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This update reviews several impor-
tant topics in the field of Parkinson's
disease, including etiologic studies,
the types and mechanisms of drug
complications and their treatment,
when and how to begin treatment,
the association of dementia with
Parkinson's disease, and the develop-
ment of the newer research tools.
The recent discovery of a highly
selective neurotoxin (MPTP) that
causes parkinsonism in humans and
other primates and the use of posi-
tron emission tomography in living
patients should improve our under-
standing of the cause of cell death in
Parkinson's disease and assist in the
development of more definitive treat-
ment for this common, disabling neu-
rologic condition.

Cet article passe en revue plusieurs
facettes importantes de la maladie de
Parkinson, y compris les etudes etio-
logiques, les complications medica-
menteuses (types, pathogenese et
traitement), comment et quand insti-
tuer le traitement, la survenue d'etats
dementiels et les nouvelles techniques
de recherche. Deux decouvertes
recentes, I'existence d'une neurotoxi-
ne hautement selective (la MPTP)
susceptible de determiner un parkin-
sonisme chez l'homme et d'autres
primates, et l'emploi de la tomogra-
phie a positons in vivo, vont sans
doute eclairer les raisons de la mort
cellulaire dans cette maladie neurolo-
gique qui rend tant de personnes
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infirmes, et montrer la route vers un
traitement plus definitif que ceux qui
existent deja.

Parkinson's disease remains one of
the commonest causes of chronic
neurologic disability, even though
there have been major advances in
our understanding of its pathogene-
sis and in the treatment of its signs
and symptoms over the past two
decades. As the average age of the
general population increases and es-
timates of the prevalence of Parkin-
son's disease near 1 in 40 persons
over the age of 65 years,' the need
for improvements in management
and for further research into the
possible causes becomes all too obvi-
ous. There have been exciting devel-
opments in this field recently that
may eventually allow us to realize
our goals. It is timely, therefore, to
review the state of the art of Parkin-
son's disease.

Etiology

The obvious hope in this area of
study is that prevention may be
possible if the cause is found. Even
if the development of the disease is
found to be unavoidable, the pro-
gression of symptoms related to de-
generation of the substantia nigra
might be prevented if the cause or
mechanism of nigral cell death
could be discovered. Calne and
Langston2 have categorized the pos-
sible etiologic factors as genetic,
age-related and environmental.
Two familial subgroups of idio-

pathic Parkinson's disease have re-
cently been reported.3 The first has a
more benign course, with tremor as
the predominant symptom; here
there is an autosomal-dominant
family history of benign essential
tremor. In the second group an
akinetic-rigid form of parkinsonism

is inherited via an autosomal-reces-
sive trait. Other authors, however,
have not found such familial sub-
groups in the course of their experi-
ence with idiopathic Parkinson's dis-
ease, excluding other disorders that
present with similar signs and symp-
toms (e.g., "multisystem atro-
phies").4 The strongest argument
against a prominent genetic contri-
bution comes from a recent study of
twins in which one member, the
"index case", had definite, typical,
idiopathic Parkinson's disease. Of 43
monozygotic and 19 dizygotic twin
pairs, only one monozygotic pair
was concordant for Parkinson's dis-
ease.5
An alternative explanation holds

that Parkinson's disease is simply a
result of an exaggeration of the
normal loss of substantia nigra neu-
rons that takes place with ageing.
Calne and Langston2 counter this
view by arguing that the central
nervous systems of twins should age
at similar rates. Thus, the results of
study in this area do not support the
ageing theory.5 Also, the mild fea-
tures of parkinsonism seen in normal
elderly individuals are unaffected by
treatment with levodopa2 and, there-
fore, are probably not solely due to
dopamine deficiency. Although it
does seem that ageing is not primar-
ily responsible for parkinsonism, the
symptoms could still arise when the
normal age-related loss of neurons is
superimposed on pre-existing cell
loss due to some previous insult.
The most exciting developments

