
Pharmacological and Nonpharmacological 
Interventions in the Treatment of 
Parkinson's Disease 

Parkinson's disease is a neurodegenerative disorder of olderpersons that even- 
tually leads to disability. It t s  characterired by tremor, rigidity, bradykinesia, 
and postural instability. Pmgressive stages can be identijied, each with unique 
problems. fie optimal management of Parkinson's disease requires multiple 
professionals to address the needs of the patient as well as those of the caregiv- 
ers. In addition to pharmacologic management, patients with Parkinson's dis- 
ease can benefit from physical intervention and psychological support. %is 
article summarizes strategies incorporating the multiple disciplines for each 
stage of the disease. [Cutson TM, Laub KC, Schenkman M. Pharmacological 
and nonpharmacological interventions in the treatment of Parkinson's disease. 
Phys n e r .  1995; 75:363-3 73 J 
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Parkinson's disease is a progressive 
neurodegenerative disease affecting 
every 100 to 150 per 100,000 individu- 
als, or about 1% of those over 60 years 
of age, in the US p o p u l a t i ~ n . ~ ~ ~  Parkin- 
son's disease affects men and women 
eq~a l ly .~  The disease is characterized 
by the cardinal signs of tremor, brady- 
kinesia, rigidity, and postural instabil- 
ity, which ultimately lead to functional 
disability. Management is lifelong, 
including pharmacologic and non- 
pharmacologic (physical and psycho- 

social) interventions. The management 
plan should be tailored to the stage of 
the disease. 

Description of Parkinson's 
Disease 

There are many parkinsonian syn- 
dromes. fima y parkinsonism or 
Parkinson 's disease is characterized 
clinically by tremor, bradykinesia, 
rigidity, and postural instability and 
pathologically by the loss of pig- 
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mented neurons in the substantia 
nigra and eosinophilic cytoplasmic 
inclusions (Lewy bodies). Parkinson- 
ism may, however, result from injury 
to the basal ganglia by cerebrovascular 
disease, infections, and toxins; this 
form of the disease is known as sec- 
on& y parkinsonism. Further, parkin- 
sonian syndromes include inherited 
neurodegenerative disorders and ac- 
quired multiple-system degenerations 
(Tab. 1). These disorders usually can 
be differentiated from Parkinson's 
disease by the presence of additional 
neurologic abnormalities, such as 
supranuclear ophthalrnoparesis, and 
ataxia. In addition, early gait abnor- 
malities, the absence of tremor, and 
poor response to levodopa suggest 
diagnoses other than Parkinson's - 
disease.3z4 
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Table 1. Classification of 
s ark ins on ism;' 

Primary parkinsonism, Parkinson's disease 
(78%) 

Secondary parkinsonism (8%) 

Vascular: multiple infarctions 

Drugs: reserpine, lithium, phenothiazines 

Infections: postencephalitic 

Toxins: manganese, carbon dioxide, MPTP 

Trauma: pugilistic encephalopathy (boxing) 

Hereditary parkinsonism (1 %) 

Huntington's disease 

Olivopontocerebellar and spinocerebellar 
degenerations 

Halleworden-Spatz disease 

Wilson's disease 

Parkinsonism-plus syndromes (multiple 
systems degeneration) (1 2%) 

Progressive supranuclear palsy 

Shy-Drager syndrome 

Striatonigral degeneration 

Lewy body disease 

"MPTP= 1-methyl-4-phenyl-l,2,3,6- 
tetrahydropyridine. 

is a degeneration of the neurons in the 
substantia nigra that produce dopa- 
mine. There are other neurotransmitter 
deficiencies in Parkinson's disease, 
such as serotonin or norepinephrine, 
but the effects are less well known 
than that of dopamine.5(fi55)j6 The lack 
of the neurotransmitter, dopamine, in 
the basal ganglia results in Parkinson's 
disease.' 

The basal ganglia consists of five sub- 
cortical nuclei: caudate nucleus, puta- 
men, globus pallidus (internal and 
external portions), subthalamic nu- 
cleus, and substantia nigra (reticula 
and compacta regions).5(~~~) Together, 
the caudate nucleus and putamen 
constitute the striatum. There are 
many neurotransmitter connections 
among the nuclei of the basal ganglia. 
They receive input from various corti- 
cal areas and project to the thalamus, 
which then projects to the cortex. 
There are two major types of path- 
ways within the basal ganglia: direct 
and indirect (Figure). 

In the direct pathway, various cortical 
areas send input to the striatum. The 

GPe.i-Globus palildus DA=Dopamine (-1 lnhibitay 
enemal, intemal GABA=Gamma amlnobufydc acid (+I Excitatuy 

SNc,r=Substantia nigra GLU=Glutamate - I n h o d  palhway 
compacte, rat~culum ENK=Enkephdin - Direct petmvoy 

THAL=Thalamus - Common pathway 

Figure. Simplified diagram of the basal ganglia connections and neurotransmitters. 
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striatum then projects to the globus 
pallidus (internal portion) and the 
substantia nigra (reticulum) via inhibi- 
tory GABA (gamma-aminobutyric 
acid) and substance P. The globus 
pallidus and substantia nigra project to 
the thalamus via GABA. The thalamus 
then provides excitatory input to the 
cortex via glutamine. Physical move- 
ment occurs in part due to the phasic 
disinhibition of the thalamus by excita- 
tory input to the striatum, allowing 
increased activity from the thalamus to 
the corte~.~-~O 

In the indirect pathway, the striatum 
projects to the globus pallidus (exter- 
nal portion) via inhibitory GABA and 
enkephalin. The globus pallidus then 
projects to the subthalamic nucleus via 
GABA, and the subthalamic nucleus in 
turn projects to the internal portion of 
the globus pallidus and substantia 
nigra via the excitatory neurotransmit- 
ter glutamine. This excitatory input 
stimulates inhibitory GABA neurons 
that then project to the thalamus, 
thereby reducing thalamic firing to the 
cortex."-lo Thus, the direct and indi- 
rect striatal efferent systems have op- 
posite effects on the output basal gan- 
glia (globus pallidus [internal portion1 
and substantia nigra [reticulum]) and 
ultimately on the thalamic input to the 
cortex. 

