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Introduction
Parkinson’s disease (PD), characterized by the triad of
bradykinesia, rigidity, and rest tremor, is a common neuro-
degenerative disease affecting approximately 1% of
individuals over the age of 60 years [1,2]. As no neuro-
protective strategy has been shown to be definitively
effective, treatment is aimed at restoring the dopamine
deficiency. A number of symptomatic treatments, such as
dopamine agonists, amantadine, selegiline, and anti-
cholinergics, can be used as monotherapy in the early
stages, helping the patient maintain a good quality of life
[3]. However, disease progression results in essentially all
patients requiring the institution of levodopa therapy
within a few years.

Initially, use of a levodopa preparation given three to
four times a day will produce a prolonged, stable benefit.
Fluctuations begin as early as 2 years after initiation of
therapy, and within 5 years up to 50% of patients will
develop loss of effectiveness with motor fluctuations
(Table 1) [4–6].

Disease progression results in an initial overall loss of
benefit, then each dose of levodopa lasts for a shorter
period of time ("wearing off"). "Off" dystonia is character-
ized by cramping that occurs after the levodopa effect has
worn off, and is seen most commonly in the early hours
of the morning.

Dyskinesias occur at peak dose of levodopa effect, most
commonly resulting in choreoathetosis. Initially these are
mild, occurring only briefly and/or with stress [7]. In
some individuals, dyskinesia can be present only when
the levodopa is becoming effective ("wearing on"), or
"wearing off." Younger patients may have a specific type
of dyskinesia referred to as dyskinesia–improvement–
dyskinesia (D-I-D).

With disease progression, duration of action of
levodopa becomes increasingly shorter, lasting only 1 to 2
hours. Dyskinesia lasts longer in duration and becomes
more severe, resulting in disability. "Square wave" dyskine-
sias are seen (ie, the patient is dyskinetic for the duration of
levodopa effect). Myoclonus and dystonia can be super-
imposed on chorea [7]. Painful "off" dystonia can occur at
any time when medication benefit has worn off. Patients
also develop "on/off" effects: rapid and unpredictable
fluctuations not related to timing of medication. At this
stage, small changes in plasma or brain concentration
of levodopa will result in a major shift in therapeutic
benefit [8]. Disease progression results in significant
disability in 10 to 20 years after onset, as well as increased
mortality [1,2].

The development of fluctuations are due to a number
of factors: 1) progressive loss of the pre- and postsynaptic
dopaminergic system; 2) autonomic dysfunction, resulting
in erratic absorption of levodopa from the gut [9]; and
3) competition of levodopa with neural amino acids for
transport across the blood brain barrier.

"Wearing off" is thought to be the result of the gradual
loss of dopamine synthesis by the striatonigral system and
decreasing capacity of dopamine storage. Post-synaptic
changes in the striatum and pallidal projections may play a
role. Dyskinesias are less well understood, but likely are
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related to postsynaptic changes and influences from other
neurotransmitters within the striatum [10•,11]. Dopamin-
ergic denervation is a requirement, as long-term treatment
with levodopa of patients without PD does not result in
dyskinesia. Pulsatile stimulation is another prerequisite:
use of short-acting dopaminergic medications in MPTP
monkeys has induced dyskinesias, whereas continuous
delivery of levodopa or dopamine agonists results in their
improvement [8,12].

Medical Therapy of Moderate Disease
Levodopa/carbidopa therapy
Levodopa/carbidopa remains the mainstay of PD therapy
(Table 2). Administration of small doses of the rapid-
acting preparation regularly throughout the day is recom-
mended for constant receptor stimulation. Alternatively,
the patient may benefit from the slow-release (SR) prepara-
tion, (Sinemet CR [Bristol-Myers Squibb, Princeton, NJ])
or levodopa/carbidopa extended release, which also offers
the convenience of a less frequent dosing schedule [5]. The
SR formulation can be very helpful taken at bedtime to
decrease nocturnal "off" dystonia. The SR formulation,
with a slower absorption, has a slower time to benefit, and
some patients may benefit from addition of a regular-
acting levodopa taken with the SR for a more rapid "kick
start." Increasing levodopa may result in, or exacerbate,
dyskinesias. In particular, the SR formulation may result in
worsening dyskinesias later in the day. As the SR formula-
tion has 80% bioavailability as compared with the rapid-
release formulation, dose adjustment is required when
switching from one preparation to the other.

