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Although Parkinson’s disease is still incurable, a large number
of different treatments have become available to improve quality
of life and physical and psychological morbidity. Numerous jour-
nal supplements have appeared in recent years highlighting one
or more of these and disparate treatment algorithms have prolifer-
ated. Although these are often quite useful, this “mentor analy-
sis” approach lacks the scientific rigor required by modern evi-
dence-based medicine standards. The Movement Disorder Soci-
ety, with generous but unrestricted support from representatives
of industry, have, therefore, commissioned a systematic review
of the literature dealing with the efficacy and safety of available
treatments. The accompanying treatise is the result of a scrupu-
lous evaluation of the literature aimed at identifying those treat-
ments for which there is sound scientific support to justify their
application (or avoidance) and to highlight where a lack of evi-
dence points to the need for future clinical trials. The introductory
chapter reviews the study methodology while subsequent chap-
ters deal with specific interventions subdividing the evidence un-
der the categories of: prevention of disease progression; symp-

tomatic control of Parkinson’s disease; prevention of motor com-
plications; control of motor complications; and control of non-
motor features. Based on a systematic review of the data, efficacy
conclusions are provided. On the basis of a narrative non-system-
atic approach, statements on safety of the interventions are given
and finally, a qualitative approach is used to summarize the impli-
cations for clinical practice and future research.

This mammoth task has taken two years to complete and the
task force members, principal authors and contributors are to be
congratulated for their outstanding work. Physicians, the
Parkinson’s disease research community and most of all patients
themselves should welcome and embrace the salient findings of
this report as an effort to improve clinical practice. It is hoped that
this supplement will serve as a landmark in the treatment of
Parkinson’s disease, not only encouraging ongoing excellence in
patient care but also providing guidance in the development of
future research studies designed to fill the identified gaps in our
current knowledge base.

Anthony E. Lang, MD, FRCPC
Andrew Lees, MD, FRCP

Co-Editors-in-Chief

*Produced by a task force commissioned by The Movement Disorder Society
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Introduction

Many therapeutic interventions are available for the manage-
ment of Parkinson’s disease including drugs, surgical interven-
tions and physical treatments. They are not equally accessible and
their real clinical value, as measured by their impact on clinically
relevant outcomes, has not always been established through high
quality, randomized, controlled clinical trials. In contrast, some
therapeutic interventions have been well studied in controlled clini-
cal studies and appear to be underused (as evidenced in other
medical fields1). This underuse may actually be due to the lack of
awareness of the supporting clinical evidence that is documented
in the medical literature. Furthermore the research programs on
specific therapeutic interventions or procedures are frequently es-
tablished by industry as part of the drug development process and
not necessarily to fill gaps in the available clinical evidence.

To identify areas that are understudied and/or where evidence
is lacking, a clear understanding of what has been established
through clinical research is required. The tools used in evidence-
based medicine are useful in this context.

Evidence-based medicine2 is a neologism. As such, many dif-
ferent meanings for the same concept may be intertwined in the
reader’s mind. To clarify this, we accept in this review the original
definition proposed by Sackett and colleagues3:

“Evidence-based medicine (EBM) is the integration of best re-
search evidence with clinical expertise and patients values; by best
research evidence it is meant clinically-relevant research, often
from the basic sciences of medicine, but especially from patient
centered clinical research into the accuracy and precision of diag-
nostic tests (including the clinical examination), the power of prog-
nostic markers, and the efficacy and safety of therapeutic, reha-
bilitative and preventive regiments.”

The Movement Disorder Society (MDS) in order to contribute
to the practice of EBM has commissioned an evidenced-based re-
view of current pharmacological and selected non-pharmacologi-
cal practices commonly used to manage patients with PD. To this
end, a task force of clinical movement disorder experts and clini-
cal pharmacologists was established. Members of this task force
were the principal authors and co-authors of this document. The
challenge lay in the fact that for many treatments currently avail-
able, effect sizes or risk-benefit relationships have not been sys-
tematically studied in well-designed controlled trials. A coordi-
nated effort was undertaken to review the published information
available to date, and determine the benefits and limitations of dif-
ferent pharmacotherapies and treatment strategies for managing
patients with PD. To achieve this goal, a couple of strategic op-
tions were considered in order to limit the task to a realistic amount
of work. In this chapter those strategic options and the methodol-
ogy followed are described.

STRATEGIC OPTIONS
A systematic review is a research program organized around a

clearly formulated and focused question. A systematic review is
also characterized by the use of systematic and explicit methods
to identify, select, and critically analyze the relevant studies. Fur-
thermore, the systematic review analyzes and summarizes the data
presented in the studies included in the review.4

Sometimes systematic reviews use meta-analyses to provide a
summarized statistical analysis of the data available. However,
meta-analyses are not a required component for a review to be
systematic. The use of meta-analysis is considered optional and
should be viewed as an available tool.

In this project, each chapter aims to be a systematic review of
the efficacy of each of the therapeutic interventions identified. The
safety discussion within these chapters uses a narrative, unsys-
tematic approach due to the complexity of the literature published
to date on safety of the different therapeutic interventions. This is
an obvious limitation of the work.

The most relevant clinical questions addressed during a sys-
tematic review are questions centered around specific medical
problems, symptoms or processes, and not necessarily on the effi-
cacy of therapeutic interventions outside a specific context. How-
ever, there are some advantages in using therapeutic interventions
as the organizational center of the review instead of the clinical
problem. This approach reduces the complexity of the review al-
lowing each chapter to focus on a simple topic, while meeting the
generic aims of this project. Thus, single treatments are reviewed
independently instead of management strategies that may involve
a multitude of treatment options at the same time or in sequence.

Practices and treatments for management of Parkinson’s dis-
ease vary worldwide, and are limited by individual treatment set-
tings and resources. Therefore, this document does not provide
practice guidelines because such guidelines are much more ap-
propriately developed by local or regional institutions.5

This evidence-based review does not include quantitative sum-
maries (no meta-analyses were conducted) of the different data
sets. The main reason to avoid quantitative summaries was the
overwhelming workload of such a task.  The qualitative approach,
such as the one undertaken here, is anyhow an important contri-
bution to highlight the evidence available and it facilitates the in-
clusion of some subjectivity and expert opinion. This is explicitly
limited to the two sections within each chapter entitled: (1) Impli-
cations for Clinical Practice, and (2) Implications for Future Re-
search.

It is worth noting that in some instances the conclusions herein
may differ from the available Cochrane reviews6 on the same topic.
When these conclusions differ, this review may be considered less
conservative than The Cochrane Reviews. This reflects the differ-
ences in the methodology used. Cochrane reviews (1) are more
comprehensive as based on a broader sources of data retrieved
(with less publication and language selection bias; further described
below), (2) use meta-analysis when possible, and (3) limit conclu-
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sions to the boundaries of evidence reviewed, thereby avoiding
subjectivity.7

The merit of both approaches is the transparency – defined as
including full description of the methods, disclosure of the criteria
for evidence retrieval, and a clear understanding on how conclu-
sions are reached. This transparency makes it easier for the read-
ers to spot differences between two approaches and allows their
own interpretation of the data presented. Conclusions drawn from
these reviews are aimed to provide generic guidance, as based on
the evidence available to date.

This review suffers from some methodological limitations. Is-
sues that might favor selection bias include exclusion of papers
published in languages other than English. Specifically, selecting
papers published only in English induces publication bias and lan-
guage bias, both of which tend to inflate positive results.8,9 Publi-
cation bias is reflected in the fact that the results from negative
clinical trials often are unpublished or not published as full papers
in English-language journals.10

Another limitation is that the primary source of evidence were
electronic databases, which provides incomplete lists of papers.11

For Level-II and III studies (defined below), the risk of missing
relevant papers is greater than with Level-I studies because there
is an increasing likelihood that studies of a more descriptive,
nonrandomized, or uncontrolled designs are published outside of
mainstream, peer-reviewed journals.

Despite these limitations, self-contained evidence-based re-
views, such as this report, are still an important tool because they
provide, within a single publication, a critical analysis of the ex-
tensive evidence available to physicians. Self-contained evidence-
based literature reviews serve as a “guided tour” through the lit-
erature of the more “visible” papers published. Additionally, these
evidence-based reviews often put the data into clinical practice
perspective, as related to other evidence published in the field. In
this light, evidence-based reviews allow a more comprehensive
understanding of the scientific basis of clinical decisions as com-
pared to a random assembly of studies that physicians access
through independent efforts.

AIMS AND GOALS
The aim of this evidence-based review is to evaluate the evi-

dence published to date and to provide assessments on the clinical
efficacy, safety, and implications for clinical practice regarding
the treatment of PD.

The specific goals are:
(1) Review the literature and identify the clinical evidence that
supports specific treatments commonly used for treatment of PD;
(2) Determine which studies are scientifically sound so they can
be used as evidence to support or condone specific treatments in
clinical practice; and
(3) Identify where specific evidence is lacking so future research
efforts may be directed toward addressing these specific areas of
need.

Treatments identified for inclusion in this review were based on
consensus among the authors and for each type of intervention the
evidence was reviewed regarding aspects of symptomatic man-
agement and – where appropriate – also regarding prevention of
disease progression (table 1):

Table 1 Specific Treatments Reviewed

Indication

• Prevention of disease progression
• Symptomatic control of parkinsonism
• Prevention of motor complications
• Control of motor complications
• Control of non-motor complications

Type of intervention

Drug treatment
• Amantadine
• Anticholinergics
• Levodopa
• MAO-B inhibitors
• COMT inhibitors
• DA agonists

* Ergot-compounds
- Bromocriptine
- Cabergoline
- Dihydroergocryptine
- Lisuride
- Pergolide

* Non-ergot compounds
- Apomorphine
- Piripedil
- Pramipexole
- Ropinirole

• Drugs used to control autonomic dysfunction
- Hypotension
- Urinary dysfunction
- Gastrointestinal dysfunction

• Drugs used to control neuropsychiatric dysfunction
- Treatment of depression
- Treatment of dementia and psychosis

Surgical treatment
• Deep brain surgery
• Neural transplantation

Physical and psychosocial treatment
• Physical therapy
• Psychosocial counseling
• Speech therapy

METHODS
IDENTIFICATION OF PUBLISHED

MATERIAL
Literature searches were done using electronic databases includ-

ing Medline (1966-20001), the central database in the Cochrane
Library (1948-20002), and systematic checking of reference lists
published in review articles and other clinical reports. Papers se-
lected for review met the following inclusion/exclusion criteria
with special exceptions noted in each of the respective chapters:

INCLUSION CRITERIA
· Randomized study
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· Non-randomized controlled or non-controlled, prospective or
retrospective study
· Patients with an established diagnosis of Parkinson’s disease
· Established scales for measuring target symptoms
· Minimum of 20 patients
· Minimum of a 4-week treatment period
· Study report published in English
· Full paper citation

EXCLUSION CRITERIA
· Insufficient patient number
· Diagnosis not stated or not clear
· Duplicated patient series
· Technical information reports (reports describing the charac-
teristics and the operational parameters of an intervention and
where the evaluation of outcomes is non-existent or circumstan-
tial)
· Use of non-validated or unconventional outcome measures
· Uncertain length of follow-up
· Incomplete follow-up
· Unable to track patient subgroups in the report (e.g., which pa-
tient had PD vs. other diagnosis; or which patients had unilateral
vs. bilateral procedures)
· Non-English publication
· Abstract, review, or chapter

Further studies were also classified from a pragmatic clinical
application perspective based on the putative clinical outcomes
assessed in each study. Some studies had multiple endpoints and
needed to be assessed independently for each of these clinical in-
dications. The clinical indications considered include:
(1) Prevention of disease progression,
(2) Symptomatic control of Parkinson’s disease,
(3) Prevention of motor complications,
(4) Control of motor complications, and
(5) Control of non-motor complications (autonomic dysfunction,
depression, psychosis)

EFFICACY EVALUATION
CLASSIFICATION OF EVIDENCE

This review is based in a hierarchical organization of evidence.12

Randomized controlled trials (RCT), if methodologically sound,
are considered least biased and, thus, the most valid studies pro-
viding clinical evidence. The next level of evidence is supported
by non-randomized, controlled clinical trials (CCT), followed by
observational controlled studies (cohort and case-control studies).
The lowest level of evidence considered was non-controlled case
series. Clinical evidence was classified into three levels (Table 2).
If sufficient RCTs were available (Level-I studies), studies with
lower levels of evidence were only considered secondarily to am-
plify but not establish efficacy. In instances where RCTs did not
exist, lower levels of evidence were used as the primary sources,
but the conclusions were necessarily less firm.

Table 2 Level of Evidence

Level of Evidence Definition

Level-I studies Randomized, controlled trials

Level-II studies Controlled clinical trials or
observational controlled
studies such as cohort or case-
control studies

Level-III studies Non-controlled studies like
case series

RATING OF THE STUDY QUALITY SCORES
All Level-I studies were rated for study quality. The study qual-

ity score was derived from a list of key methodological topics,
according to a published checklist13, relevant for determining the
methodological soundness of the trial (Table 3). A percentage score
(not absolute values) was calculated for each study and is used as
an indicator of the overall quality of the study. To assure consis-
tency across studies, all the ratings were done by two of three com-
mittee members (OR, JF, CS). The differences in scores were re-
viewed and a consensus reached among the three reviewers.

A rating score, obtained as described above, was included for
each Level-I study reviewed. This option deserves explanation be-
cause interpretation of a “quality score” might be tricky and use-
less if the reader is not familiar with the assessment used to create
the score. In this review, the quality scores are descriptive vari-
ables, and they were not used to select the studies that were ana-
lyzed. As such, quality scores are useful. Particularly because when
considering multiple Level-I studies, quality scores are helpful in
stratifying the studies based on the strength of the evidence rela-
tive to the overall body of evidence being considered.
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Yes Unclear/ No N/A
Possibly

RESULTS
1. Is an estimate of the treatment effect given 2 1 0 N/A

2. Is it of clinical importance 2 1 0 N/A

3. Is the estimate of treatment effect sufficiently precise 2 1 0 N/A

VALIDITY: SELECTION
4. Was the spectrum of patients well defined? 2 1 0 N/A

5. Was the diagnosis of the disease well defined? 2 1 0 N/A

6. If pragmatic, were suitably abroad eligible criteria used? 2 1 0 N/A

7. If explanatory, were eligibility criteria suitably narrow? 2 1 0 N/A

MEASUREMENT
8. Was assignment to treatments stated to be random? 2 1 0 N/A

9. If yes, was the method of randomization explained? 2 1 0 N/A

10. Were all patients accounted for after randomization? 2 1 0 N/A

11. Were losses to follow-up low (<10)? 2 1 0 N/A

12. Were the treatment groups similar in important factors at the start of the trial? 2 1 0 N/A

13. Were all patients otherwise treated alike? 2 1 0 N/A

14. Were patients, health care workers and investigators “blind” to treatment? 2 1 0 N/A

15. Was assessment of outcome “blind”? 2 1 0 N/A

16. Was the occurrence of side effects explicitly looked for? 2 1 0 N/A

17. If yes, were estimates of their frequency/severity given? 2 1 0 N/A

STATISTICAL ANALYSIS
18. Was the main analysis on “intention to treat”? 2 1 0 N/A

19. If no, was a sensitivity analysis performed? 2 1 0 N/A

20. Were additional clinically-relevant factors allowed for? 2 1 0 N/A

21. Were appropriate statistical methods used? 2 1 0 N/A

22. Were any “unusual” methods used? 2 1 0 N/A

23. If subgroup analyses were done, were they explicitly presented as such? 2 1 0 N/A

UTILITY
24. Do the results help me choose treatment? 2 1 0 N/A

TOTAL (add ringed scores above): (A)

No. of questions which actually applied to this article (maximum=24): (B)

Maximum possible score (2 X B) (C)

OVERALL RATING (A/C expressed as a percentage) %

N/A=not applicable establishing conclusions

Introduction

Table 3 Rating Scale for Quality of Evidence
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SAFETY EVALUATION14

As previously mentioned, safety profiles and tolerability of
the interventions considered are described using a narrative, non-
systematic approach14. The clinical information used to make an
overall safety evaluation included:
· Adverse reactions reported in the trials analyzed in this review,
· Adverse reactions described in the product information docu-
ments, which differed among countries for some products,
· Regulatory measures taken by country or regional authorities
based on safety and tolerability profiles of the treatment, and
· Literature reports based on non-systematically searched papers.

The safety descriptions are limited due to the paucity of data
available in the literature, as well as limitations in our approach.
Nevertheless, reviews of safety data were summarized as far as
possible.

EVIDENCE-BASED CONCLUSIONS
Assessments of efficacy and safety for each therapeutic inter-

vention were made followed by specific implications for use in
clinical practice and for future clinical research. Where no evi-
dence was available specifically relevant for patients with PD, this
was clearly stated. A standardized wording was used to describe
conclusions in order to avoid insurmountable subjectivity and in-
consistencies across chapters. This wording is defined in Table 4.

Table 4. Definitions for specific recommendations

Efficacy Conclusions Definition Required Evidence
Efficacious Evidence shows that the intervention has Supported by data from at least one high-

a positive effect on studied outcomes quality (score > 75%) RCT without
conflicting Level-I data

Likely efficacious Evidence suggests, but is not sufficient Supported by data from any Level-I trial
to show, that the intervention has a positive without conflicting Level-I data
effect on studied outcomes

Unlikely efficacious Evidence suggests that the intervention Supported by data from any Level-I trial
does not have a positive effect on studied without conflicting Level-I data
outcomes

Non-efficacious Evidence shows that the intervention does Supported by data from at least one high-
not have a positive effect on studied quality (score > 75%) RCT without
outcomes conflicting Level I data

Insufficient evidence There is not enough evidence either for All the circumstances not covered by the
or against efficacy of the intervention in previous statements
treatment of Parkinson’s disease

Safety
Acceptable risk without specialized monitoring

Acceptable risk, with specialized monitoring

Unacceptable risk

Insufficient evidence to make conclusions on the safety of the intervention

Implications for Clinical Practice
Clinically useful For a given situation, evidence available is sufficient to conclude that the intervention

provides clinical benefit

Possibly useful For a given situation, evidence available suggests, but insufficient to conclude that the
intervention provides clinical benefit

Investigational Available evidence is insufficient to support the use of the intervention in clinical practice,
but further study is warranted

Not useful For a given situation, available evidence is sufficient to say that the intervention provides
no clinical benefit

Efficacy unlikely Evidence suggests that the intervention does not have a positive effect on studied outcomes.
Supported by data from any Level-I trial without conflicting Level-I data
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WRITING PROCESS
A first meeting was held to discuss the principal format of the

review and its methodology. Specific research tasks were assigned.
For subsequent meetings, a smaller writing committee (principal
authors) was formed and assigned the task of the primary prepara-
tion of the document with other participants taking on the role of
co-authors. Additional contributors were recruited for specific fo-
cused tasks including internal quality control and quality ratings
of Level-I trials. Following numerous face-to-face sessions and
telephone conferences of the writing committee and prior to final-
ization, the document was peer-reviewed by the MDS Scientific
Issues Committee and International Executive Committee. In ad-
dition, drug companies involved in the interventions reviewed were
invited to check respective parts of the document for identifica-
tion of published studies not identified by the committee. Com-
ments received were addressed by the principal authors.

FINAL COMMENT
In the treatment of PD, there are many different decisions that

health care providers make regarding symptomatic management,
disease progression considerations, treatment of secondary con-
ditions, and long-term quality-of-life implications. Consequently,
efforts to better understand treatments that are proven effective
and safe through systematic reviews will help influence clinical
decisions for the optimal care for patients with PD disease.

Equally important, physicians and researchers need to have a
clear understanding of those treatments that are: (a) not well stud-
ied specifically in patients with PD, (b) ineffective, or (c) unsafe.
Furthermore, ongoing efforts to improve the quality of published
evidence will only happen with critical reviews such as this that
evaluate what studies are of sufficient quality to make treatment
recommendations for patients with PD.

This review summarizes the published clinical evidence sup-
porting the use of therapeutic interventions for PD. The evaluation
panel recognised that its conclusions are constrained by some fac-
tors. Inclusion criteria to incorporate trials into the review process
were chosen arbitrarily. Publication practices bias toward reports
with favorable results. The database analysis was closed in Janu-
ary 2001 and it is expected that more recently published trials and
future RCTs will permit modifications of conclusions in this on-
going effort.1 This might be true for the most recent interventions,
but is less likely to happen for older ones. The few RCTs identi-
fied with the older medications, like anticholinergics, amantadine
and the first generation of dopamine agonists, were conducted in
times when technical solutions to plan such trials were not yet
developed.2 Since then, those drugs went off patent, and there is
no present financial interest in understanding them better. Conse-
quently, conclusions on efficacy are sometimes more favorable
for recently marketed drugs than for older ones, and this reflects
historical factors rather than true clinical differences. Conversely,
years of experience with an older agent offer greater reliability
regarding safety than the short follow-up of recent agents. All along
this review, conclusions were indeed more focused on proof of
efficacy than safety. This problem is explained by the fact that
reviewing RCTs is not the most adequate method to study an
intervention’s adverse reactions, especially the less frequent ones.

The level of evidence allowed to conclude that several inter-
ventions were “efficacious”, but it should be clearly stated that
when an intervention was not classified as efficacious, this only
reflected the fact that there was not enough data from clinical tri-

als to clearly support or refute its efficacy. One important finding
of the project was to identify the numerous situations where data
remained insufficient to conclude on efficacy. This was true for
therapeutic strategies using simultaneous combinations or chro-
nological associations as opposed to single interventions. This was
also true for comparisons between single interventions. If choices
among equivalent therapeutic options will always remain a matter
of clinical expertise and individual preferences, a lot remains to be
done to identify which options are equivalent. There are also in-
sufficient data on long-term outcomes and mortality. The poverty
of the evidence regarding routine interventions, like rehabilitation,
and the treatment of depression, dementia or dysautonomia, is strik-
ing. It is expected that pointing out these insufficiencies will en-
courage the scientific community to conduct the appropriate in-
vestigations to correct such lacunas.
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Anticholinergic Therapies in the Treatment of Parkinson’s Disease

INTRODUCTION
BACKGROUND

Anticholinergics were the first widely accepted treatment for
parkinsonism. Plants containing anticholinergic substances were
already used in ancient Indian medicine for the treatment of a neu-
rological condition, which appears to have been parkinsonism.1 In
1867, Ordenstein first reported their antiparkinsonian effect, which
Charcot had discovered fortuitously when administering tinctures
of deadly nightshade (Atropa belladonna) for excessive salivation
in parkinsonian patients.2

For almost a century, anticholinergics remained the only pos-
sible treatment for parkinsonism. At first, a variety of naturally
occurring solanaceous alkaloids were used, often administered in
the form of wine extracts (Bulgarian belladonna) or cigarettes. For
a long time, the mechanism of action of the anticholinergics was
believed to be due to peripheral muscarinic effects, and it was only
in 1945 that acetylcholine was first proposed to be a central neu-
rotransmitter.3

RATIONALE
In the 1940s and 1950s, the first clinical trials were carried out

with newer synthetic anticholinergics. These early trials included
many postencephalitic patients and generally are not considered
well-designed trials by modern standards. However, they still con-
stitute the majority of existing clinical trials concerning this class
of drug. With the introduction of L-Dopa and increasing aware-
ness of cognitive adverse reactions of anticholinergic drugs, inter-
est in their use waned and the number of clinical trials declined.

The fact that anticholinergic therapy has remained in clinical
use for well over a century, as well as the often remarkable clinical
deterioration of parkinsonian symptoms after their abrupt discon-
tinuation4-6, suggests at least some beneficial effects. Pharmaco-
logical rationale for the use of anticholinergic drugs has been
strengthened by the clear demonstration of dopaminergic-cholin-
ergic antagonism in striatal function.

METHODS
KEY SEARCH ITEMS

Key search items included Parkinson and anticholinergic, or
trihexyphenidyl, benzhexol, biperiden, orphenadrine, procyclidine,
benztropine, bornaprine, ethopropazine, scopolamine,
propantheline, benapryzine, cycrimine, elantrine, antihistamine, or
diphenhydramine.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

· Because of the long history of the use of anticholinergics for
treatment in Parkinson’s disease (PD), the search period was ex-
tended to Cochrane Library 1948-1999; OldMedline 1960-1965;

and Index Medicus from 1927.
· A homogeneous patient population with a diagnosis of idiopathic
PD was not an absolute requirement. This would have excluded
the vast majority of earlier articles in which postencephalitic pa-
tients usually constitute part of the patient population. A large num-
ber of the identified articles date back to the era before generally
accepted criteria for the clinical diagnosis of idiopathic PD. In-
cluded were articles in which more than 50% of patients were clas-
sified as idiopathic. Also the minimum number of patients required
was reduced to 15.
· Because of the paucity of high quality Level-I studies, Level-III
studies were also included.

Articles dealing with the naturally occurring alkaloids are of
historical interest in this context but were not included in the final
evaluation. Early reports on substances that – to the best of our
knowledge – either never came on the market or have not been
licensed anywhere for as far as could be tracked back also were
excluded.

BASIC PHARMACOLOGY
MECHANISM OF ACTION

The precise mechanism of action of the anticholinergics is still
not clear, although it is generally believed that they work by cor-
recting the disequilibria between striatal dopamine and acetylcho-
line activity. In 1967, Duvoisin7 demonstrated that the centrally
acting cholinesterase inhibitor, physostigmine, increased the se-
verity of parkinsonian symptoms, and that these effects could be
antagonized by anticholinergic drugs. Furthermore, it was shown
by Nashold8 that the direct injection during functional neurosur-
gery of acetylcholine into the globus pallidus of patients with PD
resulted in increased tremor in the contralateral extremities, which
was reduced by the subsequent injection of an anticholinergic drug.

Some of the anticholinergic drugs such as benztropine also have
the ability to block dopamine uptake in central dopaminergic neu-
rons. Some substances are predominantly used as antihistaminic
(diphenhydramine) or have been developed as their derivatives
(benztropine), but the antihistaminic properties of those substances
do not contribute to their antiparkinsonian action.

There are two general types of acetylcholine receptors, the mus-
carinic and the nicotinic receptors. The muscarinic receptors are
G proteins-linked receptors and the nicotinic receptors are ligand
gated ion channels. The anticholinergics used in treatment of PD
are specific for muscarinic receptors.

PHARMACOKINETICS
For some of these substances, which have been in clinical use

for many years, formal pharmacokinetic studies in humans have
not been performed, and therefore, some pharmacokinetic data are
not published in the literature. Therefore the data available is lim-
ited, but all the anticholinergics reviewed below are reported as
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being absorbed from gastrointestinal tract after oral administra-
tion, and all are lipophilic thereby allowing CNS penetration.
Trihexyphenidyl reaches peak plasma concentrations in 2 to 3 hours
after oral administration and has a duration of action of 1 to 12h.
Benzotropine has a similar pharmacokinetic profile.

REVIEW OF CLINICAL STUDIES
The primary literature search, as described above, identified

several hundred reports. Of these, 64 were reports on clinical trials
of anticholinergics therapies reporting efficacy results, however,
only 15 studies met the criteria for inclusion for this review.

PREVENTION OF DISEASE PROGRESSION
No qualified articles were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

All 15 identified reports meeting the criteria for inclusion ad-
dressed the use of anticholinergic drugs in the symptomatic man-
agement of parkinsonism. In all subcategories, the numbers of in-
cluded articles were too small and patient populations usually were
not homogeneous enough for a meaningful split among individual
anticholinergic substances. For the same reason, no subdivisions
were made for studies on monotherapy and combination therapy.
The articles are discussed in chronological order in each subcat-
egory.

Level-I Studies
Iivainen (1974)9: In a double-blind, cross-over study of

bornaprine (8 mg/day) vs. placebo (six weeks for each treatment
period) in 20 patients with mild to severe PD, the authors found a
statistically significant reduction of resting tremor and postural
tremor but no significant effect on rigidity and hypokinesia (this
study used the author’s own rating scales). Results are not pre-
sented in absolute figures. All but two patients were on combina-
tion therapy with other anticholinergics, L-dopa, or amantadine.
The validity of this study is however weakened by the fact that (1)
there was no washout period between the treatment and the pla-
cebo period thereby making interpretation more difficult due to
the lack of detailed numerical results, and (2) there was a lack of
detailed numerical outcome results reported. This study had an
overall quality score of 63%.

Parkes et al. (1974)10 did a randomized, double-blind, cross-
over trial of benzhexol (8 mg), amantadine (200 mg), and their
combination in 17 parkinsonian patients (including two post-en-
cephalitic patients). Treatment duration was 4 weeks in each treat-
ment arm and on combination therapy, followed by open-label
administration of L-dopa alone, for 6 months. Both combination
therapy and L-dopa therapy led to a statistically significant score
reduction without a significant difference between the two strate-
gies. Functional disability was reduced by 15% on benzhexol and
on amantadine alone, by 40% on their combined use, and by 36%
on L-dopa. Benzhexol lessened rigidity (by 9.4%) and improved
posture (by 8%) but had little effect on akinesia (1.5%) and tremor
(4.4%), while amantadine and L-dopa improved all symptoms. This
is the only study available that compares an anticholinergic drug
with amantadine. This study had an overall quality rating score of
60%.

Martin et al. (1974)11 performed a randomized, double-blind
study in 30 patients who were taking L-dopa (without decarboxy-

lase inhibitor) either as monotherapy (“control” group) or in com-
bination with trihexyphenidyl (mean dose not specified; “treat-
ment” group). Treatment duration was 6 months. This study, de-
spite being described as controlled, is difficult to interpret because
the two patient groups appear different in their duration of disease
(16.9 years in the control group vs. 7.9 years in the active treat-
ment group) thereby preventing a meaningful comparison between
treatments. The authors provide no explanation for this large dif-
ference in disease duration. Additionally, the study reports only
limited numerical results on the rating scales, which were used to
assess a number of motor functions; a statistical analysis was not
reported, and the outcome data can partly be estimated from the
graphs. The authors report no difference between groups in tremor
and rigidity, and less improvement of speech in the “control” group.
The mean required L-dopa dose was not changed by the addition
of trihexyphenidyl. The authors conclude that the addition of
trihexyphenidyl to L-dopa is “of no specific value”. Although this
study had an overall quality score of 75% there is an unexplained
large difference in disease duration between the two groups at
baseline, limiting efficacy conclusions.

Wallace et al. (1982)12: In a randomized, double-blind cross-
over study over 30 weeks, Wallace12 compared benztropine (mean
dosage not specified) vs. placebo in addition to a stable dose of L-
dopa in 29 mildly to moderately disabled patients with idiopathic
PD. The authors found a small but statistically significant improve-
ment in several motor measures such as tandem gait, strength and
rigidity in upper extremities, and finger tapping as well as in se-
lected activities of daily living. There is, however, an overall pau-
city of detail in the reported results, and tremor was not listed as an
outcome variable. This study had an overall quality score of 59%.

Cantello et al. (1986)13: This study was a randomized, double-
blind, cross-over study of bornaprine (mean dose 8.25 mg/day)
vs. placebo (30 days on each treatment) in 27 patients with idio-
pathic PD. Disease severity ranged from Hoehn & Yahr (HY) scale
2 (14 patients) to 5 (1 patient), and patients were on stable
antiparkinsonian therapy including L-dopa, bromocriptine, and
other unspecified drugs. The objective outcome measure was the
Webster Scale. The most marked improvement was reported for
tremor (from 2.48 to 1.18 on bornaprine - p<0.01 – vs. 2.00 on
placebo), but bradykinesia, rigidity, posture, facial expression, se-
borrhoea, and coping ability all were statistically significantly im-
proved as well. The authors did not specifically state whether there
was a statistically significant improvement of the total Webster
Scale. Patients and physicians provided a subjective assessment,
which was significantly in favor of bornaprine. No time was al-
lowed for washout between the treatment and the placebo period.
This study had an overall quality rating score of 60%.

Cooper et al. (1992)14 conducted a randomized, controlled,
single-blinded trial in 82 patients with early PD and 22 healthy
controls. The aim of the study was to compare changes in motor
function and in cognitive function in de-novo PD patients who
had been started either on L-dopa (mean dose 415 mg/day),
bromocriptine (mean dose 13.5 mg/day), or anticholinergics (21
patients on benzhexol, mean dose 5.9 mg daily; one patient on
orphenadrine), or no treatment. These were compared to 22 healthy
volunteers who were not on any treatment. There was no placebo
group. The assessments were performed before treatment was
started and after 4 months of therapy. As outcome measures for
motor function, King´s College Rating Scale and Fine Finger
Movements Test were used that showed a statistically significant
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improvement in the L-dopa and anticholinergics group but not in
the bromocriptine or in the untreated group. No differences in the
effect on different parkinsonian symptoms were found. As the au-
thors state, however, the low level of disease severity in these pa-
tients may have led to a relative insensitivity of symptom mea-
surement. The authors’ main endpoint was a detailed assessment
of cognitive function in patients with PD and the impact of differ-
ent treatments on this endpoint. A large number of neuropsycho-
logical tests were applied: Results that are relevant with respect to
the anticholinergics include the Wechsler Memory Scale, which
showed a significant improvement in the L-dopa and the untreated
groups, whereas the anticholinergics group deteriorated. This lat-
ter result was not statistically significant. On some of the other
tests, there was a specific deficit in the anticholinergics group.
Looking at associations between results on motor and cognitive
function tests, those patients on anticholinergics who had improved
most in motor function were found to have deteriorated most on a
number of neuropsychological tests. From the neuropsychologi-
cal test results, the authors conclude that in PD, anticholinergics
lead to an exacerbation of a pre-existing deficit in memory acqui-
sition and immediate memory rather than accelerating the rate of
forgetting. This study had an overall quality score of 55%.

Level-II Studies
Kaplan et al. (1954)15 was the earliest published report an anti-

cholinergic therapy that met inclusion criteria. In this
nonrandomized, cross-over trial involving 35 patients (6 were con-
sidered post-encephalitic), benzhexol, panparnit, and hyoscine
were compared to placebo over a 4-week treatment period for each
treatment; there was a one-week, low-dose phase between treat-
ment periods. Outcome measures were “over-all picture” on neu-
rological examination, which showed 40.6% improvement on
benzhexol, 31.4% on panparnit, 13.3% on hyoscine, and 6% on
placebo; EMG-quantification of tremor (statistically significant
improvement of amplitude on each drug compared to placebo but
no improvement from baseline – deterioration of tremor after drug
withdrawal was concluded from this); grip strength on dynamom-
eter (no significant changes); and Purdue Pegboard (drugs slightly
more effective than placebo, no difference between substances).
Patients were blinded, but blinding of investigators is not specifi-
cally stated. The paper also does not report on any adverse reac-
tions and lacks details on patient characteristics and reported re-
sults.

Strang (1965)16 reported a trial of procyclidine, which appears
to be methodologically complicated. The study combines a 2-month
controlled, nonrandomized trial of procyclidine (unspecified dose)
as adjunct to unspecified other antiparkinsonian drugs in 70 pa-
tients (15 were considered postencephalitic) with a 10-month, open-
label observation period, in which the previous placebo patients
as well as 15 additional patients were put on procyclidine as
monotherapy. The quality of the study protocol is further limited
by the fact that there were no numeric outcome measures reported
for the first part of the trial and that statistical analysis is lacking.
Efficacy measures were rating of each symptom on a 0% to 100%
scale and timed performance tests, which were not further speci-
fied. At the end of the follow-up period, the author reports 40%
improvement in tremor, 53% in rigidity, 42% in akinesia, 44% in
gait, and 58% in sialorrhea.

Strang (1967)17: The same author as the previous study also
conducted a nonrandomized, placebo-controlled, double-blind

study of biperiden (mean dose not stated) in 80 patients with par-
kinsonism (of unspecified severity; 14 patients were considered
postencephalitic) over a period of two months. This was followed
by a 6-month, open-label follow-up period. Any other
antiparkinsonian therapy was continued unchanged. As with pa-
tient characteristics, there is also a lack of details in the results
reported. In fact, the only results that were given concerning the
first, controlled part of the study were that 68% of patients had
“significantly” improved, that 13 had discontinued the drug and
that a “total ineffectiveness of placebo” had been noted. Numeric
outcome results are only reported for the end of the open-label
period, using the same rating scale of 0-100% for each symptom
as in the other studies by the same author included here. He found
an improvement of 53% in tremor (duration, frequency of occur-
rence, and amplitude), 40% in rigidity, 45% in bradykinesia, 38%
in gait, and 54% in sialorrhea.

Friedman et al. (1997)18: In a nonrandomized, cross-over trial
comparing benztropine (mean dose 3 mg/day) and the atypical
neuroleptic clozapin (39 mg/day) in 19 patients, Friedman and
colleagues showed a comparable and statistically significant tremor
reduction of around 30% from baseline on both drugs. Primary
variables were tremor scores in two scales and on video assess-
ment.

Level-III Studies
Strang carried out two additional uncontrolled trials using a very

similar methodology. Both studies involve large numbers of pa-
tients with a long follow-up:

Strang (1965)19 followed 94 patients for one year who were on
benztropine given either as monotherapy or in combination with
other anticholinergics. The same rating scale was applied for par-
kinsonian symptoms and timed performance tests as in his other
studies included in this review. These studies failed to describe
details of the assessment methods used. Results were reported as
percentage of improvement of each symptom in patients on
monotherapy. Improvement in tremor (45%) and rigidity (40%)
were similar, while akinesia was reported as improved by 33%.
No detailed results are reported on the patients who were on com-
bination therapy.

Strang (1965)20: In another noncontrolled trial, Strang reported
on orphenadrine as monotherapy or in combination with
benztropine in 150 patients (100 of whom were classified as idio-
pathic PD) treated over a 2-year period. Mean dosages were not
stated. The same methodology as described above was used. At
the end of the trial, only 83 patients were still taking the
orphenadrine, with 60 patients still experiencing a clinical benefit.
Response of tremor, rigidity, and akinesia were reported to be simi-
lar: 33% to 37% of patients obtained relief after 24 months.