Dopamine is produced in the substan- 
tia nigra (compacta) of the brain stem. 
Through nigrostriatal pathways, dopa- 
mine influences both the direct and 
the indirect loops within the basal 
ganglia. Dopaminergic axons exert 
both excitatory and Inhibitory input to 
the striatum. It appears that dopamine 
has a net excitatory effect on the stria- 
tum via the direct pathway and a net 
inhibitory effect via the indirect path- 
way. With loss of dopamine (ie, Par- 
kinson's disease), the striatal input via 
the indirect pathway to the globus 
pallidus is increased and disinhibits 
the subthalamic nucleus. The subtha- 
lamic nucleus excites the globus palli- 
dus (internal portion), which inhibits 
the thalamus by inhibitory GABA 
fibers from the substantia nigra (reticu- 
lum), thus reducing thalamic excitatory 
projections to the motor By 
the direct pathway, the dopamine 



deficiency effectively causes a disinhi- 
bition of the globus pallidus, allowing 
inhibitory GABA influence on the 
thalamus and cortical stimulation. 
These relationships are summarized in 
the Figure. The clinical presentation of 
parkinsonism may vary due to the 
complexity of the neurochemical con- 
nections among the various pathways. 
In some patients, the dopaminergic 
as well as the nondopaminergic sys- 
tems may be involved to a variable 
degree, producing unique clinical 
presentations. 

The initial presentation of Parkinson's 
disease may be quite variable, but 
tremor is present in 70% of patients at 
initial diagnosis.' Usually, the tremor 
begins unilaterally, affecting the hand 
and upper extremity. The tremor is 
described as a slow (4-7 Hz), pill- 
rolling, resting tremor. With action or 
intention and sleep, the tremor gener- 
ally disappears, although stress and 
anxiety will accentuate it." Tremor is 
disturbing to patients, as it is visible in 
public and may be embarrassing or 
physically disabling. 

Muscular rigidity (ie, the resistance to 
passive movement) is a disabling 
symptom of Parkinson's disease and 
appears to affect proximal appendicu- 
lar musculature early, with subsequent 
spread to most muscles including the 
axial str~ctures.~." Rigidity results in 
decreased range of movement and 
slowness, as well as the fatigue many 
patients with Parkinson's disease de- 
scribe. With involvement of the facial 
muscles, expression is diminished, 
leading to the characteristic masked 
faces or "poker stare." 

Bradykinesia, or the slowness of 
movement, is a common symptom 
and usually develops along with rigidi- 
ty.ll In Parhson's disease, the ability 
to initiate and execute a movement is 
impaired. The slowness and reduction 
in movement lead to prolonged time 
to complete physical movements and 
ultimately tasks (eg, activities of daily 
living such as grooming, dressing, 
eating), precluding independence. 
Alunesia ("without movement") is the 
extreme of bradykinesia.9J0 

Motor planning deficits also affect 
many people with this disease. Motor 
planning is involved in the ability to 
execute simultaneous or sequential 
motor programs (simple learned 
movements). Motor planning may be 
impaired so that reflex movements 
that usually occur with little to no 
conscious effort (eg, blinking, facial 
movements) now require a concen- 
trated volitional eff0rt.~~.l3 Some pa- 
tients experience sudden cessation of 
movement called "freezing episodes," 
which are an extreme form of bradyki- 
nesia (akinesia) and may, in part, be a 
result of motor plan access deficits.8 

Postural instability may also be a direct 
consequence of the neurotransmitter 
imbalances of Parkinson's disease. In 
this context, postural instability refers 
to the loss of balance or lack of recov- 
ery of balance when perturbed that 
some patients with Parkinson's disease 
e~perience.~Jl The inability to recover 
balance is probably related to bradyki- 
nesia secondary to dopamine defi- 
ciency. True impairments of postural 
stability are ddferentiated from gener- 
alized balance dysfunction, which may 
be caused by a number of other im- 
pairments (eg, sensory loss, motor 
planning dysfunction, or loss of range 
of motion and flexibility). Patients with 
Parkinson's disease may have abnor- 
mal gait with retropulsion, leading to 
backward falls. The rapid festinating 
gait in combination with the stooped 
posture may lead to forward falls.8J4 

Tremor, rigidity, bradykinesia, and 
postural instability all occur as "direct 
effects" of Parkinson's disease.l5 These 
direct effects may lead to the indirect 
or secondary musculoskeletal effects of 
the disease-stooped posture, kypho- 
sis, head flexion, shoulder protraction, 
and knee or elbow contractures-that 
further impair physical perfor- 
rnance.15J6 Other symptoms and signs 
of Parkinson's disease include muscle 
aches or cramps, depression, demen- 
tia, dysarthria, dysphagia, orthostatic 
hypotension, bladder problems, and 
sexual problems. ' 2 8  

The direct and indirect impairments of 
Parkinson's disease contribute to func- 
tional limitations that are particularly 

apparent in tasks such as getting in 
and out of bed, dressing, bathing, and 
walking. Cognitive deficits, such as 
memory loss, and psychological prob- 
lems, such as depression and emo- 
tional lability, add confounding dimen- 
sions to the patient's functional status 
and quality of life. The process of 
Parkinson's disease affects the entire 
family, because loss of independence 
has an impact on the lives of the care- 
givers as well. 

Idiopathic Parkinson's disease can be 
further differentiated into two sub- 
groups, which have been identified by 
Zetusky et all7 as the "tremor predom- 
inant" and the "postural instability and 
gait disturbed (or PIGD). Patients 
who are tremor predominant usually 
have little bradykinesia or postural 
instability. The course of deterioration 
appears slower, with an earlier age of 
onset. The PIGD group, however, has 
a poorer prognosis and more rapid 
decline and disability, with bradykine- 
sia and postural instability. The PIGD 
group may have more neurobehav- 
ioral disturbances and dementia. A 
clear demarcation between the two 
groups is not seen because there is 
overlap in clinical symptoms.' The 
subgroups, however, may illustrate the 
variation of degree of neurochemical 
transmitter involvement. The apparent 
dfierence in the course of the disease 
between the subgroups may provide a 
basis for counseling patients. 