have been in the area of environ-
mental factors. Aside from sporadic
cases of poslencephalitic parkinson-
ism similar to those that resulted
from the epidemic of encephalitis
lethargica earlier this century, there
is no good evidence that any virus
causes idiopathic Parkinson's dis-
ease.4
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In 1979 Davis and coworkers6
reported the development of severe
parkinsonism in a drug abuser who
had been synthesizing meperidine.
The abuser had taken a batch that
had been hurriedly prepared, inject-
ing the derivative 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP).
Postmortem examination showed se-
vere loss of dopaminergic substantia
nigra neurons and a questionable
Lewy body (the inclusion body seen
in the damaged neurons of patients
suffering from idiopathic Parkin-
son's disease). Langston and Bal-
lard7 subsequently reported on a
number of drug abusers who took
this toxin parenterally and subse-
quently suffered from severe parkin-
sonism. The condition also appeared
in one patient who had "snorted"
the drug.8 In addition, parkinsonism
developed at an unusually early age
in a chemist involved in synthesizing
MPTP, even though he had not
taken it internally in any way.9
Many of the features of parkinson-
ism develop in other primates given
MPTP,'0 and both monkeys and
human patients with disease induced
by this chemical respond well to
levodopa and other dopamine ago-
nists. However, very early on they
experience several of the complica-
tions common to this treatment that
are ordinarily seen late in idiopathic
Parkinson's disease, such as involun-
tary movements and the "on-off'
phenomenon. Postmortem studies in
the primates have shown a selective
degeneration of the dopaminergic
neurons of the substantia nigra com-
pacta. In this respect, although this
may be the best animal model of
parkinsonism now available, the se-
lective toxicity of MPTP does not
completely mimic idiopathic Parkin-
son's disease, in which there is also
involvement of other regions of the
brain, including the ventral tegmen-
tal area, the locus ceruleus, the
dorsal motor nucleus of the vagus
and the intermediolateral nucleus of
the spinal cord.

Rajput" has recently presented
data suggesting that patients from
Saskatchewan with Parkinson's dis-
ease of early onset (before 40 years
of age) may have been exposed to a
common agent present in their well
water. A number of environmental
factors might serve as a "trigger" to
eventual cell damage and death.

Barbeau' has proposed that this
could occur via the common mecha-
nism of increasing turnover within
catecholamine-producing cells,
which results in the accumulation of
toxic free radicals. When present in
quantities that exceed the scaveng-
ing capacity of the cell, these radi-
cals lead to cell death. The compen-
satory increase in catecholamine
turnover in the remaining nigral
cells (and other pigmented neurons)
accelerates the process. If this
proves to be the pathogenesis of cell
death, then, in addition to identify-
ing and preventing exposure to the
triggering factors, there may be
ways we could halt or slow the
progression of the disease, perhaps
by administering agents that would
assist in the scavenging or trapping
of toxic free radicals.

Interestingly, several epidemiolog-
ic studies have shown that patients
with Parkinson's disease have
smoked less than control popula-
tions. It is not clear whether smok-
ing somehow protects against the
later development of Parkinson's
disease or whether those individuals
in whom the disease eventually de-
velops have a premorbid personality
type that renders them less prone to
take up the smoking habit.

Therapy: problems with levodopa

Before the advent of levodopa the
mortality rate in Parkinson's disease
was almost three times that expect-
ed for age.'2 Several studies since
then have shown that the longevity
of patients with the disease is now
equivalent to that of age-matched
controls.'3 However, there are a
number of therapeutic problems,
some of which persist or become
increasingly common after 3 to 5
years of therapy.

Failure to respond to levodopa

Some 15% to 20% of patients fail
to respond to treatment with levodo-
pa.'4 Most of these patients also fail
to respond to other antiparkinsonian
agents, including the newer ergot
derivatives. The reason for drug fail-
ure is not known. Although these
patients are most often clinically
indistinguishable from those who
benefit from levodopa, there have
been no large postmortem studies to

show that all of them suffered from
idiopathic Parkinson's disease.
There are several other degenerative
neurologic diseases that involve the
substantia nigra and striatum (the
caudate and putamen, to which the
substantia nigra projects), such as
striatonigral degeneration and the
olivo pontocerebellar degenerations.
Often these can mimic true Parkin-
son's disease, with little evidence
(e.g., autonomic failure, eye-move-
ment disturbances, cerebellar fea-
tures or pyramidal tract dysfunc-
tion) for an alternative diagnosis
early on.