Sancesario et al. (1984)21 reported the results of a noncontrolled
trial that assessed parkinsonian tremor, as measured using an ac-
celerometer, on different doses (6 to 16 mg daily) of bornaprine.
The report lacks details on specific results. The main result, ac-
cording to the authors, was a statistically significant improvement
of tremor amplitude and duration. Only 20% of the patients re-
ported an improvement on self-assessment. The authors also state
that bradykinesia “seemed to respond to higher doses in some pa-
tients”, without reporting the relevant results.

Bassi et al. (1986)22 carried out a noncontrolled trial of
orphenadrine given over 6 months to a small number of patients: 9
patients (HY stage 1 to 2) were put on monotherapy (mean dose
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not specified), and 11 patients (HY stage 3) received orphenadrine
(150 mg daily) in addition to L-dopa (450 mg daily). Both groups
showed a statistically significant improvement in disease severity
(Webster Scale: from 10.2 to 5.2 on monotherapy and from 16.0 to
6.7 on combination), disability (Northwestern University Disabil-
ity Scales: from 9.1 to 5.7 on monotherapy and from 19.0 to 5.8 on
combination), and depression (Hamilton Rating Scale), with a trend
for short-term memory to deteriorate in the patients on combina-
tion therapy.

PREVENTION OF MOTOR COMPLICATIONS
No qualified articles were identified.

CONTROL OF MOTOR COMPLICATIONS
No qualified articles were identified. The only report where an-

ticholinergic was given for the management of motor symptoms
was a single, open-label study in 9 patients with dysphasic dyski-
nesia on L-dopa therapy.23

REVIEW OF SAFETY
Among the drugs currently in use for the treatment of parkin-

sonism, anticholinergics give rise to a comparatively high number
of safety concerns, which limit their clinical use. Due to their pe-
ripheral antimuscarinic action, anticholinergic therapy is contrain-
dicated in narrow-angle glaucoma (one case of blindness caused
by this has been reported in a parkinsonian patient)24, tachycardia,
hypertrophy of the prostate gland, gastrointestinal obstruction, and
megacolon. They may cause blurred vision due to accommoda-
tion impairment, urinary retention, nausea, constipation (rarely
leading to paralytic ileus)25, and – frequently – dry mucous mem-
branes. Gingivitis and caries due to this latter effect may occur
and rarely lead to loss of teeth.2 Reduced sweating may interfere
with body temperature regulation, and fatal heat stroke has been
reported (in psychotic patients who were on neuroleptic as well as
anticholinergic treatment).26,27

Central anticholinergic activity may interfere with mental func-
tion and represent one of the most important limiting factors to
their use. Impaired neuropsychiatric function has been demon-
strated in patients who had not previously been demented.28,29 In
patients who had not shown any central side effects while on
therapy, a significant improvement of mental functions after with-
drawal of anticholinergics has been found.30 Acute confusion, hal-
lucinations, and sedation may occur. All these central adverse ef-
fects are more likely to occur with advanced age and in patients
with previously impaired cognitive functions. The use of anticho-
linergics is contraindicated in demented patients.

Other central nervous adverse effects refer to the cholinergic
impact on the motor system. There are a number of reports (usu-
ally involving small numbers of patients) on dyskinesias brought
on31 or increased32 by the administration of anticholinergics, either
as a monotherapy or in combination with L-dopa. In several ar-
ticles, the onset occurs within days to weeks after initiation of treat-
ment33, and in some, dyskinesias were reported to be predomi-
nantly orobuccolingual with a tendency to spread to the limbs with
higher doses.34 These dyskinesias were reversible with withdrawal
of the drugs. The abrupt withdrawal of anticholinergic drugs may
lead to a rebound effect with marked deterioration of parkinsonism.
Therefore, anticholinergics should be discontinued gradually and
with caution.4-6

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of anticholinergics regarding the prevention of disease pro-
gression and in the prevention and control of motor complications.

SYMPTOMATIC CONTROL OF PARKINSONISM
Based on the evidence available to date, anticholinergic thera-

pies are LIKELY EFFICACIOUS for the symptomatic control of
PD. However, data is insufficient to establish the long-term effi-
cacy of anticholinergic treatment and to distinguish between the
clinical efficacy of monotherapy vs. adjunct therapy.

CONTROL OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on differ-

ences between individual drugs within this class or clinical ben-
efits relative to other antiparkinsonian agents.

CONTROL OF NON-MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE that the available data

support the assumption that anticholinergic medications have dif-
ferent effects on different parkinsonian symptoms, such as a se-
lective effect on parkinsonian tremor, or a lack of effect on bradyki-
nesia.

SAFETY
The use of anticholinergics in the treatment of parkinsonism

carries an ACCEPTABLE RISK WITHOUT SPECIALIZED
MONITORING. Obvious requirements for clinical use of anti-
cholinergic therapy are careful exclusion of the contraindications
listed above, the titration of the lowest possible dosage for each
patient, and regular follow-up clinic visits with an emphasis in
detecting adverse reactions.

IMPLICATIONS FOR CLINICAL PRACTICE
From the evidence published to date, anticholinergic medica-

tions are CLINICALLY USEFUL in the symptomatic treatment of
PD, both as monotherapy and when used in combination treat-
ment strategies.

There are, however, considerable limitations to this usefulness:
the antiparkinsonian effect of this class of drugs is usually only
mild to moderate, and occurrence of adverse reactions – due both
to peripheral and to central anticholinergic action – is not infre-
quent. Careful consideration of contraindications, individual dose
adjustments, and active monitoring for adverse reactions are nec-
essary. Abrupt withdrawal should be avoided.

In a number of controlled and uncontrolled studies, particularly
dating from the earlier years of use of anticholinergics in PD, sia-
lorrhea was used as an outcome variable, and response to anticho-
linergic therapy was usually reported in a range comparable to the
response of other parkinsonian features.

IMPLICATIONS FOR CLINICAL RESEARCH
Further research may establish the role of anticholinergic agents

in the prevention of motor complications, possibly as part of an
early combination therapy aiming at delaying the initiation of L-
dopa. A direct head-to-head comparison with dopamine agonists
in de novo patients also would be of interest. In the literature pub-
lished to date, there is anecdotal evidence of a possible beneficial
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effect of anticholinergics in the management of motor complica-
tions. In light of a number of reports on dyskinesias induced or
aggravated by anticholinergics, further studies seem warranted to
establish their role in late-stage PD with motor complications.
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INTRODUCTION
BACKGROUND

In 1969, Schwab et al.1 first reported amantadine as being clini-
cally useful in the treatment of Parkinson’s disease (PD). Since
that time, several clinical trials have investigated the efficacy of
amantadine compared with anticholinergics and levodopa, given
either alone or in combination with other antiparkinsonian medi-
cation. The majority of these trials were conducted between 1970
and 1975, and were controlled, double-blind, crossover studies.
Subsequently, investigators’ interest in amantadine waned and re-
cent reviews on PD treatment and pharmacology placed amanta-
dine as a secondary therapy for PD. Despite this varying clinical
interest in amantadine, there remain several unresolved features
of the drug, specifically, the clinical observation that discontinua-
tion of amantadine in patients with PD may result in a dramatic
worsening of clinical status.2

RATIONALE
More recently, interest in amantadine has reemerged, particu-

larly due to the hypothesis of its possible role for the treatment of
motor fluctuations and dyskinesias3,4 in patients on chronic
levodopa therapy. Consequently, a review of the published litera-
ture on amantadine is included, with the underlying objective of
determining the efficacy and safety of amantadine and other
antiglutamate agents in the treatment of PD.

METHODS
KEY SEARCH TERMS

The terms used for the search were: parkinsonism or Parkinson’s
disease, amantadine, memantine, ifenprodil, dextromethorphan,
budipidine, and antiglutamate agents/drugs.

SPECIAL EXCEPTIONS
In the absence of randomized, controlled trials (RCT) meeting

inclusion and exclusion criteria, other controlled clinical trials were
included that: were nonrandomized, enrolled less than 20 patients,
or had less than a 4-week evaluation period. Specifically, all stud-
ies specified a diagnosis of PD, used objective scales for target
symptoms, had a minimum of 5 evaluated patients, used a stan-
dardized assessment of clinical efficacy, defined baseline and post-
treatment time points, and defined an unequivocal grading of thera-
peutic effect (ie. no improvement, marked/moderate/complete
improvement, or no modification of concomitant antiparkinsonian
therapies during assay). Uncontrolled studies were only consid-
ered if no other type of studies were available.

AMANTADINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Amantadine hydrochloride is 1-amino-adamantanamine, the salt

of a symmetric 10-carbon primary amine that was originally intro-
duced as an antiviral agent effective against A

2
 Asian Influenza.5

Originally, amantadine was fortuitously noted to be useful in re-
lieving clinical symptoms in a single patient with PD.1

There are several proposed modes of action of amantadine in
PD, but the exact mechanism remains unclear. Most of the behav-
ioral and neurochemical studies indicate that amantadine interacts
with catecholamines, specifically dopamine. Presynaptically,
amantadine may exert its clinical effect by enhancing (through an
amphetamine-like action) the release of stored catecholamines from
intact dopaminergic terminals6 and by inhibiting catecholamine
reuptake processes at the presynaptic terminal. This later effect
requires high concentrations of amantadine in vitro, and probably
does not occur at therapeutic dosages.7 Postsynaptically, amanta-
dine exerts a direct effect on dopamine receptors8 thereby intro-
ducing changes in the dopamine receptor affinity.8 Amantadine’s
combined presynaptic and postsynaptic action causes simultaneous
interference with reuptake, release and receptor interaction not
necessarily in a direction favoring increased dopamine stimula-
tion.8

In addition, nondopaminergic properties of amantadine are pro-
posed, including an anticholinergic action9 and a NMDA glutamate
receptor blockade10,11

PHARMACOKINETICS
Amantadine hydrochloride is readily absorbed (blood levels peak

1-4 h after an oral dose of 2.5 mg/kg) with a clinical duration of up
to 8 hours, and is poorly metabolized in humans (more than 90%
of an ingested dose can be recovered unchanged in urine). Com-
mercially available in most countries, amantadine hydrochloride
is used clinically as 100-mg capsules or as syrup containing 50
mg/ml. The currently recommended dosage for us in PD is 200 to
300 mg given in 2 to 3 divided doses (ie. 100 mg BID to TID).
Chronic administration results in amantadine accumulation in pa-
tients with impaired renal function, which can cause concomitant
toxicity.12 The drug is generally well tolerated; livedo reticularis
and ankle edema are the most frequent adverse reactions.

REVIEW OF CLINICAL STUDIES
The results of the literature search process identified 56 pub-

lished reports on amantadine. Of these, 23 articles were excluded
because they did not meet the predefined inclusion criteria. Fif-
teen prospective randomized controlled trials were identified,
which met the conditions established in method section. Further-
more, 15 reports were included based on special exceptions previ-
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ously defined (non-randomized or uncontrolled studies).
In studies evaluating symptomatic control of parkinsonism

amantadine was tested both as monotherapy as well as when given
as adjunct to preexisting treatment with anticholinergics or
Levodopa and these two types of studies will be reviewed sepa-
rately.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
Level-I Studies

Fahn et al. (1975)13 reported the results of a randomized, cross-
over, placebo-controlled trial in 23 patients with PD. The study
design was complex and included several successive crossover
periods, which were separated by months of open therapy. Re-
viewing the first crossover period, the efficacy of amantadine ver-
sus placebo can be evaluated. Patients received either placebo or
amantadine 200 mg/d for 2 weeks and the alternate drug was given
for the next 2 weeks. The authors report improvement in 16 (70%)
patients while treated with amantadine compared with placebo.
During this first crossover period, several adverse reactions were
reported including dizziness, nervousness, irritability, light-
headedness, depression, insomnia, anorexia, and sleepiness. No
adverse reactions were evaluated as serious, and the two most fre-
quents events were insomnia and anorexia. This study had a qual-
ity rating score of 46%.

Butzer et al. (1975)14 studied 30 patients of whom 27 were ana-
lyzed while on monotherapy with amantadine, and 3 patients were
co-medicated with anticholinergic or anti-histaminic therapy. This
study was a double-blind, placebo-controlled, crossover study, and
each period study had a duration of 2 weeks. Twenty-nine (out of
the 30) patients were described as having idiopathic PD and 26
patients completed the study. Twenty patients preferred amanta-
dine, 3 preferred placebo, and 3 were uncertain. Clinical assess-
ments were based on evaluations of tremor, rigidity, all physical
signs, daily activities, timed tests, repetitive motions and overall
average. Amantadine produced an overall statistically significant
improvement of 12%. After the end of the crossover phase 10 pa-
tients were followed for 10 to 12 months while on amantadine
(open label).  Forty-four independent adverse reactions were re-
ported, some of which occurred in the same patients. The three
most common reactions were oedema, livedo reticularis or rash,
and light-headedness. This study had an overall quality rating score
of 57%.

Parkes et al. (1974)15 compared the effects of benzhexol (8 mg/
d), amantadine (200 mg/d) and amantadine plus benzhexol, in 17
patients (15 with idiopathic PD) in a randomized, double-blind,
crossover trial involving 4-week treatment periods. Fourteen pa-
tients completed the study. Administered as monotherapy,
benzhexol and amantadine were associated with a 15% reduction
in functional disability as assessed by a composite rating score
including: akinesia, tremor, posture, and rigidity. Benzhexol less-
ened rigidity and improved posture, but had little or no effect on
akinesia and tremor. amantadine had a minimal effect on akinesia
but caused a moderate improvement in tremor and posture. The
improvement in total disability induced by benzhexol and aman-
tadine separately was not significantly different. The two drugs in

combination produced a 40% reduction in total disability. Reported
adverse reactions included dry mouth in 8 patients (and was more
severe with benzhexol than with amantadine), mental confusion
(benzhexol n=1; amantadine n=1), livedo reticularis (amantadine
n=2). This study had a quality rating score of 60%.

Cox et al. (1973)16 performed a double-blind, crossover trial of
L-dopa versus amantadine in 27 patients treated for 6 weeks (with
a 6-week interval between treatment periods). Patients demon-
strated a marked improvement when given L-dopa first, but no
clinical effect was observed in patients treated first with amanta-
dine. However, L-dopa was less beneficial in patients who received
amantadine, whereas amantadine became effective in patients who
had previously taken L-dopa. The trial was not properly analysed
to allow for a comparison of the effect size with L-dopa and aman-
tadine. Only adverse reactions related with blood pressure and pulse
rate were reported: amantadine did not affect pulse rate but, when
given after L-dopa, both supine systolic and supine and erect dias-
tolic blood pressure fell significantly. This study had a quality rat-
ing score of 48%.

Level-II Studies
Mawdsley et al. (1972)17 reported the results of 42 patients en-

rolled in a double-blind, crossover trial that compared amantadine
with placebo. The crossover methodology was unusual because
after 2 weeks after the first treatment (amantadine or placebo), if
the patient believed they had derived benefit from the medication,
they were asked to continue treatment as issued.  If the patient felt
there had been no improvement, they were given the alternate treat-
ment. After 4 weeks of treatment, if the patients expressed dissat-
isfaction with their progress, they were started on L-dopa. Patients
who were satisfied with their treatment after 1 month continued
on their current therapy regimen. Because of this methodology
(where patients were allowed to switch therapy without a washout
period between treatment regimens), this study is classified as Level
II. Clinical improvements were assessed using the Webster scale.
The proportion of patients who showed improvement of some de-
gree after taking amantadine for 2 weeks (32 out of 42; 76%) was
significantly greater than those who had taken placebo for a 2 weeks
(12 out of 28; 43%). There was a marked decline in the improve-
ment in patients who took amantadine for 4 weeks (4 out of 16;
25%), at which time the results showed a smaller number of pa-
tients producing an improvement than those observed in the group
who had taken placebo for 2 weeks. Adverse reactions to amanta-
dine were considered uncommon. The most common reaction was
lethargy or drowsiness, which was reported in 6 patients; other
adverse reactions were nausea (n=4), unpleasant dreams (n=4),
dryness of the mouth (n=2), and severe hypotension (n=1). In the
placebo group 5 patients reported nausea or lethargy.

Fieschi el al (1970)18 performed an unblinded, study where
amantadine was given to 31 patients for 2 weeks, followed by treat-
ment with placebo for 1 week, after which L-dopa therapy was
added. The optimal maintenance dosage for L-dopa was reached
in 6 to 12 weeks. Improvement with amantadine was significantly
lower (by a factor of 2) than the improvement associated with L-
dopa treatment. Subsequently, 20 of these 30 patients were given
L-dopa plus amantadine, and 11 patients preferred the new regi-
men to the previous one. No adverse reactions were reported.

Level-III Studies
There are no Level-I or II studies that address the long-term
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efficacy of amantadine. Parkes et al. (1971)19 evaluated the effi-
cacy of long-term efficacy of amantadine in an open-label study
where 66 patients were followed-up for one year receiving sched-
uled clinical evaluations comprising assessment of total disability,
functional disability, akinesia, tremor, rigidity, posture and auto-
nomic symptoms at baseline, 3, 6, 9, and 12 months. Twenty-six
patients were treated with amantadine monotherapy (median dose
200mg/d, range 200mg-600mg/d), and they were reported as a
separated subgroup. In this subgroup, amantadine induced a mean
reduction of total disability of 17.3% at 3 months, and this im-
provement was maintained for up to one year. The individual symp-
toms (tremor, akinesia and rigidity) were considered improved.
However, patients did not record a real improvement, despite lower
scores in functional disability after a one-year treatment period.
Furthermore, 40/66 patients received levodopa at 3 months due to
lack of efficacy of amantadine. These 44 patients represent the
second subgroup of this study. Adverse reactions were reported in
reference to the global population (n=66), with the most common
events including dry mouth, constipation and difficulty in focus-
ing.

ADJUNCT THERAPY
Amantadine as Adjunct to Anticholinergic Therapy

Level-I Studies
Bauer et al. (1974)20 compared the clinical efficacy of adjunct

therapy with amantadine versus placebo in a randomized, double-
blind, cross-over, placebo-controlled study with each period of
treatment lasting 3 weeks. Forty-eight patients receiving anticho-
linergic therapy were included in the study, of whom 10% recorded
improvement versus placebo in time tests. This improvement was
greater (21%) in the group of patients that were given placebo
during the first 3-week period and amantadine in the second 3-
week period. No significant changes were found in the rigidity
and tremor scores during amantadine treatment when compared
with the placebo group. This study had a quality rating score of
55%.

Appleton et al. (1970)21 reported amantadine superior to pla-
cebo in 20 patients receiving anticholinergics, as measured by (1)
the patients’ own assessments of their abilities to carry out activi-
ties of daily living and (2) the observers’ assessment of rigidity,
tremor, and akinesia. In time-performance tests, average perfor-
mance was better while patients were taking amantadine than while
taking placebo, but only in one-third of the measures assessed were
the differences statistically significant. Adverse reactions were few
and minor, and 19 of 20 patients studied preferred amantadine to
placebo. This study had a quality rating score of 65%.

Jorgesen et al. (1971)22 performed a multicenter, double-blind,
crossover trial of 3 weeks duration to assess the effectiveness of
amantadine in 149 patients taking anticholinergics as compared
with placebo. Objective evidence of improvement was seen in 56%
of patients (moderate to marked in 32%), and improvement was
more prominent in severely affected patients. The most striking
feature of this trial was the functional improvement reported by
patients while on amantadine, and noteworthy gains were reported
in rigidity and tremor. Bradykinesia was significantly improved
but only when amantadine preceded placebo. Adverse reactions
were generally mild. Motor deterioration was observed in some
patients following abrupt discontinuation of amantadine. This study
had a quality rating score of 57%.

Walker et al. (1972)23 compared the effectiveness of amanta-

dine versus placebo in a double-blind, crossover trial of 3 weeks
duration. Forty-two patients participated in the trial. Other
antiparkinsonian drugs were discontinued in 36 patients and 6 re-
mained on anticholinergic therapy. The authors report that 64% of
the patients on amantadine had some improvement, while 21% of
patients treated with placebo reported improvement. Patients were
evaluated using a comprehensive battery of tests that include evalu-
ation of objective symptoms and subjective assessments. The re-
sults form this battery of tests, neurologists rated amantadine 74%
superior to placebo. Patients performed as well or better on aman-
tadine than on standard optimal anticholinergic therapy for most
qualitative or quantitative measures assessed. However, very few
comparisons reached statistical significance. This study had an
overall quality rating score of 60%.

Barbeau et al. (1971)24 administered add-on amantadine to 54
patients on anticholinergic therapy in a randomized, placebo-con-
trolled, double-blind, crossover trial of 4 weeks duration for each
treatment arm. Results were evaluated using several different pa-
rameters including patient’s preferences, functional disability
scores, physical impairment score, and quality of improvement.
The authors found that 61% of patients preferred amantadine as
compared to 18.5% preferred placebo. The degree of improve-
ment in functional disability scores (amantadine = 32.98±3.53 vs.
PL= 38.19±3.77) and in physical impairment scores (amantadine
= 28.2 ±1.77 vs. PL=31.54±2.07) was highly significant compared
to placebo. In 48% of patients that received amantadine, the qual-
ity of improvement was considered moderate to good. This study
had a quality rating score of 57%.

Forssman et al. (1972)25, in a crossover, double-blind study, com-
pared the efficacy of amantadine versus placebo for treatment of
PD. Twenty seven patients participated in the study, and remained
on existing anticholinergic therapy. Clinical assessments were done
by: grading akinesia, rigidity and tremor; assessing functional sta-
tus and motor skill tests; and evaluating observed motor ability
and the patients’ subjective impression of treatment. Improvement
in all clinical evaluations while on amantadine was statistically
significant as compared with placebo. Adverse reactions were con-
sidered mild and were more frequent in the first week of treat-
ment, with the most common reported reactions including:  alert-
ness, euphoria, insomnia, and dizziness. This study had a quality
rating score of 55%.

Level-II Studies
Rinne et al. (1972)26 performed a double-blind, non-random-

ized, placebo-controlled, crossover study of 4 weeks duration. The
efficacy of amantadine versus placebo was compared in 38 pa-
tients with PD receiving anticholinergic therapy. Improvement as-
sociated with amantadine therapy was significant better as com-
pared to placebo. Sixty percent of the patients showed moderate
to minimal improvement. The total disability scores and the cardi-
nal signs of PD were also statistically significantly improved ver-
sus placebo treatment. The most common reported adverse reac-
tions included dizziness (n=24), sweating (n=17), anxiety (n=14),
and insomnia (n=12).

Silver et al. (1971)27, in a 20-week, double-blind trial, compared
the effect of amantadine versus placebo in 50 patients (whose pre-
vious antiparkinsonian medication with anticholinergics was un-
changed). The authors report that all scores experienced a signifi-
cant improvement that peaked at 2 to 3 months, and there was a
gradual tapering of the effect that was maintained for 7 months.
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Forty-seven percent of patients mentioned an adverse reaction,
with the two most common including livedo reticularis (9 out of
34) and oedema (4 out 34). Other adverse reactions reported were:
dizziness, nausea, heartburn, confusion, hallucinations, increased
tremor, weakness and ataxia.

Merry et al. (1974)28, in a double-blind, placebo-controlled, non-
randomized trial of  29 patients from which 3 dropped-out reported
that patients classified as severely affected receiving amantadine
improve 12.6 points or 47% compared with those on placebo that
improved 2.3 points or 8%. This improvement was maintained over
the 5-month study. The patient that dropped out due to an adverse
event suffered a leg fracture. There were no other reported ad-
verse reactions.

Amantadine as Adjunct to Levodopa
Level-I Studies

Fehling (1973)29 studied the effect of amantadine versus pla-
cebo in a double-blind crossover study, of 1-month duration, in 21
patients receiving an optimal L-dopa dosage. Amantadine was sig-
nificantly more effective than placebo in improving total PD scores,
and postural and limb hypokinesia. From the functional point of
view, this improvement was only marginal in most patients, and
more noticeable in those receiving low doses of L-dopa. Abnor-
mal involuntary movements did not change significantly during
the study. The only adverse reaction reported was dry mouth. This
study had a quality rating score of 43%.

Savery (1977)30 enrolled 42 stable patients (on Levodopa/
carbidopa medication) in a double-blind, randomized, crossover
study where amantadine was added on to existing therapy. Each
trial period had a duration of 9 weeks. Clinical evaluation was
done scoring 10 symptoms of PD and 11 activities. The addition
of amantadine to L-dopa/carbidopa provided significant improve-
ment in symptoms and a decrease in impairment of activity. The
amantadine benefit was apparent when compared with baseline
(90% improvement) and with placebo (80% improvement). This
benefit was also reflected in the global evaluations made by the
investigator and the patients. Only 2 patients failed to demonstrate
even minor improvement. Minor adverse reactions included ner-
vousness, nausea and confusion; there was one report of livedo
reticularis and 2 reports of mild blurred vision. This study has a
quality rating score of 52%.

Level-II Studies
Millac et al. (1970)31 performed a double-blind, non-random-

ized, placebo-controlled study where 32 patients with akinesia (as
their principle disability) were divided into two groups (amanta-
dine or placebo; groups were matched for age). After 3 treatment
weeks, they were given L-dopa and the optimum dosage was es-
tablished over a 3-month period. The degree of improvement mea-
sured by inquiry of the patients and their relatives, clinical exami-
nation, and other scales did not differ between treatment arms.
Moreover, the authors found that the optimum dosage of L-dopa
did not differ significantly between the two treatment arms (with
or without amantadine). There was no difference in tolerability
between the two groups

Webster et al. (1984)32 reported the results from a double-blind,
placebo-controlled crossover, non-randomized study, in which 26
individuals with middle-stage parkinsonism were given amanta-
dine or placebo in addition to their existing L-dopa therapy. Effi-
cacy was assessed by measuring activities of daily living, Webster’s

scale, and physicians’ subjective assessment. The authors found
that the addition of amantadine provided a symptomatic improve-
ment in 50% of the patients in at least one of the efficacy mea-
sures. Adverse reactions were considered mild and rare.

Callagham et al. (1974)33 subdivided 31 patients into 4 groups
(open-label) to evaluate the effectiveness of amantadine and L-
dopa as a single and combined treatment regimens. The authors
found that L-dopa used as a single drug was much more effective
as compared to all other treatment groups. The study does not con-
firm an increased benefit when amantadine is added to an optimal
L-dopa dosage. The reported major adverse reactions occurred with
both L-dopa and amantadine and were mainly gastrointestinal and
dyskinetic symptoms with L-dopa, and hallucinations, oedema,
and confusion with amantadine.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
No qualified studies using assessment of motor fluctuations as

primary outcome were identified. However, two studies assessing
the antidyskinetic potential of amantadine also assessed motor fluc-
tuations as secondary outcome.

Level-I Studies
Verhagen et al. (1998)4 performed a crossover, double-blind,

placebo-controlled study to evaluate the effects of amantadine on
L-dopa-induced dyskinesias in 18 patients. Duration of daily “off”
time and a “variance score” calculated from self-scoring diaries
were used to assess effects of amantadine on motor fluctuations.
All patients received amantadine or placebo during each 3-week
treatment period. The maximum dose of amantadine was 400 mg.
Scores for duration of daily “off” decreased significantly in the
amantadine period over placebo (mean score of 1.0 vs. 1.5 on item
3a of hours; p<0.01) as did the variance of diary scores (1.3 vs.
3.3; p<0.01). This study had an overall quality score of 78%.

Luginger et al. (2000)34 assessed the effect of amantadine (100
mg t.i.d.) on L-dopa-induced dyskinesia in a 5-week (treatment
periods of 2 weeks separated by 1 week wash-out), double-blind,
crossover trial in eleven patients with advanced PD complicated
by motor fluctuations. Daily “on” and “off” times were recorded
in diaries over the last 3 days of each 2-week period. Ten patients
completed the study. There were no statistically significant differ-
ences in hours “on” or “off” in standard home diary recordings
between amantadine and placebo. This study had an overall qual-
ity score of 72%.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Shannon et al. (1987)3 performed a 3-month study in which 20

patients with PD and motor fluctuations received amantadine
(open-label) in addition to L-dopa and other antiparkinsonian medi-
cations. Moderate improvement in motor fluctuations (monitored
in a four-point scale) occurred in 55% of the patients at 2 months
and in 65% of patients at 3 months of treatment. There also was
significant improvement in parkinsonian disability as measured
by NYUPDS, NUDS and HY stage scores). Adverse reactions were
considered mild and uncommon. Two patients reported confusion,
one demonstrated an increase in chorea, and two demonstrated a



S17

Movement Disorders, Vol. 17, Suppl. 4, 2002

Amantadine/Antiglutamate for Treatment of Parkinson’s Disease

worsening of foot dystonia. One patient withdrew from the study
due to dizziness.

CONTROL OF LEVODOPA-INDUCED
DYSKINESIAS
Level-I Studies

Verhagen et al. (1998)4 performed a crossover, double-blind,
placebo-controlled study to evaluate the effects of amantadine on
L-dopa-induced dyskinesias and motor fluctuations. This study
used an intravenous acute challenge paradigm. All patients received
amantadine or placebo during each 3-week treatment period. The
maximum dose of amantadine was 400 mg. At the end of each
study arm, patients were admitted to the treatment center and re-
ceived an intravenous infusion of L-dopa for 7h at individually
determined optimal rate (8 defined as the lowest rate producing a
maximal anti-parkinsonian effect). The clinical evaluations done
during the L-dopa infusion were the main outcome of the trial. At
the end of each treatment arm, parkinsonian and dyskinesia scores
were obtained in 18 patients (with advanced PD) during a steady-
state intravenous L-dopa infusion. Fourteen patients completed
the trial, all of who recorded that amantadine significantly reduced
dyskinesia severity by 60% compared to placebo. Motor fluctua-
tions also significantly improved according to UPDRS scores and
patient-recorded diaries. Importantly, the primary outcome of this
study was to assess the effect of an acute challenge with L-dopa
instead of the usual longer-term treatment setting. Consequently,
this diminishes the clinical relevance of these results for everyday
practice. Four patients withdrew from the study due to adverse
reactions (confusion 1, increasing hallucinations 1, recurrence of
preexisting palpitations 1, and nausea 1). This study had a quality
rating score of 78%.

Verhagen et al. (1999)35 also published the results of a 1-year
follow-up to the previous study4, which included 13 of 17 patients
that remained on amantadine. An additional 4 new patients also
were included. Seven to 10 days prior to the follow-up assess-
ment, amantadine that patients have already been taking was dis-
continued. Patients subsequently received either placebo or 100
mg amantadine. Patients who previously were taking amantadine
received amantadine again but in a blind manner, and those not
receiving amantadine previously received placebo. On the test day,
patients received intravenous L-dopa followed by motor assess-
ment. Results showed that amantadine-treated patients continued
to have significantly reduced dyskinesias, with mean scores 50%
lower as compared to the placebo group recorded at the start of the
study.4 Adverse reactions were not reported. This study had an
overall quality rating score of 78%.

Snow et al. (2000)36 performed a similar study to Verhagen and
colleagues4,33, where 24 patients with PD were enrolled in a double-
blind, placebo-controlled, crossover trial, which compared aman-
tadine 200 mg/d (titrated from the first week on 100mg/d) to pla-
cebo. After each treatment arm, the patients were exposed in the
morning to an acute challenge of 1.5 times their usual L-dopa/DCI
(decarboxylace inhibitor) dose of standard release L-dopa. Patients
were evaluated clinically every 30 minutes. The primary endpoint
of the study was the total dyskinesia score, which was the sum of
all of the scores assigned for dyskinesia in the 3-hour period. The
mean maximal dyskinesia score was the highest sum score at any
time period. The subjective experience of dyskinesias was recorded
with the use of UPDRS part IV questions 1 to 4. There was a sig-
nificant reduction in the total dyskinesia from 29.0 with placebo to

22.0 with amantadine. The subjective experience of dyskinesia
also was statistically significantly decreased. Safety profile dur-
ing the study was not described. Two patients withdrew from the
study, but neither was due to adverse reactions. This study had a
quality rating score of 82%.

Luginger et al. (2000)34 assessed the effect of amantadine on L-
dopa-induced dyskinesia in a 5-week (treatment periods of 2 weeks
separated by 1 week wash-out), double-blind, crossover trial.
Eleven patients with advanced PD complicated by motor fluctua-
tions and dyskinesias were studied. Amantadine was administered
as 300 mg/d. Subjective dyskinesia intensity as well as daily “on”
and “off” times were recorded in diaries over the last 3 days of
each 2-week period. In addition, oral L-dopa challenges were per-
formed before the first and on the last day of each treatment pe-
riod. Ten patients completed the study. Dyskinesia severity fol-
lowing oral L-dopa challenges was significantly reduced by 52%
after amantadine treatment, scores changed from 14.5±9.4 (be-
fore treatment) to 7.0 ± 8.2 (after treatment), whereas there was no
change after placebo treatment (the score before treatment was
16.6±11.4 and after 15.5±12.1). Analysis of the diary data also
showed a significant reduction in the cumulative dyskinesia score
by 53%. The magnitude of L-dopa response, as measured by per-
cent reduction of the UPDRS Part III, was unchanged by amanta-
dine or placebo treatment compared with baseline. One patient
withdrew from the study due to dizziness while on placebo. One
patient that completed the study experienced reversible oedema
of both feet during treatment with amantadine. This study had a
quality rating score of 72%.

Level-II Studies
No qualified studies were identified.

REVIEW OF SAFETY
Adverse reactions associated with amantadine are primarily clas-

sified as central nervous system (CNS) effects. Those CNS reac-
tions occurring in more then 5% of patients receiving amantadine
include dizziness, anxiety, impaired coordination, insomnia and
nervousness. Additionally, nausea and vomiting can occur in 5%
to 10%. Effects can appear after a few hours, or following several
days of therapy, or after an increase in dosage. The adverse reac-
tions are generally mild but may be severe, particularly in elderly
patients. In 1% to 5% of the patients reported adverse reactions
include: headaches, irritability, nightmares, depression, ataxia, con-
fusion, somnolence/drowsiness, agitation, fatigue, hallucinations,
diarrhea, constipation, anorexia, xerostomia, and livedo reticularis.
In less than 1% of patients, adverse reactions reported include:
psychosis, abnormal thinking, weakness, amnesia, slurred speech,
hyperkinesias, hypertension, urinary retention, decreased libido,
dyspnea, and rash.37 Orthostatic hypotension and possible con-
gestive heart failure can occur during chronic amantadine admin-
istration.

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of amantadine regarding prevention of progression of
Parkinson’s disease.
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SYMPTOMATIC CONTROL OF PARKINSONISM
All level I studies assessing symptomatic efficacy of amanta-

dine have been of low to moderate methodological quality thus
limiting efficacy conclusions. Based on 3 positive Level-I studies
comparing amantadine monotherapy to placebo and 6 such stud-
ies comparing an adjunct amantadine versus placebo amantadine
is considered LIKELY EFFICACIOUS in improving symptom-
atic control of parkinsonism – both when given as monotherapy or
when added to preexisting therapy with anticholinergics or
levodopa. However, the effect size and duration of benefit are un-
certain.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of amantadine regarding the prevention of motor complica-
tions in Parkinson’s disease.

CONTROL OF MOTOR COMPLICATIONS
Based on 3 Level-I placebo-controlled studies, amantadine is

considered EFFICACIOUS in reducing levodopa-induced
dyskinesias in the short term. Data are inadequate to conclude on
the long-term efficacy of this approach.

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of amantadine in reducing motor fluctuations in Parkinson’s
disease.

SAFETY
Amantadine has an ACCEPTABLE RISK, WITHOUT SPE-

CIALIZED MONITORING.

IMPLICATIONS FOR CLINICAL PRACTICE
Amantadine monotherapy is USEFUL for symptomatic control

of parkinsonism – both when given as monotherapy or as add-on
treatment in patients previously receiving anticholinergics or
levodopa. However the duration of clinical benefit is not estab-
lished. Amantadine is USEFUL in the control of dyskinesias, but
the long-term clinical benefits are not known. Amantadine is IN-
VESTIGATIONAL for treatment of motor fluctuations. Currently,
there is no evidence to support a neuroprotective effect of amanta-
dine in PD.

IMPLICATIONS FOR CLINICAL RESEARCH
One of the more pressing areas to address in future clinical tri-

als is to evaluate the effect of amantadine on motor fluctuations,
and in particular, long-term effect on dyskinesias. The duration of
effect of amantadine is not well understood, and research in this
area will be clinically valuable, particularly if it helps identify a
subpopulation of long-responders. Similarly, further
characterisation of the effects of acute motor deterioration in pa-
tients treated over the long-term with amantadine is needed. Addi-
tional studies are also needed on the clinical effects of withdraw-
ing amantadine treatment.

OTHER ANTIGLUTAMATE AGENTS
A number of agents believed to act primarily through central

antiglutamate properties have been clinically studied in Parkinson’s
disease. Numbers of available trials are very small and only one
level I trial was identified for the entire group. With the exception
of dextromethorphane these agents have only been studied regard-
ing their effect on symptomatic control of parkinsonism.

MEMANTINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Memantine (1-amino-3,5-dimethyladamantane) is a compound

that has been proposed to be beneficial in PD.38 The mode of ac-
tion of the drug, which belongs to the 1-amino-admantanes, has
not been completely clarified. Memantine binds to the MK-801
binding site of the NMDA receptor at therapeutic concentrations39,
and reduces NMDA-induced membrane currents.40 The mecha-
nism of action postulated for memantine is similar to amantadine
normalising the activity of the glutamatergic cortico-striatal and
subthalamicopallidal pathways, which may be overactive in PD.

PHARMACOKINETICS
Memantine is readily absorbed (blood levels peak 20 to 30 min

after an oral dose of 5 mg/kg), has a mean life up to 100 hours, and
is poorly metabolised in humans. The currently recommended
dosage for patients with PD is 30 mg given in three divided doses
(ie. 10 mg TID).

REVIEW OF CLINICAL STUDIES
No studies assessing the efficacy of memantine regarding pre-

vention of disease progression, prevention of motor complications
or control of motor complications have been identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
No qualified studies were identified.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Rabey et al. (1992)41 performed an open study with blind as-

sessment in order to test the efficacy of memantine for treatment
of PD. Ten of the 14 patients enrolled in the study completed the
trial. In 5 patients, the main parkinsonian features (rigidity, bradyki-
nesia, tremor, gait, and postural reflexes) improved significantly,
and the “off” episodes improved in 60% of patients; 5 patients
remained unaltered. Dyskinesia did not change substantially dur-
ing the trial. Memantine was generally well tolerated, with confu-
sion, dizziness, abdominal pain, and psychomotor agitation as re-
ported adverse reactions.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude about the
efficacy of memantine in any of the indications in Parkinson’s dis-
ease reviewed in this report.

