
T he diagnosis and treatment of Parkinson’s disease (PD) is a com-
plex subject concerning which an enormous volume of informa-
tion has been published in the nearly 200 years since James
Parkinson first described “the shaking palsy.” This abundance of
research is a valuable resource for practitioners, but carries with it

the responsibility to periodically assess recent developments to see how well
they conform to (or conflict with) long-held principles of care.

The Quality Standards Subcommittee of the American Academy of
Neurology has just released a long-awaited set of four new practice parame-
ters for the diagnosis and management of PD, worthy of review by all prac-
titioners in the field,1-4 particularly general neurologists who may be less
familiar with the movement disorders literature. As stated in the AAN’s dis-
claimer, the committee’s statement is based on their assessment of the current
literature and is not intended to include all possible treatment methods or
exclude any reasonable alternative methodologies. This article will summarize
the committee’s findings with an emphasis on actionable recommendations
and, where possible, provide commentary on how well the recommendations
are likely to work in clinical practice. This discussion of the panel’s recom-
mendations may therefore not necessarily reflect the views of the committee.

Strengths and Weaknesses
The report consists of an evidence-based review of published articles which
was carried out by Dr. William Weiner and a group of experts in movement
disorders and clinical trials, chosen for their extensive experience in clinical
research. The aim of this effort is to present scientific parameters or guide-
lines to assist in the management of patients with PD. As pointed out in an
accompanying editorial by Dr. Roger Albin, the success of parameters of this
type depends on two factors: the quality of the reviews and the quality of the
evidence which is reviewed.5 In this case, the panel has carried out a careful
and painstaking review, the quality of which appears to be excellent. 

However, as the review ultimately demonstrates, there often appears to be
a lack of high-quality evidence that allows definitive recommendations
regarding best practices in PD management. As pointed out by committee
member Gary Gronseth, MD, “once you do one of these guidelines, you
come to the conclusion that there’s a paucity of good scientific evidence to
guide care, and Parkinson’s disease was not an exception.”6 Nonetheless, this
exercise is valuable in identifying gaps in evidence-based research and in serv-
ing to generate recommendations for future clinical research which the
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authors of the parameters dutifully provide at the end of each.
Four practice parameters are presented: (1) diagnosis and prog-

nosis of new onset PD, (2) treatment of PD complicated by motor
fluctuations and dyskinesia, (3) neuroprotective strategies and alter-
native therapies, and (4) evaluation and treatment of depression,
psychosis and dementia in PD. In each case the reviewers define the
clinical problem, formulate a series of relevant questions, identify
and analyze the published evidence, draw their conclusions, make
their recommendations, and suggest directions for future research.
Articles were classified as Class I-IV depending on the quality of the
research and recommendations were made at level A, B, C or U. The
reader should closely examine Table 1 for definitions of the evidence
classes and recommendations used in this report.

1. Diagnosis and Prognosis of New Onset PD
As the authors point out, making an accurate diagnosis of PD can
be difficult in early stages of the disease. Consequently, about 5-10
percent of PD patients are misdiagnosed and 20 percent of those
diagnosed with PD turn out to have other causes of parkinsonism at
autopsy such as multiple system atrophy (MSA), progressive
supranuclear palsy (PSP), Alzheimer’s pathology or cerebrovascular
disease. Furthermore, an accuracy of 90 percent is the best that can
be achieved using clinical assessment and clinical diagnostic criteria. 

Once the diagnosis of PD is made, knowledge of the clinical fea-
tures which predict the rate of disease progression would be useful
in counseling patients regarding prognosis. In addition, improved
accuracy of diagnosis and ability to predict progression would
improve the ability to evaluate potential neuroprotective therapies.
Which clinical features and diagnostic modalities aid differential
diagnosis? Based on several case control and retrospective studies,
the reviewers conclude that there is good Level B evidence that
determining the presence of the following should distinguish other
parkinsonian syndromes from PD: (1) falls at presentation and early
in the disease course, (2) poor response to levodopa, (3) symmetry
at onset, (4) rapid progression (Hoehn & Yahr stage 3 in three
years), (5) lack of tremor, and (6) dysautonomia. These conclusions
are not controversial and conform to current opinions generally held
by PD specialists. A patient exhibiting most or all of these features
evaluated in a PD subspecialty clinic would likely be given the diag-
nosis of atypical parkinsonism or parkinsonian syndrome. It is there-
fore appropriate that this information is conveyed to general neurol-
ogists who see patients with early parkinsonism.