Parkinson's disease is insidious, and 
the diagnosis is based not on neuro- 
imaging studies and blood tests but on 
clinical examination and patient re- 
port. Accurate diagnosis is based on 
careful assessment with a high index 
of suspicion. Common criteria include 
the following: akinesiahradylunesia, 
rigidity, and tremor.3 Usually by the 
time a diagnosis is made, the disease 
has been present for several years.18 
Many patients will have noticed a 
tremor, disturbed gait, or change in 
the quality of movements. Currently, 
there are no available markers for 
disease onset that would serve as 
screening for the disease. 
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Pharmacologic Management of 
Parkinson's Disease 

%en antiparkinsonian medications 
became available during the 1960s, 
they had a tremendous impact on the 
management of Parkinson's disease. 
Prior to the use of levodopa, anticho- 
linergics and stereotaxic surgery were 
used tcl treat individuals with Parkin- 
son's disease.'%e disabling symp- 
toms of akinesia and bradykinesia, 
which had not responded to anticho- 
linergics, did respond to levodopa. 
Severely disabled patients became 
more mobile.",20 Although motor and 
central nervous system (CNS) prob- 
lems are associated with levodopa, it 
has been the mainstay of pharmaco- 
logic treatment of individuals with 
Parkinson's disease. Drugs have been 
very effective in treating some of the 
direct effects of the disease (including 
bradykinesia, rigidity, and tremor), but 
it is not clear to what extent, if any, 
drugs can affect postural instability and 
impaired motor ~lanning.~ '  Also, 
along with the many positive results, 
came unwanted side effects such as 
dyskinesia, hallucinations, and the 
"on-of' syndrome. l9 Medications, 
therefore, must be used carefully in 
order to balance their benefits with 
possible problems associated with 
long-term use. 

After initiating any type of treatment, 
patients should be assessed clinically 
to detennine their response to treat- 
ment. Most assessments may be based 
on self-report of functional limitations 
by the patient, physical performance 
measures, or qualitative or quantitative 
clinical examination for the impair- 
ments (rg, rigidity, bradykinesia and 
tremor, musculoskeletal impairments, 
speech clysfunction). 

A number of Parkinson's disease rating 
scales are available, such as the North- 
western University Disability Scale,22 
the New York University S~a le ,~3  and 
the 1Jnited Parkinson's Disease Rating 
Scale.24 These scales are based on 
subjective reporting of symptoms and 
functional ability. They vary in their 
sensitivity to change (due to the differ- 
ent gradations of items scored) as well 
as the aspects of disease that are mea- 

~ured .~5 The rating scales range from 
very short ($6 items in the North- 
western University Disability Scale) to 
very long. For example, the United 
Parkinson's Disease Rating Scale eval- 
uates 42 items and includes a modi- 
fied disease staging scale (Hoehn and 
Yahrz6) and activities of daily living 
(eg, bathing, eating, transfemng). 
Although symptoms and performance 
may vary greatly in this disease, one 
recent report2' indicates that irnpair- 
ment and physical performance mea- 
sures can be reliably obtained by 
direct clinical examination for patients 
in early stages of the disease. 

Treatment consists of dopamine re- 
placement, dopaminergic drugs 
(which act at the postsynaptic site), or 
anticholinergics. In the last several 
years, an additional level to drug ther- 
apy has been added-neuroprotective 
therapy, with seligiline, which is 
thought to retard the progression of 
the disease (Tab. 2). 

The mainstay of treatment is dopa- 
mine replacement. Dopamine will not 
cross the blood-brain bamer, so the 
levo-isomer levodopa (L-dopa) is 
given, which will enter the CNS and 
undergo enzymatic conversion to 
d ~ p a m i n e . ~ ~  Almost 9 4 1  of the in- 
gested L-dopa, however, is metabo- 
lized peripherally before it can cross 
into the brain, which necessitates 
larger amounts of levodopa to achieve 
the effective CNS dosing. Such large 
doses of levodopa can cause nausea 
and vomiting, and orthostasis. The 
most commonly used form today is a 
combination of carbidopa and levo- 
dopa (Sinemet). The carbidopa is a 
peripheral decarboxylase inhibitor 
preventing the peripheral conversion 
of the levodopa to dopamine, which 
allows more available levodopa to 
enter the CNS and ultimately smaller 
doses to be used.6~~~~29 

Sinemet is composed of carbidopa 
and levodopa in a 1:10 or 1:4 ratio. 
The plasma half-life of levodopa is 
about 1.3 hours, which dictates multi- 
ple dosing throughout the day. A 
controlled-release preparation is avail- 

able containing 50 mg of carbidopa 
and 200 mg of levodopa for a 1:10 
ratio or 25 mg of carbidopa and 100 
mg of levodopa for a 1:4 ratio 
(Sinemet CR). The controlled-release 
preparation has been shown to pro- 
duce fewer fluctuations in the plasma 
concentration, resulting in a smoother 
therapeutic resp0nse.3~ The onset is 
slower, and bioavailablity is only 
about 70% as compared with p h  for 
the standard preparation.= The rela- 
tive cost (average wholesale cost 
[AWCI) of 1 month's supply of 
Sinemet 25/100 three times a day is 
$65 compared with Sinemet CR 50/200 
two times a day at $83.3l About one 
third of patients treated with levodopa 
will continue to respond for most of 
their lives, one third will respond for 
about 5 to 7 years of treatment, and 
another third will respond for only 4 
to 5 years of treatment.' 