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of memantine in the treatment of PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Memantine is considered INVESTIGATIONAL for use in any

indications in Parkinson’s disease.
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IMPLICATIONS FOR CLINICAL RESEARCH
The efficacy and tolerability of memantine for the treatment of

PD is not well studied, and additional well-designed clinical trials
are warranted based on an improved understanding of the phar-
macological characteristics of memantine.

IFENPRODIL
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Ifenprodil is a non-competitive NMDA receptor antagonist,

which inhibits antagonism of MK 801 binding in medial pallidum.
Moreover ifenprodil also possesses alpha-adrenoreceptor block-
ing properties.

PHARMACOKINETICS
The pharmacokinetic profile of the drug is poorly known. No

published data are available about his plasma half life and brain
distribution.

REVIEW OF CLINICAL STUDIES
No studies assessing ifenprodil regarding prevention of disease

progression or prevention of motor complications have been iden-
tified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
No qualified studies were identified.

Level-II Studies
No qualified studies were identified

Level-III Studies
Montastruc et al. (1992)42 in an uncontrolled, non-randomized

study analyzed the effect of add-on therapy with ifenprodil. Two
groups of patients with idiopathic PD were studied: one group in-
cluded nine non-fluctuating patients, and the other group included
11 patients with peak-dose dyskinesia. (Efficacy was evaluated
using a blinded assessment.). Add-on therapy with ifenprodil 60
mg/d did not modify the parkinsonian symptoms in either group
as assessed by the UPDRS motor subscore (Part III). In the
dyskinesias group, there was no change in the dyskinesia score.
Reported adverse reactions were palpitations and sedation in 1
patient and a feeling of nasal congestion in another.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of ifenprodil in any indication in PD.

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of ifenprodil.

IMPLICATIONS FOR CLINICAL PRACTICE
Use of ifenprodil for any indication in Parkinson’s disease is

considered INVESTIGATIONAL.

IMPLICATIONS FOR CLINICAL RESEARCH
The only way to establish efficacy and tolerability of ifenprodil

in PD is to conduct the appropriate clinical trials. However before
any attempts are made to pursue this task, the pharmacological
characteristics of ifenprodil, particularly as compared to other anti-
glutamatergic agents, should be further studied in appropriate ex-
perimental models.

DEXTROMETHORPHAN
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Dextromethorphan, a widely used and well tolerated antitus-

sive agent, is a relatively low-affinity, non-competitive antagonist
of NMDA receptors43, and also binds to sigma receptors, whose
role in the basal ganglia is not well defined but may include modu-
lation of glutamatergic and dopaminergic neurotransmission.44

PHARMACOKINETICS
Dextromethorphan is readily absorbed (blood levels peak 1 to 4

h after an oral dose of 2.5 mg/kg) with a medial elimination half-
life of 2 hours. The dose varies between 100 to 200 mg. Its major
metabolite is dextrorphan, a product of oxidative O-demetilation
in the liver by the cytochrome P450 enzyme debrisoquin hydroxy-
lase (CYP2D6). Quinidine inhibits O-demetilation of
dextromethorphan, and then the half-life of dextromethorphan is
16 h.

Genetic polymorphism has been demonstrated for
dextromethorphan oxidative O-demetilation with both extensive
metabolizers and poor metabolizers that can be easily identified
by determining the dextromethorphan/dextrorphan metabolic ra-
tio in urine. The half-life of the drug is extremely prolonged in
poor metabolizers (up to 45 hours).45 The drug is generally well
tolerated, but side effects such as light-headedness, slurred speech,
fatigue, depression and hallucinations have been reported.

REVIEW OF CLINICAL STUDIES
No studies assessing dextromethorphane regarding prevention

of disease progression or of motor complications have been iden-
tified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
No qualified studies were identified.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Bonuccelli et al. (1992)46 tested dextromethorphan in 6 “de novo”

patients and in 6 patients where dextromethorphan was added to
existing therapy. This was an open-label study with increasing
dosage of 45, 90, 120 and 180 mg/d. The authors observed a sig-
nificant improvement on UPDRS over baseline for tremor, rigid-
ity and finger tapping (the indices with the greatest improvement)
with the dose of 180 mg/d. One week after drug withdrawal, mo-
tor performance returned to baseline. One patient withdrew at 90
mg/d dose because of light-headedness, drowsiness, and mild
ataxia.
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Montastruc et al.47 investigated the effects of an add-on therapy
with dextromethorphan in patients with PD. An initial study was
performed using a daily dose of 90 mg in 13 nondemented pa-
tients with PD. Clinical assessments were done in a blind fashion
using the UPDRS motor score at baseline and after 1 month of
treatment. Ten patients completed the study. UPDRS scores did
not reveal any change. Three patients dropped out of the study
due to adverse reactions: major sedation with urinary incontinence
(n=1), pruritus with nausea (n=1) and nausea (n=1). A second study
with the same design was conducted in 8 nondemented patients
with PD treated with dextromethorphan 180 mg. Similarly, no dif-
ferences in the UPDRS motor scores were detected. Four patients
dropped out due to adverse reactions, which included sedation,
dizziness, and severe cutaneous dysesthesia. Three of the remain-
ing four suffered from severe constipation.

CONTROL OF MOTOR COMPLICATIONS
Level-I Studies

No qualified studies were identified.

Level-II Studies
Verhagen et al. (1998)48 performed a double-blind, crossover,

study to test the efficacy of dextromethorphan in six patients with
dyskinesias and motor fluctuations (2 to 3 week treatment period).
With dextromethorphan, the average and maximum dyskinesia
scores improved by >50%, without compromising the
antiparkinsonian response of L-dopa.

REVIEW OF SAFETY
Dextromethorphan is well tolerated in general populations for

treatment of cough and is considered safe, however it has not been
specifically tested in patients with PD.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of dextromethorphan in any indication in Parkinson’s dis-
ease.

SAFETY
Published data on dextromethorphan treatment cover less than

40 patients and treatment duration was in the order of 1 month.
Therefore, there is INSUFFICIENT EVIDENCE to conclude on
the safety of dextromethorphan in patients with Parkinson’s dis-
ease.

IMPLICATIONS FOR CLINICAL PRACTICE
Use of dextromethorphan for treatment of PD is considered

INVESTIGATIONAL.

IMPLICATIONS FOR CLINICAL RESEARCH
The efficacy and tolerability of dextromethorphan for treatment

of PD warrants further investigation.

BUDIPINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
The lipophilic t-butyl analogue of 1-alkyl-4,4-diphenyl piperi-

dine, budipine, possesses a polyvalent spectrum of mechanisms

of action. Budipine experimentally increased the brain content of
norepinephrine, serotonin, dopamine, and histamine in reserpine-
treated rats. Budipine did not alter the receptor affinity of these
neurotransmitters but antagonizes the effect of NMDA at its re-
ceptor binding site in vitro.

PHARMACOKINETICS
Budipine has a large volume of distribution. Its half-life is ap-

proximately 31 h with little plasma fluctuations. Of the adminis-
tered dose 50% to 60% is recovered in urine, 20% as parent com-
pound and 30% as a hydroxylated non-conjugated metabolite.

REVIEW OF CLINICAL STUDIES
No studies assessing the efficacy of budipine regarding preven-

tion of disease progression or motor complication have been iden-
tified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
Spieker et al. (1999)49 conducted a randomized, double-blind,

parallel-group study comparing budipine versus placebo in 84
patients. Study medication was either budipine 60 mg or placebo,
which were as add-on therapy to patients with PD who had a Co-
lumbia University Rating Scale (CURS) score between 24 and 50.
The study included a 4-month treatment period and the primary
end-point was the tremor subscore calculated from the tremor-re-
lated items of the CURS. The treatment scores decreased from
6.4±3.4 (baseline) to 5.3±3.9 in the placebo group and from 6.1±2.5
(baseline) to 3.5±2.6 in the budipine group (this difference was
statistically significant). Adverse reactions were reported but are
not described in the publication. This study had a quality rating
score of 50%.

Level-II Studies
Jellinger et al. (1987)50, evaluated budipine as an adjuvant treat-

ment for patients with PD. This was a placebo-controlled trial that
was reported as being double-blind in design, but distribution be-
tween treatment groups was not clearly stated. An overall assess-
ment of efficacy and adverse reactions were made by the investi-
gator and by each patient (n=31). Improvement in budipine group
was 22% compared to the placebo group (4%) as measured on the
CURS. The improvements were greatest for tremor, followed by
diadochocinesia. Two patients on budipine discontinued treatment
due to severe mental confusion. Other adverse reactions reported
were occasional dryness of the mouth.

CONTROL OF MOTOR COMPLICATIONS
Level-I Studies

No qualified studies were identified.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Spieker et al. (1999)51, performed an open-label study in 7 pa-

tients with PD with motor fluctuations. Budipine given as  an add-
on therapy (final dose of 40 mg/d) decreased the time “off” in 5 of
the 7 patients (average decrease in all patients 2.8 ± 3.9 h) and
improved motor scales as assessed by on-off diaries and the
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UPDRS score motor section. Four patients experienced slight dry-
ness of the mouth and one patient dropped out due to dizziness.

REVIEW OF SAFETY
Budipidine was available in a small number of European coun-

tries and its safety profile was considered similar to that of aman-
tadine, although the specific side-effects of amantadine like livedo
reticularis and oedema were not a feature. Recently (July 2000)
the German regulatory authorities, after analysing the
pharmacovigilance data on cardiac arrhythmias, decided that
budipine was associated with an excess of severe cardiac
arrhythmias. This was seen as a significant risk that the uncertain
clinical benefits did not outweigh. Therefore budipidine is no longer
available in the European Union.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of budipine in any indication in Parkinson’s disease.

SAFETY
Budipine has an UNACCEPTABLE RISK for cardiac

arrhythmias.

IMPLICATIONS FOR CLINICAL PRACTICE
The risk benefit ratio of budipine is unfavourable (based on in-

creased risk of cardiac arrhythmias) and therefore the use of
budipine for treatment of PD is UNACCEPTABLE.

IMPLICATIONS FOR CLINICAL RESEARCH
Clinical use of budipine, at this time, carries a significant risk of

cardiac arrhythmias. Congeners of this agent that lack cardiac tox-
icity could potentially be developed.
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INTRODUCTION
BACKGROUND

The loss of dopamine-generating neurons in the substantia ni-
gra pars compacta (SNpc) is the major pathological change in
Parkinson’s disease (PD). Although other neurochemical changes
develop in the striatum and elsewhere, the deficiency of dopam-
ine in the striatal projections from SNpc accounts for the cardinal
motor features of parkinsonism.1,2 Consequently, augmenting stri-
atal dopaminergic transmission by Levodopa substitution was
shown to induce marked clinical improvement.3,4

RATIONALE
Levodopa (L-dopa) has an established role as one of the most

efficacious antiparkinsonian agents documented by decades of
clinical use. The effect size of Levodopa in PD is large and robust
and argues against possible bias that usually effect uncontrolled
studies. Therefore, it now seems irrelevant to discuss the evidence
basis of Levodopa’s well-established efficacy. However, the ef-
fect size and benefit risk ratio of Levodopa versus other
antiparkinsonian agents as well as between different formulations
of Levodopa has remained one of the prevailing controversial is-
sues concerning optimal management of PD.

STANDARD LEVODOPA
METHODS

One of the differences in this chapter, as compared to other chap-
ters in this review, is the abundant literature on Levodopa in PD
and the established role of the drug in the treatment of PD. As a
result, this section is based exclusively on Level-I studies where
there was a Levodopa active comparator arm. (Studies employing
standard Levodopa and sustained release formulations of Levodopa
are reviewed separately.)

KEY SEARCH TERMS
These are detailed in each of the corresponding chapter for the

respective active comparator studies (see Amantadine, Anticho-
linergics, DA-Agonists, MAO-B-Inhibitors, and COMT-Inhibitors).

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

Only Level-I trials are included. No systematic attempts were
made to identify studies on Levodopa without dopa decarboxy-
lase inhibitors.

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Levo-3,4-dihydroxyphenylalanine (Levodopa) is an amino acid
naturally occurring as an L-stereoisomer in the bean pods of cer-

tain legumes. In the mammalian brain, Levodopa is a transient
metabolic intermediate in the pathway producing dopamine. The
enzymatic reaction generating Levodopa is L-tyrosine hydroxyla-
tion, the rate-limiting step regulating dopamine synthesis. Once
produced, Levodopa does not accumulate because it is rapidly
decarboxylated (both systemically and in the brain) to dopamine
by L-amino acid decarboxylase (L-AAD). Synthetic Levodopa
administered orally is transferred rapidly into the brain from the
circulation by means of a large neutral amino acid (LNAA)-spe-
cific carrier system.5 Its facilitated transport through the blood-
brain barrier is similar to the uptake mechanisms in the duodenum
and jejunum, although the gut transporter has a higher capacity
for LNAA’s. Levodopa exerts its antiparkinsonian efficacy through
conversion into dopamine, which occurs intraneuronally and at
other sites where LNAA decarboxylase activity is present, such as
in glia.6 Dopamine produced endogenously is packaged
intraneuronally into vesicles; whether this occurs for dopamine
synthesis from Levodopa in the PD patient, however, is not known.

The pulsatile nature of dopamine production from Levodopa
administration does not duplicate the physiological pattern of neu-
rotransmitter secretion.6 Normally, there is a low but continuous
release of dopamine with superimposed bursts of increased re-
lease. Considerable experimental evidence in animal studies sug-
gests that chronic intermittent dopaminergic stimulation may be
responsible for dyskinesia and motor fluctuations, which occurs
after prolonged Levodopa use such as dyskinesias and motor fluc-
tuations.8

PHARMACOKINETICS AND METABOLISM
Once absorbed from the gastrointestinal tract, Levodopa is dis-

tributed widely throughout the body and has several metabolic
dispositions, including metabolism via several enzymatic path-
ways, auto-oxidation, and renal clearance.9

Levodopa administered by mouth is almost completely absorbed
from the gut. Much of the dopamine produced from Levodopa is
metabolized to homovanillic acid and, to lesser extent, to dopam-
ine sulfate and dihydroxyphenylacetic acid. Levodopa is also a
substrate for catechol-O-methyltransferase (COMT), and enzyme
forming 3-O-methyldopa. A large fraction of each orally adminis-
tered Levodopa dose is irreversibly converted to 3-O-methyldopa,
which cannot be utilized in dopamine synthesis. Less than 5% of
an oral dose of Levodopa is delivered to the brain.9 If Levodopa is
not administered with an inhibitor of L-AAAD or COMT, a large
proportion of each oral dose of Levodopa will be diverted to the
products of these enzymes. Use of the decarboxylase inhibitors
carbidopa or benserazide will permit an approximately four-fold
reduction of Levodopa doses needed for optimal symptom con-
trol.10,11 Immediate-release formulations of Levodopa typically
achieve a C

max
 between 15 and 45 minutes after oral intake of the

drug.9 L-AAAD inhibitors increase the magnitude of the Levodopa
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C
max

.12 The plasma half-life of Levodopa, influenced mostly by
distribution in tissues such as skeletal muscle and by extensive
hepatic first-pass metabolism, usually ranges from 1-2 hours.

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
The only possibility to thoroughly assess the impact of Levodopa

on the progression of PD is by means of placebo-controlled, long-
term trials. To date, none have been published in the literature, but
there is presently one ongoing clinical trial (ELLDOPA) specifi-
cally designed to address this question.13 The ELLDOPA study is
a placebo-controlled, 40-week, double-blind, randomized trial that
seeks to determine Levodopa’s effect on the natural history of PD.
The primary outcome measure of this trial will be the changes in
UPDRS at the end of the follow-up, after a 14-day wash-out pe-
riod of all antiparkinsonian medications. Neuroimaging techniques
(beta-CIT-SPECT) will also be used as a surrogate marker for dis-
ease progression.

Comparative prospective randomized trials comparing
Levodopa with different dopamine agonists (ropinirole, pergolide,
pramipexole) using functional imaging criteria as surrogate mark-
ers of disease progression are ongoing (ropinirole), will soon be
published (pergolide) or have recently been published
(pramipexole). These studies do not contain placebo treatment
arms. While they may be able to show relative differences between
the active treatments, they will not allow conclusions about the
impact of treatments relative to the natural course of untreated PD
disease. This is also true for a Level I study assessing the effect of
deprenyl, Levodopa, and bromocriptine on the progression of PD.

Olanow and colleagues (199514) randomized 101 untreated PD
patients (mean age = 66 years) to one of the following four treat-
ment groups (Deprenyl® plus Sinemet®; placebo-Deprenyl® plus
Sinemet®; Deprenyl® plus bromocriptine; placebo-Deprenyl®
plus bromocriptine). The final visit was performed at 14 months, 2
months after withdrawal of Deprenyl (or its placebo) and 7 days
after withdrawal of Sinemet or bromocriptine. Deterioration of
UPDRS total score between baseline and final visit was used as
an index of PD progression. While this study was designed to as-
sess the impact of Deprenyl on the progression of PD it also showed
that deterioration in UPDRS score was not significantly different
in patients randomized to treatment with Sinemet (1.7 ±1.6) or
bromocriptine (4.5±1.2). This study therefore suggests that
Levodopa and bromocriptine have the same impact on progres-
sion of motor impairment in PD, however, no conclusion is pos-
sible about the magnitude or direction of this impact relative to
untreated disease. This study had an overall quality score of 76%.

Parkinson Study Group (200015): This was a randomized,
double-blind, controlled, two year prospective study including 301
patients randomly assigned to pramipexole monotherapy (N=151)
or Levodopa (N=150) (see also section “Symptomatic Control of
Parkinsonism” for further details). Open label supplementation with
Levodopa was permitted from week 11 until the end of the trial
according to clinical need. The primary outcome measure was the
time of first occurrence of pre-specified motor complications. This
trial included a subset of 82 patients who underwent b-CIT-SPECT
imaging before baseline and immediately before the final study
visit to detect possible differences in the decline of b-CIT uptake
as a surrogate marker for disease progression with the two treat-
ments. Patients treated initially with pramipexole (N=39) showed
a mean decline of 20% (standard deviation 14.2%) in striatal b-

CIT uptake compared with a 24.8% decline (standard deviation
14.4%) decline in patients treated initially with Levodopa (N=39).
Four patients were lost to b-CIT follow-up. The observed differ-
ences between the two groups were not statistically significant.15

There are a number of Level-II studies assessing the impact of
Levodopa on mortality in PD (see section on Levodopa safety).
While mortality is a robust endpoint and certainly meaningful from
a public health perspective, it only partially reflects disease pro-
gression in PD. Confounding variables include comorbidity, gen-
eral changes in PD management, changes in life expectancy and
co-treatment invalidating the available Level-II studies using ret-
rospective historical controls. Ideally, studies assessing the impact
of Levodopa on mortality require untreated controls, who are fol-
lowed until death, which is clearly effectively impossible.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
In this section all Level-I comparative trials using Levodopa as

monotherapy versus monotherapy with an active comparator (as
identified in all chapters on antiparkinsonian drugs of this review)
have been included. Specific details on search methods, inclusion
and exclusion criteria appear and comprehensive descriptions of
study details can be found in the corresponding sections of this
review.

Levodopa versus Dopamine Agonists
Bromocriptine versus Levodopa

Six Level-I studies with Levodopa as an active comparator have
been included (also see chapter on DA agonists).

Libman et al. (198716) studied 51 de novo patients for a mean
duration of 19.5 weeks. Efficacy was assessed using Hoehn and
Yahr scale, Columbia University Scale and the Northwestern Uni-
versity Disability Scale (NUDS). Bromocriptine (24 mg/d) and
Levodopa (252 mg/d) were reported to induce similar improve-
ments on all efficacy parameters. Hoehn and Yahr score improved
by at least one unit in 42% of the bromocriptine-treated patients,
and in 32% of the Levodopa-treated ones. The mean Columbia
score improved by 62% in the bromocriptine (from 18.9 at baseline
to 7.3 at week 21) and by 55% in the Levodopa group by 55%
(from 16.4 at baseline to 7.4 at week 21). This improvement was
not statistically different between both groups. This study had an
overall quality score of 69%.

Riopelle et al. (198717) treated 81 de novo patients for a mean of
5.5 months. Main efficacy parameter was the CURS, Hoehn and
Yahr stage and NUDS scores. At the mean dose of 26 mg/d,
bromocriptine was reported to improve parkinsonian symptoms
to a similar degree as Levodopa (262 mg/d): the Columbia score
improved by 61% with bromocriptine and 55% with Levodopa
and NUDS score improvements were also similar (38% with
bromocriptine and 37% with Levodopa). Unfortunately, the raw
data scores are not provided in the text. This study had an overall
quality score of 75%.

Cooper and colleagues (199218) performed an open, random-
ized, 4-month study in 67 patients receiving Levodopa
monotherapy (415 mg/d), bromocriptine (13.5 mg/d), or anticho-
linergics (21 patients on benzhexol 5.9 mg/d; 1 patient on
orphenadrine). The study was mainly designed to assess different
effects of dopaminergic and anticholinergic therapies on a num-
ber of cognitive outcomes but motor response was also assessed,
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using the King’s College Rating Scale (KCRS) and unimanual and
bimanual fine finger movements. No head to head comparisons
between the different treatment arms were made. At 4 months, mo-
tor status improved in the Levodopa (KCRS: baseline = 22.9 vs.
4-month = 12.0, p<0.01) and anticholinergics (KCRS: baseline =
22.3 vs. 4-month = 17.2, p<0.05) groups, while bromocriptine did
not induce any significant change (KCRS: baseline = 23.0 vs. 4-
month = 21.0, NS). This study had an overall quality score of 55%.

The UK Parkinson’s Disease Research Group (199319) per-
formed a randomized open study in 782 de novo PD patients us-
ing 3 treatment arms: Levodopa monotherapy, Levodopa combined
with selegiline, and bromocriptine monotherapy. Outcome crite-
ria for motor function (secondary endpoints) were a modified ver-
sion of the Webster scale and the NUDS. After one year of follow-
up, Levodopa alone (420 mg/d) or in combination with selegiline
(352 mg/d plus 10 mg/d) was found to be significantly more po-
tent than bromocriptine (36 mg/d) (Webster adjusted improvement
in score: Levodopa = 3.1, Levodopa+selegiline = 3.4,
bromocriptine: 2.1; adjusted difference (95% CI) in favor of
Levodopa vs. bromocriptine: 0.93 (0.27-1.5), p=0.006; and in fa-
vor of Levodopa+selegiline vs. bromocriptine: 1.25 (0.61-1.89),
p= 0.0002). More patients withdrew from the study because of
adverse events in the bromocriptine group during the study (mainly
because of gastrointestinal and psychiatric adverse reactions). At
3 years only 33% of patients initially randomized to bromocriptine
were still receiving agonist monotherapy compared to 68% in the
Levodopa monotherapy arm. This study had an overall quality
score of 63%.

Montastruc and colleagues (199420) performed a randomized
open study in 60 de novo patients (mean age = approximately 61
years) followed up for 5 years. While patients were initially ran-
domized to monotherapy with either Levodopa or bromocriptine,
Levodopa could be added later to the bromocriptine arm. At
baseline, disease severity was reported to be comparable in both
groups according to the Hoehn and Yahr stage. The primary ob-
jective of this trial was to compare the occurrence of long-term
motor complications, but motor function was also assessed twice
a year, using the Columbia University scale until 1985, and the
UPDRS thereafter. At 5 years only 4 of 31 patients were still re-
ceiving bromocriptine monotherapy (mean delay to the adjunc-
tion of Levodopa: 2.7 years). The authors found similar efficacy
of Levodopa monotherapy (569 mg/d) and combined Levodopa
plus bromocriptine treatment (471 mg/d plus 52 mg/d) as assessed
by the UPDRS at the endpoint or at the last visit of follow-up
(bromocriptine/Levodopa group: 10.6; Levodopa group: 11.0).
However, no direct comparisons between the respective
monotherapies are possible in this trial. Hallucinations were more
frequent in the bromocriptine group (5 in the bromocriptine/
Levodopa group versus 2 in the Levodopa group). Long-term motor
complications were less frequent in the bromocriptine group (see
“Prevention of Motor Complications”).This study had an overall
quality score of 69%.

Olanow et al. (199514) performed a 14-month, double-blind, ran-
domized four-arm trial comparing Levodopa plus placebo versus
Levodopa plus deprenyl versus bromocriptine plus placebo ver-
sus bromocriptine plus deprenyl. The study was primarily designed
to assess the impact of deprenyl and Levodopa on the progression
of PD. However, before washout it was possible to compare the
symptomatic effects of Levodopa (L-dopa: 400 mg/d) versus
bromocriptine (28 mg/d) using the total UPDRS scores. Levodopa-

treated patients were slightly more improved (UPDRS at baseline
= 23.4 vs. 12 month = 18.3) than those on bromocriptine (~ 28 mg/
d) (UPDRS at baseline = 22.7 vs. 12 month = 21.5), but the differ-
ence was not significant. There were no reported significant dif-
ferences in the incidence of side effects in both groups. This study
had an overall quality score of 76%.

In addition two studies were identified where Levodopa
monotherapy and bromocriptine monotherapy were used as sepa-
rate arms in three arm trials also including “early combination” of
both drugs.

Herskovits and colleagues (198821) randomized 86 de novo PD
patients to one of three arms over a follow-up of 31 months:
Levodopa monotherapy versus bromocriptine monotherapy ver-
sus combined Levodopa plus bromocriptine treatment. However,
secondary Levodopa supplementation was possible in the
bromocriptine group and at the end of the trial half of the patients
in that group had combined treatment. Doses were 12.6 mg/d for
bromocriptine monotherapy, to which a mean of 401.8 mg/d
Levodopa was added in the course of the study in 50% (14/28) of
patients. The Levodopa monotherapy group received 556 mg/d
and the initially combined group received 572 mg/d plus 7.5 mg/d
of bromocriptine. Motor outcome was assessed using the Webster
Rating. Antiparkinsonian improvement was reported to be about
50% in all 3 groups, with no significant difference between treat-
ments. These results appear on a figure of the article, but, unfortu-
nately, no exact quantitative raw data are provided in the text or in
a table. This study had an overall quality score of 63%.

Hely et al. (199422) conducted a 5-year randomized open study
of 149 de novo PD patients (mean age = 62 years) allocated to low
doses of either Levodopa (64 patients) or bromocriptine (62 pa-
tients) monotherapy. The study was designed to be double-blind
in the titration phase only, and to assess primarily if the incidence
of late motor complications was lower in the bromocriptine group.
Interim results on the first 3 years have also been reported but are
not summarized here. Efficacy was assessed with a modified Co-
lumbia scale. ADL was also measured using the NUDS. Subse-
quent addition of Levodopa to bromocriptine or bromocriptine to
Levodopa was allowed, thus creating subsequently new combina-
tion groups. Analyses were performed on the 2 monotherapy treat-
ment groups as originally randomized (bromocriptine and
Levodopa), and also on the main treatment subgroups subsequently
formed. The mean daily dose of bromocriptine was 32 mg/d. Less
than 10% of patients were still on bromocriptine monotherapy af-
ter 3 years and none after 5 years. Median times on bromocriptine
monotherapy were 12 months and 52.3 months on Levodopa alone.
Doses at year one were 18 mg/d for bromocriptine and 344 mg/d
for Levodopa alone. In the bromocriptine group, the main reason
to stop monotherapy and switch to combination was lack of effi-
cacy. Mean change from baseline in modified Columbia score on
bromocriptine alone showed improvement at 6 months (-2.41,
p<0.01), but not thereafter. Mean change from baseline in modi-
fied Columbia score on Levodopa alone also showed improve-
ment at 6 months (-3.69, p<0.001), one year (-3.96, p<0.001), and
2 year (-3.19, p<0.001). Levodopa was significantly better than
bromocriptine alone at 1 year. Conversely, the patients who
switched from bromocriptine alone to a combination of Levodopa
and bromocriptine showed significantly more improvement than
the Levodopa monotherapy group at one year (mean change in
modified Columbia score : -5.75, p=0.002). However, no head-to-
head comparisons between the two arms were performed. This
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study had an overall quality score of 57%.

Lisuride versus Levodopa
Rinne et al. (198923) randomized 90 de novo parkinsonian pa-

tients to open treatment with Levodopa monotherapy, monotherapy
with lisuride or initial combined treatment with both drugs. Total
follow-up was 4 years and motor response was assessed using the
Columbia University Rating Scale. Patients also recorded the oc-
currence and severity of fluctuations in disability in a daily diary.
At three months and one year improvements were significantly
greater in the Levodopa monotherapy arm compared to the lisuride
arm (CURS improvement: Levodopa 56% vs. lisuride 32%, p<0.01;
daily doses not given, doses at one year were 718 mg/d for
Levodopa and 1.9 mg/d for lisuride). After two years of treatment
only 33% of patients (N=6) still remained on lisuride monotherapy
so that efficacy comparisons between the monotherapy arms no
longer seem meaningful due to small numbers. This study had an
overall quality score of 44%.

Pergolide versus Levodopa
Kulisevsky et al. (199824) included 20 de novo patients in a 6

month open label randomized trial comparing pergolide and
Levodopa. Motor effects were assessed using the UPDRS. At 6
months pergolide (2.8 mg/d) and Levodopa (435 mg/d) showed
similar decreases in UPDRS subscores II and III. The numerical
effect of Levodopa was larger than that of pergolide, however, the
study was clearly not powered to detect statistically significant
differences between the two treatments (improvement of UPDRS
II was from a mean of 8.7 at baseline to 6.1 at month 6 in the
pergolide arm and from 11.8 to 5.8 in the Levodopa arm. Decreases
for UPDRS III were from 22.9 to 15.7 in the pergolide versus from
24.8 to 14.0 in the Levodopa arm.)

Oertel et al. (200025): A large randomized, double-blind, pro-
spective long-term trial comparing pergolide and Levodopa
monotherapy has included 294 drug-naive patients and its main
results have been presented in abstract form.25 Once fully pub-
lished this study is expected to provide high quality data on the
relative symptomatic efficacy of pergolide versus Levodopa.

Pramipexole versus Levodopa
Parkinson Study Group (200015): This is a randomized Levodopa

controlled two-year prospective study of pramipexole
monotherapy. One hundred fifty-one patients were randomized to
pramipexole monotherapy while 150 patients received Levodopa.
The trial consisted of a 10-week dosage escalation period followed
by a 21-month maintenance period. Open-label supplementation
with Levodopa was permitted from week 11 until the end of the
trial according to clinical need. The primary outcome variable was
defined as time from randomization until the first occurrence of
any of three pre-specified motor complications: wearing-off,
dyskinesias, or “on”/“off” fluctuations (see “Prevention of Motor
Complications” section). Secondary outcome variables included
changes in scores of the UPDRS, a PD quality of life scale, the
EuroQol, and the need for Levodopa/Carbidopa supplementation.

A subset of 82 patients underwent SPECT imaging with b-CIT
before baseline and immediately before the final study visit (see
above “neuroprotection”).

At the end of the trial subjects allocated to pramipexole were on
an average dose of 2.78 mg/d and those allocated to Levodopa
took an average of 406 mg/d. Fifty-three percent of subjects in the
pramipexole group required supplemental Levodopa compared

with 39% in the Levodopa group (P = 0.02). The dose of open-
label supplemental Levodopa was almost identical in the two arms
(264 versus 252 mg/d), the average total daily dose of experimen-
tal plus supplemental Levodopa in the Levodopa arm was 509
mg/d.

The mean improvement in total UPDRS as well as the motor
and ADL subscores from baseline to the end of the study was sig-
nificantly greater in the Levodopa group compared with patients
on pramipexole. Total UPDRS scores decreased by 4.5 points with
pramipexole compared to 9.2 points with Levodopa (P < 0.001).
Similarly motor scores decreased by 3.4 versus 7.3 points (P <
0.001) and ADL scores decreased by 1.1 versus 2.2 points in the
pramipexole versus Levodopa arm (P = 0.001).

Ropinirole versus Levodopa
Rascol et al. (1998)26 conducted a randomized controlled trial

including 268 de novo patients randomized to ropinirole or
Levodopa in a two-to-one ratio. Open Levodopa supplementation
was allowed in both arms and results are available after 6 months26

and 5 years27 of follow-up. Primary efficacy endpoint for the
planned 6-months interim analysis was the percentage improve-
ment in UPDRS motor score. Secondary efficacy variables in-
cluded the proportion of patients with a 30% reduction in UPDRS
motor score (“responders”), patients with scores of 1 (very much
improved) or 2 (much improved) on a CGI score and the propor-
tion of patients requiring Levodopa supplementation. At 6 months
Levodopa (464 mg/d) induced significantly greater improvement
in UPDRS motor scores compared to ropinirole (9.7 mg/d): UPDRS
motor score improved by -32% with ropinirole (from 21.5 at
baseline to 15.7 at endpoint) and by -44% with Levodopa (from
21.7 at baseline to 13.3 at endpoint) (p<0.05). However, at this
time point there was no significant difference in the number of
responders (ropinirole: 48%; Levodopa: 58%) At six months, CGI
analysis did not reveal intergroup differences for patients with
Hoehn and Yahr stages I-II, but there was a significant difference
in favor of Levodopa in the patients with Hoehn and Yahr Stages
II.5 and III at baseline (OR 0.11; 95%CI (0.04-0.35)). By the end
of the first 6 months, 4% of the ropinirole-treated patients required
Levodopa supplement versus 1% of the Levodopa-treated ones
(NS). This study had an overall quality score of 90%.

The primary outcome for the final analysis at 5 years was the
occurrence of dyskinesia; but antiparkinsonian efficacy was also
recorded using UPDRS II (ADL) and III (motor examination). At
5 years patients on Levodopa (mean dose 753 mg/d including open
label supplement in 36% of the patients) had a mean decrease from
baseline in UPDRS motor scores of 4.8 points compared to 0.8
points in the ropinirole group (mean dose 16.5 mg/d plus 427 mg/
d of open-label complementary Levodopa in 66% of the patients).
This difference in mean score (4.48, 95%CI 1.25-7.72) was sig-
nificant in favor of Levodopa (P = 0.008). UPDRS ADL scores
increased by 1.6 points in the ropinirole group while mean scores
did not change in patients on Levodopa. This difference in favor
of Levodopa was not significant. Classical dopaminergic adverse
reactions were reported in both treatment groups, including nau-
sea, somnolence, insomnia, dizziness, hallucination, vomiting,
postural hypotension. Hallucinations were more frequent with
ropinirole than Levodopa (17% vs. 6%, respectively), but severe
hallucinations leading to withdrawal from the trial were infrequent
in both groups (4% vs. 2%, respectively). This study had an over-
all quality score of 90%.
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Cabergoline versus Levodopa
Rinne et al. (199728, 199829) performed a controlled prospective

trial including 413 de novo patients (mean age approximately 61
years) randomized to cabergoline or Levodopa in a one-to-one
ratio. Cabergoline could be titrated up to 4 mg/d on a once a day
regimen, and Levodopa up to 600 mg/d tid. Open Levodopa supple-
mentation was allowed in both arms according to clinical need.
Motor effects were assessed using the UPDRS. The proportion of
patients experiencing a 30% decrease in parkinsonian disability
and the proportion of patients requiring the addition of Levodopa
were also analyzed. At one year mean UPDRS motor scores de-
creased more in the Levodopa group (468 mg/d) compared to the
cabergoline group (2.8 mg/d) (16.4 versus 12.6). It is not stated in
the paper if this difference was statistically significant. By this time
38% in the cabergoline group versus 18% in the Levodopa group
required open Levodopa supplementation.

Patients were subsequently followed up for a total of 3 to 5 years.
The primary end-point was the onset of motor complications but
antiparkinsonian efficacy was also monitored using the UPDRS
part II and III. After 4 years Levodopa treated patients are reported
to have an “average 30% improvement” in motor disability
(UPDRS III) compared to 22 to 23% versus baseline in the
cabergoline group. No statistical analysis are reported and 65% of
cabergoline patients required Levodopa supplementation at the time
of final analysis. Adverse events were quite similar in both groups,
including among the most frequent ones nausea and vomiting, diz-
ziness and hypotension, sleep problems. Edema was more frequent
on the cabergoline group. This study had an overall quality score
of 75%.

Levodopa versus Anticholinergics
Cooper et al. (199218): The only available study where Levodopa

monotherapy was compared to monotherapy with anticholinergics
was performed by Cooper and colleagues (1992).18 However, this
was a study designed to assess differential effects on neuropsy-
chological functions in de novo patients with idiopathic PD, and
direct statistical comparisons of numerical results in the Levodopa
versus anticholinergic arm were not performed.

Motor assessments were based on the King’s College Rating
Scale and a Finger Motility Scale and there was significant im-
provement over baseline in both the Levodopa and the anticholin-
ergics arm. This study had an overall quality score of 55% (see
above).

Levodopa versus Amantadine
A single randomized trial of Levodopa versus amantadine

monotherapy was identified. Cox et al. (197330) enrolled 27 pa-
tients to a double-blind, crossover study where patients had two
six-week courses of monotherapy with either drug, separated by a
period of six weeks without treatment. Motor effects were assessed
on a modified Webster scale and by means of timed tests of writ-
ing, walking and lighting a match. In addition, mechanical record-
ings of tremor and rigidity were also performed (two assessments
at three-weekly intervals before and during each treatment period).
The Webster scores, time to write a standard sentence or light a
match all significantly improved over baseline in patients receiv-
ing Levodopa (mean daily dose 2.9 to 3.3 g without DC-inhibitor)
before Amantadine (“Levodopa starters”) while there was no sig-
nificant improvement in any of the assessments in patients receiv-
ing Amantadine first (mean daily dose 303 to 323 mg). Levodopa

induced improvements were less impressive in patients receiving
the drug in the second double-blind period (“Amantadine start-
ers”) but still significant for some Webster score items and timed
tests. This was also the case for Amantadine when given in the
second treatment period (“Levodopa starters”). Although this study
was not designed to directly compare effect sizes of Levodopa
and Amantadine monotherapy the results suggest that Levodopa
is more effective. This study had an overall quality score of 48%.