A series of diagnostic tests or procedures were analyzed that
might distinguish PD from other parkinsonian syndromes. It was
concluded that there was good Level B evidence that levodopa and
apomorphine challenge should be considered for confirmation
when the diagnosis of PD is in doubt, although there was insuffi-
cient evidence to determine whether these challenges have any
advantage over clinical diagnostic criteria. Response to apomorphine
and levodopa challenges may be a useful predictor of response to

treatment but may not necessarily differentiate PD from MSA. Be
mindful, however, of the 30 percent false negative rate (it is often
surprisingly difficult to document improvement in patients with
early PD and mild motor signs) and 20-30 percent false positive rate
(because non-PD patients, particularly those with MSA, may also
respond to treatment). Also note that apomorphine therapy causes
nausea and vomiting, so that patients will require pretreatment with
an antiemetic. The review gives credence to the well-known clinical
pearl that early loss of sense of smell may be indicative of PD and
recommends that olfactory testing should be considered to differen-
tiate PD from PSP and CBD, but not PD from MSA. 

The authors further concluded that growth hormone stimula-
tion with clonidine, electrooculography and SPECT scanning may
not help differentiate PD from other parkinsonian syndromes while
there is insufficient evidence to support or refute the value of urody-
namics, autonomic testing, urethral or anal EMG, MRI, brain
parenchyma sonography and fluorodeoxyglucose PET. These con-
clusions concern tests rarely used in general clinical practice and are
unlikely to have a serious impact on the routine evaluation of
patients with parkinsonism outside of a research setting. 

The committee also reviewed the literature to identify clinical
features that may predict the rate of disease progression. Based on
both retrospective and prospective surveys, there was good Level B
evidence that older age at onset and rigidity/hypokinesia as an ini-
tial symptom may predict more rapid rate of motor progression and
earlier development of cognitive decline and dementia. There was
weak Level C evidence that tremor as a presenting symptom may be
used to predict a more benign course and a longer response to lev-
odopa. There was also weak Level C evidence that the presence of
comorbidities (stroke, auditory deficit and visual impairment), pos-
tural instability/gait disturbance (PIGD), and male gender may pre-
dict faster rate of motor progression and that older age of onset,
dementia and reduced dopamine responsiveness may be used to pre-
dict earlier nursing home placement and decreased survival. 

The poorer prognosis in older patients with PD is not surprising
and may relate in part to the cited weaker cited evidence regarding
the impact of comorbidities on rate of progression. Weak evidence
that tremor is a favorable prognostic indicator is of interest and sup-
plements common impression that tremor predominant PD is asso-
ciated with a more benign clinical course.

Recommendations for future research include more clinical stud-
ies with long-term follow-up in patients with early PD, identifica-
tion of more objective diagnostic techniques to improve diagnostic
accuracy and predict disease progression, and accumulation of more
information concerning the genetic causes of PD which may even-
tually allow for genetic testing to make the diagnosis of PD.

2. Treatment of PD with Motor 
Fluctuations and Dyskinesia
Any attempt to summarize the vast literature and multitude of clin-

         



ical challenges that treatment of PD poses will necessarily be incom-
plete. However, the committee was able to clarify the relative effica-
cy of several medications commonly used to reduce off time and
minimize dyskinesias, including preliminary advice on rasagiline, a
new MAO-B inhibitor approved by the FDA just last month. Also
discussed was the role of DBS in the management of motor compli-
cations. The question of whether to initiate therapy with levodopa
or a dopamine agonist was not addressed, as no compelling new
information has been published since the last set of guidelines to
conclusively favor one over the other. 

To reduce off time, the parameters provided Level A designation
for entacapone and rasagiline. Pergolide, pramipexole, ropinirole
and tolcapone received Level B designation, while subcutaneous
apomorphine, cabergoline and selegiline were rated Level C. The
panel concluded that sustained-release carbidopa/levodopa and
bromocriptine “may be disregarded to reduce off time” (Level C). It
is important to realize that conferring these levels of evidence is not
the same as concluding that one drug is superior to another. In fact,
many similarities were found between medications, and the com-
mittee most often did not find sufficient evidence to select one agent
over another in reducing off time. After examining the few head-to-
head studies that looked at relative efficacy of medications in reduc-
ing off time, the committee concluded that rasagiline was similar to
entacapone in efficacy, bromocriptine was similar to pramipexole,
tolcapone was similar to pergolide, cabergoline was similar to
bromocriptine, and tolcapone was similar to entacapone. The only
recommendation made regarding drug selection was to suggest that
ropinirole was superior to bromocriptine (Level C evidence).