Side effects of levodopa therapy in- 
clude nausea and vomiting (usually 
reduced with carbidopa), orthostatic 
hypotension, and cardiac dysrhyth- 
mias. Among the elderly especially, 
starting at a lower dose and titrating 
judiciously to the desired effect is 
prudent. Central nervous system side 
effects include confusion, delirium, 
and behavioral changesP2 The sugges- 
tion has been made that a metabolite 
of levodopa has deleterious effects on 
surviving dopaminergic neurons,33.34 
but there is no conclusive evidence to 
support such an effect on mortality or 
disability among treated patients with 
Parkinson's disea~e.3~ 

Later complications of levodopa in- 
clude dyskinesias, clinical fluctuations, 
and psychiatric disturbances as the 
disease progresses. Clinical fluctua- 
tions include the "wearing off" or the 
"on-off" syndrome. Wearing off is the 
end of dose deterioration that occurs 
as the effective period of levodopa 
grows shorter over time. The on-off 
syndrome is the phenomenon of 
swings in the response to drug ther- 
apy. There may be an abrupt loss of 
drug effectiveness, resulting in akinesia 
("off "1. The akinesia may be followed 
by a sudden return of effectiveness, 
which may include dyskinesias 
("0n").~33~ The dyskinesias and clinical 
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Table 2. Pharmacology of Parkinson's Disease 

Drug Class Example 
Average 
Dosagea Cost (AWC)b Side Effects 

Anticholinergics Trihexyphenidyl 2 mg tid 

Dopamine replacement 

Dopamine agonists 

Amantadine 

MAOI-BC 

Bentropin 1 mg bid 

Levodopa/carbidopa 1011 00 tidlqid 

2511 00 tidlqid 

(Sinemet) 

(Sinemet CR) 

Pergolide 

Bromocriptine 

Seligiline 

251250 tid 

2511 00 tid 

251200 bid 

1 mg tid 

5 mg bid 

100 mg bid 

5 mg bid 

2-mg tablets $1 9.6511 00 

1 -mg tablets $23.5611 00 

$88.1 91100 

$72.1011 00 

$144.191100 

$244.6811 00 
(1 -mg tablets) 

$21 9.2411 00 
(5-mg tablets) 

$30.0011 00 
(generic) 

$128.19160 

Dry mouth, dizziness, blurred 
vision 

Tachycardia, dry mouth, 
nausea, vomiting, confusion 

Dystonia 

Abnormal, involuntary 
movements 

Nausea, vomiting 

Confusion 

Dreams, hallucinations 

Nervousness, dyskinesias, 
insomn~a, hallucinations, 
nausea, confusion, 
erthromelalgia 

Nausea, headache, diuiness, 
fatigue, 
crampslconstipation, 
confusion, 
pulmonary/peritoneal 
fibrosis 

Lightheadedness, livedo 
reticularis, edema 

Nausea, dreams, 
hallucinations, confusion, 
dyskinesias 

abid=twice a day, tid=three times a day, qid=four times a day 

b ~ ~ ~ = a v e r a g e  wholesale cost. 

CMAOI-B=monoamine oxidase inhibitor, type B. 

fluctuations may be managed by low- 
ering the dosage of levodopa and 
increasing the frequency of adrninistra- 
tion, changing over to the controlled- 
release formulation, or addition of 
doparnine agonists. Drug "holidays" 
were used in the past because it was 
thought that a "holiday" from the drug 
by the receptors would increase effi- 
cacy when reintroduced. Many pa- 
tients did not tolerate weaning and 
discontinuance of the levodopa due to 
an abrupt return of the rigidity, brady- 
kinesia, and immobility, and in some 
cases, even death resulted. At present, 
drug holidays are not usually 
re~ommended.~7.37 

Levodopa therapy has had a tremen- 
dous impact on patients with Parkin- 
son's disease and has increased sur- 
vival among these patients about 5 

~ e a r s . 3 ~  Prior to levodopa, the mortal- 
ity rate among this population was 
three times that of the "normal" popu- 
lation. Now the observed rate of mor- 
tality is close to normal. Prior to levo- 
dopa therapy, Hoehn and YahrZ6 
found that 28% of patients with idio- 
pathlc Parkinson's disease became 
severely disabled (dependent) or died 
within 5 years, 61% became severely 
disabled or died within 10 years, and 
83% became severely disabled or died 
within 15 years. This finding is in 
contrast to results of studies carried 
out after the introduction of levodopa: 
3% of patients with the disease for 1 
to 5 years were disabled or dead, 21% 
of patients with the disease for 6 to 10 
years were disabled or dead, and 
37.5% of patients with the disease for 
11 to 15 years were disabled or 
dead.37 Although the drug does not 

alter the overall rate of progression of 
the disease, the time at lower disability 
levels is increased, improving the 
quality of life over the course of the 
disease. The majority of patients do 
not die from parkinsonism, but from 
complications such as cardiac disease, 
pneumonia, or thromboembolic disor- 
ders. Hip fractures are common 
among patients with Parkinson's dis- 
ease, and those who sustain a fmcture 
have greater mortality and morbidity 
rates than does the population at 
large.40 Falling is caused by postural 
instability, which is not reversed by 
levodopa.~~all ing is reported by 
more than one third of patients with 
Parkinson's disease.8.14 
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Dopamine Agonists 

Dopamine agonists have been exam- 
ined as adjunctive or replacement 
treatment in patients with Parkinson's 
disease. Currently available dopamine 
agonists are ergot alkaloids, which act 
directly on the postsynaptic receptors, 
requiring no endogenous enzymatic 
acti~ation.3~>~1 This effectively bypasses 
the degenerating presynaptic neuron. 
Dopamine agonists have most effect 
on rigidity and bradylunesia, but per- 
haps little effect on postural impair- 
ment. Bromocriptine (Parlodel) and 
pergolide (Permax) are the only dopa- 
mine agonists available in the United 
States. When these agonists were used 
as initial monotherapy, symptoms 
improved but recurred, necessitating 
addition of levodopa after 1 or 2 
years. Early adjunctive therapy (ie, 
added to levodopa) resulted in fewer 
clinical fluctuations; fluctuations later 
in the course of the disease responded 
to the addition of a dopamine 
agoni~t .~ 