Dopamine agonists
Dopamine agonists (DAs) have the advantage of acting
directly on postsynaptic receptors and a longer half-life.
Four DAs are currently available in North America: two
ergot derived (bromocriptine, pergolide), and two non-
ergot derived (pramipexole, ropinirole). All have been
proven to be useful in advanced disease by decreasing
fluctuations and allowing a decrease in levodopa
dose [13–15]. Initiation of any of the DAs requires a
low starting dose taken on a full stomach, with very

gradual upward titration, until an appropriate therapeutic
dose is reached (Table 3).

Side effects are more common with DAs than with
levodopa, the most common one being nausea, which
affects approximately 30% of patients. Leg edema occurs in
up to 13% of individuals. Somnolence and excessive
daytime sleepiness can be seen, and sudden sleep attacks
are of particular concern [16•,17]. This appears to be a
class effect for all DAs as well as levodopa [16•,17,18].

Few direct comparison studies of the four agonists have
been done [19••,20]. Currently, it does not appear that any
one DA offers significant therapeutic advantage over the
others, but if a patient experiences side effects or lack of
benefit from one DA, it is worthwhile trying one of the
others. The ergot-derived DAs have the added risk of
pleuropulmonary fibrosis, and regular monitoring is
indicated. Ropinirole is metabolized by cytochrome
P450 CYP1A2, and drugs such as ciprofloxacin and estro-
gens may reduce its clearance. Pramipexole, which
is excreted in urine, should be used with caution in the
setting of renal disease.

Catechol-O-methyltransferase inhibitors
When levodopa is administered with carbidopa, inhibition
of dopa decarboxylase results in the enzyme catechol-O-
methyltransferase (COMT) metabolizing levodopa
peripherally to 3-0-methyldopa. Two currently available
COMT inhibitors, tolcapone and entacapone, are effective in
blocking the activity of this enzyme, which is localized in
the gut, liver, and blood. Both drugs significantly prolong
the duration of levodopa activity by decreasing systemic
elimination and increasing the area under the curve. Time of
maximum concentration (Tmax) and maximum concentra-
tion (Cmax) are not increased [21,22]. Daily "on time" is
increased by approximately 1 hour, and 50% of patients are
able to decrease total levodopa dose [23].

Tolcapone, which is more potent and longer acting, is
given initially at a dose of 100 mg three times a day (tid);
this can be increased to 200 mg tid [24]. Entacapone, with
a half-life of 3 hours, is given at a dose of 200 mg with each
dose of levodopa, up to a maximum of 8 pills per day [25].
Both drugs have the advantage of an immediate onset of
benefit, so both physician and patient know within the
first few doses how much benefit to expect.

Side effects are typically dopaminergic, with 8%
of patients developing dyskinesia [23]. If dyskinesias
are present prior to drug initiation, the total levodopa
dose should be decreased, preferably by increasing
time between doses. Other side effects include nausea
(12%), orange discoloration of urine (10%), and diarrhea
(10%). Diarrhea can be quite severe, and typically does
not respond to antidiarrheal medication, necessitating
drug discontinuation.

Tolcapone has the added rare, though very significant,
side effect of causing fulminant liver failure [26]. Informed
consent needs to be obtained when starting tolcapone, with

Table 1. Effect of levodopa on motor response

Loss of effectiveness
"Wearing off

End of dose deterioration
"Off" dystonia
Other "off" symptoms (eg, sensory abnormalities, 

dysphoria)
Dyskinesia

Peak dose
Diphasic (dyskinesia–improvement–dyskinesia)
"Wearing off"/"wearing on" dyskinesia

"On/off" effects
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monitoring of liver function tests at baseline, every 2 weeks
for the first year of therapy, every 4 weeks for the next 6
months, and then bimonthly for the duration of therapy.

Amantadine
Although the exact mechanism of action is unclear,
amantadine has been known for many years to have a mild
symptomative benefit. More recently, it has been shown to
decrease dyskinesia, sometimes quite dramatically [27].
The standard dose is 100 mg twice a day, although doses up
to 300 mg/d have been used. Side effects include leg
edema, livedo reticularis, and anticholinergic symptoms.