With efficacy of these agents being more or less comparable, fac-
tors such as dyskinesias and other adverse effects come to the fore.
For dopamine agonists as a whole, commonly reported adverse
events include nausea (18-36 percent of cases), orthostatic hypoten-
sion (ranging from five to 48 percent of cases, highest in cabergoline
and pramipexole), dizziness (11-37 percent), somnolence (10-35
percent, highest with apomorphine), and hallucinations in 10 to 19
percent of cases. For MAO-B inhibitors, nausea occurred in 20 per-
cent of cases, hypotension in 12 percent, and hallucinations/confu-
sion in six percent. 

Of the two COMT inhibitors, direct adverse effects such as diar-
rhea, nausea and somnolence were more commonly associated with
tolcapone. Tolcapone occasionally causes elevated liver enzymes and
has been associated with three deaths due to liver toxicity. However,
based on more recent data, the FDA has relaxed its recommendation
for enzyme monitoring to every month for the first six months with
optimal testing afterwards. Tolcapone is well known to cause more
levodopa-related adverse effects than entacapone, which is due to its
more potent effects on plasma levodopa levels. Amantadine was
found to be possibly effective in reducing dyskinesia based on one
Class II study. There was insufficient evidence to support or refute
the efficacy of clozapine in reducing dyskinesias.

Surgical treatment received only a Level C designation, based on
largely retrospective Class III and Class IV evidence that deep brain
stimulation of the subthalamic nucleus (STN) improves motor
function and reduces off time, levodopa dyskinesia and medication
usage. In one Class III study of 102 patients, six months following
bilateral DBS of the STN patients demonstrated an impressive 52.4
percent improvement in UPDRS scores, and dyskinesia-free on
time during waking hours increased from 27 to 74 percent. Off time
decreased from 49 to 19 percent. Three smaller Class III studies also
documented improvement in UPDRS scores and a decline in dysk-
inesias following DBS of the STN. 

Regarding stimulation of other sites, such as the globus pallidus
or VIM nucleus of the thalamus, the committee felt there is insuffi-
cient evidence to support or refute the efficacy of DBS for reducing
motor complications or medication usage. The jury is still out on
the comparative value of STN vs. globus pallidus DBS; a multicen-
ter randomized trial is in progress. The panel’s conclusion also does
not negate the well-established value of thalamic VIM DBS for
treatment of medication-resistant Parkinson’s tremor. Adverse events
were classified as surgical, hardware-related, and stimulation-related.
Important surgical complications included infection in 5.6 percent,
cerebral hemorrhage in 3.1 percent and confusion/disorientation in
2.8 percent of subjects. Hardware complications included need for
intracerebral lead replacement in five percent, extension lead
replacement in 4.2 percent and pulse generator repositioning in 1.7
percent of patients. Stimulation-related adverse effects were mild
and managed by reprogramming. It should be appreciated that
hardware complications vary among surgical centers, usually decline
with increased experience, and extension lead fracture has become
uncommon since changes in technique have been implemented.
According to two Class II studies, pre-operative response to levo-
dopa is a good predictor of improvement following DBS. Other
favorable prognostic factors, according to one Class II study, include
younger patient age and shorter disease duration. 

Recommendations for future research regarding medical treat-
ment included more comparative double-blind trials among the var-
ious agents used to manage motor complications and greater study
of non-motor fluctuations and quality of life measures.
Recommendations regarding future research in DBS included
greater use of objective measures of motor function, study of more
heterogeneous patient populations, and prospective trials comparing
surgical treatment with optimal medical management.

3. Neuroprotection and 
Alternative Therapies for PD
Neuroprotective interventions are highly sought after in several
degenerative neurological conditions, and the efficacy of strategies to
slow progression of Parkinson’s disease is currently the most impor-
tant area of research in this disease. The task is confounded by the
near impossibility of demonstrating patterns of neuronal loss in vivo.
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At present, neuroimaging techniques such as SPECT and PET,
while attractive and promising, cannot unambiguously reveal true
biomarkers of the disease and are impractical for widespread use.
Researchers must rely instead on surrogate markers such as UPDRS
and quality of life scores, prevention of motor fluctuations, delay to
initiation of symptomatic treatment, and mitigation of disability. In
one Class I study of 404 patients with early PD, use of rasagiline was
associated with less deterioration in UPDRS scores after 12 months
compared with placebo. Since patients were also given unstated
amounts of levodopa or a DA during the course of the study and
rasagiline also produced symptomatic benefit, the committee (as
well as the FDA) was unable to attribute a neuroprotective effect to
rasagiline at this time, although it remains under study. 