Central nervous system side effects of 
agonists are similar to those of levo- 
dopa, ranging from insomnia to delu- 
sions and confusion. The risk of ad- 
verse CNS effects increase in elderly 
patients with cognitive impah~nent .~~3~ 
These side effects may be more severe 
and persistent than those induced by 
lev0dopa.~~41 Other side effects include 
erythromelalgia (reddish edema of the 
lower extremities), pulmonary and 
retroperiioneal fibrosis (usually with 
bromocriptine), postural hypotension, 
nausea, and ~omit ing .~  A dosage of 5  
to 20 mg per day in divided doses of 
bromocriptine and 3 to 5  mg per day 
in divided doses of pergolide is usu- 
ally effective. Pergolide has a longer 
duration of action. There is no evi- 
dence that either one of the doparnine 
agonists is superior to the ~ t h e r . ~ ' , ~ ~  
Response to one agonist may not be 
predictive of response to another. The 
varying responses may reflect dier-  
ences in the number and type of do- 
pamine rt:ceptor~.~9<~3 Dopamine ago- 
nists are very expensive. A month's 
supply of bromocriptine at 5  mg twice 
daily is $140 (AWC); pergolide at 1 mg 
three times daily is $240.j1 

Anticholinergic drugs ameliorate the 
symptoms of Parkinson's disease by 
rectifying the imbalance between 
dopamine and acetylcholine in the 
striatum. Anticholinergic drugs were 
the first drugs used to treat patients 
with Parkinson's disease. The symp- 
tom most improved by anticholinergic 
agents is tremor. There is little to no 
corrective effect on rigidity or bradyki- 
nesia, the more disabling symp- 
t o m ~ . ~ ~ . ~ '  Agents used include trihexy- 
phenidyl (Artane) and benztropine 
(Cogentin). Diphenhydramine 
(Benadryl) is an antihistamine with 
anticholinergic properties that may be 
helpful. Adverse side effects of anti- 
cholinergics include memory impair- 
ment, hallucinations, dry mouth, con- 
stipation, urinary retention, and 
blurred vision. These side effects are 
especially problematic among elderly 
patients. The anticholinergic medica- 
tions are relatively inexpensive, with 
an average month's supply costing 
about $20.3l 

Amantadine 

Amantadine is a drug used for mflu- 
enza prophylaxis; its efficacy for Par- 
kinson's disease was discovered seren- 
dipitously." The drug is thought to 
have both dopaminergic and anticho- 
linergic properties. It appears to stimu- 
late release of dopamine from surviv- 
ing presynaptic terminals in the 
~triaturn.3774~ The effects are short-lived 
(weeks), but this drug can be useful 
for testing purposes in suspected cases 
of Parkinson's disease. Patients are 
instructed to take 100 mg twice daily; 
amelioration of rigidity and bradylune- 
sia within a few days is supportive of 
the diagnosis. Side effects include 
livedo reticularis and ankle edema. 
The cost of amantadine for about 1 
month at 100 mg twice daily is about 
$20 for the generic formulation.31 

Seligiline 

Until recently, drug therapy for Parkin- 
son's disease included only symptom- 
atic treatment. A recent addition to the 
therapy choices in the United States is 
seligiline (Eldepryl), an Inhibitor of 

monoamine oxidase, type B (MAO-B), 
which may slow the progression of 
the d i ~ e a s e . ~ ~ . 4 ~  This drug was de- 
signed as an antidepressant and "ener- 
gizer" in Hungary in 1960. In the mid- 
1980s, it was found that seligiline 
prevented the development of parkin- 
sonian symptoms induced by the 
neurotoxin MPTP (1 -methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine). MPTP is a 
protoxin that was discovered as a 
contaminant in synthetic heroin in San 
Jose, Calif, in the early 1980s. MPTP is 
oxidized by MAO-B into a 1-methyl-4- 
phenyl-pyridinium ion (free radical), 
the actual neural toxin that destroyed 
the dopamine-producing neurons. 
Seligiline selectively inhibits MAO-B, 
which inactivates dopamine in the 
b~-z1in.3~ Based on the effects of seligi- 
line on Parkinson's disease induced by 
the drug contaminant MPTP, it is theo- 
rized (but not yet proven) that death 
of cells in the substantia nigra may be 
due to other oxidative mechanisms via 
MAO-B with free radical production. 

Seligiline may protect neurons via a 
decrease in the generation of free 
radicals by reducing the oxidative 
metabolism of dopamine. This drug 
may possibly rescue damaged neurons 
through activation of trophic mecha- 
nisms. Salo and Tatton4' demonstrated 
an increased number of surviving rat 
motoneurons after axotomy when 
treated with seligiline and contended 
that seligiline compensated by some 
mechanism for the loss of target- 
derived trophic support caused by the 
a ~ o t o r n y . ~ ~  Although the exact role 
(symptomatic versus protective) and 
mechanism are not yet understood, 
several clinical trials have shown that 
seligiline significantly delays the need 
for l ev0dopa .~5~~  The usual dose is 5  
mg in the morning and at noon. 
Doses greater than 20 mg per day may 
cause loss of the MA0 selectivity; 
MA0 inhibition, type A, results in the 
increased risk of hypertensive crisis 
with certain foods and drugs.*' Meta- 
bolic by-products include metham- 
phetamine, so to reduce the risk of 
insomnia, the drug should not be 
taken late in the day. Methamphet- 
amine may aggravate peptic ulcer 
disease. In patients already taking 
levodopa, a reduction of 10% to 30% 
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of the levodopa dosage may be neces- 
sary to avoid side effects. The cost of 1 
month's therapeutic supply of seligi- 
line is $128.3l 