Loss of response to levodopa

A large proportion of patients
who initially respond to levodopa
seem to gradually lose this benefit.
Most of these patients, however,
retain a so-called long-duration re-
sponse,'5 which is recognized when
the drug is withdrawn for several
days (a "drug holiday"). At such a
time the symptoms of their disease
become much worse than they or
their physicians ever thought possi-
ble, judging from the apparent poor
response they had seen with the
drug. This loss of response or declin-
ing efficacy probably has several
causes. Continuing nigral cell death
accounts for some of this change,
but if this were the only cause, then
these patients would be expected to
do well with the addition of post-
synaptic-acting dopamine agonists
(e.g., pergolide or lisuride), which
bypass the dying presynaptic nigral
neurons. All too often, though, the
response to these agents is not strik-
ing, if indeed it is seen at all.
When given for long periods levo-

dopa and other dopamine agonists
may desensitize or "down regulate"
the patient's dopamine receptors, re-
sulting in loss of response (although
this is often not a true loss). With-
drawal of the drug might allow
these receptors to be resensitized,
and this is the theoretical basis for
drug holidays.'6 Unfortunately, this
approach does not improve respon-
siveness to the drug in many pa-
tients, and it is not without signifi-
cant complications.'7

Loss of striatal neurons, possibly
because of transsynaptic degenera-
tion, with subsequent reduction in
the number of receptors for dopa-
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mine, has been documented in some
postmortem studies.'8 This could ac-
count for a loss of levodopa's effica-
cy and the failure of other dopamine
agonists. Degeneration of other
areas of the nervous system could
also contribute to the loss of drug
responsiveness in some unknown
way.

Levodopa metabolism produces
several compounds that can inter-
fere with the subsequent response to
the parent compound. One example
is 3-0-methyldopa, which competes
with levodopa for the blood-brain-
barrier transport mechanism for
neutral amino acids.'9 Levodopa
may also increase the production of
free radicals or other toxins (e.g.,
dopa quinones and 6-hydroxydopa-
mine), which might speed the pro-
gression of the disease through fur-
ther cell damage.2 The possibility
that levodopa actually speeds dis-
ease progression and the develop-
ment of other long-term complica-
tions is leading investigators to ques-
tion the early use of the drug.

Involuntary movements
(dyskinesias)

Long-term levodopa therapy is as-
sociated with a number of other
complications. In over 80% of pa-
tients treated for longer than 5 years
a wide range of involuntary move-
ments or dyskinesias develop, rang-
ing from orofacial chewing move-
ments to wild ballistic flinging
movements of the limbs. Some pro-
longed dystonic spasms (frequently
in the foot) may be painful and
quite disabling.202' Dyskinesias most
frequently occur at the time of
the drug's peak action, but after
many years of treatment some
patients have involuntary movements
throughout the entire period in
which they respond ("square-wave
response") or whenever they are
excited or concentrating. Patients
who fail to improve with each dose
(so called short- or medium-dura-
tion responses)'5 may still have dys-
kinesias that develop without any
associated change in their mobility.
In some patients, especially those in
whom the onset of disease was early,
dyskinesias occur both a short time
after the drug is taken (before any
benefit is seen) and again as the
effect of the drug begins to wane;

these are often called diphasic or
"beginning and end-of-dose" dys-
kinesias.2223 Unlike the "peak-dose"
dyskinesias, which abate when the
dose of levodopa is lowered, dyspha-
sic movements are often aggravated
by this maneuver. Shortening the
interval between doses or using a
longer-acting drug, such as bromo-
criptine or the dopamine agonist
pergolide, may reduce the incidence
or the severity of this type of dys-
kinesia.

Freezing

A sudden, short-lived (lasting sec-
onds to minutes) inability to carry
out certain actions, known as "freez-
ing", may develop, usually later in
the course of the disease. This is
most commonly seen when the pa-
tient tries to walk ("start hesita-
tion") or while walking, but it may
also occur while speaking or using
the hands (e.g., in writing). This is
the phenomenologic converse of
"kinesia paradoxica", the well
known situation in which very dis-
abled, apparently chair-bound pa-
tients may be able to rise and move
quickly for a short time when faced
with an emotionally charged situa-
tion. The pharmacologic basis of
these spontaneous fluctuations is not
known, but norepinephrine deficien-
cy has been proposed as a factor in
freezing, and one group of investiga-
tors has reported improvement with
a norepinephrine precursor, DL-
3,4-dihydroxyphenylserine (DL-
threo-DOPS).24 However, others
have not had success with this com-
pound.25 On the whole, freezing
tends to be extremely resistant to all
forms of therapy; indeed, in some
patients it may even be aggravated
by the newer ergot-derived dopa-
mine agonists.