Other medications investigated for neuroprotective effect
include the ALS drug riluzole, dopamine agonists pramipexole and
ropinirole, and levodopa. Class I studies of each failed to show sta-
tistically significant neuroprotection in PD patients. In the ELL-
DOPA study, 361 patients were randomized to placebo or levodopa
at one of three doses (150mg/d, 300mg/d, 600mg/d) given for 40

weeks. Levodopa-treated patients experienced significant motor
benefit that was maintained at 40 weeks with a dose-dependent cor-
relation between levodopa levels and clinical improvement; howev-
er, dyskinesia frequency was also associated with higher doses.
Following a washout period of two weeks, levodopa patients still
exhibited significant improvement over placebo, leading to specula-
tion concerning a possible neuroprotective effect, although the lin-
gering improvement may have occurred because the washout period
was too brief.

Non-prescription agents and alternative therapies were also
reviewed for possible neuroprotective effect. Although 63 percent of
PD patients routinely take dietary supplements, none have been
proven to be neuroprotective. Two articles on vitamin E use in early
PD showed no difference from placebo in time to levodopa initia-
tion (Level B evidence). Similarly, one Class I study of co-enzyme
Q10 failed to document a statistically significant neuroprotective
effect, although a positive trend was identified. Foods such as
Mucuna pruriens (velvet beans) and Vicia faba (fava beans) contain
trace amounts of dopamine and have been speculated to influence

Conclusion: A = Established as effective, ineffective
or harmful (or established as useful/predictive or not
useful/predictive) for the given condition in the spec-
ified population
Recommendation: Should be done or, should not
be done

Suggested Wording 
(Note: Wording relevant to diagnostic, prognostic and
screening questions are indicated in parenthesis.)

Rating of Diagnostic or Therapeutic Article 
Reviewed by AAN Quality Standards Subcommittee
for Parkinson’s Disease Practice Parameters

Translation of 
Evidence to
Recommendations

Level A rating requires
at least two consistent
Class I studies*

Conclusion: B = Probably effective, ineffective or
harmful (or probably useful/predictive or not use-
ful/predictive) for the given condition in the speci-
fied population
Recommendation: Should be considered or, should
not be considered

Level B rating requires
at least one Class I
study or two consistent
Class II studies

Conclusion: C = Possibly effective, ineffective or
harmful (or possibly useful/predictive or not useful/
predictive) for given condition in specified population
Recommendation: May be considered or, may not
be considered

Level C rating requires
at least one Class II
study or two consistent
Class III studies

Conclusion: U = Data inadequate or conflicting.
Given current  knowledge, treatment (test, predictor)
is unproven
Recommendation: None

Studies not meeting
criteria for Class I to
Class III

*In exceptional cases, one convincing Class I study may suffice for an “A” recommendation if 1) all criteria are met, 2) the magnitude of effect is large (relative rate
improved outcome > 5 and the lower limit of the confidence interval is > 2). 
** Objective outcome measurement: an outcome measure that is unlikely to be affected by an observer’s (patient, treating physician, investigator) expectation or bias
(e.g., blood tests, administrative outcome data).

Table 1. AAN Definitions for Classification of Evidence

Class I: Prospective, randomized, controlled clinical trial
with masked outcome assessment, in a representative popu-
lation. The following are required: (a) primary outcome(s)
clearly defined, (b) exclusion/inclusion criteria clearly
defined, (c) adequate accounting for drop-outs and cross-
overs with numbers sufficiently low to have minimal poten-
tial for bias, (d) relevant baseline characteristics are present-
ed and substantially equivalent among treatment groups or
there is appropriate statistical adjustment for differences.

Class II: Prospective matched group cohort
study in a representative population with masked outcome
assessment that meets a-d above OR a RCT in a representa-
tive population that lacks one criteria a-d.

Class III: All other controlled trials (including
well-defined natural history controls or patients serving as
own controls) in a representative population, where out-
come is independently assessed, or independently derived
by objective outcome measurement.**

Class IV: Evidence from uncontrolled studies, case series,
case reports, or expert opinion.