Anticholinergics
Although anticholinergics, such as trihexyphenidyl
hydrochloride, are used infrequently today, they may
occasionally help tremor resistant to other medications.
Use in elderly patients is contraindicated due to side effects
such as confusion.

Selegiline
This long-acting, selective monoamine oxidase B inhibitor
was first popularized because of the finding that it may slow
down disease progression [28]. This is now felt to be due to
a mild symptomatic effect [29]. Selegiline may occasionally
be useful added to levodopa because of prolongation of
levodopa duration of action. However, as Cmax is also
increased, duration and amount of dyskinesia can be
increased. Also, concern has been raised that the incidence
of dyskinesia may be increased when combined with
levodopa [6]. Dosing is usually 5 mg once or twice a day,
with the last dose given with lunch to prevent the side effect
of insomnia due to the methamphetamine metabolites.

Strategies for Optimizing 
Treatment in Advanced Disease
Treatment at this stage becomes an art, based on experi-
ence, with careful medication adjustments aimed at
enhancing quality of life without causing side effects.

Combination therapy is typically used: patients are
managed on small, frequent doses of levodopa, combined
with SR levodopa, DAs, and COMT inhibitors to provide
more constant blood levels of medication and enhance
continuous receptor stimulation.

If patients have been on one DA for a prolonged
period of time with decreasing effectiveness, another
DA may provide improved benefit [30•,31]. A rapid
overnight switch can be done using equivalence dosing
(Table 3). Occasionally, using very high doses of a DA
(eg, 7 to 8 mg/d of pergolide) will smooth out the
response and decrease dyskinesias [32], particularly if the
levodopa dose can be decreased.

Amantadine is commonly added to decrease dyskin-
esias. If it is not helpful, medications such as clozapine
[33], fluoxetine [34], propranolol [35], and buspirone
[36)] can be tried. Painful dystonia can be due to an
"on" or "off" effect. The addition of lithium, baclofen,
and botulinum toxin injections has been reported as
being helpful [37].

Other treatment modalities are available as well.
Patients with marked fluctuations may be stabilized by a
constant duodenal infusion of levodopa, although this is
impractical in most cases [38]. For patients with severe
"off" periods, apomorphine, a rapid acting DA, may restore
mobility. (Both subcutaneous and sublingual preparations
will soon be available.) However, as it causes significant
nausea, pretreatment with antinauseants is required
[39,40]. A low-protein diet may help as well, which allows
for improvement both in gastrointestinal absorption as
well as central transport of levodopa [41]. Some patients
prefer to have one specific meal with a higher protein
content, knowing that they will be "off" afterwards.
Keeping accurate diaries, to allow for a better understand-
ing of motor fluctuations throughout the day by both
physician and patient, is another treatment option. This
should be coordinated with patient training for accurate
identification of "on" versus "off" time, and distinguishing
tremor from dyskinesia.

Patients need to understand the benefits of the medica-
tions, as well as the limitations of the disease. Counseling
is helpful, as is participation in Parkinson support groups.
Finally, if all else fails, surgical intervention should be
considered [37].

Late-stage Motor Disturbances 
Not Responsive to Medication
A number of other problems can arise with disease
progression that respond poorly or not at all to dopamin-
ergic medications.

The voice may become softer and more difficult
to understand. Speech therapy techniques may be
helpful to teach the patient to project his or her
voice. Collagen injection has been reported to be
beneficial [42].

Table 2. Strategies to treat motor symptoms

End-of-dose deterioration
Increase levodopa (eg, 100/25 mg tid to qid)
Substitute Sinemet CR
Add dopamine agonist
Add catechol-O-methyltransferase (COMT) inhibitor

"Off" dystonia (night)
Add Sinemet CR at bedtime
Add dopamine agonist at bedtime

Peak-dose dyskinesia
Smaller doses of levodopa taken more frequently
Add dopamine agonist, decrease levodopa
Add amantadine

qid—four times a day; tid—three times a day. 
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Dysphagia can occur with resultant aspiration. Assess-
ment by a speech pathologist with proper modification of
diet is recommended.