Fluctuations

Clinical features and mecha-
nisms: In addition to involuntary
movements and freezing accounting
for fluctuations in a patient's condi-
tion, the parkinsonian state itself
may change several times per day.
The transition between normal mo-
bility, or the "on" state (frequently
with superimposed dyskinesias), to a
chair- or bed-bound state due to
severe parkinsonism ("off') may

occur with frightening speed, taking
only seconds or minutes.* Usually
these fluctuations are predictable
because they are related to the
drug's wearing off ("end-of-dose de-
terioration"). However, several fac-
tors that influence the pharmacoki-
netics of levodopa can make these
fluctuations less predictable. Eating
may slow or prevent the drug's ab-
sorption,26 and proteins containing
large, neutral amino acids (e.g., leu-
cine, isoleucine or phenylalanine)
will interfere with the transport of
levodopa across the blood-brain
barrier.26 Metabolites such as
3-0-methyldopa may also interfere
with a "smooth" response. It has
also been postulated that the dopa-
mine receptors can become exces-
sively depolarized and unresponsive
to dopamine stimulation ("depolar-
ization block"),27 but this hypothesis
has been disproven with intravenous
infusions of levodopa2628 and the par-
enteral administration of dopamine
agonists, such as apomorphine.29
These studies have shown that pa-
tients retain their responsiveness to
dopamine stimulation during the
"off' period. Another factor many
patients and their families recognize
as precipitating an unexpected "off'
period is a change in emotional
state, such as an increase in anxiety.
Aside from the fluctuations that are
precipitated by amino-acid competi-
tion for blood-brain barrier trans-
port, many "off" periods are elimi-
nated by the intravenous infusion of
levodopa, which maintains steady
blood levels. However, those that are
precipitated by anxiety or emotions
are not.26 This factor will probably
be a major stumbling block to the
development of new strategies for
managing patients with severe fluc-
tuations.

Therapeutic approaches: At pres-
ent we have only a few treatment
options when faced with these prob-
lems. Shortening the interval be-
tween doses of levodopa in those
patients with the "wearing-off"
phenomenon usually helps. Howev-
er, the duration of the drug's clinical
action will continue to shorten. This

*The term "on-off' phenomenon is best
reserved for the rapid and unpredictable
fluctuations from the "on" to the "off' state,
and frequently vice versa, that occur without
an intervening dose of levodopa.
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may reflect the decrease in the ca-
pacity for storage of dopamine as
the disease progresses and nigral
cells degenerate. Dopamine synthe-
sized from levodopa may then be
released or utilized immediately;
this would account for the shorter
duration of benefit. (As mentioned
earlier, there is often a less notice-
able "long-duration response",
which probably does not rely on the
conventional intraneuronal storage
of dopamine.)

Drugs with a longer duration of
action than levodopa are being in-
vestigated. Most of these are ergo-
line derivatives that act directly on
postsynaptic dopamine receptors. At
present bromocriptine is the only
one of these available for general
use. Unlike many of the more re-
cently developed ergot derivatives,
bromocriptine seems to require the
intact presynaptic dopaminergic
neuron (i.e., the nigral neuron,
which is degenerating in Parkinson's
disease) for some of its action.30
Bromocriptine treatment may help
reduce the frequency of fluctuations
but is often unsuccessful or results
in troublesome side effects, such as
gastrointestinal upset, orthostatic
hypotension and psychiatric distur-
bances.

Lisuride, another ergoline, has the
distinct advantage of being soluble
in water. It can be given intrave-
nously for infusional studies or in
the perioperative period, when pa-
tients are unable to take drugs by
mouth.3` Unfortunately, it is short
acting and highly metabolized on its
first pass through the liver; although
some investigators have reported a
benefit,32 its effectiveness when given
orally to patients with fluctuations
in the parkinsonian state may be
limited.33 It may be possible to ad-
minister such drugs with an ambula-
tory infusional pump system similar
to that under trial with insulin in
diabetic patients.