Surgery for Parkinson's 
Disease 

Prior to the introduction of efficacious 
pharmacologic therapy, unilateral 
thalamotomies were performed to 
reduce disabling tremor. l9 Such proce- 
dures, however, carried a hlgh risk of 
hemiparesis. Since pharmacologic 
agents have become available, these 
neurosurgical procedures are not com- 
monly performed. There have, how- 
ever, been favorable reports recently 
about posteroventral pallidot0mies.5~25~ 

More recently, autologous adrenal 
transplants have been reported with 
modest and unfortunately transient 
results. Theoretically, the adrenal chro- 
maffin cells transplanted into the stria- 
tum would produce epinephrine and 
precursors, including doparnine. Dra- 
matic results were initially reported in 
Sweden52 and Mexico,53 but these 
results have not been replicated and 
this technique has fallen from favor. 
By mid-1988, fetal nigral cells were 
used with some promise in several 
countries, including the United 
State~.5~.55 This area of research is 
growing to include the future use of 
cultured cells for implantation and 
research.2" 

Therapeutic Intenrentions 

Drug and surgical therapies do not 
cure or shorten the duration of the 
disease. Rather, they may reduce some 
of the direct effects of the disease and 
prolong the time until the onset of 
disability.18 Almost all patients with 
Parkinson's disease will experience at 
least some functional limitations. Opti- 
mal management of Parlunson's dis- 
ease includes physical, speech, and 
psychosocial intervention-involving 
both the patient and the family/care- 
g ivere in  addition to pharmacologic 
intervention. 

'Velcro USA Inc, 406 Brown Ave, PO Box 5218, 

Physical, speech, and psychological 
interventions may be the key to maxi- 
mizing quality of life in the face of this 
potentially devastating disease. Deci- 
sions regarding physical and psycho- 
social intervention depend on whether 
the goal of treatment is prevention, 
correction, or compensation for defi- 
cits, and whether treatment is directed 
at impairnlents or performance. 

Early physical intervention should 
focus on preventing the general effects 
of deconditioning including losses of 
range of motion, aerobic capacity, and 
strength. Many possible approaches 
exist such as aerobic exercise, 
strengthening program, and water 
e x e r ~ i s e . ~ ~ , ~ ~  Written programs are 
available through the American Par- 
kinson's Disease Association5%nd the 
United Parkinson's Foundation.59 An 
axial mobility exercise program for 
patients in the early stages of Parkin- 
son's disease is currently under investi- 
gation via a randomized control trial at 
the Claude D Pepper Older Americans 
Independence Center at Duke Univer- 
sity's Center for the Study of Aging 
and Human Development.@' 

In addition to deconditioning, com- 
mon indirect effects of Parkinson's 
disease include various musculoskele- 
tal changes.57 Physical therapy inter- 
vention can help improve aerobic 
capacity and general fitness through 
cardiovascular, strengthening, and 
flexibility exercises. Physical therapy is 
perhaps most crucial in treating mus- 
culoskeletal changes that occur as a 
result of rigidity, bradykinesia, loss of 
mobility, and inactivity. These prob- 
lems should respond well to therapy 
before they become fixed deficits. 

Speech therapy can be used to im- 
prove language problems associated 
with low volume, poor enunciation, 
and faulty speed, as well as to im- 
prove inspiratory muscle strength. 
Swallowing difficulty can also be 
addressed." 62 

Manchester, NH 03108. 

It is not always possible or appropriate 
to correct problems associated with 
Parkinson's disease for several rea- 
sons. First, caregivers and health pro- 
fessionals must remember that the 
disease is progressive, and, unfortu- 
nately, existing therapies are effective 
only in managing the symptoms of the 
disease. As the disease progresses, 
both direct and indirect effects can 
become so severe that they are refrac- 
tory to treatment. Second, if a patient 
cannot benefit from improvement in a 
particular area because of other more 
overwhelming deficits, it is of little use 
to the patient to invest time working 
on such problems. When correction is 
not feasible, compensatory techniques 
or adaptive equipment become neces- 
sary. The use of rails, a headboard or 
hospital bed, or satin sheets, for exam- 
ple, can keep a patient independent in 
bed mobility. The use of a cane, 
walker, or other assistive devices such 
as a button aid, Velcro@,* or a reacher 
can also reduce a patient's depen- 
dence on others. 

Although data are inconclusive, some 
studies"@ have shown modest gains 
or improvement in physical perfor- 
mance activities with exercise. Co- 
mella et a165 recently found that repeti- 
tive exercises for range of motion, 
endurance, balance and gait, and fine 
motor dexterity demonstrated benefit 
in areas of rigidity and bradykinesia, 
as measured by the United Parkinson's 
Disease Rating Scale. This was a 
single-blind, crossover study with 16 
subjects in the moderate stage of Par- 
kinson's disease. Although there was 
improvement in physical disability, this 
improvement did not persist beyond 6 
months with return to normal activity. 

Palmer et aI63 compared 14 patients 
randomly assigned to exercises of the 
United Parkinson's Foundation or 
karate training. Both groups demon- 
strated improvement in gait, arm 
tremor, grip strength, and fine motor 
coordination. 

In surnmw, medications have been 
shown to reduce rigidity and bradyki- 
nesia as well as tremor. Although 
these direct effects may be ameliorated 
by drugs, the secondary effects are 
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Table 3. Ouen~iew of Parkirzsotz's Disease Management 

Stage Characteristics 

Treatment Considerations 

Pharrnacologic Agents Physical Psychosocial 

Early 

Early middle 

Late middle 

Late 

Fully functional 
May have unilateral 
tremor, rigidity 

Symptoms bilateral, 
bradykinesia, rigidity 

Mild speech impairment 
Axial rigidity, stooped 

posture, stiffness 
Gait impairment begins 

All symptoms worse but 
independent in ADLse 

May need minor assistance 
Balance problems 

Severely disabled, impaired 
Dependent with ADLs 

Anticholinergics (tremor) 
Seligiline (possible 
neuroprotection) 

Levodopdcarbidopa 
Seligiline 

Levodopdcarbidopa 
Dopamine agonists 
Seligiline 
Antide~ressants 

Levodopdcarbidopa 
Dopamine agonists 
Antidepressants 

Preventative 
exercise program 

Corrective exercise 
program 

Compensatory and 
corrective 
exercise 

Speech therapy 
Occupational 
therapy 

Compensatory 
exercise 

Dietary concerns 
Skin care 
Hygiene 
Pulmonary function 

Education 
Information 

Counseling 
Support group 
Monitor for 
depression 

Caregiver 
issues 
(medications, 
mobility) 

Monitor for 
dementia 

Dementia 
Depression 

"ADLs=activities of daily living 

best addressed by physical interven- 
tion. Currently, pharmacologic and 
nonpharmacologic modalities of treat- 
ment are important and complimen- 
tary to provide optimal improvement 
for the patient with Parlunson's 
disease. 