ADJUNCT THERAPY
Although supplementation of Levodopa to dopamine agonists

or other antiparkinsonian medications in stable PD is common clini-
cal practice in order to improve symptomatic control no Level-I
studies specifically assessing the effectiveness of this strategy have
been identified.

PREVENTION OF MOTOR COMPLICATIONS
Although the use of Levodopa specifically aimed at preventing

motor complications seems contradictory a number of random-
ized controlled prospective trials are available to assess the inci-
dence of such complications during long-term Levodopa treatment.
These will be reviewed here. Results between these studies are
difficult to compare because of differences in Levodopa dose,
length follow-up, definition and assessment methods for motor
complications.

Ten long-term, prospective, randomized, controlled trials in de
novo patients provide incidence data on the development of mo-
tor fluctuations and/or drug-induced dyskinesias with Levodopa
monotherapy. Five were trials comparing LD with bromocriptine,
one each with lisuride, cabergoline, ropinirole and pramipexole,
and one compared two pharmakokinetic formulations of Levodopa.

The UK Parkinson’s Disease Research Group (199319) included
782 de novo patients randomly allocated to Levodopa alone,
Levodopa plus selegiline or bromocriptine. Involuntary move-
ments, oscillations in motor performance and early morning dys-
tonia were recorded at follow-up visits but no special definitions
are reported. At three years the incidence of motor response oscil-
lations was 33 and 35% in the two Levodopa arms. Twenty-seven
percent of patients in the Levodopa monotherapy arm had devel-
oped dyskinesias. Levodopa-induced dystonia was observed in
25% of patients after three years. These percentages are reported
to be “higher“ in patients on Levodopa or on combination than in
those on bromocriptine, but p values are not reported. Mean daily
doses are given at one year only and were 420 mg/d. The mean
length of time to develop drug-induced dyskinesias and motor os-
cillations was 24.5 months. This study had an overall quality score
of 63%.

Montastruc and colleagues (199420) randomized 60 de novo
patients to monotherapy with Levodopa or bromocriptine (to which
Levodopa could be added later). At 5 years patients in the Levodopa
arm received a mean daily dose of 569 mg/d. Motor complications
were defined either as involuntary abnormal movements (peak dose
or biphasic dyskinesia or dystonia), or as motor fluctuations, i.e.
wearing-off effects or on/off phenomena. Motor complications of
any type were observed in 90% of patients with a mean delay of
2.7 years. Fourteen of 29 patients had developed drug-induced
dyskinesias and 10 of 29 patients showed wearing-off phenom-
ena. Mean delays from first treatment to appearance of wearing-
off fluctuations were 2.9 years. This study had an overall quality
score of 69%.
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Przuntek et al. (199631) randomly allocated 674 newly diagnosed
patients with PD (who could have received Levodopa for less than
6-months) to monotherapy with Levodopa or combined treatment
with Levodopa and bromocriptine. Patients were followed up for
42 months on these two types of treatment and the occurrence of
motor side-effects was assessed clinically by evaluating fluctua-
tions in mobility, on/off phenomena and drug-induced dyskinesias
that included chorea, dystonia, and other dyskinetic movements.
The primary endpoint of this study was the time of onset of the
first manifestation of any of these motor side-effects. A complex
system of scoring according to severity and body distribution was
adopted. Twenty-nine percent (87/302) patients developed motor
side-effects with Levodopa monotherapy at a final dose of 439
mg/d. Motor response oscillations were observed in 15% and at
least one type of drug-induced dyskinesia in 20% of patients. Mean
delays until the first occurrence of any motor side-effects were 3.2
years. This study had an overall quality score of 65%.

Gimenez-Roldan and colleagues (199732) enrolled 50 patients
with previous treatment of Levodopa for a maximum of 6 months
to a randomized parallel group long-term study comparing
Levodopa monotherapy with adjunct treatment with bromocriptine.
Total follow-up period was 44 months in an open label design.
The frequency of motor response oscillations and choreatic
dyskinesias was compared between the two groups. Motor fluc-
tuations were defined as daily episodes of exacerbation in parkin-
sonian symptoms; isolated freezing of gait was not included in
this definition. Dyskinesias were defined as presence of abnormal
involuntary movements of choreic nature in one or more body parts
as observed during follow-up visits. At month 44 47% of the pa-
tients on Levodopa monotherapy had developed response oscilla-
tions of the wearing-off type and dyskinesias were present in 37%
of patients (mean dose of Levodopa was 725.6 mg/d at last fol-
low-up). This study had an overall quality score of 68%.

Hely and colleagues (199422) enrolled 149 previously untreated
PD patients into a randomized trial comparing low dose Levodopa
monotherapy (defined as less than 600 mg/d) with low dose
bromocriptine monotherapy (defined as 30 mg/d). Fluctuations
were defined as end of dose failure which was recorded present if
patients reported early morning akinesia, wearing-off effect or in-
crease of dose frequency to more than 3 times daily at any of the
follow-up visits. The term on/off fluctuation was reserved for sud-
den severe and at times unpredictable changes in mobility. Invol-
untary movements were recorded as dyskinesias when movements
were rapid, irregular and painless or as dystonia when sustained
abnormalities of posture - sometimes painful - had occurred. The
time of onset of any of these motor complications was taken as the
first visit at which patients reported them or the investigator iden-
tified them. After 5 years of treatment the mean dose and the
Levodopa monotherapy arm was 471 mg/d, 35 of 64 evaluable
patients on Levodopa monotherapy had developed drug-induced
dyskinesias. Twenty-three patients on Levodopa monotherapy
developed drug-induced painful dystonia which consisted in early
morning foot dystonia in all but two. The average incidence of
newly arising dyskinesias was 7.4% for each 6 months period of
treatment on Levodopa. End of dose fluctuations were not observed
in the first year of treatment but their incidence increased over
time reaching 18% in the last 6 months. Wearing-off occurred in
41% of the patients randomized to Levodopa. This study had an
overall quality score of 57%.

Rinne et al. (198923) included 90 de novo patients in a random-

ized 4 year trial comparing Levodopa monotherapy versus lisuride
monotherapy versus the combination of the two. Patients are re-
ported to have recorded the occurrence and severity of fluctua-
tions in disability and clinical side-effects in a daily diary. At four
years and a mean daily dose of 668 mg of Levodopa end of dose
failure occurred in 52% of patients and peak-dose dyskinesias were
observed in 44%.

Rascol and colleagues (199826) evaluated the incidence of
dyskinesias and motor fluctuations in a cohort of 268 patients ran-
domized to monotherapy with Levodopa in a prospective controlled
trial of ropinirole monotherapy. Motor complications were assessed
according to the UPDRS part IV definition. The primary outcome
was the occurrence of dyskinesia assessed using item 32 (“dura-
tion: what proportion of the waking day are dyskinesia present?“)
of the UPDRS part IV. Other outcome measurements were “dis-
abling dyskinesia“ defined as a score of 1 or more on item 33
(“how disabling are the dyskinesia“) of the UPDRS IV. Wearing-
off and freezing were also monitored using the corresponding items
of the UPDRS. At five years mean daily Levodopa dose was 753
mg/d. Forty-five percent of patients on Levodopa monotherapy
had developed dyskinesias and 34% had developed wearing-off
fluctuations. This study had an overall quality score of 90%.

Rinne and colleagues (199728) followed up 412 de novo patients
for 3 to 5 years who had been randomized to monotherapy with
either cabergoline (N=208) or Levodopa (N=204). The primary
endpoint of this study was the onset of motor complications con-
firmed at two subsequent visits and defined on the basis of a check-
list comprising ten different categories (daily wearing off, noctur-
nal akinesia, early morning akinesia, off period freezing, peak dose
dyskinesia, early morning dystonia, dose related off period dysto-
nia, dose related on period dystonia, random-freezing, other) and
were scored positive if at least one of these was present on two
subsequent visits. Based on this definition motor complications
had developed in 34% of Levodopa treated patients at final fol-
low-up (on average 4 years). Peak dose dyskinesias were present
in 28 and daily wearing-off was recorded in 38 of Levodopa treated
204 patients. This study had an overall quality score of 75%.

The Parkinson Study Group (200015) enrolled 301 patients with
idiopathic PD with no or less than 2 months prior exposure to
Levodopa or a dopamine agonist into a prospective multicenter
double-blind randomized controlled trial. Patients were followed
for two years (23.5 months) and the primary endpoint was the time
from randomization until the first occurrence of any of three pre-
specified dopaminergic complications: wearing-off, dyskinesias
or “on”/”off” fluctuations. Dyskinesias had been defined as ab-
normal involuntary movements excluding early morning dystonia
or other “off”-period dystonic phenomena. Wearing-off was de-
fined as a perception of decreased mobility or dexterity usually
bearing close relationship to the timing of antiparkinsonian medi-
cations, while “on”/”off” effects were defined as unpredictable
and generally sudden shifts between mobility and immobility not
apparently related to the timing of antiparkinsonian medications.

By the end of the study, 51% of subjects randomized to Levodopa
had reached the primary endpoint. Drug-induced dyskinesias were
observed in 31% on Levodopa, wearing-off phenomena were re-
corded in 38% while “on”/”off” fluctuations affected 5.3%
Levodopa treated patients.

Block and colleagues (199733, also reported by Koller and col-
leagues, 199934) enrolled 618 patients with PD without prior ex-
posure to Levodopa into randomized trial comparing standard ver-
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sus sustained release Levodopa and followed patients up for 5
years. Primary endpoint in this trial was defined as the presence of
motor fluctuations defined in three different ways: based on 24
hour diaries filled in on two consecutive days per week for a total
of 8 days over a one month period after each quarterly visit pa-
tients had to exhibit a minimum of 10% on-time with dyskinesias
or 20% of off-time during the waking day to reach endpoint. Alter-
natively, 5 of 10 questions in a motor fluctuation questionnaire
specially designed for the trial had to be scored positive by the
investigator. A third definition of endpoint was that both the diary
and the questionnaire criterion were met. All three criteria had to
be met on at least two consecutive visits for an “event” to be coded
for the survival analysis. After 5 years of treatment the mean daily
dose of standard Levodopa in this trial was 426 mg. 21% of pa-
tients had fluctuations or dyskinesias by the diary criterion while
only 16% had reached the event by questionnaire definition. The
paper does not quote percentages of patients meeting both crite-
ria. This study had an overall quality score of 80%.

CONTROL OF MOTOR COMPLICATIONS
It is common practice to modify dose size and dose frequency

of standard Levodopa preparations to improve motor response
oscillations and/or dyskinesias but no Level-I trials assessing such
strategies were identified. Studies assessing alternative pharma-
cokinetic formulations of delivery routes of Levodopa will be re-
viewed below.

REVIEW OF SAFETY
Treatment of PD with standard Levodopa causes a number of

typical dopaminergic adverse events including nausea, vomiting,
and hypotension. Central dopaminergic adverse reactions include
hallucinosis and paranoid psychosis as well as drug-induced
dyskinesias. From the available Level-I studies the risk of drug-
induced psychosis with Levodopa monotherapy appears low with
less than 5% of de novo patients being affected after 3 to 5 years.
The incidence of Levodopa-induced dyskinesias in prospective
randomized long-term trials varies between less than 20% to more
than 50% at 5 years.

There have been a number of retrospective and prospective co-
hort studies assessing mortality in Levodopa treated patients with
PD. All but one have found excess mortality over the general popu-
lation by factors between 1.5 and 2.5.35-39 However, the impact of
Levodopa treatment itself on the mortality of PD has only been
inferred from comparisons with historical controls and this ap-
proach is obviously flawed by confounding changes in life ex-
pectancy, levels of general medical care, uncontrolled factors of
comorbidity and co-medication. Given these limitations a number
of such studies have demonstrated associations of improved sur-
vival after initiation of Levodopa treatment in PD.35,40-44 While it is
commonly accepted that Levodopa treatment by virtue of its symp-
tomatic efficacy improves disability and survival early in the dis-
ease advancing disability in later stages along with age associated
comorbidity still accounts for excess mortality.

Because of the role of oxidative stress as a pathogenetic factor
of nigral cell death in PD and the theoretical possibility that the
oxidative metabolism of Levodopa itself might accelerate this pro-
cess there has been an intense debate of possible nigral toxicity
induced by Levodopa treatment.45 Although a number of in vitro
experiments in neuronal and non-neuronal cell cultures have in-
deed demonstrated toxic effects of Levodopa results from in vivo

studies are controversial.46 In addition to the conflicting evidence
from experimental studies there is currently no clinical indication
of detrimental effects of Levodopa in terms of accelerating dis-
ease progression.47 However, the mechanisms leading to poten-
tially irreversible dyskinesias following prolonged Levodopa ex-
posure may be viewed as a type of drug-related “toxicity”.

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the ef-

fects of Levodopa on the progression of PD. Evidence from a single
Level-I trial designed to assess the effects of deprenyl on disease
progression when added to bromocriptine or Levodopa for a pe-
riod of 12 months suggests that Levodopa and bromocriptine are
not different regarding impact on progression of motor impairment
as assessed after appropriate washout periods following 12 months
of treatment. Recently concluded studies have employed surro-
gate markers (18FD-PET/Beta-CIT-SPECT) to assess the relative
impact of Levodopa versus dopamine agonists but such studies
do not allow conclusions on the impact of Levodopa treatment on
disease progression in relation to untreated PD. Again the only
available Level-I trial showed similar outcomes regarding decline
of striatal b-CIT binding as assessed by SPECT after two years of
treatment with Levodopa or pramipexole.

SYMPTOMATIC CONTROL OF PARKINSONISM
Although there are no Level-I placebo-controlled trials avail-

able, the efficacy of Levodopa regarding symptomatic control of
parkinsonism is clearly established. Levodopa monotherapy is
LIKELY MORE EFFICACIOUS than monotherapy with anticho-
linergics or amantadine, but the two Level-I studies identified in
this review are insufficient for methodological reasons to unequivo-
cally prove superiority of Levodopa.

Similarly, based on 8 Level-I studies, Levodopa monotherapy
is LIKELY MORE EFFICACIOUS than monotherapy with
bromocriptine, but methodological quality, designs (Levodopa
supplementation to bromocriptine in case of clinical need in sev-
eral trials) and reported study results are too heterogeneous to make
this a firm conclusion.

There is INSUFFICIENT EVIDENCE to conclude on the rela-
tive efficacy of Levodopa versus lisuride monotherapy since a
single Level-I trial eventually lost power for meaningful compari-
sons between Levodopa and lisuride monotherapy due to Levodopa
add-on in the majority of lisuride patients.

A single trial assessing pergolide versus Levodopa monotherapy
only included 20 de novo patients and provides INSUFFICIENT
EVIDENCE to conclude on the relative efficacy of these two types
of treatment, but a larger long-term randomized controlled trial
has been completed and awaits full publication.

Based on one high quality long-term prospective double-blind
trial each there is sufficient evidence to conclude that Levodopa
monotherapy is MORE EFFICACIOUS than monotherapy with
ropinirole, pramipexole or cabergoline in improving symptomatic
control in de novo patients with PD.

PREVENTION OF MOTOR COMPLICATIONS
Efficacy conclusions related to the prevention of motor compli-

cations are not applicable to standard Levodopa therapy.
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CONTROL OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of strategies modifying standard Levodopa dosage and/or
timing to control motor fluctuations or dyskinesias.

SAFETY
Numerous Level-I trials with Levodopa as active comparator

confirm the established clinical view that Levodopa treatment is
SAFE WITHOUT SPECIALIZED MONITORING. The incidence
of Levodopa related motor complications with long-term
monotherapy as assessed in Level-I studies varies between less
than 20% and more than 50% after 3 to 5 years of treatment. Fur-
thermore, Level-I trials comparing Levodopa monotherapy with
dopamine agonist monotherapy in de novo patients uniformly show
lesser incidences of neuropsychiatric adverse reactions with
Levodopa compared to dopamine agonists. So far there is no indi-
cation that Levodopa monotherapy has adverse effects on the pro-
gression of PD. Furthermore, a number of retrospective and pro-
spective studies indicate that Levodopa therapy is associated with
a reduction in early excess mortality from PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Levodopa monotherapy is CLINICALLY USEFUL in improv-

ing motor symptoms of PD. Although the evidence from compara-
tive randomized prospective trials is sparse and partially contra-
dictory Levodopa must still be considered the gold standard of
symptomatic efficacy in the drug treatment of PD. However, its
long-term use is associated with motor complications affecting
between 20% and 50% of patients after 2 to 5 years. Among these,
Levodopa induced dyskinesias can be particularly disabling and
difficult to control such that the initiation of Levodopa treatment
must be based on clear clinical need. In many instances starting
treatment with alternative dopamine replacement strategies like
dopamine agonists will be sufficient for some time and there is
convincing evidence from adequate clinical trials that early ago-
nist monotherapy with later Levodopa supplementation signifi-
cantly reduces the risk for Levodopa long-term motor complica-
tions.

IMPLICATIONS FOR CLINICAL RESEARCH
Placebo-controlled trials in de novo patients are needed to as-

sess Levodopa’s possible impact on rates of progression of PD
and on surrogate markers of nigrostriatal dopaminergic integrity.
Such studies could also help to settle the question of potential
Levodopa-associated toxicity. Ideally these should be performed
as three arm trials including a dopamine agonist arm.

Given Levodopa’s high level of symptomatic efficacy in con-
trolling motor symptoms of PD long-term trials assessing the out-
come of alternative pharmacokinetic profiles of Levodopa admin-
istration, like combined treatment with COMT inhibitors, in de
novo patients of PD are needed to identify ways to improve the
rate of motor complications associated with standard Levodopa
long-term treatment.

In addition longer-term prospective trials comparing such modi-
fied Levodopa regimes with dopamine agonists for more than 10
years have to be performed and should include quality of life and
pharmaco-economic assessments.

SLOW RELEASE LEVODOPA
RATIONALE

Standard Levodopa has a short half-life of less than 2 hours
eventually leading to short lived (“short duration”) responses.
Multiple oral doses of standard Levodopa thus produce pulsatile
peaks of Levodopa plasma levels and presumably striatal dopam-
ine levels. Such pulsatile dopamine receptor stimulation in the stria-
tum has been incriminated as possible mechanism for the devel-
opment of late motor complications due to sensitization of dopam-
ine receptor response.

Levodopa slow release formulations have been developed to
smooth out Levodopa plasma levels prolonging clinical effects
from a single dose and also the providing more continuous dopam-
ine receptor stimulation during the day.

METHODS
KEY SEARCH TERMS

Levodopa slow release, Madopar HBS, Sinemet CR and PD.

BASIC PHARMACOLOGY
MECHANISM OF ACTION

This is not different from standard Levodopa.

PHARMACOKINETICS
The slow release of the drug in the GI tract from these con-

trolled release forms results in a substantial extension of plasma
LD levels. The two available products delay the peak LD concen-
tration beyond that of the immediate-release preparation by 45 to
90 minutes.36 Both products have decreased bioavailability (AUC)
resulting in a 30% reduction in a dose equivalence. With each of
the sustained release LD-decarboxylase inhibitor preparations, the
plasma half-life of LD is also extended by up to two hours beyond
the pharmacokinetic profile of the immediate-release product. Other
formulations are under development to produce more continuous
release of LD, such as a product combining LD in two drug reten-
tion materials for a more sustained pharmacokinetic profile.37

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
No studies specifically assessing the effect of Levodopa slow

release preparations on progression of PD have been identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

No placebo controlled trials assessing symptomatic efficacy of
slow release Levodopa preparations were identified. Two Level-I
studies providing data on the symptomatic efficacy of monotherapy
with Levodopa sustained release preparations have been identi-
fied and are included in this review.

Dupont and colleagues (1996)38 included 134 de novo patients
with PD into a randomized double-blind parallel group multicenter
study comparing the therapeutic responses of slow release
Levodopa/benserazide (Madopar HBS) to standard Levodopa/
benserazide (Madopar). Patients were followed up for 5 years and
efficacy parameters included the Webster Scores, Unified
Parkinson’s Disease Rating Scores as well as North Western Uni-
versity Disability Scale Scores. Webster Scores improved from a
baseline mean of 10.9 (standard) and 10.4 (slow release) to 5.2
and 4.1 at year 1 and were again similar at year 5 (11.2 vs. 9.3).
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Similarly there were no differences in NUDS Scores between the
two groups at any time point or in UPDRS Scores (18.9 vs. 15.8 at
year 2 and 29.9 vs. 26.0 at year 5). Reportedly there were no dif-
ferences with respect to the incidence or types of side-effects but
details are not reported in the paper.

Mean daily Levodopa dose at year 1 was 564 mg for the stan-
dard Levodopa arm and 516 mg for the slow release arm. This
rose to 719 versus 638 mg/d by year 5. Number of doses were
similar and around four in both arms over the total study
duration.This study suggests that slow release Levodopa/
benserazide has similar symptomatic efficacy as monotherapy in
de novo PD as standard Levodopa/benserazide. This study had an
overall quality score of 71%.

Block and colleagues (199733, amplified by Koller et al. in
199934) reported a similar 5-year trial comparing immediate re-
leased and controlled released carbidopa in 618 patients with PD
never exposed to Levodopa. The primary endpoint of this study
was the occurrence of motor complications but evaluations of PD
symptoms severity were also performed. These included the New
York University Parkinson’s Disease Scale, the North Western
University Disability Scale, a global assessment by the patient,
each on a quarterly basis. In addition UPDRS scores and Hoehn
and Yahr stages as well as Schwab and England activities of daily
living scores were obtained annually. NYUPDS scores were sig-
nificantly improved over each year of follow-up but progressed
towards baseline by year 5 (shown as a bar graph, but no numeri-
cal values given in the text). No differences between the two treat-
ment groups were identified in any of the efficacy assessments.
The only exception relates to UPDRS ADL scores, which were
significantly more reduced over baseline in the slow-release com-
pared to the immediate-release arm. However, the actual numeri-
cal differences between mean ADL scores and the groups were
small (less than one point) at all times. Doses after 5 years were
426 mg/d in the immediate release group and 728 mg/d in the con-
trolled release group. Numbers of doses averaged 4.3 tablets per
day at year 5 in the immediate release group compared to 3.6 in
the controlled release group. Approximately 30% of patients in
each group were maintained on the initial twice a day dosing regi-
men throughout the study.

The overall incidence of withdrawals due to adverse events was
11% for the immediate release and 8% for the CR group. Nausea
was seen in 29% of patients altogether and the incidence of with-
drawal due to nausea was significantly higher in the immediate
release group compared to the CR group (7 patients versus none).
Otherwise adverse events occurred with similar frequency in both
arms including dizziness, orthostatic effects, hallucinations, and
dyskinesias. This study had an overall quality score of 80%.

In addition to these two large monotherapy trials in de novo
patients Goetz and colleagues48 have compared symptomatic effi-
cacy of CR vs. standard levodopa in a small randomized double-
blind crossover study involving 20 patients with more advanced
PD (mean duration of PD 9.8 years) but without motor fluctua-
tions. Patients had been on levodopa for a mean of 8.2 years and
some were receiving concomitant antiparkinsonian medication
(amantadine in 9 cases, anticholinergics in 5, and bromocriptine
in 2).

Levodopa was given in four divided doses during the standard-
formulation phase and two divided doses on the morning and af-
ternoon in the CR phase while the noon and evening doses were
replaced by matching placebo. Crossover periods had a 6 weeks

duration, assessments using a modified New York University
Parkinson’s Disease Scale (NYUPDS), the Northwestern Univer-
sity Disability Scale (NUDS) and the Hoehn and Yahr stage were
performed every two weeks and scores of the last visit of each
phase were used for final analysis. There were no significant dif-
ferences in either mean daily levodopa dose (600 mg for standard
vs. 650 mg for CR levodopa) or any of the PD symptom severity
measures (NYUPDS scores 5.4 vs. 5.6 / NUDS 7.5 vs. 7.7 / Hoehn
and Yahr stage 2.5 vs. 2.4, each for standard vs. CR formulation).

PREVENTION OF MOTOR COMPLICATIONS
Dupont and colleagues (199638) in their randomized controlled

comparative trial of standard Madopar versus Madopar HBS in
previously untreated patients with idiopathic PD assessed the rela-
tive numbers of patients developing motor fluctuations and
Levodopa-induced dyskinesias by year 5 using UPDRS subsec-
tion IV ratings. In their trial open label Bromocriptine could be
added in order to control motor fluctuations if clinically neces-
sary. This was eventually the case in 28.6% of patients receiving
standard Madopar and 34.3% of those on Madopar HBS and the
mean daily dose of Bromocriptine averaged 11.3 mg. There was
no statistically significant difference in percentages of patients
developing fluctuations either of the wearing-off or on-off type
(59% with Madopar standard versus 57% with Madopar HBS).
The number of patients still in the trial by year 5 was relatively
low (29 in the Madopar standard arm versus 35 in the Madopar
HBS arm). Twelve patients in each arm had developed Levodopa-
induced dyskinesias by the end of the trial corresponding to 41%
of standard Levodopa patients versus 34% of slow release
Levodopa patients.

This trial, therefore, provided no evidence that initial treatment
with sustained release Levodopa might influence the occurrence
of Levodopa related motor complications over 5 years of treat-
ment. The quality score of this trial is 71%.

In the 5-year comparative trial of sustained release versus im-
mediate release Sinemet reported by Block and colleagues33 and
later by Koller and colleagues34, the primary endpoint was the oc-
currence of motor fluctuations. The onset of motor fluctuations
was defined either by a diary or investigator questionnaire crite-
rion. For the diary criterion patients had to complete a total of eight
24-hour diary recordings over one month following each quar-
terly visit. They were defined as having reached the endpoint when
the diary sums at two consecutive visits revealed either more than
20% of the waking day as spent in the “off” or more than 10% of
the waking day spent in “on” with dyskinesia. The earlier of those
two consecutive visits was defined as the onset of motor fluctua-
tions. Similarly patients were defined as having reached the end-
point at the earlier of two consecutive visits where the motor fluc-
tuation questionnaire scored positive on 50% or more of the 10
questions (see section “Standard Levodopa”).

Using these definitions there were no significant differences
between the two treatment groups for the occurrence of motor fluc-
tuations either by diary or by questionnaire data. After 5 years
20.6% of the immediate release group versus 21.8% of the slow-
release group had fluctuations or dyskinesias by the diary crite-
rion. Only 16% of each group had developed motor fluctuations
by the questionnaire definition. This study has a quality score of
80%.
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CONTROL OF MOTOR COMPLICATIONS
Ten randomized controlled trials using Levodopa slow-release

preparations to control motor fluctuations in advanced PD were
identified. Nine trials were comparative studies of standard Sinemet
versus Sinemet CR, one trial compared Madopar slow-release ver-
sus standard Madopar specifically in the treatment of nocturnal
and early morning disabilities.

Controlled-release carbidopa/Levodopa versus
standard carbidopa/Levodopa

Sage and Mark (198839) included 25 patients with fluctuating
PD following chronic standard carbidopa/Levodopa therapy in a
double-blind crossover study comparing carbidopa/Levodopa CR
(50 mg/200 mg) with standard carbidopa/Levodopa (25 mg/100
mg). Patients were suffering from motor fluctuations for 5 years
on average, had at least four standard carbidopa/Levodopa doses
per day and wearing-off type fluctuations. In addition 20 patients
experienced random on/off oscillations, 18 also had Levodopa-
induced dyskinesias. Prior treatment with dopamine agonists had
to be discontinued at least two weeks prior to study entry. The trial
period was 24 weeks: an initial 8 week open label dose finding
phase was followed by a 16-week double-blind crossover period.
During the first four weeks of the open label phase patients were
retitrated to an “optimal” dose schedule of standard carbidopa/
Levodopa and were then switched to carbidopa/Levodopa CR in
an open label fashion which was again titrated to an optimal re-
sponse schedule over four weeks. The double-blind period was
divided into two 8-week crossover sections during which patients
either took their pre-determined “optimal” carbidopa/Levodopa
CR dose plus placebo or optimal standard carbidopa/Levodopa
dose plus placebo in random order. Further dose adjustments dur-
ing the double-blind period were allowed as clinically necessary.
Clinical assessments were made at weeks 1, 2, 4, 6, and 8 of each
crossover period using the UPDRS, Hoehn and Yahr staging,
Schwab and England Scales for both the on and off condition. In
addition, patients were asked to record 24-hour self-scoring dia-
ries twice a week – presumably preceding study visits. At the end
of each crossover period patients underwent a 6-hour continuous
observation of motor effects and dyskinesias.

The report does not detail the actual numerical outcomes of the
various assessments but rather numbers of patients showing “im-
provement” in those parameters. With this type of evaluation sig-
nificantly more patients had increased hours “on” without
dyskinesias when on carbidopa/Levodopa CR compared to the
standard carbidopa/Levodopa period (58% versus 29%). Duration
of dyskinesias, on the other hand, was less in 25% of patients dur-
ing the standard Levodopa phase compared to the CR period. Sev-
enty-nine percent of patients took fewer doses per day in the CR
period compared to 4% in the standard carbidopa/Levodopa  pe-
riod corresponding to means of 5.3/d versus 7.8/d. Mean total
Levodopa dose was 1544 mg/d in the CR period compared to 1303
mg/d in the standard carbidopa/Levodopa period.

This study seems to indicate improvement of motor fluctuations
with carbidopa/Levodopa CR compared to standard carbidopa/
Levodopa but statistical analysis of numerical on- or off-time val-
ues are not reported. This study had an overall quality score of
60%.

Ahlskog and colleagues (198840) included 23 patients with fluc-
tuating PD into a similar trial with an identical 8-week, double-
blind, double-dummy randomized trial preceded by two 4-week

open label dose titration phases for each LD-preparation. Com-
parisons were made between assessments at final visits of each
double-blind period including UPDRS scores on and off, Schwab
and England scores, diary data from the last two weeks of each
double-blind period, dosing frequency and total daily dose, as well
as patient ratings of overall response and investigator ratings of
improvement or worsening on a 7 point scale.

Mean number of doses at the end of each double-blind period
was significantly lower in the slow-release versus standard
Levodopa group (7.0 versus 9.8) and daily Levodopa dose was
significantly greater in the slow release versus standard Levodopa
period (2000 mg/d versus 1800 mg/d). Diary recordings of off-
time showed a trend towards lesser hours “off” in the slow-release
phase over standard Levodopa (3.2 versus 3.7) but this was not
statistically significant. Likewise there were no significant differ-
ences in Schwab and England scores during either period or in
physician’s ratings of efficacy. Subjective ratings of the severity
of clinical fluctuations by patients did not show significant differ-
ences in rating scores for either period, however, more patients
rated their fluctuations as improved in the CR period over the stan-
dard carbidopa/Levodopa phase. Patient ratings of the duration of
dyskinesias and dyskinesia-related disability were not significantly
different between the slow release versus standard Levodopa pe-
riods. Numbers of hours “on” with dyskinesias recorded in the
diary cards also did not differ between the two crossover periods.
More patients developed confusion or hallucinations and
dyskinesias or dystonia during the combined open label and double-
blind controlled release Levodopa periods. One patient each
dropped out of the study while receiving slow-release carbidopa/
Levodopa because of an erratic antiparkinsonian response, in-
creased dyskinesia or confusion. This study had an overall quality
score of 65%.

Feldman and colleagues (198941) included 41 patients with id-
iopathic PD into a double-blind crossover study comparing stan-
dard and CR carbidopa/Levodopa during two 6-week double-blind
periods. The average duration of PD was 7 years and 40% had
wearing-off motor fluctuations. Efficacy regarding wearing-off
oscillations was assessed by subjective patient ratings on a 5 point
scale from one (“extremely helpful” to “worse than no medication
at all”). In addition, patients preference for medication was also
evaluated. At the end of the study there were no significant differ-
ences between mean scores of patient ratings for efficacy con-
cerning wearing-off phenomena (3.3 on standard Levodopa ver-
sus 3.0 on CR Levodopa) or in medication preference by the pa-
tients.

Efficacy ratings on the NYUPDS and NUDS Rating Scales were
also similar between the two periods. Levodopa total doses were
higher in the CR periods than with standard Levodopa (590 mg
versus 493 mg).

The report does not mention dyskinesias as an adverse event
and it is stated that there was no difference in the overall number
of side-effects between the two crossover periods. This study had
an overall quality score of 67%.

Hutton and colleagues (198942) reported a multicentre study of
carbidopa/Levodopa CR versus standard carbidopa/Levodopa in
fluctuating PD including 202 patients with motor fluctuations of
an average duration of more than three years. Concomitant treat-
ment with amantadine, MAOB-inhibitors or dopamine agonists
was discontinued at least two weeks prior to the study.

The trial design of this 24-week crossover study was identical
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to the one used by Sage and Mark (198839) or Ahlskog and col-
leagues (198840, see above). Motor fluctuations were assessed by
self-scoring diaries and in addition UPDRS total scores were ob-
tained at the end of weeks 2, 4, 6, and 8 of each double-blind pe-
riod. Patients were asked to rate their global improvement with
respect to clinical fluctuations at the end of each double-blind pe-
riod. Total daily doses and dosing frequency were also recorded.

There were a total of 44 withdrawals, 35 during the dose titra-
tion period, most often due to insufficient therapeutic response
(11 in the carbidopa/Levodopa standard titration period and 8 in
the CR dose titration period).

Analysis of diary data showed a trend for lower average per-
centages in time “off” when patients were receiving carbidopa/
Levodopa CR over standard Levodopa. Although this difference
was numerically small and in the range between 3% and 4% less
“off” time it was statistically significant at weeks 4 and 6 in analy-
ses of variance. The reduction in “off” time with slow-release treat-
ment over standard Levodopa treatment was in the order of 30 to
40 minutes per day and the relative percentage decrease was 10%.
Analysis of item 38 of the UPDRS also yielded a significant dif-
ference in duration of daily “off” in favor of carbidopa/Levodopa
CR.

There was a median 33% decrease in the average frequency of
daily dosing between standard carbidopa/Levodopa (mean 6.8
doses/day) and carbidopa/Levodopa CR (mean 4.5 doses/day).
Daily Levodopa intake increased from a mean of 975 mg/d to 1238
mg/d comparing standard carbidopa/Levodopa to carbidopa/
Levodopa CR.

During double-blind treatment 15% of patients on standard
carbidopa/Levodopa versus 20% on carbidopa/Levodopa CR had
adverse events. Frequencies of the most common adverse events
were similar during standard carbidopa/Levodopa and carbidopa/
Levodopa CR double-blind periods: dyskinesias (6 versus 9%),
hallucinations (4 versus 5%), nausea (3 versus 2%), vomiting (3
versus 1%), and confusion (1 versus 3%). This study had an over-
all quality score of 75%.

Jankovic and colleagues (198945) included 20 patients with wear-
ing-off fluctuations into a double-blind comparative crossover trial
of carbidopa/Levodopa CR versus standard carbidopa/Levodopa
using the same 24-week trial design as described above (two open
label dose finding periods of 4-week to 8-week double-blind cross-
over phases). Efficacy was assessed through Schwab and England
ADL scores “on” and “off”, UPDRS scores “on” and “off” (pre-
sumably part III, but this is not specified in the report), as well as
diary data (two 24-hour periods per double-blind trial week). Daily
number of doses as well as total daily dose were also recorded.

Eighteen patients elected to enter an open label follow-up pro-
tocol with carbidopa/Levodopa CR treatment for a total of 12
months. At the end of the double-blind study “on”-time without
dyskinesias had actually significantly decreased in the slow-re-
lease Levodopa phase compared to standard carbidopa/Levodopa
and there was a non significant trend for increased hours “off”.
“On”-time with dyskinesias, however, was not different between
the two double-blind periods. Daily Levodopa dose had increased
from a mean of 685 mg/d to 815 mg/d comparing standard versus
slow-release periods. Daily number of doses was significantly
lower with carbidopa/Levodopa CR (5.7 versus 3.8). There were
no significant differences in UPDRS motor scores “on” or “off” or
Schwab and England ADL scores “on” and “off” between the two
double-blind phases.

In the open-label extension phase of 18 patients treated with
carbidopa/Levodopa CR on-time with dyskinesias significantly
increased compared to the end of the double blind period on stan-
dard sinemet, but total “on”-time or “off”-time were not signifi-
cantly different. The increase in total Levodopa daily dose and
decrease in dosing frequency persisted throughout the open label
follow-up on slow-release Levodopa.

Contrary to what is concluded in the report this study fails to
show beneficial effect of sinemet CR in reducing wearing-off
motor-fluctuations but rather indicates increases in Levodopa-in-
duced dyskinesias compared to standard Sinemet. This study had
an overall quality score of 70%.

Lieberman and colleagues (199046) reported results of a ran-
domized double-blind crossover study of controlled release ver-
sus standard Sinemet in 24 patients with wearing-off oscillations
again using the same 24 weeks trial design described above. As-
sessments again included UPDRS ratings “on” and “off” for parts
II and III as well as part IV. In addition patients kept 24 hour “on/
off” diaries for two days per double-blind trial week and patient
and physician global assessments were obtained at each visit.

During slow-release phases of the double-blind study patients
needed higher total Levodopa doses and took significantly fewer
doses per day (5.0 versus 6.2). There were no significant differ-
ences between the mean scores in any of the UPDRS ratings or
the number of hours “on” or “off” recorded in the diaries. How-
ever, it is stated in the report that the number of patients whose
dyskinesia and fluctuation scores on UPDRS part IV improved
was significantly greater during the Sinemet CR phase than the
standard phase of the double-blind crossover trial. The same was
true for numbers of patients showing improvements in hours on or
off as assessed by home-diaries.

Of 35 patients entering the open part of the study 9 dropped out
during open label titration of standard Sinemet (4 because of in-
creased dyskinesias, 5 because of increased parkinsonism) and
two more dropped out during open label Sinemet CR titration be-
cause of insufficient motor effect.