                                             



motor fluctuations. A small study of M. pruriens showed improve-
ment in UPDRS scores; however, studies of neither agent were con-
clusive enough to document a neuroprotective effect. 

Similarly, a host of alternative medicine interventions which have
been considered for use in PD such as acupuncture, biofeedback,
massage, chiropractic manipulation and Trager therapy have been
studied, but the evidence was insufficient to include any in the com-
mittee’s recommendations. Exercise appeared useful in improving
UPDRS scores and decreasing the number of falls suffered by
Parkinson’s patients (Level C). However, the observed benefit was
relatively small and was not sustained after discontinuation of exer-
cise therapy. For patients with PD complicated by dysarthria, speech
therapy was considered to improve speech volume (Level C).

Recommendations for future research include identification of
additional agents capable of slowing disease progression, use of more
reliable and valid surrogate endpoints that mirror dopaminergic cell
loss, and development of methods for presymptomatic diagnosis
that will allow earlier and potentially more effective neuroprotective
treatment.

4. Depression, Psychosis and Dementia in PD
Non-motor symptoms of Parkinson’s disease, especially depression,
psychosis,and cognitive impairment, are increasingly being recog-
nized for their negative effect on quality of life. One study found
that 88 percent of PD patients had at least one non-motor symptom
and 11 percent had as many as five symptoms.

Evidence suggests that depression is endogenous to the patho-
physiology of PD and not merely a behavioral reaction to it. Among
other symptoms, patients exhibit blunted emotional response, loss
of appetite, fatigue, sleep disturbances and feelings of worthlessness.
As explicit criteria for depression in PD are lacking, one must use
the DSM-IV criteria for general depression. One Class I study of the
Beck Depression Inventory and two Class II studies of the Hamilton
Depression Rating Scale supported the probable value of either of
these tests as screening tools for depression in PD. The Montgomery
Asberg Depression Rating Scale was considered possibly effective
based on one Class II study; however, this test requires a trained
administrator and 15-25 minutes to complete.

Many antidepressants have been studied in PD patients and the
results have often been equivocal. Level C evidence from one Class
II study suggests that amitriptyline is beneficial, although important
side effects such as mental confusion, memory impairment and
other anticholinergic effects may limit its use, especially in older
patients. Perhaps surprisingly, neither citalopram nor sertraline
showed significant improvement in formal studies. Fluoxetine and
nefazodone did exhibit efficacy in one study but lacked a placebo
control and therefore could not be recommended by the committee.
It should be appreciated, however, that absence of evidence in the
literature for SSRI agents does not necessarily indicate absence of
clinical efficacy and currently they are much more widely used than

tricyclics for depression associated with PD. There was no evidence
to support or refute transcranial magnetic stimulation or electrocon-
vulsive therapy in PD-associated depression.

A large proportion of PD patients will experience psychosis in
the form of hallucinations, paranoid delusions or agitation at some
point in the course of the disease. Psychosis is a strong predictor of
nursing home placement and without treatment is associated with a
high mortality rate. Furthermore, psychosis in PD is often a marker
of dementia. Treatment of psychosis often reveals significant cogni-
tive decline after resolution of the psychotic symptoms. Unfor-
tunately, as was the case in depression, current screening tools for
psychosis are nonspecific. One Class I study and one Class II study
concluded that clozapine is probably effective in psychosis associat-
ed with PD, and one Class II study suggests that quetiapine is pos-
sibly effective. Bear in mind that clozapine requires monitoring for
neutropenia while other risks include orthostatic hypotension and
seizures. Olanzapine should not be used, as it frequently aggravates
parkinsonism (Level B).

There is a fourfold increase in the risk of dementia in PD
patients compared to age-matched controls. Diagnosis may be
delayed due to masking by bradyphrenia and loss of motivation.
Both the Cambridge cognitive scale (CAMCog) and MMSE are
probably good screening tools for PD dementia; the former has
greater sensitivity while the latter is the more expedient. Donepezil
and rivastigmine are probably effective in Parkinson’s dementia but
the magnitude of benefit is modest and side effects such as constipa-
tion and increased tremor may occur. 

Recommendations for future research include development of
depression rating scales specifically for use in PD, use of screening
tests for psychosis which are sensitive to hallucinations, development
and validation of scales that measure cognitive deficits typical for
PD such as executive function, randomized clinical trials to assess
antidepressants and other treatments for depression, a Class I study
of quetiapine for treatment of psychosis, and more controlled trials
of drugs for treatment of PD dementia. PN
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