Pergolide is a long-acting, potent
dopamine agonist, and it seems to be
the most useful of the newer agents.
Although striking improvements in
the duration of the "on" state may
be seen with this drug, up to half of
the patients subject to fluctuations
and resistant to other treatments fail
to obtain much benefit.34
One dopamine receptor antago-

nist, domperidone, can also play a

role in treatment. Domperidone does
not (for the most part) cross the
blood-brain barrier but may im-
prove or prevent the "peripheral"
side effects caused by dopamine
agonists, such as nausea and vomit-
ing35 and cardiac arrhythmias.34
Some patients who have persistent
gastrointestinal side effects from le-
vodopa that do not lessen with the
substitution of a 4:1 preparation of
levodopa and a peripheral dopa de-
carboxylase inhibitor (e.g., Sinemet
100/25 or Prolopa) may benefit
from domperidone. Domperidone
also has been found to reduce the
delay in response seen with oral
doses of levodopa, which occasional-
ly presents a therapeutic problem.
This action may be mediated by
blockade of the gastric dopamine
receptors, which would normally
delay stomach emptying and thus
retard the absorption of levodopa
from the small bowel.36
Another way to prolong the clini-

cal effect of levodopa and alleviate
the problem of fluctuations in some
patients would be to limit the rate at
which dopamine is metabolized.
Since monoamine oxidase (MAO)
figures largely in this process, stan-
dard MAO inhibitors should prove
useful, but when they were first
given with levodopa hypertensive
crises resulted (the "cheese ef-
fect").37 It is now known that MAO
is present in two subtypes, A and B,
and that dopamine is metabolized
by the B form. Deprenyl is a selec-
tive MAO-B inhibitor, but its effects
are complicated and cannot be ex-
plained solely on that basis.38 Vari-
able results have been reported
when this drug is used in combina-
tion with levodopa in Parkinson's
disease. The most consistent im-
provement is seen in the fluctuations
that occur predictably, when the
effects of levodopa are wearing
off.39'40 The unpredictable "on-off'
phenomenon may even be aggravat-
ed.40 Birkmayer and colleagues4'
have also claimed that patients who
are losing their initial benefit from
levodopa have improved, but this
effect has yet to be substantiated.

Psychiatric disturbances

In addition to the loss of response
to levodopa, the involuntary move-
ments and the fluctuations, a further

"central" side effect of long-term
levodopa therapy has been the devel-
opment of psychiatric disturbances.
These may occur on a continuum,
beginning with the reversal of the
patient's sleep pattern and the oc-
currence of vivid dreams or night-
mares.42 The patient's spouse may
report a disturbed sleep pattern,
with motor restlessness and calling
out, for which the patient has no
recollection. (Spouses frequently
comment that during these episodes
the patient's speech is strikingly nor-
mal in volume and clarity, whereas
in the waking state severe dysarthria
and dysphonia may be present.) Illu-
sions and, later, hallucinations with
a clear sensorium may develop. Ini-
tially these are often a carry-over
from dreams upon awakening, but
later they may be present while the
patient is awake and be unassociated
with drowsiness or sleep. Later still,
a full-blown psychotic state with
paranoia or vivid hallucinations may
develop. All of these effects are
much more common in patients suf-
fering from additional dementia.
The pharmacologic mechanisms

for the development of these psychi-
atric disturbances are unknown.
Several hypotheses relate to alter-
ations in serotonergic, as well as
dopaminergic, systems. These side
effects remain a major cause of
disability late in the course of Par-
kinson's disease. Since they are fre-
quently precipitated by the addition
of one of the dopamine agonists,
such as bromocriptine, they are
often the limiting factor in the use
of these drugs or in increasing the
dose of levodopa for disabling par-
kinsonian features. Drug holidays
may relieve the psychiatric side ef-
fects, but in our experience most
patients eventually require a return
to the preholiday doses. The psychi-
atric features then frequently recur.
Some patients who require higher
doses of levodopa to maintain their
mobility may benefit from regular,
shorter drug holidays, carried out in
supervised surroundings. Others
may require small doses of a neuro-
leptic, such as thioridazine, which
seems to induce less parkinsonism
than other, more potent antipsychot-
ic agents. Newer, more selective
antipsychotic drugs now being stud-
ied in schizophrenia may prove use-
ful for these difficult problems.
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Dopamine receptors

It is possible that the various side
effects of the dopamine agonists that
we have outlined are related to dif-
ferences in the actions of these drugs
on different types of dopamine re-
ceptors. There may be more than
one type of receptor for dopamine,
as is the case for other transmitter
substances, such as epinephrine and
histamine. Up to five subclasses
have been proposed, but most of the
data favour there being two major
classes of dopamine receptor.43 At
least one of these receptors can exist
in two different states (high affinity
and low)." The D, receptor is linked
to the activation of adenylate cy-
clase, while the D2 receptor is not.
Stimulation of the D2 receptor ap-
pears to be important for the relief
of parkinsonism. Clinical study of
the recently developed D, and D2
antagonists45 should help us under-
stand the relations between these
receptors and the antiparkinsonian
and various side effects of these
drugs. Such an understanding might
allow us to develop antiparkinsonian
agents that are free from serious
complications or drugs that can
counteract the side effects of these
agents without increasing the symp-
toms of parkinsonism.