Speciic Management 
Considerations Throughout the 
Stages of Parkinson's Disease 

Parlunson's disease is chronic and 
progressive; the clinician may treat 
patients throughout ddferent stages of 
the disease. Management of Parkin- 
son's disease is a challenge including 
treatment of the progressive manifesta- 
tions of the disease, complications of 
therapy, and the attendant psychoso- 
cia1 issues. Effective management 
should he tailored to the phase or 
stage of disease and should involve 
multiple professionals as well as the 
family. In order to better describe the 
different facets of treatment, we can 
divide Parkinson's disease into three 
stages: early, middle, and late (Tab. 3). 

Eady Stage 

In the very early stages, the patient 
may complain of specific symptoms 
(eg, shaktng in one hand, weakness in 
a leg) yet remain fully functional and 
independent. The diagnosis of Parkin- 
son's disease is usually considered in 
an individual when symptoms are yet 
relatively minor. Traditionally, clini- 
cians would have delayed pharmaco- 
logic intervention in the early stage of 
the disease. The decision is, however, 
dependent on the personal preference 
of the patient. Choices of symptomatic 
therapy as well as neuroprotective 
therapy are now available. Although 
not conclusively proven to slow the 
progression of the disease, seligiline 
does stay the need for levodopa.6 
Many physicians believe the early use 
of levodopa increases the likelihood of 
management problems such dyskine- 
sias and mobility fluctuations (wearing 
off or "on-off' phenomena) so that 
delaying institution of levodopa as 
long as possible is beneficial. Thus, 
many clinicians institute seligiline with 

the initial diagnosis of Parkinson's 
di~ease.a.~7 

Education about Parkinson's disease, 
including close clinical follow-up and 
institution of an exercise program to 
prevent or reverse musculoskeletal 
changes, is advised in the early stage 
of the disease. Adoption of an exercise 
routine at this point in the course of 
the disease may be much more suc- 
cessful than later in the disease when 
it may be dficult for the patient to 
learn the appropriate exercises and 
fixed deformities may have occurred. 
In the early stage of Parkinson's dis- 
ease, the exercise program may be 
fairly general, including flexibility, 
strength, and endurance training. The 
program should also include specific 
exercises directed at correcting any 
impairments that are apparent at this 
stage (eg, excessive thoracic kyphosis, 
tight hamstring muscles). 

Support groups can be helpful from 
the beginning by giving patients and 
families the opportunity to meet other 
people in similar situations as them- 
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selves, and by providing educational 
material. Depression is a common 
problem in Parkinson's dsease at all 
stages.l7sbB Early education can help 
families recognize depression and 
seek help before the depression be- 
comes overwhelming. 

Middle Stage 

The middle stage can be characterized 
by increasingly apparent symptoms, 
yet the patient remains functional, 
with some limitations. The patient is 
independently ambulatory. Early in 
this stage, the patient is essentially 
independent with ADk. Toward the 
end of this stage, the patient experi- 
ences difficulty and slowness and may 
require assistance with many func- 
tional activities. 

Medications are important in this stage 
to help control or alleviate some of 
the symptoms, including rigidity, bra- 
dykinesia, and certainly tremor. In- 
creasing dosages of medication or 
addition of adjunctive agents are usu- 
ally necessary for optimal manage- 
ment. Clinical fluctuations (eg, wear- 
ing off, "on-off') may be emerging, 
requiring further adjustment of the 
medications. 

Physical intervention for range of 
motion, posture, and function is also 
important in this phase of the disease. 
Losses of lower-extremity, upper- 
extremity, and axial range of motion 
can directly affect how patients move, 
regardless of whether or not Parkin- 
son's disease is present.5' For exam- 
ple, loss of musculoskeletal range of 
motion and flexibility may contribute 
to loss of balance control even in the 
absence of Parkinson's disease.@ 
Older persons with restricted spinal 
range of motion often are limited in 
their choice of movements because of 
an inability to rotate, laterally flex, and 
extend the spine. (The types of move- 
ment used by older patients during 
gait and bed mobility have caused 
Parkinson's disease to be mistaken for 
"old age.") Musculoskeletal impair- 
ments can be even more functionally 
limiting in the presence of the dsease. 
In the middle stage of Parhnson's 
disease, the goals of physical interven- 

tion are to correct musculoskeletal 
impairment where possible and to 
prevent worsening of those refractory 
to treatment. 

In addition to range of motion impair- 
ments, patients with Parkinson's dis- 
ease frequently have motor planning 
problems, which further limit their 
freedom of movement. Patterns of 
movement become increasingly "par- 
kinsonian" (ie, stooped posture with 
flexed upper extremities, minimal 
trunk rotation, shuffling gait with a 
narrow base of support, use of hands 
and knees to get in and out of bed as 
opposed to rolling and sitting up). 
Therefore, to influence a patient's level 
of function, physical therapy should 
address both range of motion impair- 
ments and physical performance. 
Effective functional training of bed 
mobility, transfers, and gait is best 
achieved by incorporating improved 
range of motion into more efficient 
movement patterns. 