Gait and balance problems are a major cause of
disability, and assessment and counseling by a physio-
therapist is important. In later stages, patients should be
advised to use a cane, walker, or even wheelchair to prevent
falls. Hip protectors may help to prevent fractures [43].

Nonmotor Problems
Parkinson's disease is characterized by progressive cell loss
in a variety of neuronal systems, including hypothalamic
neurons, small cortical neurons, cholinergic nucleus
basalis of Meynert, sympathetic ganglia, parasympathetic
neurons, and the olfactory bulb. This leads to other
symptoms that can be as disabling and distressing as the
motor ones.

Disrupted sleep is common in Parkinson's disease
patients, due to sleep fragmentation as part of the disease
process. This is contributed to by the effects of dopamin-
ergic drugs; frequent nocturnal wakening occurs due to
"wearing off," as do dystonic leg cramps and frequent
urination. All these factors lead to excessive daytime
somnolence, reported in 55% of patients [16•].

Sleep may be improved by use of the older tricyclic
antidepressants (such as amitriptyline) and hypnotics.
Regular exercise and avoidance of daytime naps may be
helpful, as is treatment of nocturnal motor symptoms and
urinary problems.

Peripheral neuropathy can occur in up to 10% of
PD patients, resulting in dysesthesia. Treatment with
medications such as gabapentin can be helpful.

A wide variety of disturbances result from degeneration
of autonomic nervous system, including constipation,
gastrointestinal motility abnormalities, urinary frequency,
seborrhea, and sexual dysfunction. Elucidation of these
problems can lead to effective treatment and significantly
improve quality of life (Table 4).

Cognitive/Psychiatric Problems
Depression and anxiety
It has been estimated that approximately 50% of PD
patients will develop depression at some point in the

disease [46]. In some, this is related to the effects of
dealing with the disease, but in others is an intrinsic
component of the disorder itself, possibly due to serotonin
depletion [47].

Few studies have examined the benefits of various anti-
depressants in the treatment of depression in PD patients,
but it appears that most of the drugs currently available can
be used effectively. Tricyclic antidepressants, particularly
amitriptyline, have been the most widely prescribed
over the years, and may be helpful not only for depression,
but also for insomnia, drooling, and urinary frequency.
Selective serotonin reuptake inhibitors are the most
commonly used antidepressants currently [48]. Although
they have the theoretical possibility of worsening the
parkinsonism, this does not appear to be a practical
consideration [49]. Use with selegiline is contraindicated,
due to the potential of causing serotonin syndrome [50].

Anxiety occurs in approximately 40% of PD patients [51],
and may respond to benzodiazepines or antidepressants.

Some patients experience depression and anxiety as part
of a "wearing off" effect. This is best treated with medication
adjustment to decrease the "wearing off" phenomenon.

Hallucinations
Hallucinations typically appear 10 to 15 years after disease
onset. Initially, these are visual, well formed, consist of
people or animals, and tend to appear toward evening
or during the night. These are in part related to anti-PD
medications, and are thought to be due to excessive
stimulation of dopamine receptors in the mesolimbic/
mesocortical pathways. Other factors may be postsynaptic
receptor alteration and serotonin abnormalities [52].
Initially, cognitive impairment is absent and insight is
maintained. Later, psychotic features may emerge, includ-
ing delusions and paranoid ideation.

The first step in treating hallucinations is to decrease
medication intake, particularly in the evening. Medications
such as selegiline, dopamine agonists, and anticholinergics
should be discontinued. If hallucinations continue, use of
quetiapine [53] or clozapine [54] is recommended.
Ondansetrone has also been reported as being helpful
[55]. Other more traditional antipsychotic medications
should be avoided, as they will result in worsening of the
parkinsonism. The atypical neuroleptics, risperidone and
olanzapine, can be tried at low doses, but they worsen

Table 3. Doses of dopamine agonists for Parkinson's disease*

Drug Starting dose Average therapeutic dose Maximum dose

Bromocriptine 1.25 mg/d 25 mg/d 40 mg/d
Pergolide 0.05 mg/d 3 mg/d 5 mg/d
Pramipexole 0.125 mg tid 3.5 mg/d 4.5 mg/d
Ropinirole 0.25 mg tid 13.5 mg/d 24 mg/d

*As per the manufacturers' information
tid—three times a day.
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PD symptoms at higher doses [56]. If all else fails, electro-
convulsive therapy has been reported to be helpful, and
has the additional benefit of transiently improving PD
symptoms [57], although it is contraindicated with any
evidence of underlying cognitive dysfunction.