When and how to begin therapy

Because there are obviously a
number of disabling long-term com-
plications of levodopa therapy, and
even reason to believe that it could
speed the loss of cells, the controver-
sial question of when to start giving
levodopa has recently received much
attention. Two opposing views have
been voiced. Lesser and collabora-
tors46 and, more recently, Fahn and
Bressman47 have argued that the
progression of disease and the devel-
opment of levodopa-associated com-
plications are correlated more with
the duration of levodopa treatment
than with the duration of the dis-
ease. These authors favour starting
levodopa therapy only when parkin-
sonian symptoms are beginning to
threaten the patient's employability
or social life, and only after less
potent drugs, such as amantadine
and anticholinergics, have been
found to be ineffective or contraindi-
cated. On the other hand, Markham

and Diamond48 reported that the loss
of levodopa's efficacy correlates bet-
ter with the duration of the disease
than with the duration of the thera-
py (Fahn and Bressman4` criticized
the Parkinson rating scale upon
which this argument is based). Mu-
enter,49 in reviewing his extensive
experience with fluctuations in the
parkinsonian state, has argued that
the development of many of these
problems is related to the severity of
the disease rather than to the dura-
tion of levodopa therapy.
MPTP causes severe nigral cell

degeneration and, concomitantly, se-
vere signs of parkinsonism at an
early stage. Levodopa treatment of
MPTP-induced parkinsonism in hu-
mans (and other primates) is associ-
ated with the very early develop-
ment of dyskinesias and fluctua-
tions.7 This gives us further reason
to believe that it is the severity of
the disease rather than the duration
of treatment that explains many of
the late-stage problems seen in idio-
pathic Parkinson's disease. Those
subscribing to this viewpoint favour
the early use of levodopa, when the
patient has become aware of mild
but disabling symptoms. They argue
that withholding levodopa at this
time would deprive the patient of
the drug's action during the very
period of its maximum benefit.
At present no definitive answer

can be given as to when levodopa
therapy should be started. However,
both camps agree that early, mild
symptoms causing no disability do
not warrant treatment. When treat-
ment is instituted most physicians
use the lowest dose needed to obtain
the required reduction in disability
without attempting to completely
abolish all the signs of parkinsonism.

In a small number of studies of
bromocriptine as the initial drug in
previously untreated patients, fluc-
tuations failed to develop and invol-
untary movements developed in only
a small proportion of the patients in
follow-up periods as long as 5
years.510' Many of the patients treat-
ed in this way, however, did not
maintain a useful response to the
drug. Criticisms of these studies
have suggested that the patients who
took bromocriptine alone for 5 years
were likely to have had milder cases
of the disease; serious problems
might not have developed had they

been treated cautiously with levodo-
pa. Only comparisons of ergot deriv-
atives and levodopa in larger series
of new patients will resolve this
question. Teychenne and associates52
advocated using bromocriptine in
low doses (less than 20 mg). Howev-
er, most investigators have found
such low doses helpful in only a
small minority of cases. Most pa-
tients require between 20 and 80 mg
per day, depending on the severity of
the disease. Because many patients
fail to obtain as good a response
with ergot derivatives as they might
with levodopa, Calne and cowork-
ers53 recently proposed combining
low doses of levodopa with bromo-
criptine in hopes of reducing the
incidence of later complications.

