21,22 These
studies clearly indicate that olfactory impairment is a common
and early clinical feature of PD. 

Autonomic dysfunction. Constipation and bladder urgency
in PD has been recognized since the days of James Parkinson,23

although these symptoms have been commonly believed to be
a manifestation of late-stage disease.24 These symptoms should
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not be surprising since it has also been well established that
Lewy bodies can be found in the peripheral autonomic nerv-
ous system of patients with PD.25,26 Interestingly, early involve-
ment of bowel dysfunction has been suggested by the results of
a prospective evaluation of Asian American men enrolled in the
Honolulu-Asia Aging Study. In this study, the risk of develop-
ing PD in individuals reporting infrequent bowel movements
(less than 1/day) was four times that of those with bowel move-
ments greater than 2/day. Furthermore, constipation predated
PD by as much as 15 years27 in some cases. Bladder dysfunc-
tion is less well documented; however, using a standardized
questionnaire, lower urinary symptoms (LUTS) were assessed
in mild PD patients and revealed a significantly higher preva-
lence when compared to matched controls, suggesting LUTS is
present even in the early stages of the disease.28

Patients with PD have also been noted to exhibit reduced
sympathetic cardiac innervation.29 This finding has been docu-
mented using radiolabled metaiodobenzylguanidine (MIBG),
an inactive analogue of noradrenalin.30,31 Postmortem evalua-
tion of the heart from PD patients demonstrated profound
reduction in tyrosine hydroxylase (TH) and morphological
degeneration of cardiac sympathetic nerves.32 More interesting
is that cardiac involvement may be a very early feature of the
disease. Orimo and colleagues33 examined cardiac tissue and
brains from 20 patients without clinical PD, but with inciden-
tal Lewy bodies. They found markedly reduced TH in the
heart in 10, but no associated neuronal loss in the dorsal vagal
nucleus. Thus, as appears to be the case with olfaction, MIBG
might provide an additional marker for “preclinical” PD. 

Sleep disorders. Impaired sleep has been a well recognized
symptom of PD, but mainly documented in more advanced
cases.34 In 1995, Uchiyama and colleagues published a case
report of an 84-year-old man who had a history of violent noc-

turnal behavior diagnosed as rapid eye movement sleep behav-
ioral disorder (RBD) and was found to have incidental Lewy
bodies, but no clinical findings of PD.35 The authors speculat-
ed that “Lewy body disease might provide an explanation for
idiopathic RBD in the aged.” The following year, Schenck and
colleagues reported that of 29 males with idiopathic RBD, 39
percent were eventually diagnosed as having PD with a mean
interval of about 12 years following the onset of RBD symp-
toms and about four years after the diagnosis of RBD.36

Further evidence that RBD appears to precede PD comes from
a prospective study of patients diagnosed with RBD at the
Mayo Clinic Sleep Disorders Center (N = 81) where 52 per-
cent were subsequently diagnosed with PD.37

Screening for “Pre-clinical” PD
Currently, clinical trials designed to identify potentially “neu-
roprotective” therapies for PD are initiated in subjects who sat-
isfy the clinical diagnosis of the disease based on the “classical”
motor features. However, it has become increasingly apparent
that at the time of diagnosis, the disease may have been pro-
gressing for several years. Thus, identifying candidates for such
clinical trials prior to the onset of the motor features could pro-
vide a more definitive assessment of neuroprotection.
Moreover, intervening with disease-modifying therapy would
be more meaningful at this early stage. 

At the present time, there are no proven biomarkers for pre-
clinical PD with the possible exception of single photon emis-
sion computerized tomography (SPECT) and/or positron
emission tomography (PET) brain imaging. However, because
they are invasive and costly, these procedures would not be
practical for screening large numbers of individuals. On the
other hand, evaluations of olfaction, cardiac sympathetic tone
and sleep, might provide a more practical strategy for screening
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Stage 1: Dorsal Motor Nucleus of the vagus and olfactory bulb

Stage 2: Brainstem (Medullary raphe, magnocelluar portion of reticular formation, and LC)

Stage 3: Substantia nigra (as well as the amygdala, magnocelluar nuclei of the basal forebrain)

Stage 4: Olfactory telencephalic cortex, temporal mesocortex

Stage 5: Sensory association areas, prefrontal fields of neocortex

Stage 6: Primary fields of neocortex

Table 1. Braak Staging of Parkinson’s Disease



high-risk individuals. To this end, a clinical study called the
Parkinson Associated Risk Study (PARS) has been initiated uti-
lizing the 40-item “scratch and sniff ” UPSIT to quantify olfac-
tion in first degree relatives of PD patients without signs or
symptoms of PD. Individuals identified with olfactory loss will
undergo [123]-beta SPECT imaging to determine dopamine
transmitter (DAT) density of dopaminergic terminals in the
striatum. This cohort will then be followed longitudinally to
determine UPSIT sensitivity in predicting PD.38

Returning to your patient Joe: Your decision to hold off ini-
tiating levodopa to treat Joe’s symptoms was quite reasonable,
although this drug remains the most effective treatment for the
motor symptoms of the disease. As you informed him, one of
the major drawbacks for using levodopa is the higher risk of
inducing dyskinesia, especially in younger individuals. Thus, a
dopamine agonist or even an anti-cholinergic to treat his
tremor would be reasonable choices. 