Dementia
Many patients are aware of slowness of thinking and word-
finding difficulties, particularly when the medications are
wearing off. However, 20% to 30% of patients will
eventually develop dementia in the later stages of the
disease [58]. This is heralded by progressively worsening
hallucinations, followed by short-term memory problems,
executive function deficits, and visuospatial abnormalities.

Treatment includes simplification of the drug regimen
and use of antipsychotic medications (Table 5). As treat-
ment of hallucinations may result in decreased mobility,
counseling for the family is important to allow for realistic
expectations. At this time, there is no evidence that use of
acetylcholinesterase inhibitors is helpful.

Conclusions
Although Parkinson's disease is a progressive neuro-
degenerative disorder that eventually will result in signifi-
cant disability, a large number of medications are now
available for symptomatic treatment. Good motor function
and quality of life can be maintained for several decades
after disease onset. Neurologists must be aware not only of
the medications, but effective strategies in their use for the
optimization of therapeutic benefit.
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	Parkinson's disease, a common neurodegenerative disorder,�results in significant morbidity 10 to ...
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	Introduction
	Parkinson’s disease (PD), characterized by the triad of bradykinesia, rigidity, and rest tremor, ...
	Initially, use of a levodopa preparation given three to four times a day will produce a prolonged...
	Disease progression results in an initial overall loss of benefit, then each dose of levodopa las...
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	"Wearing off" is thought to be the result of the gradual loss of dopamine synthesis by the striat...
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	Levodopa/carbidopa therapy
	Levodopa/carbidopa therapy
	Levodopa/carbidopa remains the mainstay of PD therapy (

	Dopamine agonists
	Dopamine agonists
	Dopamine agonists (DAs) have the advantage of acting directly on postsynaptic receptors and a lon...
	Side effects are more common with DAs than with levodopa, the most common one being nausea, which...
	Few direct comparison studies of the four agonists have been done [
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	When levodopa is administered with carbidopa, inhibition of dopa decarboxylase results in the enz...
	Tolcapone, which is more potent and longer acting, is given initially at a dose of 100 mg three t...
	Side effects are typically dopaminergic, with 8% of�patients developing dyskinesia [
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	qid—four times a day; tid—three times a day.



	Tolcapone has the added rare, though very significant, side effect of causing fulminant liver fai...

	Amantadine
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	Although the exact mechanism of action is unclear, amantadine�has been known for many years to ha...

	Anticholinergics
	Anticholinergics
	Although anticholinergics, such as trihexyphenidyl hydrochloride,�are used infrequently today, th...

	Selegiline
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	This long-acting, selective monoamine oxidase B inhibitor was first popularized because of the fi...
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	Treatment at this stage becomes an art, based on experience, with careful medication adjustments ...
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	1.25 mg/d
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	Patients need to understand the benefits of the medications, as well as the limitations of the di...
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	Late-stage Motor Disturbances Not�Responsive�to Medication
	A number of other problems can arise with disease progression�that respond poorly or not at all t...
	The voice may become softer and more difficult to�understand. Speech therapy techniques may be he...
	Dysphagia can occur with resultant aspiration. Assessment by a speech pathologist with proper mod...
	Gait and balance problems are a major cause of disability,�and assessment and counseling by a phy...
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	Parkinson's disease is characterized by progressive cell loss in a variety of neuronal systems, i...
	Disrupted sleep is common in Parkinson's disease patients, due to sleep fragmentation as part of ...
	Sleep may be improved by use of the older tricyclic antidepressants (such as amitriptyline) and h...
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	Postural hypotension
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	DDAVP—1-deamino (8-D-arginine) vasopressin.



	The first step in treating hallucinations is to decrease medication intake, particularly in the e...

	Dementia
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	Many patients are aware of slowness of thinking and word- finding difficulties, particularly when...
	Treatment includes simplification of the drug regimen and use of antipsychotic medications (
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	Although Parkinson's disease is a progressive neuro�degenerative disorder that eventually will re...
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