Dementia

Dementia is one important fea-
ture associated with Parkinson's dis-
ease that seems independent of drug
therapy. However, the psychiatric
side effects of antiparkinsonian
drugs, particularly the anti-
cholinergics, are much more fre-
quent in patients with pre-existing
cognitive disturbances. Although it
was infrequently discussed before
levodopa came into use, dementia is
now said to be present in 30% to
90% of patients, depending on the
population studied and the criteria
used.54 Disturbances of higher men-
tal function are probably multifac-
torial.
The mental state of some patients

with dementia associated with Par-
kinson's disease is indistinguishable
from that seen in Alzheimer's dis-
ease: there are prominent apraxias
and language difficulties, in addition
to generalized cognitive distur-
bances. These patients may, in fact,
be suffering from both Alzheimer's
disease and idiopathic Parkinson's
disease. Hakim and Mathieson55
have reported that the changes of
Alzheimer's disease are more fre-
quent in the brains of patients with
Parkinson's disease than in those of
controls. Many of the clinical fea-
tures of dementia in this group and
even in those without the changes of
Alzheimer's disease56 may be ex-
plained by degeneration of acetyl-
choline-containing neurons in a re-
gion of the brain known as the
nucleus basalis of Maynert,57 which
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is the main source of widespread
cholinergic innervation to the cere-
bral cortex. Cortical acetylcholine
deficiency might account for some
of the disturbances in mentation,
particularly memory. On the other
hand, most patients with Parkinson's
disease and dementia are much less
severely affected than are those with
Alzheimer's disease,58 and they may
show a different pattern of neuro-
psychologic deficit.59
Two other neurochemical distur-

bances present in parkinsonian
brains might account for some of
these features. First, norepinephrine
may be important to memory,60 and
degeneration of the locus ceruleus of
the pons in Parkinson's disease sub-
stantially reduces its levels in the
brain. Second, dopaminergic neu-
rons in the ventral tegmental area of
the midbrain project to the frontal
and limbic regions (forming the me-
socortical and mesolimbic dopami-
nergic pathways). The cells of the
ventral tegmental area also degener-
ate in Parkinson's disease,6' and the
reduction of the dopamine content
in these projections could account
for some of the neuropsychologic
abnormalities seen in this disease.

Finally, the substantia nigra proj-
ects to both the putamen and the
caudate nucleus. The putamen is
closely linked to the motor system,62
but the caudate projects (via the
thalamus) to association areas, par-
ticularly the prefrontal and parietal
cortex, and receives most of its corti-
cal projections from these same re-
gions.63 The caudate seems to be
more involved in the behavioural
and cognitive realm than in the
control of movement. Using fluor-
ine- 18-labelled levodopa Garnett
and colleagues` studied cerebral do-
pamine activity with positron emis-
sion tomography (PET). In our pa-
tients with clinical hemiparkinso-
nism they found that the contralat-
eral putamen showed markedly ab-
normal fluorodopa activity, and the
opposite putamen was also often
abnormal, but to a lesser extent,
presumably owing to subclinical dis-
ease; on the other hand, in these
neuropsychologically intact patients
caudate dopamine activity could not
be distinguished from that of normal
controls (personal communication,
1984). Further study concentrating
on caudate activity in cognitively

impaired patients and comparing it
with that in mentally intact patients
matched for duration of disease and
severity of motor signs may help us
understand the contribution of cau-
date dysfunction to the neuropsy-
chologic deficits seen in Parkinson's
disease. This technique also shows
widespread dopamine uptake in the
cerebral cortex, and this may pro-
vide another avenue of investigation.
In addition, PET scanning may
allow us to study dopamine recep-
tors.65 This, too, may further our
understanding of a variety of prob-
lems, including declining drug effi-
cacy and certain side effects of
treatment.

Conclusions

In this review we have attempted
to touch on a number of important
aspects of this complicated and fas-
cinating condition. In emphasizing
the more controversial and pivotal
developments we have omitted sev-
eral other areas. For example, a
great deal of work has been done on
the physiologic aspects of rigidity
and tremor in Parkinson's disease.66-69
In addition, a large number of phar-
macologic approaches have been
used to treat Parkinson's disease or
the complications of levodopa treat-
ment,'0 and experimental surgical
therapy has recently been extended
to include the cerebral implantation
of catecholamine-producing cells.`'
Newer technologies may provide
better methods of delivering dopa-
mine to the brain and of promoting
the regeneration of damaged neu-
rons.36
The last two decades have seen

exciting developments in the field of
Parkinson's disease research. How-
ever, there are still more questions
than answers. With careful clinical
study of new agents and further
research into the causes and mecha-
nisms of cell death, the next two
decades may see us move much
closer to the solution of the "Parkin-
son puzzle".
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