Wolters and colleagues (199247) entered 84 patients with fluctu-
ating PD into a Dutch multicenter trial of Sinemet CR versus stan-
dard Sinemet. After an open-label 8 week dose finding period
(weeks 1 - 4 on standard Sinemet and weeks 5 – 8 on Sinemet CR)
patients entered a parallel group double-blind, double dummy pe-
riod of 24 weeks. Assessments included NYUPDS and NUDS
scores as well as “on/off” diaries. Unfortunately, the report does
not include statistical comparisons between the two arms in the
double-blind period but rather compares data obtained at week 32
to assessments at week 8, i.e. the end of the open-label titration
period for both arms. Therefore, this report does not contain Level-
I data on the comparative efficacy of slow-release versus standard
Levodopa on motor fluctuations in PD.

Wolters and Tesselaar (199649) report results of a Dutch-British
multicenter trial of sinemet CR versus standard Sinemet in 170
patients with fluctuating PD. The design is identical to that re-
ported by Wolters et al.47 “On”-time as assessed by self-scoring
diaries averaged 68% of the waking day at the end of the open-
label Sinemet standard titration period at week 4 and this did not
significantly change after 24 weeks of double-blind treatment with
standard Sinemet (64% at week 24). In the Sinemet CR group the
mean proportion of “on-time” increased significantly to 73% at
week 4 and 74% at week 8 but went back to 69% by the end of the
study. Direct comparisons between the two treatment arms revealed
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statistically significantly increased “on-times” in favor of Sinemet
CR only at week 4. The mean daily number of “off”-periods was
significantly less in the slow release arm over the entire double-
blind period, however, percentages of daily “off”-time or hours off
are not reported. There was also a significantly greater decline in
NYUPDS scores in the slow-release versus standard arm during
the double-blind treatment period. While the patient’s global evalu-
ation between treatment groups favored Sinemet CR both at weeks
12 and 24 physicians global evaluation was not significantly dif-
ferent between the two arms at any time. The mean number of
doses per day during the double-blind period was 5.1 for carbidopa/
Levodopa standard and 4.9 for carbidopa/Levodopa CR.

A total of 18 patients of this trial withdrew because of clinical
adverse events, 15 of these withdrew during Sinemet CR treat-
ment (10 during open label titration, 5 in the double blind treat-
ment period). Adverse events leading to withdrawal are not de-
tailed in the report but it is stated that these were “mainly” related
to dyskinesia, dystonia, hallucinations, nausea, and vomiting. This
study had an overall quality score of 63%.

Controlled-Release Benserazide/Levodopa vs.
Standard Benserazide/Levodopa

The UK Madopar CR Study Group (198950) performed a double-
blind crossover study of bedtime doses of either standard or con-
trolled-release Madopar in 103 patients with PD and a variety of
nocturnal and early morning motor disabilities. While only 42 of
103 patients experienced daytime motor fluctuations all had vari-
ous combinations of difficulties turning in bed or getting out of
bed, nocturnal / early morning pain and cramping or foot spasms
and about one third additionally complained of sleep problems.
Patients were randomized to receive either 125 mg of standard or
slow-release Madopar immediately before going to bed in addi-
tion to an otherwise unchanged antiparkinsonian regimen. Weekly
dose titration was allowed up to a maximum of four times 125 mg
of either preparation and the individual optimum dose was main-
tained for a two-week observation period after which subjects were
crossed over to the alternative preparation starting at 125 mg and
following the same titration and maintenance schedule.

Assessments were based on patient’s diaries and patient and in-
vestigator assessment scores of nocturnal motor disabilities, time
of onset of clinical benefit from the first morning dose, hours of
sleep, and overall condition and mobility.

Eighty-two patients completed the study; mean optimum dos-
ages were similar between the two treatments (2.4 capsule CR ver-
sus 2.2 capsule standard). Nocturnal or early morning disability
scores did not differ between the two optimum treatment periods.
There was no difference in the percentages of patients reporting
improvement after Madopar CR or standard Madopar (61% ver-
sus 59%); patients wishing to continue each treatment were also
similar (64% on Madopar CR and 55% on standard Madopar). In
the overall investigator assessment Madopar CR was more fre-
quently preferred over standard Madopar. Withdrawal rates due to
lack of effect or adverse events (14 cases in total) were similar
between the two treatments. Overall the results of this study seem
to show equivalent efficacy of standard and slow-release Madopar
in improving nocturnal and early morning disabilities but assess-
ments were largely based on subjective criteria. This study had an
overall quality score of 68%.

REVIEW OF SAFETY
Slow-release Levodopa preparations have a very similar safety

profile compared to standard Levodopa. A number of reports have
found increased rates of dopaminergic side-effects during slow-
release treatment periods in crossover trials or in slow-release
Levodopa arms of parallel group comparisons relating to
dyskinesias and confusion and hallucinosis. However, this was
usually associated with increases in total daily dose compared to
standard Levodopa. The pharmacokinetic profile of slow-release
preparations may also induce prolonged periods of biphasic
dyskinesias due to slower rises and falls of Levodopa plasma con-
centrations and increases in dyskinesia’s severity have been re-
lated to overlap phenomena following delayed gastric emptying
of Madopar HBS.51

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the ef-

fects of slow-release levodopa on the progression of Parkinson’s
disease.

SYMPTOMATIC CONTROL OF PARKINSONISM
There are no placebo-controlled trials assessing the symptom-

atic efficacy of slow-release Levodopa preparations in PD. Based
on two good quality Level-I comparative trials showing equiva-
lent efficacy between slow-release and standard formulation of
Levodopa, there is sufficient evidence to conclude that slow-re-
lease Levodopa is EQUALLY EFFICACIOUS as standard
Levodopa in improving motor symptoms.

PREVENTION OF MOTOR COMPLICATIONS
Based on two Level-I studies available slow-release Levodopa

preparations are NOT EFFICACIOUS in reducing the incidence
of motor fluctuations and/or Levodopa-induced dyskinesias.

CONTROL OF MOTOR COMPLICATIONS
All studies addressing the control motor fluctuations have com-

pared controlled-release to standard Levodopa therapy and do not
include a placebo-arm. Results of multiple Level-I active com-
parator trials are conflicting and overall data provide INSUFFI-
CIENT EVIDENCE to conclude on the efficacy of slow-release
Levodopa in controlling response oscillations in fluctuating PD.
Even in studies reporting positive results improvements are gen-
erally of transient duration (less than 6 months) and the effect size
is small (less than one hour increase in on-time compared to stan-
dard Levodopa).

SAFETY
Treatment with Levodopa slow-release preparations is safe with-

out specialized monitoring. Due to higher dosing requirements,
slow-release Levodopa treatment may increase preexisting dopam-
inergic side-effects in particular dyskinesias and hallucinosis.

IMPLICATIONS FOR CLINICAL PRACTICE
Monotherapy with Levodopa slow-release preparations is CLINI-

CALLY USEFUL and induces symptomatic benefit of the same
magnitude as standard Levodopa. Dose infrequency is less than
with standard Levodopa and up to one third of patients may gain
sufficient control from twice daily regimens over up to five years.
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Initial monotherapy with Levodopa slow-release preparations
is considered NOT CLINICALLY USEFUL in preventing the de-
velopment of Levodopa-induced dyskinesias and/or motor fluc-
tuations.

Although efficacy results from controlled clinical trials are
largely negative or inconsistent small benefits in total daily on-
time can be obtained when switching patients with wearing-off
fluctuations from standard to slow-release Levodopa. Such effects
are usually in the order of less than one hour gained per day and
transient. Slow-release Levodopa treatment is thus considered
POSSIBLY USEFUL in this clinical situation, particularly when
combined regimens of standard plus slow-release Levodopa are
used. Delayed-”on” phenomena following single morning doses
of slow-release Levodopa usually require combinations of the two
pharmacokinetic principles.

Single bedtime doses of slow-release Levodopa are also clini-
cally useful in improving nocturnal and early morning disability
of patients with PD but it appears doubtful if this is really more
effective than adding bedtime doses of standard Levodopa in the
same situation.

IMPLICATIONS FOR CLINICAL RESEARCH
· Combined treatment of slow-release Levodopa with other strat-
egies modifying Levodopa pharmacokinetics deserve study both
with respect to prevention and control of motor complications. This
includes studies of combined treatment with slow-release
Levodopa plus MAOB-inhibitors or slow-release Levodopa plus
COMT-inhibitors compared to standard Levodopa.
· It is also unclear if add-on treatment with slow-release Levodopa
following initial agonist monotherapy might be associated with
lesser long-term risks for dyskinesias compared to add-on of stan-
dard Levodopa.

ALTERNATIVE PHARMACOKINETIC
FORMULATIONS AND DELIVERY
ROUTES OF LEVODOPA

Although the exact mechanisms underlying the development of
Levodopa related motor complications are incompletely under-
stood the pharmacokinetics of Levodopa and its gastrointestinal
absorption mechanisms are important contributing factors to er-
ratic absorption of Levodopa and fluctuating plasma levels. While
Levodopa slow-release preparations and add-on treatment with
COMT inhibitors are aimed at increasing half-life and
bioavailability of Levodopa a number of strategies have been used
to improve gastrointestinal absorption of Levodopa. These modi-
fications are aiming at improvement of delayed “on” or “no on”
phenomena due to absorption failure as well as at providing more
constant gastrointestinal delivery. Such formulations and delivery
routes include dispersible Levodopa preparations or Levodopa pro-
drugs with high water solubility like Levodopa-methyl-ester and
Levodopa-ethyl-ester52-56, all aimed at achieving faster peak plasma
levels after oral ingestion as well as dual release formulations of
Levodopa designed to overcome the delay in C

max
 of sustained

released preparations.57

Enteral infusions of Levodopa bypass the stomach and thus
avoid gastric emptying as a factor for delayed and erratic Levodopa
absorption. Using infusion pumps they also provide a means of
constant Levodopa delivery with similar plasma level profiles to
i.v. Levodopa infusions.58

REVIEW OF CLINICAL STUDIES
No Level-I trials assessing the effects of any of these new deliv-

ery routes or formulations of Levodopa on any of the indications
analyzed in this review have been identified. However, there were
three randomized clinical-pharmacokinetic studies assessing
plasma Levodopa levels and motor response on individual test
days.

Verhagen-Metman et al. (1994)59 studied plasma levels and
motor responses in five patients with fluctuating PD comparing
liquid Levodopa/carbidopa with Levodopa/carbidopa tablets on
two randomly selected days in a double-blind protocol and failed
to detect significant differences regarding plasma Levodopa level
oscillations and motor response fluctuations.

Kurth et al. (1993)60 compared duodenal infusions of Levodopa/
carbidopa versus standard oral dosing by exposing 10 patients with
motor fluctuations to either regimen over two days in random se-
quence. Plasma levels were markedly more constant with duode-
nal infusions and functional “on” hours were also statistically sig-
nificantly increased on the infusion days.

Several open-label observations in small numbers of patients
including one report with a 10-year follow-up suggest sustained
clinical benefit from enteral Levodopa infusions in PD patients
with motor fluctuations and some reports also report improvements
in preexisting Levodopa-induced dyskinesias (see Syed et al.
199861).

Contin et al. (1999)62 studied pharmacokinetics and time to on-
set of the clinical response as assessed by a finger tapping test in a
randomized cross-over single dose study comparing standard ver-
sus dispersible levodopa/benserazide in 8 patients. Time to peak
plasma levels (t

max
) was significantly shorter after ingestion of the

dispersible versus the standard formulation (median of 37 min. vs.
82 min., p < 0.02). Clinical response parameters, however, were
not different, except for a trend of shorter latencies to onset of a
motor response, which failed to reach statistical significance, after
the dispersible dose.

Descombes and colleagues (2001)63 recently reported results of
a randomized, double-blind single dose study comparing 200 mg
of levodopa plus 50 mg of benserazide given either as a slow-
release or novel dual-release preparation consisting of a three layer
tablet combining immediate - and slow-release properties. Sixteen
patients with idiopathic Parkinson’s disease and motor fluctuations
were studied regarding time to switch “on”, duration of “on”, de-
gree of UPDRS improvement and dyskinesia severity. In addition,
pharmacokinetic parameters were compared. The dual-release for-
mulation resulted in significantly shorter times to switch “on” (43
vs. 81 minutes, p = 0.0009) compared to the slow-release formula-
tion and there was a trend to longer “on” duration (114 vs. 80 min-
utes, p = 0.07). UPDRS improvement and dyskinesias scores were
similar following either preparation and C

max
 and AUC were sig-

nificantly greater with the dual-release tablet and t
max

 was signifi-
cantly shorter. There were no differences in tolerability.

Presently two large double-blind randomized controlled trials
assessing the efficacy of Levodopa ethylester in improving “time-
to-on” after oral ingestion and in reducing total daily “on” time
compared to standard Levodopa have been initiated.

CONCLUSIONS
EFFICACY AND SAFETY

There is INSUFFICIENT EVIDENCE to conclude on efficacy
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or safety of dual-release preparations of Levodopa, Levodopa-
ethyl-ester or enteral infusions of Levodopa in any of the indica-
tion addressed in this review.

IMPLICATIONS FOR CLINICAL PRACTICE
The use of dispersible tablets of levodopa/benserazide is con-

sidered a POSSIBLY USEFUL pragmatic approach for patients
experiencing delayed on phenomena in response to standard
levodopa preparations. This may eventually apply even more to
levodopa-ethylester should this drug become available on the ba-
sis of positive outcomes of ongoing Level-I trials.

Although enteral infusions of levodopa have been shown to pro-
duce relatively constant plasma levels and reduce motor fluctua-
tions the clinical usefulness of this approach is severely limited by
aspects of the practicability, particularly in the long-term.

Dual-release preparations are of interest but their use is consid-
ered INVESTIGATIONAL.

IMPLICATIONS FOR CLINICAL RESEARCH
Modifying the pharmacokinetics of levodopa preparations to

achieve faster t
max

, more reliable absorption into the systemic cir-
culation and sustained blood levels is an area of pharmacological
research with potentially great clinical impact for long-term effi-
cacy of levodopa treatment. Combinations of levodopa prepara-
tions with fast absorption and extended release (dual release sys-
tems) must be tested in clinical trials against standard levodopa
preparations. There is also a need for the development of constant
enteral infusion systems with improved practicability as well as a
need to study those in controlled long-term clinical trials regard-
ing their potential to smooth out motor fluctuations and reverse
preexisting dyskinesias.
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INTRODUCTION
BACKGROUND

Early attempts to enhance dopaminergic neurotransmission
through inhibition of one of dopamine’s major metabolizing en-
zyme - monoamine oxidase (MAO) - were made soon after the
discovery of the striatal dopaminergic deficit and the efficacy of
L-dopa.1 However, side-effects (“cheese effect”) associated with
the non-selective type A plus B MAO inhibitors used in those days
prevented further use. The development of selective MAO-B in-
hibitors through the work of Knoll et al.2 on Selegiline, however,
re-introduced the concept of MAO-inhibition into the therapy of
Parkinson’s disease.3

RATIONALE
MAO-B inhibition blocks the metabolism of dopamine and there-

fore could enhance both endogenous dopamine and dopamine pro-
duced from exogenously administrated Levodopa. Furthermore,
MAO-B inhibitors block the conversion of MPTP to its active
metabolic MPP+, which is a selective substantia nigra neurotoxin
suggesting that this class of agents could have neuroprotective
properties.

METHODS
KEY SEARCH TERMS

Parkinson’s disease, selegiline, MAO-B inhibitors, parkin-
sonism, neuroprotection, motor fluctuations.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

This review of reported studies was limited to Level-I evidence
provided by one or more well designed, randomized, controlled
studies and there were multiple such studies available to draw evi-
dence-based conclusions on the efficacy of this class of agent.

SELEGILINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Selegiline causes irreversible inhibition of MAO-B. MAO cata-

lyzes the oxidative deamination of neuroactive amines such as
dopamine. The drug is an irreversible or suicide inhibitor forming
a covalent bond with the flavin adenine dinucleotide co-factor of
MAO. Selegiline is a relatively selective MAO-B inhibitor. How-
ever, the MAO-B selectivity is lost at higher doses of the drug.

Selegiline may enhance the activity of catecholaminergic neu-
rons by other mechanisms besides MAO-B inhibition. Other ef-
fects reported include4:
1. Inhibition of the uptake of catecholamines.
2. Inhibition of presynaptic catecholamine autoreceptors.

3. Stimulation of action potential transmission release coupling.
4. Release of catecholamine by amphetamine metabolites.

Furthermore, selegiline possess other pharmacologic activity that
could be important for its putative neuroprotective mechanism of
action.4 These include:
1. An effect on mitochondrial membrane potential activity.
2. An anti-apoptosis effect.
3. Reduction of oxidative stress.
4. A neurotrophic effect.
5. An ability to decrease excitotoxicity.

PHARMACOKINETICS
Selegiline is rapidly absorbed from the gastrointestinal tract.5

The main metabolites of selegiline are desmethylselegiline, meth-
amphetamine and amphetamine. These compounds are less phar-
macologically active L-isomers. Selegiline is metabolized mainly
in the liver and disappears rapidly from the serum with a half-life
of 0.15 hours. Peak metabolite levels are seen 0.5 to 2.0 hours
after an oral dose. The majority of the drug is bound to plasma
protein. PET scans show that selegiline binds to brain regions with
a high content of MAO-B. Selegiline is an irreversible inhibitor,
and therefore, the effect on MAO-B is significantly longer than
the drug elimination half-life, and depends on the resynthesis of
enzyme protein, and is likely to be longer than one month. The
long-lasting affect is a problem for planning the duration of “wash-
out” for studies designed to assess neuroprotection.

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
Most of the published studies measured “time to initiate levodopa

therapy” as the primary outcome variable. This outcome can be
influenced by the symptomatic effect of the drug, therefore mak-
ing the analysis of the results inconclusive regarding the
neuroprotective properties.

Tetrud & Langston (1989)6: Tetrud and Langston4 were the first
to study the effect of selegiline (10 mg/day) as putative
neuroprotective therapy. They evaluated 54 patients (average age
61.0 years). Forty-four completed the trial for the duration of 36
months. The authors reported that, for the primary outcome,
selegiline significantly delayed the need for Levodopa therapy.
Analysis of Kaplan-Meier survival curves for each group showed
that selegiline delayed the need for Levodopa therapy; the aver-
age time until Levodopa needed was 312.1 days for patients in the
placebo group and 548.9 days for patients in the selegiline group.
Disease progression, as monitored by assessment scales e.g.,
UPDRS, Hoehn-Yahr, and Schwab and England, was slowed (by
40% to 83% per year) in the selegiline group compared to pla-
cebo. The authors suggested the drug may have neuroprotective
properties but they did not directly consider potential confound-
ing symptomatic effects of selegiline. Insomnia was the only side

Movement Disorders
Vol. 17, Suppl. 4, 2002, p. S38-S44
 2002 Movement Disorder Society
Published by Wiley-Liss, Inc.
DOI 10.1002/mds.5559



S39

Movement Disorders, Vol. 17, Suppl. 4, 2002

MAO-B Inhibitors for the Treatment of Parkinson’s Disease

effect that occurred significantly more often with selegiline. This
study had an overall quality rating score of 78%.

DATATOP study (1989)7: In this study, both selegiline (10 mg/
day) and alpha tocopherol, 2000 units, [vitamin E] were studied in
800 untreated patients (average age 61.1 years) with mild disease (2
x 2 factorial study design). The authors found that selegiline signifi-
cantly delayed the development of disability requiring levodopa
therapy, (primary endpoint). Only 97 subjects who received selegiline
reached the end point during an average 12-month follow-up, as
compared with 176 subjects who did not receive selegiline. The risk
of reaching the end point was significantly reduced by 57% for the
subjects who received selegiline. The subjects who received
selegiline also had a significant reduction in their risk of having to
give up full-time employment. However, the improvement in motor
scores after initiation of selegiline and the worsening after drug with-
drawal suggested that the beneficial effects of selegiline may be
related, in part, to a symptomatic amelioration of Parkinson’s dis-
ease. However, there was a statistically significant reduction in dis-
ability as compared to placebo even among selegiline-treated sub-
jects who initially had no improvement in motor scores. This sug-
gests that the results may not be entirely explained by the symptom-
atic effects of selegiline. Symptomatic deterioration may have been
observed in all patients if a “wash-out” period was preformed prior
to reaching the end point. Symptomatic deterioration also may have
been observed over a longer period of time. Adverse experiences
reported included 311 events (136 in those without selegiline, 175
in those with selegiline). One hundred and fourteen events were
considered as possible health risks (63 without selegiline, 51 with
selegiline), and 11 events were considered to pose definite health
risks (6 without selegiline, 5 with selegiline). The adverse effects
reported most commonly, regardless of the perceived seriousness,
were lightheadedness (32 subjects), trouble falling asleep (28), nau-
sea (23), skin rash (22), headache (21), dry mouth (19), and consti-
pation (16). Neither the rate of occurrence of these adverse experi-
ences nor that of coexisting conditions differed significantly between
treatment groups except for dryness of the mouth (5 without
selegiline, 14 with selegiline, p = 0.047). This study had an overall
quality rating score of 95%.

Parkinson Study Group (1996)8 : An additional study done by
the Parkinson Study Group (1996)8 reported the results of 310 pa-
tients that did not reach endpoint. These patients all received
selegiline, but the blindness of the original assessment was main-
tained. If selegiline had a neuroprotective effect, the subjects who
had originally received selegiline would have shown superior and
sustained benefits after reinitiation of selegiline treatment as com-
pared to subjects not previously treated with selegiline. However,
during the extended trial, 108 subjects assigned previously to
selegiline reached the endpoint of disability faster than 121 sub-
jects not assigned selegiline. This suggests that initial advantages
of selegiline were not sustained. However, firm conclusions from
this study are difficult because the selegiline patients had more
severe impairment at baseline, there was a 2-month interruption of
therapy, and there were variations in interpretations of open label
assignments.

Myllyla et al. (1992)9: In this Finnish trial, the authors reported
long-term effects of selegiline, (10 mg/day) in previously untreated
patients with early disease. They followed 47 selegiline-treated
patients for 2 years. The median duration of time before initiation
of levodopa was 545 + 90 days with selegiline and 372 + 28 days
with placebo, p = 0.03. Disability was significantly less in the

selegiline group than in the placebo group for up to 12 months
(e.g., CURS, NUDS, WRS). A reduction in the need for long-term
levodopa therapy was noted. The authors concluded that the drug
may have neuroprotective properties and that it may slow down
the rate of progression of Parkinson’s disease. However, this study
includes the same confounding issues as reviewed in the DATATOP
study previously described. The only reported side effect (in
selegiline-treated patients) not mentioned by patients in the pla-
cebo group was insomnia, of which four patients in the selegiline
group complained. Three patients complained of dry mouth and
three had nausea in the placebo group. There were no significant
changes in blood pressure during the treatment. The heart rates of
the patients in the selegiline group were slightly higher than those
of the patients in the placebo group, but no clinical symptoms were
associated with this adverse reaction. Liver function tests remained
normal in both groups. This study had an overall quality rating
score of 83%.

Olanow et al. (1995)10: Olanow and coworkers8 used a different
study design to address the issue of neuroprotection with selegiline
(10 mg/day). This 14-month trial was aimed at minimizing con-
founding symptomatic effects by including a 2-month “wash-out”
of selegiline before assessing the final outcome. One hundred and
one patients (average age 66.2 years) were evaluated at baseline
(untreated) and again after the final visit following withdrawal of
anti-parkinsonian medication. Deterioration of parkinsonian scores
(motor UPDRS) between the two visits [baseline and 14 months]
were used as the index of disease progression. Selegiline was with-
drawn two months prior and levodopa 7-14 prior to the final visit.
Placebo-treated patients deteriorated by 5.8 + 1.4 points on the
UPDRS, while selegiline-treated patients changed only 0.4 + 1.3
points (p<0.001). This investigation shows that selegiline prevents
deterioration of clinical scores in patients with early Parkinson’s
disease. The observed effects are more readily explained by a
neuroprotective rather than a symptomatic action of the drug. How-
ever, in spite of the 2-month “wash-out”, this time period still may
not have been long enough to eliminate all symptomatic effects of
the drug. No clinically significant adverse effects were encoun-
tered during the study, and there were no statistically significant
differences in the incidence of side effects between any of the treat-
ment groups. This study had an overall quality rating score of 76%.

Palhagen et al. (1995)11: In a similar design to the DATATOP
clinical trial, Palhagen and colleagues studied 157 patients (aver-
age age 63.8 years) over a 12-month period with a two-month
“wash-out” prior to the initiation of levodopa therapy. The pri-
mary endpoint was “time to disability sufficient to require levodopa
therapy”. Analysis of Kaplan-Meier survival curves for each group
showed that selegiline significantly delayed the need for levodopa
therapy. The semiannual rate of disability progression was slowed
significantly in the selegiline group as analyzed with the UPDRS
(total and motor scores). Selegiline had a “wash-in” effect (i.e., an
initial symptomatic amelioration of Parkinson’s disease at 6 weeks
and 3 months). However, after the 8-week “wash-out” period, no
significant differences in the deterioration of disability between
the groups was revealed in any of the scales. Similarly, the pro-
gression of symptoms from baseline to the end of the “wash-out”
period was significantly slower in the selegiline group when the
progression was adjusted by the time to reach the endpoint.
Selegiline significantly delayed the need to start levodopa in early
Parkinson’s disease. Additionally, after a 2-month “wash-out” pe-
riod, there was no significant symptomatic effect of selegiline. The
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authors concluded that this data supported the concept of
neuroprotective properties of the drug. The most common adverse
reactions were gastrointestinal, psychiatric/neurological and uro-
genital. Mild gastrointestinal adverse reactions (cholecystitis, flatu-
lence, gastrointestinal discomfort, nausea, and diarrhea) occurred
significantly more in the selegiline group (12 versus 3). Otherwise
there were no significant differences in the type or frequency of
the adverse reactions during the study. This study had an overall
quality rating score of 76%.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
DATATOP study (1989)7: In the DATATOP study mentioned

above, a small but statistically significant clinical effect was ob-
served with selegiline monotherapy in de novo Parkinson’s dis-
ease patients at doses of 10 mg/day.6 At one and three months after
treatment (“wash-in”), selegiline was significantly better than pla-
cebo in all components of the UPDRS (UPDRS motor scores at
one and three months for selegiline were 15.7 and 15.8 compared
to 16.8 and 17.5 for placebo). The authors considered these changes
not to be clinically relevant. However, statistically significant de-
terioration was noted upon selegiline withdrawal at one and two
months (“wash-out”). (Adverse reactions are discussed above.)
This study had an overall quality rating of 95%.

Teravainen (1990)12: In a randomized, double-blind, placebo
controlled crossover study of  20 de novo Parkinson’s disease pa-
tients, Teravainen evaluated doses of selegiline 5 to 30 mg/day.
Duration of treatment with selegiline was eight weeks and treat-
ment with placebo was four weeks. Subjects were clinically evalu-
ated weekly (UPDRS, CURS). Clinically significant changes were
not observed in any patient nor was subjective benefit reported.
The mean scores on the 30 mg/day dose were approximately 10%
less than placebo (not statistically significant). The study was prob-
lematic because of the crossover design where there was no “wash-
out” period between treatment phases. One patient reported in-
somnia and one patient reported headache while treated with
selegiline. In the placebo group, one patient reported back pain.
This study had an overall quality rating score of 58%.

Myllyla et al. (1992)9: The study of Myllyla and colleagues (as
described above) reported that 27 Parkinson’s disease patients treated
with selegiline improved compared to 25 placebo controls. Scores
for CURS, WRS and NUDS were significantly lower for selegiline.
This effect was observed for up to one year. The sum of scores for
tremor, rigidity, and bradyskinesia also were significantly better at
one year in the selegiline group compared to placebo. The most
pronounced differences were found in rigidity and bradykinesia.
However, the mean CURS scores in the selegiline group reached
the baseline score after four months. The initial improvement time
was about three months. (Adverse reactions are discussed above.)
This study had an overall quality rating score of 83%.

Allain et al. (1993)13: This study tested selegiline (10 mg/day)
for treatment in 93 Parkinson’s disease patients (average age 64.9
years) who were from 13 centers in France. Patients were followed
for three months and evaluated by the UPDRS, Hoehn-Yahr,
Schwab-England, and Hamilton Depression Scale. Selegiline
(n=48) was significantly better than placebo (n=47) for the motor
UPDRS score and for depression scores. There was no difference
between selegiline and placebo in global scores, scores of activi-
ties of daily living and Hoehn-Yahr stage. No differences in ad-

verse reactions were reported between selegiline and placebo. This
study had an overall quality rating score of 83%.

Mally et al. (1995)14: Mally and coworkers evaluated 20 de novo
Parkinson’s disease patients (Hoehn-Yahr I to III, average age 62.5
years, average disease duration, 2.1 years), in a randomized, pla-
cebo controlled, parallel study design. Significant changes were
observed in motor behavior and daily activity (UPDRS) after three
weeks of treatment with selegiline at 10mg/day. The total scores of
the UPDRS and NUDS were significantly changed after four weeks,
p<0.01. Hypokinesia and walking improved the greatest. Rigidity
was not changed. The authors conclude that hypokinesias can be
significantly improved with selegiline. No adverse reactions were
reported. This study had an overall quality rating score of 55%.

Palhagen et al. (1998)11 : In this study, the authors randomized
157 de novo Parkinson’s disease patients to selegiline or placebo.
Selegiline had an “on-off” effect (initial symptomatic improvement)
at six weeks and three months. The change in the total UPDRS was
-2.0+5.3 and 1.7+5.4 compared to placebo, 0.4+5.0 and 1.0+5.3
(p<0.01). Changes on the visual analog scales for motor dysfunc-
tion were -3.0+21.3 for selegiline at three months compared to pla-
cebo, 6.8+19.6 (p<0.05). (Adverse reactions are discussed above.)
This study had an overall quality rating score of 85%.

ADJUNCT THERAPY
Five randomized controlled trials were identified where

selegiline was given as adjunct to other antiparkinsonian thera-
pies, four studies were in Levodopa -treated patients, one in lisuride-
treated patients.

Przuntek & Kuhn (1987)15: These authors studied the efficacy
of selegiline in 28 patients (21 with Parkinson’s disease) in a pla-
cebo-controlled, double-blind, six-week trial in patients on
Levodopa treatment. Both the Columbia University Rating Scale
and the SCHOPPE Motor Performance Series showed improve-
ments when patients on optimum levadopa therapy were addition-
ally given selegiline. During the first withdrawal period the pa-
tients experienced a significant deterioration. When selegiline was
again added, a significant improvement was seen, which deterio-
rated again during the second withdrawal period. The worsening
of symptoms was, however, not as pronounced as in the first with-
drawal period. This may be due to the shorter duration of the sec-
ond withdrawal period or the possibility of having residual
selegiline effects in this withdrawal period. Both the Columbia
University Rating Scale and the SCHOPPE Motor Performance
Series showed marked improvements, particularly in the akine-
sia-rigidity syndrome. Zung’s Scale failed to reveal an additional
antidepressant effect in the patients on individualized levodopa
therapy. The tolerability was good in 26 cases and fair in four cases.
Ten patients experienced adverse reactions: There were two cases
of alopecia and one report each of pruritus, exanthem, psoriasis,
dryness of the mouth, thirst, dizziness, giddiness, difficulty in sleep-
ing, internal trembling, spasmodic state, queasiness, abdominal
discomfort, and anginal attack. A relationship between these ad-
verse reactions and selegiline cannot be excluded in eight of these
cases. This study had an overall quality rating score of 21%.

Sivertsen et al. (1989)16: Sivertsen and colleagues studied 42
patients in a 4-month crossover study as well as in a 16-month
parallel design of selegiline (10 mg/day) and placebo added to
Levodopa treatment. There was a 4-week “wash-out” in the cross-
over study (short-term study). After this, patients continued treat-
ment in two parallel groups. The majority of patients had no motor
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fluctuations. Addition of selegiline, as well as placebo, to the
levodopa medication allowed equal (28% and 27% respectively)
significant reduction of daily levodopa doses without clinical de-
terioration during the first 8-week period, but this was not so marked
during the second treatment period. Thus, there was a significant
period effect. When the reduction of the daily mean Levodopa
dose was compared for the selegiline and placebo treatment peri-
ods, analysis of variance showed that the daily levodopa dose was
reduced significantly more during selegiline treatment in the long-
term study. The number of daily levodopa doses decreased with
both treatments – more so during selegiline treatment (from 4.4 +
1.0 to 3.8 + 1.0) – but there was no statistically significant differ-
ence between selegiline and placebo. Addition of selegiline caused
improvement of tremor in the short-term study. No significant dif-
ference was observed in the scores for rigidity, functional perfor-
mance or total CUDS score. Adverse reactions were few except
for dizziness in eight patients on selegiline and three patients on
placebo. All side effects disappeared after levodopa reduction. This
study had an overall quality rating score of 52%.

Lees et al. (1995)17: This study compared the effectiveness of
levodopa and levodopa combined with selegiline in treating early,
mild Parkinson’s disease in an open-label, three-arm (selegeline plus
Levodopa, bromocriptine, levodopa) prospective, randomized trial.
Five hundred and twenty patients with early disease who were not
being treated with dopaminergic drugs were studied in 93 hospitals
throughout the United Kingdom. Patients on Levodopa alone had
slightly more disability than those on Levodopa plus selegiline, but
the differences were not significant on the Webster or Northwestern
University disability scales at four years. The dose of Levodopa
required to produce optimum motor control increased in the
Levodopa group, median dose 375 mg/day at one year and 625 mg/
day at four years compared to the median dose of the Levodopa and
selegiline group 375 mg/day, which did not change over time. The
authors reported that the mortality in previously untreated Parkinson’s
disease patients was significantly higher for those treated with
Levodopa plus selegiline than for those treated with Levodopa alone
(28% v.18%; adjusted for age, sex, and other baseline factors). This
study had an overall quality rating score of 75%.

Larsen et al. (1997)18: This study investigated the effects of
selegiline (10 mg/day) or placebo added to Levodopa therapy in
early Parkinson’s disease in 163 patients (average age 64.3 years,
mean duration of disease 2.0 years, Hoehn-Yahr I to III) in a double-
blind, placebo-controlled, parallel-group design. Patients were fol-
lowed until termination point or five years. The primary outcome
variables were the UPDRS scales and the time to develop “wear-
ing off” fluctuations. The results reported were based on an in-
terim analysis where 80% of the 163 randomized patients had been
followed up to three years. After three months of Levodopa therapy,
both treatment groups showed a marked and comparable improve-
ment in the total UPDRS score and subscores, and the daily
Levodopa dosage were nearly identical. The daily Levodopa dose
and the UPDRS score after three month drug adjustments were
considered the baseline values for statistical analyses of possible
changes with time in these variables during the later disease de-
velopment. The parkinsonian disability, as measured by the total
and motor UPDRS scores showed a gradual decline from one year
of treatment and during the rest of the observation period. Although
this decline in function was more pronounced in the placebo group,
the differences in increase of the total and motor UPDRS scores
over time were not significantly different between the two groups.

During the same period (from month 3 until month 54), there was
almost no change in daily Levodopa dose in the selegiline group,
whereas the Levodopa dose in the placebo group showed a con-
stant increase during the observation period. After 24 months of
treatment, the difference in daily Levodopa dose was significant
between patients taking selegiline as compared to placebo. The
difference in the increase of daily Levodopa dose over time in the
two treatment groups until three years of treatment was also statis-
tically significant. The supportive analysis of all available obser-
vations until 4.5 years showed a corresponding level of signifi-
cance for an increasingly higher need for Levodopa with time in
the placebo group compared with the daily dose in the selegiline
group. The authors reported that of the patients dropping out be-
cause of adverse reactions, 16 were in the selegiline group and 11
in the placebo group. More adverse effects were observed in the
selegiline group (117 reactions) versus the placebo group (105
reactions). Slightly more patients in the selegiline group reported
orthostatic hypotension and other effects related to the central ner-
vous system. This study had an overall quality rating score of 70%.

Nappi et al. (1991)19: Nappi and colleagues studied selegiline (10
mg/day) vs. placebo after 1 month of lisuride treatment in 20 de
novo parkinsonian patients followed for 3 months using CURS and
NUDS. Lisuride dosage was reduced by 22.8% without change in
clinical status. The mean dose of lisuride in combination with
selegiline was 1.41+0.34 mg compared to placebo treatment,
1.93+0.37 mg, p<0.05. This study included an endpoint of  “dose
for lisuride.” The clinical relevance of this endpoint in unclear.  There
were no reported adverse reactions of selegiline in combination with
lisuride. This study had an overall quality rating score of 86%.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
Lees et al. (1977)20: Lees et al. evaluated 41 Parkinson’s disease

patients (average age 62.5 years) with an average disease duration
of 8.0 years in a double-blind, placebo-controlled study of selegiline
(10 mg/day) added to Levodopa in both mild and severe fluctuating
patients. Although “on-off” diary data were collected, the study does
not report treatment effects on this parameter. It is stated that selegiline
improved “wearing-off” disabilities in approximately 65% of pa-
tients. No statistically significant improvement occurred in diurnal
akinesia, and there was no improvement in patients with severe “on-
off” disabilities with freezing and rapid oscillation (yo-yo effect).
Depression was unchanged. There was no significant change in
CUDS and NUDS. The authors reported the following adverse re-
actions with selegiline: dyskinesia (14), nausea (9), dry mouth (6),
dizziness (3), postural hypotension (2), syncope (1), paresthesia (1),
hallucinations (1) and unpleasant taste (1). This study had an over-
all quality rating score of 50%.