However, he needs to know that excessive daytime sleepi-
ness, leg edema and impulsive behavior could limit the utility
of the dopamine agonists39,40 and side-effects such as dry mouth
or even cognitive blunting could limit the usefulness of anti-
cholinergic drugs.41 MAO-B inhibitors such as rasagiline and
selegiline are quite well tolerated, but are relatively contraindi-

cated with certain antidepressants and the symptomatic impact
of these drugs when initiated as monotherapy is quite small.
Thus, it is possible that Joe may not tolerate your initial ther-
apeutic program. You will need to determine if the benefits of
his drug regimen outweigh the side effects. If not, he might
require levodopa. Now, if Joe were in his 80s, especially if there
was any indication of cognitive impairment, initiating lev-
odopa at the outset would, in general, be the best course of
action. 

After treating Joe for his tremor, gait and handwriting
symptoms, you can rest easy that your job is done for the pres-
ent—correct? Not so! What about the other symptoms he was
complaining about? These may be relatively minor initially, but
could eventually become more of a problem as the disease pro-
gresses.2

Progression of PD 
Following the initiation of dopaminergic therapy, patients may
maintain a relatively stable course for several years with little
change in their independence. However, the relatively mild
autonomic, sleep and mental symptoms that precede the diag-
nosis eventually become increasingly problematic. Thus, ther-
apeutic strategies that focused initially on the motor symptoms
alone begin to give way to the more challenging task of treat-
ing a complex mixture of motor and non-motor symptoms.
Indeed, the medical management of patients with advancing
PD can be one of the most challenging faced by the general
neurologist and/or movement disorder specialist (Table 2). 

In following Joe, you will need to attend to his complaints
of mood changes, bowel and bladder dysfunction, and sleep
disturbance. As urological symptoms can be complex and
include prostate enlargement, urinary tract infections and
overactive bladder, you may wish to refer him for a urological
evaluation. He may require an antidepressant initially and
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Motor Symptoms

• Unilateral bradykinesia

• Bilateral bradykinesia

• Motor fluctuations*

• Dyskinesia*

• Postural instability

• Freezing episodes

• Falls

• Assisted ambulation

*Drug-induced

Non-motor Symptoms

• Olfactory dysfunction

• Autonomic dysfunction

• Depression

• Sleep disturbance

• Dysarthria

• Dysphagia

• Kyphoscoliosis

• Visual dysfunction

• Cognitive decline

• Psychosis*

Table 2. Motor and Non-motor 
Progression of Parkinson’s Disease

Figure 1. Evolution of Parkinson’s Disease
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eventually could require a psychiatric assessment. Importantly,
there is growing evidence that physical exercise is an important
adjunct to medications and should be emphasized.42 A physical
therapist can help provide him with an exercise and stretching
program and speech therapy could improve his voice. 

Thus, managing patients with PD is a daunting task and
not for the faint of heart. However, understanding that PD is
a diffuse brain disorder and demands a comprehensive
approach will go a long way in optimizing the management of
this disease. If the disease is approached with these issues in
mind, many patients like Joe can lead productive lives for
many years. We now have a number of new medications and
there are several promising treatment strategies in the pipeline.
Thus, there is every reason to be optimistic and this should be
communicated to our patients.

Conclusions
There is now growing evidence that the clinical course in most
patients with PD is a progressive impairment of autonomic,
olfactory, sleep, mood, motor and cognitive function. Clinical
and pathological data to date leave little doubt that PD is a dif-
fuse neurological disorder. Clearly, the clinical course of PD is

heterogeneous and there is growing evidence that in the later
stages the pathology may be an admixture of Lewy body,
Alzheimer’s and vascular changes.43 Whether these changes
relate to a common etiology or are co-morbid conditions that
contribute to the heterogeneity of the disease is unclear. Thus,
clinicians managing PD patients and researchers searching for
the cause and cure need to redirect their focus appropriately. 

For the research community, this means examining the
underlying bio-mechanisms that result in the spread of the dis-
ease and for the pharmaceutical industry to develop new com-
pounds to treat the myriad neurological systems affected. For
the clinical neurologist, managing PD must be approached
with an open mind to the variety of symptoms that emerge as
the disease progresses. PN
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