Gait disturbances, dficulties with 
balance control, and falls may be 
present in this stage. These deficits 
become a major issue and a barrier to 
independence. Whether levodopa 
replacement has an important effect 
on these impairments is questionable. 
These dficulties may arise because of 
musculoskeletal limitations, as a result 
of primary postural instability, or some 
combination of the two. Dficulties 
with balance and gait resulting from 
musculoskeletal impairments can be 
improved through appropriate physi- 
cal intervention. Loss of balance con- 
trol due to postural instability is un- 
likely to respond to physical 
intervention; the patient should be 
assisted to use appropriate compensa- 
tory strategies (eg, learning to avoid 
precarious positions, to use appropri- 
ate assistive devices, and to rely on 
contact guarding from a family mem- 
ber or caregiver when needed). A 
sudden change in balance or in fre- 
quency of falls may warrant a head 
computed tomographic or magnetic 
resonance imaging scan to rule out 
other pathology such as a subdural 
h e m a t ~ r n a . ~ ~  

Physical therapists and occupational 
therapists can help with the general 
problems of physical function by 
teaching appropriate compensatory 
techniques and energy-conserving 
strategies to enable the patient with 
Parkinson's disease to continue to 
perform ADk successfully. Occupa- 
tional therapists can determine appro- 
priate adaptive equipment for activities 
of bathing, dressing, and eating. These 
interventions must be appropriate for 
the patient's needs and stage of dis- 
ease. For example, a physical therapist 
may have success in correcting a defi- 
cit in range of motion attributable to 
decreased hamstring muscle length or 
limited thoracic rotation. If cognitive 
and motor planning problems, how- 
ever, prevent the patient from learning 
new movement patterns, then the 
newly gained motion may be of little 
use to the patient. The same principle 
can apply to physical performance 
training. A physical therapist may be 
able to teach a patient how to transfer 
independently during therapy ses- 
sions. Due to increased rigidity and 
fatigue caused by effortful movement, 
however, the patient may not be suc- 
cessful each time at home and may 
experience more stress when attempt- 
ing to perform the transfer indepen- 
dently. In this situation, it is more 
effective for the physical therapist to 
teach the patient and caregiver how to 
perform the transfer together. The 
patient needs to remain an active 
participant in the process, to use what 
functional mobility he or she has, and 
to maintain a sense of control instead 
of dependency. 

Decisions regarding compensating for 
deficits can become very complicated. 
The needs for safety and indepen- 
dence are often weighed against a 
patient's own need for control and 
self-worth. Denial in some patients is 
very strong, and compensating for 
deficits seems to represent "giving up" 
or, at the very last, admitting that there 
is a problem. These types of situations 
can be even more dficult on the 
family than on the patient. Emotional 
support, as well as technical advice 
from physicians and therapists, is 
invaluable to families coping with 
these types of problems. 
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It is in this stage of the disease that 
speech impairments occur. These 
impairments may result as a direct 
effect of the disease and may be exac- 
erbated by musculoskeletal impair- 
ments. Speech therapy can be instru- 
mental for teaching the patient 
compensatory strategies, such as ap- 
propriate pacing (prosody) and vol- 
ume support, to maintain effective 
c o m m ~ n i c a t i o n . ~ ~ ~ ~ ~ ~ ~  Swallowing may 
be problematic due to tremor, rigidity, 
or abnormal oral musculature. Speech 
therapy can be helpful to teach safety 
and compensatory techniques such as 
t a h g  small bites of food and head 
positioning. l 1  

Psychosocial issues are more prevalent 
with increased madestation of the 
disease. Depression and perhaps even 
early cognitive impairment may be 
present. Treatment of depression is 
important and can be managed with 
medications. If the depression is se- 
vere or refractory to a trial of antide- 
pressants, electroconvulsive therapy 
should be considered. Electroconvul- 
sive therapy has been shown to tran- 
siently improve motor symptoms asso- 
ciated with Parkinson's disease.69 The 
mechanism is not known. Participation 
in a support group may be particularly 
beneficial during this stage of the 
disease. 

Late Stage 

During the late stage of Parlunson's 
disease, the progression of the disease 
has led to multiple, fixed, indirect 
effects such as kyphoscoliosis and 
contractures of the spine and extremi- 
ties. The rigidity and bradykinesia may 
be severe, leading to immobility. Pul- 
monary function and swallowing are 
compromised, which contributes to 
more fatigue and even malnutrition. 
Bladder dysfunction with resulting 
incontinence becomes an issue. The 
patient with severe Parkinson's disease 
is essentially dependent in mobility 
and self-care. Self-expression may be 
severely compromised. 

By this stage of the disease, clinical 
fluctuations may be common. Ulti- 
mately, very few of the drugs are 
efficacious, and compensatory ap- 

proaches to intervention are essential. 
Skin care (to avoid breakdown), pul- 
monary toilet (to avoid pneumonia), 
and nutrition become important areas 
of concern. Education of the patient 
and caregivers may now center on 
prevention of secondary complications 
(malnutrition, aspiration, pressure 
wounds, and pneumonia) and com- 
pensatory strategies to ease the 
burden of caregiving (bed mobility, 
transfers, wheelchair use). Patients 
usually succumb not to Parlunson's 
disease, but to the resulting medical 
complications. 

Conclusions 

Parkinson's disease is a chronic pro- 
gressive neurologic disorder. The 
management of Parkinson's disease 
requires multiple professionals to 
address not only the patient's needs, 
but also those of the family and care- 
giver. Pharrnacologic interventions are 
important and the mainstay of treat- 
ment, but appropriate interventions 
from other disciplines are also neces- 
sary throughout the stages of the dis- 
ease. Physical techniques are needed 
to prevent or correct musculoskeletal 
impairments, to improve physical 
performance, and to assist the patient 
and family toward appropriate com- 
pensatory strategies of function as the 
disease progresses. Psychosocial sup- 
port and intervention may be instru- 
mental in assisting the patient and 
famdy to adjust to the disease. Patients 
must be continuously monitored and 
reassessed for appropriate treatment 
strategies. 
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