Lieberman et al. (1987)21: This was a randomized, double-blind
placebo controlled parallel study of selegiline (10 mg/day) added
to Levodopa studied 33 Parkinson’s disease patients (average age
63.3 years) for 8 weeks. Seventeen patients were randomly as-
signed to the selegiline group and 16 to the placebo group. All
patients completed the 8-week trial. Both groups of patients were
comparable in age, sex, duration of Parkinson’s disease, Levodopa
dose, duration of Levodopa treatment, disease severity, and prior
treatment with bromocriptine or other dopamine agonists. Although
the patients given selegiline were younger, this difference was not
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significant. The 17 patients who were randomly assigned to the
selegiline group experienced a significant 22% decrease in their
parkinsonian symptoms; a significant 17.4% decrease in their par-
kinsonian signs; and a significant 21% decrease in their Levodopa
dose. The 17 patients did not, as a group, experience an improve-
ment in the number of hours that they were “on”. Overall, the con-
ditions of 12 of the 17 patients (71%) were judged to have im-
proved. Although there was no increase in number of hours “on”
patients reported that their dose of Levodopa lasted longer, that
the transitions between their “on” and “off” periods were less
abrupt, that the “on” periods were better and that the “off” periods
less severe. Although these subjective responses could not be quan-
tified, the authors said they were useful in arriving at the global
assessment. However, this approach is very subjective and seri-
ously compromises the conclusions of the studies. There was no
difference between selegiline and placebo groups in adverse reac-
tions. At completion, 3 of 17 on selegiline discontinued the drug:
two patients had no benefit and one had adverse reactions. (This
patient had mild dementia, and during the course of treatment with
selegiline became more confused. On discontinuation of treatment,
the patient returned to the baseline state.) This study had an over-
all quality rating score of 73%.

Golbe et al. (1988)22: Golbe and coworkers investigated
selegiline (10 mg/day) and placebo added to Levodopa in 99
Parkinson’s disease (average age 62.4 years, Hoehn-Yahr Stage II
to IV) in a randomized, double-blind, placebo-controlled, multi-
center, parallel study (6 week study period). Using diary forms,
patients recorded disability hourly at home, three days a week,
during a 2-week baseline, and during a 6-week treatment period.
Drug response was recorded as follows: 0= bad or not working,
1=intermittent effect, 2=working, good time. Mean hourly self-
assessment of gait significantly improved in 28 of 50 patients (56%)
receiving selegiline (mean 0.25 points on a 0-2 scale) and in 14 of
46 (30.4%) taking placebo (mean 0.15). Mean hourly overall symp-
tom control significantly improved in 29 (58%) taking selegiline
(mean 0.34) and in 12 (26.1%) taking placebo (mean 0.15). Patient’s
mean pre-treatment baseline hourly self assessment scores for
“drug working” in selegeline and placebo group was 1.29 and 1.28,
respectively. Mean scores (measured hourly) over the 6 weeks of
treatment were 1.41 and 1.11 for selegeline vs. placebo, respec-
tively (p<0.001). No significant improvement occurred in the ob-
jective quality of the “on” state with selegiline. Mean daily
Levodopa dosage decreases were 17% in the selegiline group and
7% in the placebo group. Adverse reactions included: nausea
(selegiline 20%, placebo 6.5%), lightheadedness (selegiline 12%,
placebo 2.2%), dyskinesias and hallucinations which all abated
after the Levodopa dose was reduced. Additional side effects in-
cluded abdominal pain (selegiline 8%, placebo 4.3%), and confu-
sion (selegiline 6%, placebo 0%). This study had an overall qual-
ity rating score of 83%.

REVIEW OF SAFETY
Selegeline, in general is a well-tolerated drug. When used as

monotherapy, infrequently reported side effects include: insomnia
(especially if the drug is given late in the day), headache, nausea,
loss of balance, dry mouth, and gastrointestinal symptoms (flatu-
lence, discomfort, and constipation). No significant changes in
blood pressure have been reported. Many studies find no differ-
ence in the incidence of reported adverse reactions between
selegiline and placebo. Dopaminergic adverse reactions (such as

hallucination and dykinesia) can occur when selegiline is added
to levodopa therapy. These adverse reactions usually subside when
the dose of levodopa is reduced.

Lees et al. (1995)17 reported that the mortality in previously un-
treated Parkinson’s disease patients (n=520 patients in 93 British
hospitals) was higher for those treated with levodopa plus levodopa/
selegiline than for those treated with levodopa alone (28% v.18%;
adjusted for age, sex, and other baseline factors, hazard ratio =
1.57, 95% confidence interval (CI) = 1.07, - 2.31). This study had
an overall quality rating score of .75. In a follow-up to this study,
whereby the patient number was increased to 624, an increased
mortality for the combined treatment group was still detected, but
the hazard ratio was lower than in the previous report, and no longer
statistically significant (adjusted hazard ratio = 1.30 (95% CI 0.99,
1.72).23 The increased mortality appeared to be associated with
the 2nd to 4th years of treatment. The authors could not explain the
increased mortality, but suggested that the combined therapy be
avoided in patients with postural hypotension, frequent falls, con-
fusion or dementia.

Overall, these studies showing increased mortality have been
extensively discussed and criticized and a number of objections
have been raised including problem of design and statistics.24,25

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
Due to a variety of methodological problems of available stud-

ies – including lack of validated endpoints, conformating symp-
tomatic efficacy and uncertainty about appropriate duration of
wash-out periods – there is INSUFFICIENT EVIDENCE to con-
clude on the neuroprotection effect of selegiline in patients with
Parkinson’s disease.

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy

Five of the six identified studies reported to date demonstrated
a modest benefit of selegiline as initial monotherapy in Parkinson’s
disease. The one study failing to detect differences between
selegiline and placebo was methodologically inadequate. There-
fore, selegiline is considered EFFICACIOUS as symptomatic
monotherapy in Parkinson’s disease. However the effect size was
small and there is insufficient evidence to conclude on the relative
efficacy to other treatments.

Adjunct Therapy
Results of four Level-I studies in patients without motor fluctua-

tions are inconsistent and overall there is INSUFFICIENT EVI-
DENCE to conclude on the efficacy of selegeline in this indication.
Where Levodopa dose reductions were reported this was not asso-
ciated with enhanced symptomatic control. The clinical significance
of this Levodopa-sparing effect is unknown. In fluctuating patients
data are likewise INSUFFICIENT to conclude on the efficacy of
adjunct selegeline in improving “on” motor function.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of selegiline in preventing motor complications in Parkinson’s
disease.
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CONTROL OF MOTOR COMPLICATIONS
Three short-term, Level-I studies are inconsistent in study de-

sign and results. Overall data are INSUFFICIENT to conclude on
the efficacy of selegeline in the short term short-term management
of motor fluctuations in patients with Parkinson’s disease.

SAFETY
Selegiline in Parkinson’s disease has an ACCEPTABLE RISK

WITHOUT SPECIALIZED MONITORING, when used as
monotherapy or when added to dopaminergic drugs both in fluc-
tuating and nonfluctuating patients. A prior study reporting en-
hanced mortality and cardiovascular events when selegiline was
combined with levodopa has not been reproduced.

IMPLICATIONS FOR CLINICAL PRACTICE
Selegiline is considered INVESTIGATIONAL as a

neuroprotective agent.
Selegiline as initial monotherapy for the symptomatic control

of Parkinson’s disease is CLINICALLY USEFUL. However, the
clinical effects of selegiline may be minimal.

As adjunct therapy in Levodopa-treated patients selegeline is
POSSIBLY USEFUL in improving parkinsonism.

Likewise selegiline is considered POSSIBLY USEFUL for the
treatment of motor fluctuations in Parkinson’s disease. Despite its
wide clinical usage for this indication, the evidence supporting
this is modest.

No recommendations can be made regarding the relative effi-
cacy of selegiline to other antiparkinson medication because no
level-I direct comparison studies have been conducted.

IMPLICATIONS FOR CLINICAL RESEARCH
There are two major areas of research for selegiline. First, it is

important to define the mechanism of action of the drug because
selegiline is complex with actions other than MAO-B inhibition.
More selective MAO-B inhibitors will help define the specific role
of this enzyme in the pathophysiology of Parkinson’s disease. The
role of the amphetamine metabolite of selegine remains to be in-
vestigated. Second, it is important to define further its clinical role
in neuroprotection, monotherapy, motor fluctuation, and adjunct
therapy, by performing active comparator trials. This will help
define its place in these indications. Studies using more sensitive
measures (possibly including neuroimaging surrogate markers) of
neuroprotection may help to distinguish between symptomatic and
neuroprotective mechanisms.

It is also possible that other MAO-B inhibitors besides selegiline
could be more efficacious as symptomatic monotherapy in
Parkinson’s disease. However, a study of another MAO-B inhibi-
tor, lazabemide, found this drug to have only a minimal
antiparkinsonian effect.26 However, other properties of these drugs
besides MAO-B inhibition could potentially be important for its
therapeutic usefulness.

Future research should answer the question of whether reduc-
ing levodopa dosage early in the course of Parkinson’s disease is
beneficial. The ability of levodopa either to protect or damage neu-
rons of the substantia nigra needs to be clarified, since MAO-B
inhibitors have the ability to spare levodopa dosage and reduce
dopamine metabolism.

It also may be possible that other MAO-B inhibitors may be
more beneficial as adjuvant therapy to Levodopa in the treatment
of motor fluctuations. If such drugs are developed, they should be

studied for their potential in prolonging the responsiveness to
Levodopa therapy.

RASAGILINE
Recently rasagiline mesylate has entered a clinical development

program. Similar to selegiline rasagiline mesylate is an irrevers-
ible MAO inhibitor with high selectivity for the B form of the en-
zyme. It is more potent than selegiline on a weight basis such that
0.5 - 1 mg/day causes total inhibition of platelet MAO-B in hu-
mans.27 Unlike selegiline it is devoid of amphetamine-like metabo-
lites.

So far a single double-blind randomized placebo-controlled
study of rasagiline mesylate as adjunct to levodopa has been pub-
lished.28 Seventy patients were randomized into four parallel groups
(0.5 mg, 1 mg, 2 mg rasagiline mesylate, and placebo). Treatment
over 12 weeks resulted in greater improvements of UPDRS total
scores for all rasagiline groups compared to placebo but differ-
ences were not statistically significant. Further Level-I trials, both
in de novo and fluctuating patients with Parkinson’s disease are
underway and no conclusions on the efficacy and safety of
rasagiline mesylate in any indication in Parkinson’s disease can
be made at this time.

REFERENCES
1. Gerstenbrand F, Prosenz P. Über die Behandlung des Parkinson Syndroms mit

Monoaminoxydasehemmern allein und in Kombination mit L-Dopa. Praxis
1965;54:1373-1377.

2. Knoll J. Deprenyl [selegiline]: the history of its development and pharmacologi-
cal action. Acta Neurol Scand 1983;95:57-80.

3. Birkmayer W, Riederer P, Ambrozi L, Youdim MBH. Implications of continued
treatment with Madopar and L-deprenyl in Parkinson’s disease. Lancet 1987;i:439-
443.

4. Olanow CW, Riederer P. Selegiline and neuroprotection in Parkinson’s disease.
Neurology 1996;47C(suppl 3):51.

5. Riederer P, Youdim MB, Rausch WD, Birkmayer W, Jellinger K, Seemann D. On
the mode of action of L-deprenyl in the human central nervous system. J Neural
Transm 1978;43:217-226.

6. Tetrud JW, Langston JW. The effect of deprenyl (selegiline) in the natural history
of Parkinson’s disease. Science 1989;245:519-522.

7. Parkinson’s Study Group. Effect of deprenyl on the progression of disability in
early Parkinson’s disease. N Engl J Med 1989;321:1364-1371.

8. Parkinson Study Group. Impact of deprenyl and tocopherol treatment on
Parkinson’s disease in DATATOP subjects not requiring levodopa. Ann Neurol
1996;39:29-36.

9. Myllyla VV, Sotaniemic KA, Vuorinen JA, Heinonen EA. Selegiline as initial
treatment in de novo parkinsonian patients: Neurology 1992;42:339-343.

10.Olanow CW, Hauser RA, Gauger L, et al. The effect of deprenyl and levodopa on
the progression of Parkinson’s disease. Ann Neurol 1995;38:771-777.

11.Palhagen S, Heinonan EH, Hagglund J, et al. Selegiline delays the onset of dis-
ability in de novo parkinsonian patients. Swedish Parkinson Study Group. Neu-
rology 1998;51:520-525.

12.Teravainen H. Selegiline in Parkinson’s disease. Acta Neurol Scand 1990;81:333-
336.

13.Allain H, Pollak P, Neukirch HC. Symptomatic effect of selegiline in de novo
parkinsonian patients. The French Selegiline Multicenter Trial. Mov Disord
1993;8(suppl 1):S36-S40.

14.Mally J, Kovacs AB, Slone TW. Delayed development of symptomatic improve-
ment by (—)-deprenyl in Parkinson’s disease. J Neurol Sci 1995;134:143-145.

15.Przuntek H, Kuhn W. The effect of R-(-)-deprenyl in de novo Parkinson patients
on combination therapy with levodopa and decarboxylase inhibitor. J Neural
Transm Suppl 1987;25:97-104.

16.Sivertsen B, Dupont E, Mikkelsen B, et al. Selegiline and levodopa in early or
moderately advanced Parkinson’s disease: a double-blind controlled short- and
long-term study. Acta Neurol Scand Suppl 1989;126:147-152.

17.Lees A. Comparison f therapeutic effects and mortality data of levodopa and
levodopa combined with selegiline in patients with early, mild Parkinson’s dis-
ease. Parkinson’s Disease Research Group of the United Kingdom. BMJ
1995;311:1602-1607.



S44

Movement Disorders, Vol. 17, Suppl. 4, 2002

MAO-B Inhibitors for the Treatment of Parkinson’s Disease

18.Larsen JP, Boas J. The effects of early selegiline therapy on long-term levodopa
treatment and parkinsonian disability: an interim analysis of the Norwegian—
Danish 5- year study. Norwegian-Danish Study Group. Mov Disord 1997;12:173-
182.

19.Nappi G, Martignoni E, Horowski R, et al. Lisuride plus selegiline in the treat-
ment of early Parkinson’s disease. Acta Neurol Scand 1991;83:407-410.

20.Lees AJ, Shaw KM, Kohout LJ, et al. Deprenyl in Parkinson’s disease. Lancet
1977;2:791-795.

21.Lieberman AN, Gopinathan G, Neophytides A, Foo SH. Deprenyl versus placebo
in Parkinson’s disease. A double-blind study. N Y State J Med 1987;87:646-649.

22.Golbe LI., Lieberman AN, Muenter MD, et al. Deprenyl in the treatment of symp-
tom fluctuations in advanced Parkinson’s disease. Clin. Neuropharmacol
1988;11:45-55.

23.Ben-Shlomo Y, Churchyard A, Head J, et al. Investigation by Parkinson’s disease
Research Group of United Kingdom into excess mortality seen with combined
levodopa and selegiline treatment in patients with early, mild Parkinson’s dis-
ease: further results of randomized trial and confidential inquiry. BMJ
1998;316:1191-1196.

24.Olanow CW, Myllyla VV, Sotaniemi KA, et al. Effect of selegiline on mortality in
patients with Parkinson’s disease: a meta-analysis. Neurology 1998;51:825-830.

25.Foley P, Gerlash M, Youdim MBH, Riederer P. MAO-B inhibitors: multiple roles
in the therapy of neurodegenerative disorders? Parkinsonism & Related Disor-
ders 2000;6:25-27.

26.Parkinson Study Group: A controlled trial of lazabemide (R019-6327) in untreated
Parkinson’s disease. Ann Neurol 1993;33:350-356.

27.Sterling J, Veinberg A, Lerner D, et al. R (+) N-propargyl-l-aminoindan (rasagiline)
and derivatives: highly selective and potent inhibitors of monoamine-oxidase B.
J Neural Transm Suppl 1998;52:301-305.

28.Rabey JM, Sagi I, Huberman M, et al. Rasagiline mesylate, a new MAO-B inhibi-
tor for the treatment of Parkinson’s disease: a double-blind study as adjunctive
therapy to levodopa. Clin Neuropharmacol 2000;23:324-330.

BIBLIOGRAPHY - EXCLUDED FROM
ANALYSIS (REASON FOR EXCLUSION)

Alder CH, Sethi K, Hauser RA, et al. Ropinirole for the treatment of early Parkinson’s
disease. The Ropinirole Study ‘Group. Neurology 1997;49:393-399. (Did not
evaluate selegiline as primary treatment)

Birkmayer W. Implications of combined treatment with ‘Madopar” and L-deprenil
in Parkinson’s disease. A long-term study. Lancet 1977;1(8009):439-443. (Not
randomized study)

Birkmayer W. The potentiation of the anti akinetic effect after L-dopa treatment by
an inhibitor of MAO-B, Deprenil. J Neural Transm 1975;36:303-326. (Not ran-
domized study)

Brannan T, Yahr MD. Comparative study of selegiline plus L-dopa-carbidopa versus
L-dopa-carbidopa alone in the treatment of Parkinson’s disease. Ann Neurol
1995;37:95-98. (Not randomized study)

Brodersen P, Philbert A, Gulliksen G, Stigard A. The effect of L-Deprenyl as on-off
phenomena in Parkinson’s disease. Acta Neurol Scand 1985;71:494-497. (Less
than 20 patients)

Calzetti S, Negrotti A, Cassio A.. L-Deprenyl as an adjuvant to low-dose bromocriptine
in early Parkinson’s disease: a short-term, double-blind, and prospective follow-
up study. Clin Neuropharmacol 1995;18:250-257. (Not randomized study)

Chouza C, Aljanati R, Scaramelli A, et al. Combination of selegiline and controlled
release levodopa in the treatment of fluctuations of clinical disability in parkinso-
nian patients. Acta Neurol Scand Suppl 1989;80:127-137. (Not randomized study)

Csanda E, Tarczy M. Clinical evaluation of deprenyl (selegiline) in the treatment of
Parkinson’s disease. Acta Neurol Scand Suppl 1983;95:117-122. (Not random-
ized study)

Csanda E, Tarczy, Takats A. (-)Deprenyl in the treatment of decompensated
Parkinson’s disease. J Neural Transm Suppl 1986;22:248-252. (Not randomized
study)

Csanda E, Tarczy M. Selegiline in the early and late phases of Parkinson’s disease. J
Neural Transm Suppl 1987;2583:105-113. (Not randomized study)

Elizan TS, Yahr MD, Moros DA, Mendoza MR, Prang S, Bodian CA. Selegiline as
an adjunct to conventional levodopa therapy in Parkinson’s disease. Experience
with this type B monoamine oxidase inhibitor in 200 patients. Arch Neurol
1989;46:1280-1283. (Not randomized study)

Elizan TS, Moros DA, Yahr MD. Early combination of selegiline and low-dose
levodopa as initial symptomatic therapy in Parkinson’s disease. Experience in 26
patients receiving combined therapy for 26 months. Arch Neurol 1991;48:31-34.
(Not randomized study)

Fischer PA, Baas H. Therapeutic efficacy of R-(-)-deprenyl as adjuvant therapy in
advanced parkinsonism. J Neural Transm Suppl 1987;25:137-147. (Not random-
ized study)

Fornadi F, Ulm G. Early combination with deprenyl: a retrospective analysis. Adv
Neurology 1990;53:437-440. (Not randomized study)

Gerstenbrand F, Ransmayr G, Poewe W. Deprenyl (selegiline) in combination treat-
ment of Parkinson’s disease. Acta Neurol Scand Suppl 1983;95:123-126. (Not
randomized study)

Giovannini P. Deprenyl in Parkinson’s disease: personal experience. Ital J Neurol Sci
1985;6:207-212. (Not randomized study)

Giovannini P, Martignoni E, Piccolo I, et al. (-)Deprenyl in Parkinson’s disease: a
two-year study in the different evolutive stages. J Neural Transm Suppl
1986;22:235-246. (Not randomized study)

Golbe LI. Long term efficacy and safety of deprenyl (selegiline) in advanced
Parkinson’s disease. Neurology 1989;39:1109-1111. (Not randomized study)

Hassan MN. Experience with selegiline in the treatment of de novo Parkinson’s dis-
ease. Today’s Ther Trends  1993;10:203-214. (Not randomized study)

Heinonen EH, Rinne UK, Tuominen J. Selegiline in the treatment of daily fluctua-
tions is disability of parkinsonian patients with long term levodopa treatment.
Acta Neurol Scand Suppl 1989;126:113-118. (Less than 20 patients)

Hubble JP, Koller WC, Waters C. Effects of selegiline dosing on motor fluctuations
in Parkinson’s disease. Clin Neuropharmacol 1993;16:83-87. (Less than 20 pa-
tients)

Lander CM, Lees A, Stern G. Oscillations in performance in levodopa-treated
parkinsonians: treatment with bromocriptine and L-deprenyl. Clin Exp Neurol
1979;16:197-203. (Not randomized study)

LeWitt PA, Segal SA, Mistura KL, Schork MA. Symptomatic anti-parkinsonian ef-
fect of monamine oxidase-B inhibitors: comparison of selegiline and lazabamide.
Clin Neuropharmacol 1993;16:332-337. (Not randomized study)

Lieberman AN, Gopinathan G, Neophytides A, et al. Deprenyl in the treatment of
Parkinson’s disease. A specific type B monoamine oxidase inhibitor. N Y State J
Med 1984;84:13-16. (Not randomized study)

Lieberman AN. Long-term experience with selegiline and levodopa in Parkinson’s
disease. Neurology 1992;42(suppl 4):32-36. (Not randomized study)

Poewe W, Gerstenbrand F, Ransmayr G.. Experience with selegiline in the treatment
of Parkinson’s disease. J Neural Transm Suppl 1987;25:131-135. (Not random-
ized study)

Poungvarin N, Viriyavejakul A. L-deprenyl therapy in Thai patients with Parkinson’s
disease: before and after, clinical trial of 50 patients. J Med Assoc Thai
1990;73:381-386. (Not randomized study)

Presthus J, Berstad J, Lien K. Selegiline (L-deprenyl) and low dose levodopa treat-
ment of Parkinson’s disease. A double-blind crossover trial. Acta Neurol Scand
1987;76:200-203. (Less than 20 patients)

Rascol O, Montastruc JL, Senard JM, Demonet JF, Simonetta M, Rascol A. Two
weeks of treatment with deprenyl (selegiline) does not prolong L-dopa effect in
parkinsonian patients: a double-blind crossover placebo controlled trial. Neurol-
ogy 1988;38:1387-1391. (Less than 4-week study duration)

Rinne UK, Siirtola T, Sonninen V. L-deprenyl treatment of on-off phenomena in
Parkinson’s disease. J Neural Transm 1978;43:253-263. (Not randomized study)

Rinne UK. Deprenyl (selegiline) in the treatment of Parkinson’s disease. Acta Neurol
Scand Suppl 1983;95:107-111. (Not randomized study)

Ruggieri S, Denaro A, Meco G, Carta A, Stocchi F, Agnoli A. Multicenter trial of L-
Deprenyl in Parkinson’s disease. Ital J Neurol Sci 1986;7:133-137. (Not random-
ized study)

Schachter M, Marsden CD, Parkes JD, Jenner P, Testa B. Deprenyl in the manage-
ment of response fluctuations in patients with Parkinson’s disease on levodopa. J
Neurol Neurosurg Psychiatry 1980;43:1016-1021. (Less than 20 patients)

Streifler M, Rabey M. Long-term effects of L-deprenyl in chronic levodopa treated
parkinsonian patients. J Neural Transm Suppl 1983;19:265-272. (Not random-
ized study)

Streifler M. Beta-type monamine oxidase [MAO] inhibitors in long term levodopa
treated parkinsonism: a combined clinical trial with L-deprenyl. Curr Ther Res
Clin Exp 1980;27:643-648. (Not randomized study)

Trebini F, Daniele D, Gillio S, Scarzella L. Clinical evaluation of selegiline (L-
deprenyl) in the long-term L-dopa treatment syndrome. Acta Neurol 1985;7:432-
439. (Not randomized study)

Ulm G, Fornadi F. R-(-)deprenyl in the treatment of end-of-dose akinesia. J Neural
Transm Suppl 1987;25:163-172. (Not randomized study)

Wajsbort J. The clinical and biochemical investigation of L-deprenyl in Parkinson’s
disease with special reference to the “on-off” effect. J Neural Transm 1982;55:201-
215. (Not randomized study)

Yahr MD, Mendoza MR, Moros D, BergmannKJ. Treatment of Parkinson’s disease
in early and late phases: use of pharmacological agents with special reference to
deprenyl (selegiline). Acta Neurol Scand Suppl 1983;95:95-102. (Not random-
ized study)

Ziv I, Achiron A, Djaldetti R, Dressler R, Melamed E. Short-term beneficial effect of
deprenyl monotherapy in early Parkinson’s disease: a quantitative assessment.
Clin Neuropharmacol. 1993;16:54-60. (Not randomized study)



S45

COMT Inhibitors

INTRODUCTION
BACKGROUND

Straightforward therapeutic strategies are available for early
treatment of “uncomplicated” Parkinson’s disease (PD). Specifi-
cally, since its introduction in 1961, levodopa (the precursor of
dopamine) has been considered the gold standard in PD treatment.
Efforts to optimize levodopa therapy are a common therapeutic
goal. Although many patients are able to function when receiving
levodopa, clinical response to levodopa therapy declines as the
disease progresses. After five years, many patients suffer from
“motor complications” that present due to the decline in therapeu-
tic response to levodopa therapy. These complications include mo-
tor fluctuations (commonly referred to as the “on” and “off” state)
and dyskinesia.

RATIONALE
The rationale for treating fluctuations is to provide a continuous

dopaminergic input to the striatum. This can be achieved by giv-
ing smaller dosing intervals of levodopa, controlled-release for-
mulations, additional dopamine agonists, or continuous subcuta-
neous infusions of apomorphine. Inhibition of catechol-O-
methyltransferase (COMT), an enzyme that catalyzes the
metabolization of levodopa to 3-O-methyldopa, provides another
approach. Inhibition of this enzyme results in a prolonged mainte-
nance of serum levodopa levels, and hence a longer clinical
levodopa response.

Presently, there are two COMT-inhibitors used in clinical prac-
tice: tolcapone, and entacapone, which differ somewhat in their
basic pharmacology. Both substances have been available since
the mid-90s (they have been available for phase III clinical studies
since that, tolcapone was approved in 1997 and entacapone in
1998).

METHODS
KEY SEARCH TERMS

Entacapone, tolcapone, COMT, and COMT-inhibition.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

Only randomized, controlled trials (Level-I studies) were in-
cluded in this review.

BASIC PHARMACOLOGY
MECHANISM OF ACTION/

PHARMACODYNAMICS
COMT-inhibitors reduce the metabolism of levodopa resulting

in prolonged availability of levodopa in the gastrointestinal tract
and a longer half-life of levodopa in plasma. Consequently, COMT-
inhibition increases the amount of time available for levodopa to

pass the blood brain barrier and enter the brain where it is directly
converted to dopamine or is stored. The co-administration of a
COMT-inhibitor with levodopa therapy prolongs the action of an
individual dose of levodopa.

Levodopa is metabolized in the periphery (in addition to other
metabolic pathways) by the enzymes aromatic amino acid decar-
boxylase (AADC) and COMT (Figure 1). When AADC is inhib-
ited, as in the case of the available levodopa/AADC-inhibitor prepa-
rations, the O-methylation pathway becomes prominent. There-
fore, inhibiting COMT in the periphery results in a longer plasma
half-life of levodopa. Specifically, both entacapone and tolcapone
are specific and reversible inhibitors of COMT. They approximately
double the bioavailability of levodopa, giving rise to an increase
of the area under the levodopa plasma concentration/time curve
(AUC). However, the average levodopa maximum plasma con-
centration (C

max
) and the time to C

max
 (t

max
) are generally unaffected.

One difference between these two agents is that therapeutic doses
of entacapone only act peripherally (i.e., gastrointestinal tract, the
liver, and erythrocytes) and do not alter cerebral COMT activity.
High doses of tolcapone may pass the blood brain barrier in hu-
mans and block central nervous COMT.

Figure 1: Metabolic pathways of levodopa in the
periphery and the brain (adapted from Kurth and Adler1)

L-DOPA: Levodopa
3-OMD: 3-O-methyldopa
COMT: Catechol-O-methyltransferase
AADC: Aromatic amino acid decarboxylase
MAO-B: Monoaminooxidase-B
DOPAC: Dihydroxyphenylic acid
3-MT: 3-methyl-tyramine
HVA: Homovanillic acid
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PHARMACOKINETICS

TOLCAPONE
Tolcapone is rapidly absorbed after oral administration with a

t
max

 of 1.4 h to 1.8 h. C
max

 and AUC increase roughly dose-propor-
tionally and are independent of multiple-dose treatment up to 400
mg tolcapone three times daily (t.i.d). Food seems to have an im-
pact on the absorption of tolcapone: tolcapone intake 45 minutes
after a standard breakfast leads to a delay in absorption and a de-
crease in C

max
 of about 50%. Around 65% of an oral dose of

tolcapone enters the general circulation. Less than 20% of the drug
is lost in a first-pass metabolism. The volume of distribution of
tolcapone is small due to its high plasma protein binding (>99.8%).
Tolcapone is almost completely metabolized prior to excretion.
Only about 0.5% of the ingested dose are found unchanged in urine.
The predominant metabolic pathway is conjugation to the inac-
tive glucuronide. Furthermore, the agent is methylated by COMT
and metabolized by cytochrome P450 to a primary alcohol that is
subsequently oxidized to the carboxylic acid. When given to
healthy male subjects, 60% of 14C-tolcapone metabolites are found
in urine and 40% in feces. Tolcapone is a low-extraction-ratio drug
with a moderate systemic clearance of 7 L/h. The half-life is 1 to 4
hours.

ENTACAPONE
Entacapone is rapidly absorbed with t

max
 values between 0.4

and 0.9 h. Increases in both C
max

 and AUC are directly propor-
tional to the dose of entacapone administered. Food does not af-
fect the absorption of entacapone to any significant extent (this
corrected text is taken directly from the Comtess / Comtan SmPC,
also same message is in the Comtess EPAR, 16.9.1998, KR).
Bioavailability of entacapone is approximately 36% and increases

linearly with increasing doses. Entacapone is administered as the
(E)-isomer, and an isomerization to the (Z)-isomer occurs in the
circulation. Plasma protein binding (in vitro) is 98%. Entacapone
is predominantly metabolized in the liver. The main metabolites
of entacapone are glucuronide conjugates of the unchanged drug
and its (Z)-isomer. Only 0.1% to 0.2% of an oral dose is excreted
in the urine as unchanged entacapone. An estimated 80% to 90%
of the dose is excreted in the feces, and 10% to 20% in the urine
(as derived from animal data studies). Elimination half-life of
entacapone extends between 1 h and 2.2 h. Mean total plasma
clearance values of 800 ml/min (48 L/h) have been reported.

REVIEW OF CLINICAL STUDIES

TOLCAPONE
Seventeen studies were identified; eight met inclusion criteria

and nine were excluded. A list of the excluded trials is given be-
low (Bibliography) with the reason for exclusion described.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
No qualified studies were identified.

ADJUNCT THERAPY
Waters et al. (1997)2: In a double-blind, placebo-controlled, par-

allel-group, multicenter trial, Watters and coworkers tested the ef-
ficacy of tolcapone (100 mg or 200 mg, t.i.d.) as adjunct therapy
to levodopa in 298 PD patients without major motor fluctuations.
The goal of the study was to investigate “stable” patients, but pa-
tients with “mild“ fluctuations also were included. The primary
efficacy measure was the UPDRS II scale (ADL). At 6 months,
both dosages of tolcapone produced small, but significant reduc-
tions in the UPDRS II (tolcapone 100 mg: 1.4; tolcapone 200 mg:
1.6), also in the part III (motor part) and in the total UPDRS. Both
tolcapone groups showed a slight, but significant reduction in
levodopa dosage (tolcapone 100 mg: 20.8 mg; tolcapone 200 mg:
32.3 mg), whereas the placebo group had a mean increase (46.6
mg). There were 11 drop-outs due to adverse reactions in the pla-
cebo, 20 (100 mg), and 18 in the (200 mg). Diarrhea was the most
frequent nondopaminergic adverse reaction, often leading to with-
drawal. Other adverse reactions were nausea, dyskinesia, anor-
exia, and sleep disorder. Liver enzyme increases were observed in
8 of the tolcapone patients, causing withdrawal in four cases. This
study had an overall quality rating score of 83%.

 Dupont et al. (1997)3: This study tested the efficacy tolcapone
(200 mg or 400 mg t.i.d.) in 97 patients with PD. At the time of
inclusion into the double-blind, placebo-controlled, parallel-group,
multicenter trial, patients were classified as nonfluctuators. How-
ever, at the time of preselection and recruitment, patients had pro-
gressed and some were classified as fluctuators. The “wearing-
off” phenomenon was controlled with more frequent levodopa
dosage prior to inclusion in the study. Levodopa was decreased by
35% on day 1 of the study and subsequently retitrated as required.
The primary efficacy parameter was the change of levodopa dos-
age after retitration under study medication, while patients remained
in a non-fluctuating state. After titration, both tolcapone groups

Table 1 Pharmacology of entacapone and tolcapone

Entacapone Tolcapone
tmax 0.4 - 0.9 h 1.4 - 1.8 h

Bioavailability 36 % 65 %

Metabolization Isomerization from Conjugation to
(E) to (Z)-isomer inactive glucuronide
Conjugation to Methylation by
inactive glucuronide COMTOxidation by

cytochrome P450

Unchanged in 0.1 - 0.2 % 0.5 %
urine

Metabolite
excretion
- feces 80 - 90 % 40 %
- urine 10 - 20 % 60 %

T1/2 1 - 2.2 h 1 - 4 h (might be
slightly longer in
PD)

Plasma 48 L/h 7 L/h
clearance

Plasma protein 98 % 99.8 %
binding
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had greater reductions in levodopa dosage compared to baseline
(tolcapone 200 mg: 182.0 mg; tolcapone 400 mg: 180.6 mg) than
the placebo group (113.9 mg). However, this effect was not sig-
nificantly different from placebo. The UPDRS II (ADL) changed
significantly (by 1.1) over placebo, but only in the 200 mg group,
and none of the other secondary endpoints showed statistical dif-
ferences compared to placebo. Although this relative short study
(6 weeks) had a negative outcome concerning the primary effi-
cacy variable, it confirms the results of Waters et al.1 regarding the
UPDRS II (ADL). The primary outcome measure of this trial is
complex and has not been validated clinically. Considering the
substantial reduction of levodopa in the placebo group, it is pos-
sible that patients had received doses greater than necessary for
symptomatic control prior to inclusion. Three drop-outs due to
adverse reactions occurred in each of the verum groups, none in
the placebo group. The most frequent adverse reactions were nau-
sea, dyskinesia, and diarrhea (in the latter two, however, no sig-
nificant difference to placebo). There was no specific comment on
liver enzymes. This study had an overall quality rating score of
73%.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
Rajput et al. (1997)4: Rajput studied 202 patients with PD who

had “wearing-off” phenomenon. This was a randomized, double-
blind, placebo-controlled, parallel-group, multicenter trial receiv-
ing either tolcapone, 100 mg or 200 mg, three times daily or pla-
cebo. The primary efficacy parameter was the daily “on” and “off”
time, determined on the basis of patient diaries (self-rating). After
3 months, patients treated with tolcapone 200 mg t.i.d. had signifi-
cantly reduced “off” time from baseline by 3.25 h; the reduction
of 2.3 h seen with tolcapone 100 mg was not statistically signifi-
cant. Changes in “on” time were not stated. Patients receiving
tolcapone had a significant decrease in mean daily levodopa dose
(tolcapone 100 mg: 166.3 mg; tolcapone 200 mg: 207.1 mg), and
in the number of doses. UPDRS scores did not change with
tolcapone. There were 17% and 22% of drop-outs due to adverse
reactions in each of the verum groups, and 15% in the placebo
group. The most frequently reported adverse reactions were nau-
sea, dyskinesia, sleep disorder, insomnia, anorexia, and diarrhea.
Five patients in the verum groups developed elevated liver en-
zymes, one of who withdrew from the trial. This study had an over-
all quality rating score of 80%.

Kurth et al. (1997)5: This study tested the efficacy of tolcapone
in 161 PD patients experiencing “wearing-off” motor fluctuations.
This was a dose-finding, randomized, multicenter, double-blind,
placebo-controlled, parallel-group trial that tested three doses of
tolcapone (50, 200, and 400 mg t.i.d.). At baseline and on day 42,
patients were evaluated every 30 minutes for a period of 10 hours.
The primary outcome measures were: (1) the “off” time during 10
h (investigator’s rating), and (2) the integrated UPDRS motor score
over 10 h (area under the curve, AUC). Ten patients did not com-
plete the study. The results show that tolcapone significantly re-
duced “off” time by 16% to 18% (absolute changes) in all verum
arms, which is stated to correspond to a reduction of 1.5 h or a
relative reduction of approximately 40% compared to baseline.
The integrated UPDRS motor score over 10 h (area under the curve,
AUC) was significantly reduced by 49%. Levodopa dosage and

frequency were significantly reduced by 200 mg. There were five
drop-outs, which were not specified according to treatment group;
one of the patients in the tolcapone group had a serious adverse
reaction. The most frequent adverse reactions were dyskinesias,
nausea, and urine discoloration. This study had an overall quality
rating score of 83%.

Myllyla et al. (1997)6: Myllyla studied the efficacy of three dif-
ferent doses of tolcapone (50, 200, or 400 mg t.i.d., 6 weeks) in
154 PD patients with ‘’wearing-off’’ symptoms. This was a
multicenter, double-blind, randomized, placebo-controlled, paral-
lel-group trial, and the primary efficacy parameters were the daily
“on” and “off” times as assessed from the patients’ diaries.
Tolcapone was more effective than placebo in reducing the ‘’wear-
ing-off’’ phenomenon between baseline and week 6, at all three
dosages. The most effective dose reported was 200 mg t.i.d, which
increased ‘’on’’-time significantly from 37.9% of the waking day
to 50.8%, and reduced ‘’off’’-time significantly from 26.7% of the
waking day to 16.4%. (Changes from baseline were not given in
hours [i.e. absolute time]). Levodopa dose was significantly de-
creased by 79.1 mg. Whereas a global assessment improved sig-
nificantly with all doses, UPDRS scores did not improve. There
were three drop-outs due to adverse reactions in the placebo group,
and two in the 40 mg group, one in the 200 mg group, and three in
400 mg treatment group. The most frequent adverse reactions in
the verum groups were dyskinesia and nausea. Laboratory abnor-
malities did not occur. This study had an overall quality rating score
of 80%.

Baas et al. (1997)7: This study tested the efficacy of tolcapone
(100 mg, or 200 mg of tolcapone t.i.d.) in patients (n=177) with
signs of “wearing off”. This study was a multi-center, random-
ized, double-blind, placebo-controlled, parallel-group trial, and the
primary efficacy parameters were the daily “on” and “off” times
as assessed by the patients’ diary. After 3 months, “off” time de-
creased significantly by 31.5% (tolcapone 100 mg), and 26.2%
(tolcapone 200 mg) of the baseline value. “On” time increased
significantly by 21.3% (tolcapone 100 mg) and 20.6% (tolcapone
200 mg) over baseline values. (Changes are not given in hours
[i.e. absolute time].) The mean total daily levodopa dose decreased
significantly by 109 mg (tolcapone 100 mg), and 122 mg (tolcapone
200 mg). With 200 mg tolcapone t.i.d., only the motor part of the
UPDRS was significantly reduced. Twenty-seven patients dropped
out due to adverse reactions: 7% from the placebo group; 23% in
tolcapone 100 mg group and 15% in the tolcapone 200 mg group.
Dyskinesia and nausea were the most frequent levodopa induced
adverse reactions. Diarrhea was the most often reported non-
dopaminergic adverse reaction and the most frequent reason for
withdrawal from the study. Specifically, four patients in the 100
mg tolcapone t.i.d group and six patients in the 200 mg t.i.d group
withdrew because of diarrhea. There were abnormal liver enzymes
(aspartate aminotransferase AST; alanine aminotransferase ALT)
in three tolcapone-treated patients, leading to withdrawal from the
study in one patient (see above). This study had an overall quality
rating score of 85%.

Adler et al. (1998)8: Adler and colleagues enrolled 215 PD pa-
tients with predictable end-of-dose motor fluctuations in a multi-
center, randomized, double-blind, placebo-controlled, parallel-
group study that tested the efficacy of tolcapone, 100 or 200 mg,
t.i.d., orally for 6 weeks. The primary efficacy parameter was the
change in daily “on” and “off” time as documented in patients’
diaries. Both tolcapone regimens significantly reduced “off” time
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by 2.0 h/day and 2.5 h/day, respectively, and increased “on” time
by 2.1 h/day and 2.3 h/day, respectively. Investigators’ global mea-
sures of disease severity indicated that significantly more
tolcapone-treated patients had reduced wearing off and symptom
severity than placebo-treated patients. No significant change in
quality-of-life measures occurred. Clinical improvements occurred
despite a significant reduction in total daily levodopa dose of 185.5
mg (23%) in the 100 mg t.i.d. group, and 251.5-mg (29%) in the
200-mg t.i.d. group. Adverse reactions lead to discontinuation in
7% of placebo patients and 3% and 5% in the tolcapone groups.
Principal adverse reactions were dyskinesia, anorexia, and nau-
sea. Liver abnormalities were not reported. This study had an over-
all quality rating score of 95%.

The Tolcapone Study Group (1999)9: This is the only active
comparator study published to date, and it was an open-label, ran-
domized, parallel-group, multi-center trial, comparing
bromocriptine (maximal dose 30 mg) to tolcapone (200 mg) in
146 patients with end-of-dose fluctuations. The study was prima-
rily a safety and tolerability study. Therefore no primary efficacy
variable was defined, but daily “on” and “off” times were recorded
in diaries, UPDRS subscores I to IV were calculated, and the
levodopa dose was recorded. After 8 weeks, there was no signifi-
cant difference between the two treatment groups in terms of “on/
off” times and UPDRS scores, but the levodopa dose was decreased
by 124 mg (16.5%) in the tolcapone group compared with a re-
duction of 30 mg (4%) in the bromocriptine group. This difference
was statistically significant. There were eight dropouts in each
group. The incidence of nausea, orthostatic hypertension, halluci-
nations, and peripheral edema was greater in the bromocriptine
arm, while xerostomia, dystonia, and muscle cramps occurred more
often in the tolcapone group. This study had an overall quality
rating score of 75%.

REVIEW OF SAFETY
The majority of adverse reactions with administration of

tolcapone is due to an increase in levodopa bioavailability and,
thus, is dopaminergic in nature. Dyskinesia (about 50%) and nau-
sea (about 20% to 30%) are the most common dopaminergic ad-
verse reactions, although other adverse reactions include halluci-
nations, insomnia, anorexia, and orthostatic dysregulation. How-
ever, the adverse reactions are usually transient and relieved by
reducing the levodopa dose. Dropouts because of dyskinesia (only
1.7% in a single study), nausea or vomiting (1% to 3%) or because
of hallucinations (1% to 3%) were rare. Marked diarrhea was the
most commonly reported nondopaminergic adverse reaction (about
20%). Diarrhea began between two and four months after initia-
tion of therapy and was not frequently reported in studies of only
6-weeks duration. In approximately half of the cases, diarrhea sub-
sided spontaneously or could be controlled. However, diarrhea was
a main reason for withdrawal of tolcapone. Withdrawal rates were
approximately 3% to 10% without a clear dose relationship. The
underlying mechanism of the diarrhea is unknown at this time.
Urine discoloration occurred in about 10% of subjects, but never
lead to withdrawal from the study. Laboratory analysis showed
only a few test abnormalities in parkinsonian patients receiving
tolcapone. Three of the eight studies report elevated liver tran-
saminases, and the occurrence was 3% to 4%. Of these patients,
37.5% withdrew from the study. Reports on the recovery rate after
withdrawal are scarce. Four of the ten patients remaining on treat-
ment were followed and all recovered. However, three fatal cases

of liver injury following treatment with tolcapone have been re-
ported during the post-marketing period (as described else-
where10,11). Consequently, tolcapone was suspended within the
European Union (EU)12; in the USA the labeling was changed.
Specifically, The Food and Drug Administration recommends se-
rum ALT and AST to be determined at baseline, biweekly in the
first year, every four weeks in the next six months, and every eight
weeks afterwards. Tolcapone should be discontinued if either en-
zyme exceeds the upper limit of normal. The mechanism of liver
toxicity is not clear.

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of tolcapone regarding prevention of progression of
Parkinson’s disease.

SYMPTOMATIC CONTROL OF PARKINSONISM
Based on one Level-I study and additional data from a second

trial, when used with levodopa, tolcapone is EFFICACIOUS in
improving symptomatic control in patients with PD without or with
minor motor fluctuations. This conclusion is restricted to these
groups and does not extend to patients with motor fluctuations.
The evidence from five Level-I studies is contradictory and avail-
able data are INSUFFICIENT to conclude on the efficacy of
tolcapone regarding improvement of “on” motor function in this
group of patients.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of tolcapone regarding prevention of motor complications of
Parkinson’s disease.

CONTROL OF MOTOR COMPLICATIONS
Based on five Level-I trials, tolcapone is EFFICACIOUS for

management of motor fluctuations. Tolcapone increases “on” and
decreases “off” time by about 1 to 2 hours per day. The longest
duration of study has been six months, and long-term benefits have
not been studied. There is INSUFFICIENT EVIDENCE to con-
clude on the relative efficacy of tolcapone to other drugs used for
this indication.

SAFETY
In non-fluctuating and in fluctuating patients who can be ad-

equately treated with other drugs, tolcapone carries an UNAC-
CEPTABLE RISK. In fluctuating patients who have failed other
therapies, tolcapone has an ACCEPTABLE RISK, BUT RE-
QUIRES SPECIALIZED MONITORING as defined by regula-
tory authorities in different countries where available (e.g., liver
function).

IMPLICATIONS FOR CLINICAL PRACTICE
Because of an unacceptable risk and the modest effect size

among non fluctuating patients with Parkinson’s disease tolcapone
is NOT USEFUL in this patient group. Tolcapone is POSSIBLY
USEFUL for the management of motor complications (“wearing-
off”) in patients who have failed alternative medications, but re-
quires regular liver function monitoring.
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IMPLICATIONS FOR CLINICAL RESEARCH
· Studies are needed to further study the mechanism of hepato-
toxicity, risk factors for hepatotoxicity, as well as the mechanism
of tolcapone-induced diarrhea.
· Controlled clinical trials should be done in the population of
patients that has current access to tolcapone (i.e. those with motor
fluctuation resistant to other medications).

ENTACAPONE
Ten studies were identified through the literature search, and

three studies met inclusion/exclusion criteria. A list of the seven
trials that were excluded is given below (Bibliography); the rea-
son for exclusion is also described.

PREVENTION OF DISEASE PROGRESSION
No qualified trials were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
No qualified trials were identified.

ADJUNCT THERAPY IN STABLE (NON-
FLUCTUATING) PARKINSON’S DISEASE

No qualified trials were identified. Two Level-I-trials including
patients without motor fluctuations have been recently completed
but results have not been published as a full paper.13

PREVENTION OF MOTOR COMPLICATIONS
No qualified trials were identified.

CONTROL OF MOTOR COMPLICATIONS
Ruottinen & Rinne (1996)14: In this 1-month, double-blind, ran-

domized, cross-over study in 26 fluctuating PD patients, the au-
thors tested the efficacy of entacapone (200 mg) or placebo as
add-on therapy to levodopa (doses given 4 to 10 times daily). The
primary clinical outcome was the duration of the motor response
to an individual levodopa/DDC inhibitor dose. The results show
that the duration of motor response was prolonged by 34 minutes
(24%) over the placebo response rate. Entacapone treatment re-
sulted in a significant reduction of 140 mg (16%) in the mean total
daily levodopa dose, which became necessary because of newly
observed or increased intensity of dyskinesia. Also, according to
the home diaries, the mean daily “on” time increased significantly
by 2.5 h (placebo: 0.4 h), despite the lowered mean levodopa in-
take. Furthermore, plasma levodopa and its metabolites were mea-
sured. Entacapone significantly prolonged the availability of
levodopa in the plasma (measured as the increase in the area un-
der the curve [AUC] by 35%) without affecting the maximum
plasma levodopa concentration (C

max
) or the time to maximum

concentration (t
max

). There were 58 newly occurring adverse reac-
tions in the entacapone and 39 in the placebo group. The most
frequent adverse reactions in the verum groups were diarrhea, ab-
dominal pain, and increase of dyskinesia. One patient in the pla-
cebo group and two in the verum group dropped out because of
adverse reactions. This study had an overall quality rating score of
71%.

The Parkinson Study Group (1997)15: The investigators studied
205 patients with PD who had motor fluctuations. This was a pla-

cebo-controlled, double-blind, parallel-group, multi-center trial, and
patients were followed for 24 weeks. Upon entry into the trial,
patients were randomized to receive either entacapone 200 mg or
placebo with each dose of levodopa. The primary measure of effi-
cacy was the change in percentage of “on” time as recorded by
subjects with 24-hour home diaries. Entacapone treatment signifi-
cantly increased the (absolute) percent “on” time by 5.0 percent-
age points (equal to about 1h) when compared to placebo. The
effect of entacapone was more prominent in patients with a smaller
percent “on” time (<55%) at baseline, and increased as the day
progressed. Total UPDRS and the motor and ADL subscores im-
proved significantly with entacapone, and the total daily levodopa
intake was 12% lower than in the placebo group (statistically sig-
nificant). Ninety five percent of patients in the placebo group and
97% in the verum group experienced adverse reactions, the most
frequent (in the verum group) being dyskinesia, urine discolora-
tion, nausea, and constipation. In both groups seven patients dis-
continued the trial because of adverse reactions. This study had an
overall quality rating score of 86%.

Nomecomt Study (1998)16: This study looked at a total of 171
PD patients who had wearing-off type motor fluctuations were stud-
ied in a six-month, randomized, placebo-controlled, double-blind,
parallel-group, multi-center trial. The patients received either 200
mg entacapone or placebo with each daily levodopa dose. The
primary efficacy measures were (1) the mean daily “on” time as
indicated by the patients’ home diaries and (2) the benefit (dura-
tion of “on” time ) derived from the first levodopa dose in the
morning. Home diaries indicated that entacapone significantly in-
creased the mean “on” time by 1.4 h and correspondingly decreased
the “off” time by 1.1 h. The average benefit derived from the (first)
morning levodopa dose as related by the patients was increased
significantly by 0.24 h. The daily levodopa dose was reduced sig-
nificantly in the entacapone group by 113 mg (12%). Diarrhea was
the most common nondopaminergic adverse reaction. Further fre-
quent adverse reactions were nausea, urine discoloration, and
worsening of dyskinesia. Due to adverse reactions there were five
drop-outs in the placebo group and 6 in the verum group. This
study had an overall quality rating score of 83%.

REVIEW OF SAFETY
The majority of adverse reactions with administration of

entacapone is due to an increase in levodopa bioavailability and,
thus, is dopaminergic in nature. Dyskinesia (20-50%) and nausea
(about 20%) are the most common dopaminergic adverse reac-
tions. The adverse reactions are usually transient and relieved by
reducing the levodopa dose. Dropouts because of dyskinesia (only
1.9% in one study), nausea or vomiting (1.2% in one study), or
hallucinations (1% in one study) were rare. Marked diarrhea was
the most commonly reported nondopaminergic adverse reaction
(15% to 20%). In contrast to tolcapone, there are no observations
reported concerning the time course of diarrhea. Diarrhea was the
cause of withdrawal in only one of the studies (3.4%). Urine dis-
coloration occurred in 10% to 40% but was never the primary rea-
son for withdrawal from these three studies.

No laboratory abnormalities were seen in parkinsonian patients
receiving entacapone. Rises in liver enzymes were occasionally
seen in clinical studies with entacapone, but at similar rates com-
pared to placebo-arms. To date, there have been no cases of clini-
cal hepatotoxicity associated with entacapone and monitoring of
liver enzymes is not required. According to the EMEA, patients
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with a history of neuroleptic malignant syndrome or non-traumatic
rhabdomyolysis should not be treated with entacapone although
there have been no instances of NMS like syndromes in patients
receiving entacapone.

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of entacapone regarding the prevention of progression of
Parkinson’s disease.

SYMPTOMATIC CONTROL OF PARKINSONISM
Based on several Level-I-studies entacapone is EFFICACIOUS

in improving “ON” motor function in patients with fluctuating
Parkinson’s disease. No data are presently available to conclude
on its efficacy as adjunct to levodopa in patients without motor
fluctuations (“stable responders”).

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of entacapone regarding prevention of motor complications
of Parkinson’s disease.

CONTROL OF MOTOR COMPLICATIONS
Based on three positive Level-I-trials entacapone is EFFICA-

CIOUS for the management of motor fluctuations given at a dose
of 200 mg with each levodopa intake. The longest duration of study
has been six months, and long-term effects are undetermined. No
recommendation can be made regarding the relative efficacy of
entacapone versus other treatments used for this indication (MAO-
B inhibitors, DA agonists, and other levodopa formulations).

SAFETY
Treatment of patients with PD with motor fluctuations with

entacapone has an ACCEPTABLE RISK WITHOUT SPECIAL-
IZED MONITORING. Post-marketing surveillance did not reveal
evidence for hepatic toxicity, but time of follow-up was limited.

IMPLICATIONS FOR CLINICAL PRACTICE
Entacapone is CLINICALLY USEFUL in the management of

motor fluctuations (“wearing-off”) in levodopa-treated patients
with Parkinson’s disease. There are no reported serious safety haz-
ards although up to 3% of patients may develop severe diarrhea
requiring drug discontinuation. Patients taking entacapone may
need to reduce their daily levodopa intake if dyskinesia appears or
is exacerbated. No data are available on patients without fluctua-
tions; therefore, no recommendation is possible at this point.

IMPLICATIONS FOR CLINICAL RESEARCH
· The role of early adjunct therapy with entacapone to levodopa
therapy as a strategy to prevent or postpone the emergence of motor
complications needs to be studied in randomized controlled long-
term trials.
· As all studies available to date have been in fluctuating patients
with mild-to-moderate wearing-off fluctuations, the role of
entacapone in the management of unpredictable fluctuations phe-
nomenon needs to be defined.
· Further research should focus on the relative efficacy of
entacapone versus other treatments used for this indication (MAO-
B inhibitors, DA agonists, levodopa formulations, and other COMT

inhibitors).
· Studies on the long-term clinical benefit regarding efficacy,
safety, quality of life, survival, and the cost-effectiveness of the
different approaches are necessary.
· The mechanism underlying entacapone-induced diarrhea also
needs to be studied.
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INTRODUCTION
BACKGROUND

Levodopa (L-dopa) is the most widely used therapy for symptomatic
management in Parkinson’s disease (PD). However, L-dopa is not ef-
fective for treating all parkinsonian symptoms, it exerts no known effect
on slowing disease progression, and it induces a number of adverse
reactions classified as either “peripheral” (eg. nausea, vomiting, hypoten-
sion) or “central” (eg. psychosis and motor complications such as fluc-
tuations and dyskinesias). As a result, many patients require alternative
therapies.

Dopamine (DA) agonists are some of these commonly used alterna-
tive treatments for PD. The initial discovery of the antiparkinsonian ef-
fects of a DA agonist, namely bromocriptine, was first reported by Calne
and colleagues, in the early seventies.1,2 Since this time, several dopam-
ine agonists have been approved and marketed for use in patients with
PD. In spite of this relatively long period of clinical use, the role of DA
agonists in the management of PD remains controversial. Some experts
debate that DA agonists should be used later in the course of the disease,
specifically at the end of the L-dopa “honeymoon” period. This strategy
is recommended to improve the patient’s condition once faced with motor
complications associated with long-term L-dopa therapy. Others argue
that DA agonists should be used earlier in the course of disease, and
even as first-line treatment, in order to delay or reduce the need for
levodopa and therefore reduce the risk of L-dopa-induced long-term
motor complications.

RATIONALE
Dopamine agonists may indeed have several potential advantages

over L-dopa.3 For example, in contrast to L-dopa, dopamine agonists
are supposed to act directly at the level of the dopamine (DA) receptors.
Stimulating postsynaptic dopamine receptors, therefore, directly offers
the theoretical possibility to by-pass the degenerating nigrostriatal dopam-
inergic pathway. Moreover, dopamine agonists do not depend on a pool
of decarboxylase enzymes for conversion into active neurotransmitter,
like L-dopa, which needs to be decarboxylated into dopamine.

All DA agonists have complex pharmacodynamic properties, which
differ among agents in this class, but they are all acting on D2-like DA
receptors. It is generally accepted that the D2-like receptor activity of
dopamine agonists explains the antiparkinsonian effect. Their putative
selectivity on some DA or non-DA receptor subtypes could also be re-
lated to potential specific clinical profiles, such as a reduced risk for
some adverse reactions associated with the stimulation (or
nonstimulation) of specific receptors.

Some authors suggest that DA agonists may have neuroprotective
properties.4 Unlike L-dopa, which is transformed into DA, DA agonists
do not produce potentially toxic metabolites and free radicals, which
have been implicated in the pathophysiology of PD. Conversely, acting
on dopamine presynaptic receptors, dopamine agonists can reduce
dopamine turnover, and therefore, further reduce the generation of dopam-
ine-derived toxic free radicals. Finally, dopamine agonists can allow the

concomitant use of lower doses of L-dopa (L-dopa dose sparing effect),
thus reducing generation of L-dopa- and DA-derived toxic metabolites.

Most dopamine agonists have a longer elimination half-life than L-
dopa. It is possible that an abnormal pulsatile dopaminergic stimulation,
as induced by daily oral L-dopa administration, deregulates dopaminer-
gic and non-dopaminergic receptors at the level of the basal ganglia,
leading to the occurrence of abnormal motor responses like fluctuations
and dyskinesias.5 The use of longer-acting compounds like DA agonists
may help reduce the risk of occurrence of such adverse drug reactions.
However, these remain speculative.

Most mechanism(s) of action of DA agonists in PD are still undeter-
mined including an understanding of possible neuroprotective effects of
DA agonists, differences in the role of D1-like vs. D2-like receptors, and
clinical effects of some DA agonists on non-DA receptors (eg. noradr-
energic, serotonergic). It also is unclear if all DA agonists are equivalent
or if they have different specific pharmacological properties, which might
differentiate one DA agonist from another regarding efficacy or safety.
Possible differences among subpopulations of patients with PD and their
clinical response to DA agonists is unclear (eg. greater clinical benefits
in younger vs. older patients). Studies need to be done to assess: (1) if
there is any difference on long-term follow-up when combining a DA
agonist with L-dopa; (2) when to initiate DA therapy in a patient; or (3)
when to initiate one drug first, and supplement with other medications at
later time points.

The different DA agonists specifically discussed in this chapter in-
clude (alphabetical order) apomorphine, bromocriptine, cabergoline,
dihydroergocryptine, lisuride, pergolide, piribedil, pramipexole, and
ropinirole. These agonists will be discussed in two sections, ergot-based
and non-ergot-based.

METHODS
KEY SEARCH TERMS

The terms used for the search included “Parkinson’s disease” and
“dopaminergic agonists”, or “dopamine agonists”, or “bromocriptine”,
or “pergolide”, or “lisuride”, or “ropinirole”, or “apomorphine”, or
“pramipexole”, or “cabergoline”, or “piribedil” or “dihydroergocryptine”.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

In addition to the previously reviewed general inclusion/exclusion
criteria, this chapter specifically excludes studies including less than 20
patients per treatment group, and interim analysis reports, unless such
analysis had been explicitly planned in advance in the protocol and the
study powered for such analysis.

In the case of the absence of Level-I data fulfilling such inclusion/
exclusion criteria, smaller (less than 20 patients per treatment group),
shorter (less than 4 weeks), randomized (Level-I) data, and/or non-ran-
domized but controlled (Level-II) and uncontrolled (Level-III) trials have
been incorporated. The reasons for these special exceptions are speci-
fied within each of the corresponding DA agonists subsections.
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BASIC PHARMACOLOGY
MECHANISM OF ACTION

Bromocriptine is a tetracyclic ergoline compound derived from
plant alkaloids.6 It is the first DA agonist marketed for the treat-
ment of PD. Bromocriptine is a D2-like receptor agonist and a
partial D1-like receptor agonist (which means that it has some weak
D1 antagonistic effects on normosensitive receptors). Like most
ergot derivatives, bromocriptine has also 5-HT2 antagonist effects
and mild adrenergic effects.

Bromocriptine improves the symptoms of all available rodent
and primate models of PD. Bromocriptine lowers prolactine plasma
levels, induces nausea and lowers blood pressure. Some authors
speculate that bromocriptine might have neuroprotective proper-
ties because it can act in vitro as a free radical scavenger, and it
can reduce DA turnover in vivo and therefore, may minimize dam-
age caused by oxidative stress.7,8

PHARMACOKINETICS
After oral administration, bromocriptine is not completely ab-

sorbed (in humans), and maximal plasma levels are reached after
70 to 100 minutes with high variations among individuals.9,10 The
absolute oral bioavailability is less than 10 % since 90% of it un-
dergoes first-pass hepatic metabolism. Bromocriptine plasma elimi-
nation half-life is about 6-8 hours. Ninety percent is bound to
plasma proteins. Only a small amount is excreted unchanged in
the urine (5%). The high level of metabolism that occurs increases
the risk of drug interaction. Macrolides, acting as enzyme inhibi-
tors and displacing bromocriptine from the binding protein, may
lead to increased plasma bromocriptine concentrations and toxic-
ity.

REVIEW OF CLINICAL STUDIES
This paragraph is limited to clinical trials involving standard

formulations of bromocriptine. A slow release formulation of
bromocriptine has also been developed, but is excluded from this
review because it has not been marketed in most countries.11,12

PREVENTION OF DISEASE PROGRESSION
Level-I Studies

Olanow et al. (1995)13: Olanow and colleagues performed a ran-
domized, parallel groups, double-blind, placebo-controlled study
(also known as the SINDEPAR trial), which assessed the effect of
selegiline and bromocriptine on the progression of PD. In this study,
101 untreated patients with PD (mean age = 66 years) were ran-
domly assigned to one of the following four treatment groups
(Deprenyl(r) plus Sinemet(r); placebo-Deprenyl(r) plus Sinemet(r);
Deprenyl(r) plus bromocriptine; placebo-Deprenyl(r) plus
bromocriptine). The final visit was performed at 14 months, 2
months after withdrawal of Deprenyl (or its placebo) and 7 days

after withdrawal of Sinemet or bromocriptine. Deterioration of
UPDRS total score between baseline and final visit was used as
an index of PD progression. Deterioration in UPDRS score was
not significantly different in patients randomized to treatment with
Sinemet (1.7 ±1.6) or bromocriptine (4.5±1.2), suggesting that the
disease probably progressed at the same rate in the L-dopa- and
bromocriptine-treated patients. This result does not support a
“neuroprotective” effect of bromocriptine. However, in the absence
of placebo only-treated patients, it is not possible to conclude if
both drugs had no effect or had similar effects on disease progres-
sion. Moreover, it is unclear if a one-week L-dopa and
bromocriptine wash-out period was sufficient to eliminate the long-
duration of symptomatic response associated with both drugs. If
not, assessing UPDRS scores after a “short” wash-out period may
not be a reliable outcome to measure disease progression. No “clini-
cally significant” adverse reactions were reported during this study.
The authors reported that there were no statistically significant
differences in the incidence of adverse reactions among treatment
groups. The study had an overall quality score of 76%.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Sixteen randomized (Level-I) studies were identified and re-
viewed below. Additionally, one small (less than 20 patients per
treatment group), randomized, placebo-controlled trial is included
because of the lack of other identified larger Level-I placebo-con-
trolled information.14 One study by Rinne15, which is frequently
cited in the literature and had a strong impact on many physicians’
clinical practice, is excluded from this review because it is not
randomized and uses a retrospective historical L-dopa-treated
group of patients in the comparator arm (Level II).

MONOTHERAPY LEVEL-I STUDIES
Placebo-controlled Studies

Staal-Schreinemachers et al. (1986)14: This was a 6-month,
double-blind, parallel-group study conducted in 24 de novo pa-
tients with PD (12 patients per group) randomized to bromocriptine
(up to 15 mg/day) or placebo. Twenty-one patients (placebo: n=11,
bromocriptine: n=10) completed the study. Efficacy was assessed
using a 0-3 rating scale for separate parts of the body (as proposed
by the Research Group on Extrapyramidal Disorders of the World
Federation of Neurology) and the Northwestern University Dis-
ability Scale. Compared with the placebo group, improvement in
parkinsonian symptoms (combined scores for bradykinesia, rigid-
ity, and tremor) and independence in daily living were reported to
be statistically significantly better in the bromocriptine group (15
mg/d). (The main assessment criteria used in this study has not
been clearly validated, and the magnitude of the clinical effect is
not explicitly given [scores appearing in figures only with no raw
values reported in the text]). Adverse reactions were observed in 5
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out of the 10 patients receiving bromocriptine and were consistent
with known dopaminergic adverse reactions (eg. nausea, anorexia,
vomiting, dizziness, vasospasm, cramps in the legs, and postural
hypotension). After a 1-year follow-up, bromocriptine was still used
as monotherapy (daily dose increased to 30 mg/d) in 6 out of 10
patients, and L-dopa was adjuncted in another 4 patients. This study
had an overall quality score of 64%.

Active Comparator Studies
L-dopa-controlled Studies

Libman et al. (1986)16: Fifty-one de novo patients with PD were
enrolled in this double-blind, L-dopa-controlled, parallel arm study.
Forty-nine patients completed the double-blind part of the trial,
and were assessed after a mean duration of treatment of 19.5 weeks.
Efficacy was assessed using Hoehn and Yahr Scale, Columbia
University Rating Scale (CURS), and the Northwestern Univer-
sity Disability Scale (NUDS). Bromocriptine (24 mg/d) and L-dopa
(252 mg/d) induced similar improvements on all efficacy param-
eters. Hoehn and Yahr score improved by at least one unit in 42%
of the bromocriptine-treated patients, and in 32% of the L-dopa-
treated patients. The mean CURS significantly improved in the
bromocriptine group by 62% (from 18.9 at baseline to 7.3 at week
21) and in the L-dopa group by 55 % (from 16.4 at baseline to 7.1
at week 21). This improvement was not statistically different be-
tween groups and was reported to have occurred at the cost of
comparable adverse reactions in both groups with the most fre-
quent event reported being nausea. This study had an overall quality
score of 69%.

Riopelle et al. (1987)17: This was a randomized, double-blind,
parallel group L-dopa-controlled study conducted in 81 de novo
patients with PD (mean age=66 years). Seventy-seven patients
completed the trial and were followed for 5.5 months. Parameters
used to assess efficacy were the clinical status of the Hoehn and
Yahr Scale, the CURS, and the NUDS. At the mean dose of 26 mg/
d, bromocriptine was reported to improve parkinsonian symptoms
with the same efficacy than L-dopa (262 mg/d): Hoehn and Yahr
score improved by 20% with bromocriptine and by 16% with L-
dopa. Similarly, the CURS score improved by 61% with
bromocriptine and 55% with L-dopa. The NUDS score also im-
proved by 38% with bromocriptine and by 37% with L-dopa (the
raw data scores are not reported in the text). This improvement
was reported to occur with comparable amount of adverse reac-
tions (not specifically reported in the text). This study had an over-
all quality scale of 75%.

Cooper et al. (1992)18: This was an open-label, randomized, par-
allel group, 4-month study designed to assess different effects of
dopaminergic and anticholinergic therapies on a number of cogni-
tive outcomes (eg. Weschler Memory Scale) in newly diagnosed,
de novo patients with PD. Motor response was also assessed us-
ing the King’s College Rating Scale (KCRS) and the unimanual
and bimanual fine finger movement tasks. Sixty-seven patients
(mean age approximately 60 years) were randomized to one of 3
monotherapy regimen: L-dopa, bromocriptine or anticholinergics.
A fourth group of patients elected not to be treated and were re-
tested in an untreated state thereby creating a “non-randomized,”
untreated comparative control group. At 4 months, motor status
significantly improved in the L-dopa (415 mg/d, KCRS:
baseline=22.9 vs. 4 months=12.0) and anticholinergics groups
(KCRS: baseline=22.3 vs. 4 months=17.2). In contrast,
bromocriptine, used at a low dose which might not be clinically

adequate (13.5 mg/d) did not induce any significant change (KCRS:
baseline=23.0 vs. 4 months=21.0). The L-dopa group reported sig-
nificantly improved working memory (Wechsler Memory
Scale), while bromocriptine resulted in no significant memory
improvements and anticholinergic treatment showed a trend to-
ward deterioration. No details are provided about adverse reac-
tions. This study had an overall quality score of 55%.

Parkinson’s Disease Research Group in the UK (1993)19: This
was a randomized, open-label study in 782 de novo PD patients and
compared the efficacy and safety of three parallel arm treatment
groups: L-dopa monotherapy, L-dopa combined with selegiline and
bromocriptine monotherapy. Patients’ mean age at entry was about
62 years. This was a 3-year planned interim analysis report. The
study was powered for differences in mortality following 10 years
of follow-up. Outcome measurement indices of motor function (sec-
ondary endpoints) were a modified version of the Webster Scale
and the NUDS. In the clinical report, both 1-year and the 3-year
data are reported together. After a 1-year follow-up, L-dopa alone
(420 mg/d) or in combination with selegiline (352 mg/d plus 10 mg/
d) was found to be significantly more potent than bromocriptine (36
mg/d) (Webster adjusted improvement score: L-dopa=3.1, L-
dopa+selegiline=3.4, bromocriptine:2.1; adjusted difference [95%
CI] in favor of L-dopa vs. bromocriptine:0.93 [0.27-1.5], p=0.006;and
in favor of L-dopa+selegiline vs. bromocriptine 1.25 [0.61-1.89],
p=0.0002). However, regarding the small intergroup differences and
the strong power of the study due to the large numbers of patients,
the authors concluded that the difference on functional improve-
ment was “not considered marked enough to suggest that the choice
of treatment at this early stage of the disease was critical”. More
patients withdrew from the study because of adverse reactions in
the bromocriptine group (mainly because of gastrointestinal and psy-
chiatric adverse reactions). After 3 years, 32% of the patients were
still treated with bromocriptine monotherapy. Motor complications
were less frequent in the bromocriptine patients compared with the
two other treatment groups (see paragraph on Prevention of Motor
Complications). This study had an overall quality score of 63%.

Montastruc et al. (1994)20: This was a randomized, parallel group,
open-label study conducted in 60 de novo patients with PD (mean
age=approximately 61 years) with a 5-year follow-up. This study
tested the effects of an initial bromocriptine monotherapy to which
L-dopa could be added during the course of the study in case of
waning efficacy or dose-limiting side-effects. The primary objec-
tive of this trial was to compare the occurrence of long-term motor
complications, but motor function was also assessed twice a year,
using the CURS until 1985, and the UPDRS thereafter. At baseline,
disease severity was reported to be comparable in both groups
according to the Hoehn and Yahr stage. After 5 years, bromocriptine
(52 mg/d) combined with L-dopa in 27/31 patients (471 mg/d, af-
ter a mean delay of 2.7 years) and L-dopa monotherapy (569 mg/
d) were reported to induce the same control on parkinsonian symp-
toms. UPDRS motor scores at the endpoint or at the last visit of
follow-up were 10.6 in the bromocriptine/L-dopa group and 11.0
in the L-dopa group. Four of the 31 patients in the bromocriptine
group did not require L-dopa addition. No data are available on
digestive or cardiovascular adverse reactions. Hallucinations were
more frequent in the bromocriptine group (5 in the bromocriptine/
L-dopa group vs. 2 in the L-dopa group). Long-term motor com-
plications were less frequent in the bromocriptine group (see sec-
tion on Prevention of Motor Complications). The overall quality
score was 69%.
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Olanow et al. (1995)12: This was a 14-month, double-blind, ran-
domized, placebo-controlled study, (also see section on Prevention
of Disease Progression) designed to evaluate the effects of deprenyl,
L-dopa, and bromocriptine on PD progression (n=101 de novo pa-
tients with PD). Before the wash-out period, it was possible to com-
pare the symptomatic effects of L-dopa and bromocriptine using
the total UPDRS scores. Sinemet-treated patients (~ 400 mg/d) dem-
onstrated a trend toward improvement (UPDRS at baseline=23.4
vs. 12 month=18.3) compared to the bromocriptine-treated group
(~ 28 mg/d) (UPDRS at baseline=22.7 vs. 12 month=21.5), but the
difference was not significant. There were no reported difference in
the incidence of adverse reactions in both groups, but no details are
provided. This study had an overall quality score of 76%.

Pergolide-controlled Studies
Mizuno et al. (1995)21 (also see section on Pergolide): This short-

term (8-week), double-blind, pergolide-controlled study reported
results on the clinical differences in treatment of two different sub-
types of patients with PD: newly diagnosed and advanced dis-
ease. Results were reported separately in these two subpopula-
tions of patients. Forty-nine de novo patients with PD were ran-
domized to pergolide (maximum dose 2.25 mg/d) and 49 others
were randomized to bromocriptine (maximum dose 22.5 mg/d).
Efficacy was evaluated using a simplified rating scale consisting
of five-grade rating scores (from normal to marked improvement)
similar to the UPDRS but with the number of criteria evaluated
reduced to 21. Global improvement was also assessed by the in-
vestigator using a 5-point, semiquantitative scale (from marked
improvement to worsening). Pergolide (mean dose 1.43 mg/d) and
bromocriptine (mean dose 15.1 mg/d) improved most of the vari-
ables studied (ie. tremor, rigidity, akinesia, retropulsion, short-step
gait, masked face, freezing, hygiene, feeding, and dressing;  many
variables were analyzed and therefore, mean data is not provided
in the body of this review. No data was reported on changes in
total score). The magnitude of the improvement was reported to
be similar in both treatment groups with no between-treatment dif-
ferences observed in the global improvement rating scale (marked
improvement: pergolide 4.1% vs. bromocriptine 10.4%, moderate
improvement: pergolide 36.7% vs. bromocriptine 31.3%, mild
improvement: pergolide 49.0% vs. bromocriptine 45.8%). Adverse
reactions were comparable in both groups (pergolide 32.8%,
bromocriptine 25.5%); the most common reactions including nau-
sea (pergolide 29.5%, bromocriptine 30.4%) and hallucinations
(pergolide 6.6%, bromocriptine 5.4%). This study had an overall
quality score of 53%.

Ropinirole-controlled Studies
There are two published Level-I studies identified that compared

bromocriptine and ropinirole in de novo patients with PD22,23 (also
see section on Ropinirole). Both reports correspond to the same
parallel, double-blind study, conducted in 335 de novo patients
with PD, but analyzed at two different time points.

Korczyn et al. (1998)22: This was a planned interim analysis at 6
months following initiation of treatment. The study was stratified
for selegiline concomitant use, and L-dopa (open label) supple-
mentation was allowed if study medication was insufficient to con-
trol parkinsonian symptoms at the highest tolerated dose. The pri-
mary efficacy end-point at 6-months was the percentage improve-
ment in UPDRS motor score. Secondary efficacy variables in-
cluded the proportion of patients with a 30% reduction in UPDRS
motor score (responders), patients with scores of 1 (very much

improved) or 2 (much improved) on a CGI score, and the propor-
tion of patients requiring L-dopa supplementation. At a mean dose
of 8.3 mg/d, ropinirole was found to be slightly, but significantly,
more potent on parkinsonian disability than bromocriptine (16.8
mg/d) (UPDRS% reduction: ropinirole=-35% vs. bromocriptine=-
27%, p<0.05). Stratification for selegiline showed that there was a
significant treatment-interaction with selegiline; the difference in
UPDRS improvement was only present in patients who were not
receiving selegiline. Secondary motor efficacy variables showed
a similar trend in favor of ropinirole. Overall, regardless of
selegiline stratification, 58% of patients were considered as re-
sponders with ropinirole and 43% with bromocriptine (OR 0.93;
95% CI (1.29 -2.89)). Overall, CGI responder analysis showed the
same trend (48% vs. 40%), but the difference was statistically sig-
nificant only in the non-selegiline-treated patients. By the end of
the study, 7% of the ropinirole-treated patients required L-dopa
supplement vs. 11% of the bromocriptine-treated patients. Regard-
ing the small amplitude of these differences, it seems reasonable
to question their clinical relevancy from a practical clinical view-
point. Adverse reactions caused premature withdrawal in 5% of
the ropinirole-treated patients and in 10% of the bromocriptine-
treated ones. The list of adverse reactions reported with both drugs
was consistent with other reactions reported with dopaminergic
agents (nausea: ropinirole 36%, bromocriptine 20%; vomiting:
ropinirole 10%, bromocriptine 5%; postural hypotension: ropinirole
7%, bromocriptine 9%; psychiatric symptoms: ropinirole 7%,
bromocriptine 5%; somnolence:ropinirole 6%, and bromocriptine
7%). The overall quality score for this study was 89%.

Korczyn et al. (1999)23: This was the final analysis of the pre-
vious report comparing bromocriptine to ropinirole.22 After 3 years
of treatment, comparable differences favoring ropinirole were also
observed in the patients who completed the trial (ropinirole 12mg/
d, bromocriptine 24 mg/d). UPDRS II scores (Activity Daily Liv-
ing) were: ropinirole=5.83 vs. bromocriptine=7.28 (p<0.01) and
UPDRS III percentage changes were: ropinirole=-31% vs.
bromocriptine=-22% (non-significant). A 1.46 point difference in
a self-rated daily living activities (ADL) was reported between
treatment groups, and the differences were statistically significant
between treatments. However, the magnitude of the difference
between groups was small and the clinical relevancy of this differ-
ence remains uncertain. After a 3-year treatment period, approxi-
mately one third of the patients remaining in the trial maintained a
monotherapy treatment regimen without the need of L-dopa supple-
mentation. Adverse reactions were similar in both groups includ-
ing nausea, vomiting, dizziness, hypotension and psychiatric symp-
toms. Approximately one third of the patients withdrew from the
trial at 3 years. Long-term motor complications were similar and
remarkably infrequent in both treatment groups (also see section
on Prevention of motor complications). The overall quality score
for this study was 76%.

Other Level-I Studies
UK Bromocriptine Research Group (1989)24: This was a random-

ized, double-blind, parallel arm, controlled study comparing the
benefit/risk ratio of two different introductory dosage regimens of
bromocriptine in 134 de novo patients with PD. Dose titration regi-
mens for bromocriptine were either a “low/slow” regimen (up to a
maximum of 25 mg/d) or a “high/fast” regimen (up to a maximum
of 100 mg/d). A patient’s ability to achieve a 33% improvement in
clinical rating scores was recorded using a combined score of func-
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tional disability (Webster) and self-rated daily living activities (ADL).
Fifty percent of the patients had reached the improvement criteria in
26 weeks, 49% from the “low/slow” (mean bromocriptine dose=22
mg/d) and 53% from the “high/fast” (mean bromocriptine dose=55
mg/d) group, which was not significantly different between treat-
ment regimens. Adverse reactions leading to withdrawal from the
study (eg. psychiatric disturbances, gastro-intestinal, and postural
hypotension) occured in 36% of the patients in the “high/fast” group
vs. 20% in the “low/slow” group (p<0.05). The “high/fast” regimen
was less well tolerated than the “low/slow” regimen, but the latter
had the disadvantage of a longer delay before patients reached an
effective dose. The authors recommend an intermediate dosing strat-
egy. This study had an overall quality score of 63%.

ADJUNCT THERAPY
(L-DOPA-TREATED PD PATIENTS)

There are two populations where bromocriptine was added to
L-dopa therapy: early combination or late combination. Early com-
bination is defined as adding bromocriptine to L-dopa treatment
within the first month in stable, nonfluctuating patients. Late com-
bination is defined as adding bromocriptine after patients have
received several years of L-dopa therapy in patients with motor
fluctuations.

Early Combination
Herskovits et al. (1988)25: This was a randomized, open-label

study conducted over a 31-month period in 86 de novo patients
with PD patients (mean age 68 years). The study was unusual in
that patients were randomized to one of three different treatment
arms: L-dopa monotherapy, bromocriptine monotherapy, and early
combination. L-dopa could subsequently be added, if needed, in
the bromocriptine initial monotherapy arm. Efficacy was assessed
using the Webster Scale and the Hoehn and Yahr Scale. At the end
of the trial, 50 % of the patients received secondary L-dopa supple-
mentation in the bromocriptine group. Bromocriptine initial
monotherapy mean dose was 12.6 mg/d (plus 401 mg/d additional
L-dopa in 14/28 patients), L-dopa monotherapy mean dose was
556 mg/d, and in the combination group, mean L-dopa dose was
572 mg/d plus 7.5 mg/d of bromocriptine (not L-dopa sparing in
practice). Antiparkinsonian treatment effect (as assessed with the
Hoehn and Yahr rating scale and the Webster disability scale) was
reported to be about 50% in all 3 groups (no numerical data avail-
able in the manuscript), with no significant difference among treat-
ments. Adverse reactions were observed in the bromocriptine ini-
tial monotherapy group (3 patients, 2 dropouts because of vomit-
ing or allergic nodular vasculitis, the third patient reporting dyski-
nesia) and in the levodopa-treated group (8 patients, no drop-out,
3 with nausea-vomiting, 3 hallucinations, 2 dystonia and one
akathesia - more than one adverse reaction in 3 patients). This
study had an overall quality score of 63%.

Nakanishi et al. (1992)26: This was a large three-arm study con-
ducted in 702 de novo patients with PD. The results of this study
have been published annually over a 10-year follow-up period. The
planned duration of this study was 5 years, and therefore the sum-
mary is limited to the planned 5-year report. The bromocriptine ini-
tial monotherapy arm reported in this trial cannot be considered in
this chapter (which is limited to Level-I randomized data), because
all de novo patients with PD were allocated to bromocriptine with-
out a comparative treatment group. Therefore, this review is limited
to the other two treatment groups, which correspond to patients who

had been already treated with L-dopa for less than 5 years and in
whom further increments of L-dopa had been considered. These
patients were randomly allocated in an open fashion to receive
bromocriptine (combination therapy group) or to continue on L-dopa
as monotherapy. Efficacy was assessed using unconventional scales
for primary parkinsonian symptoms (eg. tremor, rigidity, akinesia,
frozen gait) and ADL was assessed using a semiquantitative scor-
ing scale (0-4). 216 patients entered the early combination group
and 200 the L-dopa monotherapy group. Fifty-four percent in the
early combination group and 62% in the L-dopa monotherapy group
were followed for up to 5 years. The average dose of bromocriptine
was low (11 mg/d at 5 years), while the maintenance dose of L-dopa
was 387 mg/d in the combination group and 407 mg/d in the L-dopa
group (bromocriptine was not L-dopa sparing in practice). The overall
clinical efficacy was reported as comparable in both the combina-
tion and the L-dopa groups with regard to cardinal parkinsonian
features, while ADL was reported to be significantly worse than the
initial score in the L-dopa group but not in the combination group.
(Data were presented in complex figures and efficacy was difficult
to evaluate accordingly). Classical gastro-intestinal, cardiovascu-
lar, and neuropsychiatric adverse reactions were reported in both
groups, and did not seem to be more frequent in either group. Re-
view of the long-term follow-up results showed that a wearing-off
effect and dyskinesia were less frequent in the combination treat-
ment group than in the L-dopa treatment group (also see section on
Prevention of Motor Complications). This study had an overall qual-
ity score of 40%.

Hely et al. (1994)27: This was a 5-year, open-label study con-
ducted in 149 de novo patients with PD (mean age=62 years) ran-
domly allocated to low-dose of L-dopa or bromocriptine therapy.
The study was designed to be double-blind in the titration phase
only, and to assess if the incidence of late motor complications
was lower in the bromocriptine group. Efficacy was assessed with
a modified CURS. ADL was also measured using the NUDS. Sub-
sequent addition of L-dopa to bromocriptine or bromocriptine to
L-dopa was allowed, thus creating new combination groups. Analy-
ses were performed on the two monotherapy treatment groups as
originally randomized (bromocriptine and L-dopa), and also on
the main treatment subgroups subsequently formed. One hundred
and twenty-six patients did not show any atypical features of par-
kinsonism and completed the titration phase. Sixty-two patients
were randomized to bromocriptine and 64 to L-dopa. The mean
daily dose of bromocriptine was 32 mg/d. Less than 10% of the
patients could be managed on bromocriptine monotherapy after 3
years, and none after 5 years. The median treatment period with
bromocriptine monotherapy was 12 months. In contrast, median
treatment period for L-dopa monotherapy was 52 months. In the
bromocriptine group, the main reason to stop monotherapy and
switch to combination was lack of efficacy. Mean change from
baseline in the modified CURS score on bromocriptine alone
showed improvement at 6 months (-2.41, p<0.01), but no improve-
ment was reported thereafter. Mean change from baseline in the
modified CURS score for L-dopa monotherapy also showed im-
provement at 6 months (-3.69, p<0.001), and also after 1 year (-
3.96, p<0.001) and 2 years (-3.19, p<0.001). L-dopa was signifi-
cantly better than bromocriptine alone at 1 year. Conversely, the
patients who switched from bromocriptine alone to a combination
of L-dopa and bromocriptine showed significantly more improve-
ment than the L-dopa monotherapy group at 1 year (mean change
in modified CURS: -5.75, p=0.002). Reasons for withdrawing from
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the bromocriptine group were confusion and hallucinations (n =
10), postural hypotension (n = 4), and nausea (n = 4). The 10 pa-
tients who became confused on bromocriptine were switched to
L-dopa. Of these, 7 reported confusion with L-dopa treatment. In
the L-dopa monotherapy group, 6 patients experienced confusion
and hallucinations leading to withdrawal, and 4 experienced nau-
sea. Regarding motor complications, no patient treated with
bromocriptine monotherapy developed dyskinesia or “on-off”
phenomenon. When L-dopa was secondarily added to
bromocriptine, the prevalence of dyskinesia remained reduced
when compared with the group randomized to L-dopa monotherapy
(also see section on Prevention of Motor Complications). The 10-
year follow-up report presents mortality data on these patients.28

This study had an overall quality score of 57%.
Przuntek et al. (1996)29: This was a randomized, parallel-group,

controlled study designed to assess the benefits (specifically on long-
term motor complications) of adding bromocriptine as early combi-
nation to L-dopa. This study was prematurely terminated due to an
increase in mortality risk30 (also see section on Safety). The long-term
effects on motor complications are reported below (see section on
Prevention of Motor Complications). A total of 674 newly diagnosed
patients with PD (mean age 53 years) were randomly allocated to
monotherapy with L-dopa or a combination therapy based upon a
40% replacement of L-dopa by bromocriptine within 6 months. Pre-
treatment with L-dopa for up to 6 months was allowed. Combination
therapy was started in all the bromocriptine patients within the first
year of treatment. Parkinsonian symptoms were assessed by means
of the Webster Rating Scale and the Hoehn and Yahr Scale. Patients
were followed for up to 42 months of treatment. In the early combina-
tion group, treatment with bromocriptine was associated with a 31%
reduction of the daily dose of L-dopa (bromocriptine 13.8 mg/d plus
L-dopa 308 mg/d; L-dopa monotherapy daily dose 439 mg/d). Over-
all motor improvements were similar in both groups (raw numbers
were not reported). These data suggest that a mean dose of about 14
mg/d of bromocriptine had a L-dopa-sparing effect averaging 130
mg/d without significant deterioration in motor status. There were no
major differences observed between the two treatment groups in terms
of non-motor adverse reactions, which included those events com-
monly associated with dopaminergic therapy including drowsiness,
dizziness, sleep disturbances, dryness of mouth, constipation, palpi-
tation, headache, nausea, vomiting, hallucinations and confusion.
Conversely, long-term motor complications were less frequent in the
combination group (see section on Prevention of Motor Complica-
tions). This study had an overall quality score of 65%.

Gimenez-Roldan et al. (1997)31: This was an 8-month, double-
blind, parallel-group, placebo-controlled study conducted in 50
patients (mean age = 60 years) who had responded favorably to L-
dopa and had been treated for less than 6 months. The primary
outcome measure of the study was a surrogate endpoint: to assess
if the association of bromocriptine allowed a significant reduction
in L-dopa use. Stability of motor status was assessed using the
UPDRS. Following this initial 8-month treatment period, patients
were allowed to continue in two parallel, open-label treatment
groups for up to 44 months and long-term motor complications
were monitored. Bromocriptine was introduced at a fixed dose of
15 mg/d. After 8 months of treatment, this dose did not allow a
significant reduction in L-dopa daily dose as compared to placebo
(L-dopa + bromocriptine group: 465 mg/d vs. L-dopa + placebo
group: 507 mg/d). At the conclusion of the 44-month follow-up
phase, the bromocriptine dose was increased to 24 mg/d and the

L-dopa daily dose was significantly reduced (L-dopa +
bromocriptine: 515 mg/d vs. L-dopa + placebo:726 mg/d, p<0.01).
The incidence of motor complications was also significantly re-
duced in the early combination group (see section on Prevention
of Motor Complications). No data are reported on non-motor ad-
verse reactions. This study had an overall quality score of 68%.

Late Combination Studies
The majority of studies referring to late combination therapy

with bromocriptine in L-dopa-treated patients with PD were per-
formed in patients with motor fluctuations. In this population, the
effect of bromocriptine in “on/off” periods is reviewed in the sec-
tion entitled Control of Motor Complications (see below). In this
section, the analysis of the clinical data is limited to the symptom-
atic control of parkinsonism (eg. assessed using recognized scales
such as the UPDRS parts II or III) which was usually measured as
a secondary endpoint at a given time of the day (while the patients
where “on”, or when “off” before the first morning dose of
levodopa, for example). The results of the literature search identi-
fied 13 Level-I studies meeting predefined inclusion criteria (eg.
enrolling more than 20 L-dopa-treated evaluable patients per treat-
ment group with a followed-up period of at least 4 weeks dura-
tion). Four studies were placebo-controlled, 7 were active com-
parator trials using other dopamine agonist: cabergoline (n=1),
pergolide (n=4), lisuride (n=2). One study compared two different
regimens of bromocriptine titration and one study compared
bromocriptine to the COMT-inhibitor, tolcapone.

Placebo-controlled Studies
Kartzinel et al. (1976)32: Thirty-two patients with PD were in-

cluded in this 6-month, randomized, double-blind, placebo-con-
trolled study. Twenty patients (mean age 61 years) completed the
trial. The patient population was heterogeneous in that 6 had un-
dergone thalamotomy, 6 had dementia, 14 received L-dopa plus
carbidopa, and 6 received L-dopa alone. Eight were subject to “on-
off” phenomenon. Bromocriptine was introduced progressively up
to a maximum tolerated dose (up to 100 mg/d) and L-dopa was
reduced progressively as much as possible over time. Efficacy was
assessed using an 11-item rating scale (tremor, gait, arising from
chair, posture, balance, rigidity, drooling, finger dexterity, writing,
speech, and facial expression) scored from 0 (normal) to 4 (maxi-
mal disability). Over the course of the trial, mean daily dose of
Sinemet and L-dopa was reduced by 74% (p<0.01) in patients re-
ceiving bromocriptine. Treatment with bromocriptine (79 mg/d)
was associated with a significantly improved “total disability score”
(mean improvement of 19%). Little information is available on
the response to placebo treatment. Adverse reactions included fa-
tigue, dyskinesia, gastrointestinal symptoms, and confusion. This
study is the first randomized, double-blind, placebo-controlled trial
that reported benefits of adding a dopamine agonist in the treat-
ment of PD. At the time this study was performed (1976), many of
the currently accepted standard outcome measures used for as-
sessing improvement of therapies in PD were not in place. This
study had an overall quality score of 43%.

Hoehn and Elton (1985)33: Thirty six patients with PD who were
on a stable dose of L-dopa for 3 months were included in a ran-
domized, double-blind, placebo-controlled, parallel-group, 10-
month study. Thirty-three patients had wearing-off problems.
Twenty-six patients reported peak-dose dyskinesia. By random-
ization, 27 patients received bromocriptine, and 9 received pla-

DA Agonists - Bromocriptine



S58

Movement Disorders, Vol. 17, Suppl. 4, 2002

cebo, but both groups received placebo during the first (baseline)
and last 4 weeks (washout) of the study. Efficacy was assessed
using a modified CURS. Efficacy was assessed by the percent im-
provement over baseline. Neurological scores of the bromocriptine-
treated (daily dosages of 10 and 20 mg/d) group were significantly
improved over the placebo-treated group. Improvement with
bromocriptine was reported to be first noticeable with a 10 mg/d
dose and increased effectiveness was observed with increasing
doses. By the end of the trial, bromocriptine treatment was in-
creased to 20 mg/d and was associated with a significant mean
improvement of 37% over baseline; the average improvement in
the placebo-treated group reached 21% (not significantly differ-
ent from baseline measures). Adverse reactions were reported to
be similar in placebo and bromocriptine treatment groups (ie. ortho-
static dizziness and hypotension, dyskinesia, insomnia, and men-
tal changes). Nausea and orthostatic hypotension were more fre-
quent with bromocriptine vs. placebo. Six patients had mental dis-
turbances on bromocriptine, and 6 on placebo. This study had an
overall quality score of 55%.

Toyokura et al. (1985)34: This was a randomized, placebo-con-
trolled, parallel group, 2-month study conducted in 222 L-dopa-
treated patients with more than one year of L-dopa therapy (mean
age=63 years) who reported at least one adverse event to L-dopa
(ie. wearing-off, on/off, frozen gait, dyskinesia, gastrointestinal
symptoms). Major parkinsonian symptoms (akinesia, tremor, ri-
gidity, pulsion, and gait disturbance) were evaluated using a
semiquantitative scale from 0 to 4. Activities in daily living (hy-
giene, feeding, and toilet care) were also evaluated using the same
scale. Improvement was judged as marked, moderate, mild, or none
for each of these endpoints. Late motor side effects (fluctuations,
dyskinesia) were also evaluated. Twenty-seven out of the 114
bromocriptine-treated patients and 17 of 108 placebo-treated pa-
tients dropped out of the study early. At the mean dose of 16.7 mg/
d, changes in the disability scores of tremor, rigidity, akinesia, and
gait disturbances were reported to be significantly improved by at
least one time point during bromocriptine therapy, and similar im-
provements were reported in the placebo group. The improvements
were said to be significantly better in the bromocriptine group, at
least in one of the measures evaluated. The percentage of improve-
ment was significantly better in the bromocriptine group in akine-
sia (27% vs. placebo 20%) and gait disturbance (27% vs. 21%). A
very large number of statistical comparisons were performed, at
different time points, which may impact the level of their clinical
meaning. Nausea was the most frequent adverse reaction and dys-
kinesia was significantly more frequent with bromocriptine. This
study had an overall quality score of 63%.

Guttman et al. (1997)35: The primary outcome of this study was
to compare the efficacy and safety of pramipexole to placebo in
fluctuating L-dopa-treated patients with PD (see section on
Pramipexole). However, a third arm was added as an active com-
parator and included treatment with bromocriptine. The study was
powered to compare both active treatments to placebo, but not to
each other. The study was a randomized, parallel group, double-
blind, 36-week trial. A total of 247 patients were included in the
trial (mean age=62 years) and 79 received pramipexole, 84
bromocriptine, and 83 placebo. The primary efficacy endpoints
were the UPDRS Part II and III. Other endpoints were the Schwab
and England Scale, a timed walking test, and quality of life scales.
Compared with placebo, bromocriptine (22.6 mg/d) significantly
improved UPDRS II (bromocriptine -14% vs. placebo -5%, p<0.02)

and UPDRS III (bromocriptine - 24% vs. placebo -6%, p<0.01).
Treatment with bromocriptine also was associated with an improve-
ment in quality-of-life scales. When pramipexole was compared
with bromocriptine, there was a trend in favor of pramipexole be-
ing more potent than bromocriptine, but the difference were not
statistically significant for any of the outcome measures (see sec-
tion on pramipexole). Reported adverse reactions were quite simi-
lar for both agonists, including dizziness, postural hypotension,
headache, insomnia, hallucinations, and confusion. Nausea and
dyskinesia were more common in both active groups than in the
placebo group (nausea: pramipexole 36%; bromocriptine 37%, pla-
cebo 25%; dyskinesia:pramipexole 40%; bromocriptine 45%, pla-
cebo 27%). This study had an overall quality score of 85%.

Active Comparator Studies
Bromocriptine titration regimens studies

MacMahon et al. (1991)36: This was a double-blind, random-
ized, parallel group study conducted in 173 L-dopa-treated pa-
tients with PD. Patients were randomized to two different treat-
ment regimens (8-week titration periods each): 7-step standard ti-
tration with bromocriptine increasing up to 15 mg/d vs. a 3-step
similar treatment regimen. This study is interesting in that it com-
pared two different bromocriptine titrations in a relatively aged
population of patients with PD (mean age 75 years). Efficacy was
assessed with the Webster scale and the CAPE ADL. One hundred
and fifty-nine patients entered the active treatment phase of the
trial. The mean age of the patients was 75 years (range 59-88).
Both regimens significantly improved motor symptoms (Webster
score improved by 29% in each group and the CAPE ADL by
32% in both groups). The authors reported no between-group dif-
ferences in term of side effects (data not reported), withdrawals or
deaths between the standard and simplified regimens: drug-related
withdrawals occurred in 16 patients of each group; four deaths
occurred in the 7-step titration regimen and 2 in the 3-step titration
group. The results look rather similar to previous reports in younger
patients, especially in terms of safety; although, little details are
given in this report regarding individual adverse reactions.

Bromocriptine vs. Cabergoline
Inzelberg et al. (1996)37 (see also section Cabergoline): This was

a double-blind, parallel group, randomized study performed in 44
patients who had increasing disability and motor fluctuations (mean
age = 72 years, mean disease duration = 10 years). Dosage was
titrated up to a maximum daily dose of 6 mg once a day (mean
daily dose reached was 3.18 mg/d) of cabergoline or 40 mg/d of
bromocriptine (mean daily dose reached was 22 mg/d) adminis-
tered tid. The mean follow-up duration was 9 months. Efficacy
was measured using ADL scores, Schwab and England motor dis-
ability score, and UPDRS Part III. Cabergoline and bromocriptine
induced a comparable improvement of most assessment criteria
including ADL scores (cabergoline: from 11 at baseline to 9 at
completion; bromocriptine: from 11 at baseline to 9 at completion,
p<0.01 for both treatments comparisons to baseline), UPDRS III
(cabergoline: from 35 at baseline to 28 at completion;
bromocriptine: from 38 at baseline to 29 at completion, p<0.0001
for both treatments vs. baseline assessments). There were no sig-
nificant differences between the two treatments. Adverse reactions
were typical of dopaminergic side effects, including dyskinesias,
orthostatic hypotension, confusion, hallucinations, insomnia, nau-
sea, and edema. The frequency of such adverse reactions was simi-
lar for both drugs. Twelve cases (out of 44) withdrew from the
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trial. This study had an overall quality score of 52%

Bromocriptine vs. Pergolide
LeWitt et al. (1983)38 (see also section on Pergolide): This was a

double-blind, two-period, cross-over study conducted in 27 pa-
tients with PD (mean age = 59 years, mean duration of disease =
11 years). The periods of treatment lasted 7-10 weeks. No wash-
out period was performed between the two active treatment peri-
ods. The studied population was heterogeneous, including 9 pa-
tients with mild parkinsonism that responded well to L-dopa, 15
patients with more advanced disease and late motor complications,
and 3 patients who did not receive L-dopa at the time of the study.
Agonists were titrated to a maximal optimal daily dose. Clinical
evaluations were carried out for tremor, rigidity, akinesia, facial
expression, speech, dyskinesia, and handwriting. A blinded clini-
cal observer rated each element of performance from 0 to 4, (modi-
fied from a Duvoisin scale). Objective evaluations of gait and up-
per limb reaction time were also performed. Twenty-four of the 27
patients completed the study. The mean optimal daily dose of
pergolide was 3.3 mg/d and that of bromocriptine was 42 mg/d.
With both drugs adjusted to an optimal dose, similar control of
parkinsonism was reported, although the exact amplitude of the
mean improvements and raw values are not specifically detailed
in the report. Similar incidence of adverse reactions was reported
in each treatment group. The most frequent reactions were nausea
and orthostatic hypotension. Sedation and hallucinations were re-
ported to be less frequent. One patient presented with a symptom-
atic unilateral pleural fibrosis, which resolved with cessation of
the drugs. This study had an overall quality score of 50%.

Mizuno et al. (1995)21 (see section on Pergolide): In this short-
term (8-week), double-blind, parallel group study, 93 PD patients
with “unsatisfactory results on L-dopa therapy” were randomized
to pergolide (maximum permitted dose 2.25 mg/d) and 99 others
to bromocriptine (maximal permitted dose 22.5 mg/d). Patients
with early PD were also studied in this report, but these results
were analyzed separately (see section on Monotherapy). Efficacy
was evaluated using a simplified rating scale consisting of a five-
grade rating score (from normal to marked improvement) similar
to the UPDRS, but with the number of criteria evaluated reduced
to 21. A global improvement was also assessed by the investigator
using a 5-point semi-quantitative scale (from “marked improve-
ment” to “worsening”. Pergolide (mean daily dose 1.24 mg) and
bromocriptine (mean daily dose 14.6 mg) both improved most of
the items studied). Unfortunately, no data on a total score are avail-
able. The authors reported that there was a tendency for a greater
improvement in the rating scale scores for pergolide, but the dif-
ference did not reach statistical significance. There was no differ-
ence between the two treatments regarding the global improve-
ment rating scale (marked improvement: pergolide 8.6% vs.
bromocriptine 6.1%, moderate improvement: pergolide 40.9% vs.
bromocriptine 33.7%, mild improvement: pergolide 39.8% vs.
bromocriptine 40.8%). The incidence of adverse reactions were
comparable in both groups (pergolide 29.4%, bromocriptine
27.6%), and the most common being nausea (pergolide 20.1%,
bromocriptine 11.2%), and hallucinations (pergolide 7.3%,
bromocriptine 5.2%). This study had an overall quality score of
53%.

Pezzoli et al. (1995)39 (see also section on Pergolide): This was
a single-blind cross-over study carried out in 68 PD patients who
showed a declining response to L-dopa therapy. Both drugs were

administered for 12 weeks. No wash-out interval was planned be-
tween the two active treatment periods. Fifty-seven patients (mean
age 61 years) completed the study and were evaluated. Efficacy
was evaluated using the New York University Parkinson’s Dis-
ease Scale (NYUPDS) and a Clinical Global Impressions score
(from 1= very much better to 7=very much worse). Authors used a
10:1 bromocriptine: pergolide dose ratio. The optimal daily dos-
ages were 24.2 mg of bromocriptine and 2.3 mg of pergolide. Sig-
nificant improvements vs. baseline occurred during both
bromocriptine and pergolide therapy. Direct comparison of the two
drugs showed pergolide to be significantly more effective than
bromocriptine in 4 of 5 daily living scores of the NYUPDS and in
the total aggregate score (p<0.05). Pergolide was also reported to
be more effective on the NYUPDS physical examination total ag-
gregated score and several subscores (p<0.05; results reported in
figures only, and no raw data provided). Both pergolide and
bromocriptine significantly improved CGI, with a significant im-
provement for pergolide compared with bromocriptine (actual se-
verity of the disease was improved in 49% of the pergolide-treated
patients and in 39% of the bromocriptine-treated patients, p<0.01).
Although statistically significant, these differences appear rather
small, and the clinical relevancy of these findings is unclear. More-
over, a 1:10 ratio between pergolide and bromocriptine was cho-
sen arbitrarily and may be biased in favor of pergolide. Adverse
reactions were comparable with both treatments (nausea, hypoten-
sion). This study had an overall quality score of 57%.

Boas et al. (1996)40 (see section on Pergolide): This was a 24-
week (12 weeks per period) open-label, cross-over study conducted
in 33 L-dopa-treated patients with PD who had sub-optimal con-
trol of fluctuations (mean age 63 years). The authors used a 10:1
bromocriptine:pergolide dose ratio. No wash-out period was per-
formed between the two active treatment periods. Efficacy was
assessed using UPDRS (motor examination and complication of
therapy sections). Twenty-seven patients completed the study. The
mean doses of bromocriptine and pergolide at the end of the titra-
tion phase were 21.7 mg/d and 3.6 mg/d, respectively. The im-
provement vs. baseline in UPDRS motor examination scores was
significant with both treatments (p<0.05), and the improvement
was reported to be significantly greater with pergolide than with
bromocriptine (p<0.01). Similar to the previous report, the dose
selection based on a 1:10 treatment ratio may be biased in favor of
pergolide and the differences between treatments is modest with
the clinical relevancy of these differences unclear. The daily dose
of L-dopa was significantly lower with pergolide (-26%) than with
bromocriptine (-10%), showing a greater L-dopa-sparing effect in
favor of pergolide (p<0.01). Adverse reactions were comparable
with both drugs. The most commonly reported reactions included
nausea (4 in each group);dyskinesia worsened with both drugs.
No data were reported concerning psychosis. The overall quality
score for this study was 60%.

Bromocriptine vs. Lisuride
LeWitt et al. (1982)41 (see section on Lisuride): This was a

double-blind randomized cross-over (7-10 week per period of treat-
ment) trial conducted in 28 patients with PD (mean age 55 years).
No wash-out period was performed between active treatment pe-
riods. The population of patients was heterogeneous, with several
patients having mild parkinsonism “responding well to levodopa”,
more than half of the patients having late motor complications,
and 4 patients not receiving L-dopa at the onset of the study. Clini-
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cal evaluation was carried out for tremor, rigidity, posture, gait,
balance, finger dexterity, facial expression, speech, writing and
arising from sitting. Each endpoint was rated from 0 (normal) to 4
(maximal abnormality), modified from the CURS score. Objec-
tive measurements of gait and upper limbs movements were also
measured (reaction time and movement time). Twenty-six patients
completed the trial. Optimal doses were 4.5 mg/d for lisuride and
56.5 mg/d for bromocriptine. The “clinical” and “objective” rat-
ings of parkinsonian features were reported to be similar at the
optimal doses of each drug (no raw data were reported in the ar-
ticle). A clinical aggregate score for akinesia (finger dexterity, fa-
cial expression, gait, posture, balance, speech and arising from
sitting) showed a small, but significant difference in favor of
bromocriptine (p=0.018). The clinical differences appeared small
in amplitude and the clinical relevancy of this difference is un-
clear. Adverse reactions were reported to be quite similar with both
drugs. Effects on mental state were prominent in several patients.
Hallucinations were present in 7 lisuride-treated patients and 1
bromocriptine-treated patient. Vivid dreaming was reported in 8
lisuride and 8 bromocriptine-treated patients. Gastrointestinal dis-
comfort was reported in 8 lisuride and 8 bromocriptine-treated
patients. Light-headedness related to hypotension was reported in
13 lisuride and 13 bromocriptine-treated patients. Somnolence
occurred in 9 lisuride and 7 bromocriptine-treated patients. This
study had an overall quality score of 41%.

Laihinen et al. (1992)42 (see section on Lisuride): This was a
double-blind, randomized cross-over (8-weeks per period with a
2-week wash-out in between) trial performed in 20 patients with
PD (mean age 62 years) suffering from deteriorating response to
L-dopa and motor fluctuations. Efficacy was assessed using the
CURS. Mean optimal daily dose of lisuride was 1.3 mg/d and
bromocriptine was 15 mg/d. The total CURS improved by 30%
with lisuride and 29% with bromocriptine after 8 weeks of treat-
ment. Adverse reactions typical of dopamine agonists were reported
for both drugs (nausea, orthostatic hypotension, hallucinations, and
dyskinesia) and were very similar with both drugs. This study had
an overall quality score of 69%.

Bromocriptine vs. Tolcapone
The Tolcapone Study Group (1999)43 performed an 8-week, ran-

domized, open-label, parallel group study conducted in 146 L-
dopa-treated patients with end-of-dose deterioration of efficacy.
Tolcapone was given at 200 mg three times a day. Bromocriptine
was titrated up to optimal dosage (maximal daily dose of 30 mg/
d). L-dopa dose could be adjusted according to the need to man-
age L-dopa-induced adverse effects like dyskinesia. The primary
objective of this trial was safety, but efficacy endpoints were also
assessed including UPDRS scores. The mean bromocriptine opti-
mal daily dose was 22.4 mg/d. Sixteen patients in each group with-
drew because of adverse reactions or intercurrent illness. By the
end of the 8-week treatment period, a surrogate endpoint like the
L-dopa daily dose decreased by 124 mg (16.5%) in the tolcapone
group and by 30 mg (4%) in the bromocriptine group (p<0.01).
However, no significant difference was seen between the 2 groups
in UPDRS scores (UPDRS II: -0.1 units with bromocriptine and -
0.9 unit with tolcapone; UPDRS III: -3.3 units with bromocriptine
and -3.1 unit with tolcapone). Bromocriptine was associated with
more hallucinations (10% vs. 1%), orthostatic hypotension (23%
vs. 6%) and nausea (37% vs. 17%) as compared to tolcapone.
Conversely, more patients with tolcapone had muscle cramps (21%

vs. 7%) and dystonia (14% vs. 1%) as compared to bromocriptine.
Dyskinesias were frequent with both drugs (bromocriptine: 38%,
tolcapone: 51%). This study had an overall quality score of 75%.

PREVENTION OF MOTOR COMPLICATIONS
Several long-term studies have specifically looked at the im-

pact of early treatment with bromocriptine on the occurrence of
long-term motor complications (fluctuations and dyskinesias) re-
lated to L-dopa therapy, in de novo PD patients who have not pre-
viously been exposed to levodopa (or only for no more than a few
weeks). Seven Level-I trials corresponding to the predefined in-
clusion/exclusion criteria have been identified.19,20,23,26,27,29 These
studies have been described above (see section on Symptomatic
Control of Parkinsonism: Monotherapy); therefore the outcomes
regarding long-term motor complications will only be summarized
below.

Bromocriptine as initial monotherapy, and L-
dopa adjuncted later if needed

Parkinson Study Group in the UK (1993):19 782 patients with
PD were allocated to 3 arms (L-dopa, L-dopa plus selegiline, or
bromocriptine) and followed for 3 years. The occurrence of invol-
untary movements, oscillations in performance, and early morn-
ing dystonia were recorded (no definition for these parameters was
reported). At the end of the follow-up period, 181 of the 263 pa-
tients randomized to bromocriptine completed the study. Dyski-
nesia occurred in 2% of these patients and disabling “on-off””
phenomena in 5%. In the L-dopa group, there were 27% of pa-
tients with dyskinesia and 33% had disabling “on-off” phenom-
ena. In the L-dopa plus selegiline group, these values were 34%
and 35% respectively. These percentages were reported to be
“higher” in patients on L-dopa or on combination therapy than in
those on bromocriptine monotherapy (p values were not reported).
This study had an overall quality score of 63%.

Hely et al. (1994)27: 149 patients with PD were randomized to
low-dose bromocriptine or L-dopa and followed for 5 years. Pa-
tients received subsequently L-dopa supplementation, if needed,
in the bromocriptine group and bromocriptine in the L-dopa group,
which makes assessments more complex. Fluctuations (end-of dose
failure) were recorded as being present if (1) the patients reported
this in response to questioning or (2) seen by the investigator (iden-
tified as early morning akinesia, wearing-off of the effect of each
dose before the next dose was due based on a 3 times a day dos-
age, or dosage frequency was more than 3 times daily). The term
“on-off” was defined as sudden, severe, and at times unpredict-
able changes in mobility. Involuntary movements were separated
into two types: dyskinesia and dystonia. No patient developed
dyskinesia while on bromocriptine monotherapy. Fifty-two patients
developed dyskinesias by 5 years: 35 patients in the L-dopa treat-
ment group, and 17 in the bromocriptine with L-dopa supplemen-
tation (p=0.002). The incidence of dyskinesia in the L-dopa group
was higher for women than men (p<0.05), for younger than older
patients (p<0.05), and for patients with more severe initial disease
(p<0.05). Dystonia was observed in 21 L-dopa-treated patients and
in 10 bromocriptine-treated patients, of whom 9 had received
levodopa before the dystonia developed (p<0.05). Wearing-off
occurred in 41% of the patients randomized to L-dopa and in 37%
of patients randomized to bromocriptine. This study had an over-
all quality score of 57%.

Montastruc et al. (1994)20: Sixty patients with PD were random-
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ized to bromocriptine or L-dopa as initial treatment. Bromocriptine-
treated patients could receive L-dopa supplementation during the
course of the disease, if needed. Two types of motor complica-
tions were evaluated: involuntary abnormal movements (includ-
ing peak-dose and dysphasic dyskinesia and dystonia) and motor
fluctuations (including wearing-off and “on/off” phenomena). Af-
ter 5 years of follow-up, 4/31 bromocriptine-treated patients did
not require L-dopa supplementation. None of these 4 patients pre-
sented motor complications. In the remaining patients, motor com-
plications were observed in 56% of the bromocriptine-treated pa-
tients and in 90% of the L-dopa treated patients (p<0.01).
Dyskinesias were seen in fewer patients on bromocriptine (3/25)
vs. 14/29 in patients treated with L-dopa. Wearing-off occurred in
10/25 bromocriptine-treated patients and in 10/29 L-dopa-treated
patients (no difference between treatments), but the mean time to
develop such motor fluctuations was longer with bromocriptine
(4.5 years) than with L-dopa (2.9 years; p<0.05). This study had
an overall quality score of 69%.

Korczyn et al. (1999)23: 335 patients with PD were randomized
to receive initial bromocriptine or ropinirole treatment and fol-
lowed-up for 3 years. L-dopa supplementation was possible in both
groups during the study if needed. The results showed a low inci-
dence of dyskinesias in both groups regardless of L-dopa supple-
mentation (ropinirole: 7.7%, bromocriptine: 7.2%, NS). This study
had an overall quality score of 76%.

Bromocriptine as early combination to L-dopa
therapy

Nakanishi et al. (1992)26: 216 patients with PD (who received
L-dopa for less than 5 years) were randomized to receive
bromocriptine/L-dopa combination or to stay on L-dopa
monotherapy. They were followed for 5 years. The results reported
that 49% remained on combination therapy after 5 year and 46 %
remained on L-dopa monotherapy. It is not clear from the text which
population data were analyzed and no details were provided on
how motor fluctuations were recorded. Forty patients of the com-
bination group were said to have wearing-off phenomenon when
entering into the trial. Five years later, there were still 40 patients
reporting a wearing-off phenomenon. In the L-dopa monotherapy
group, 20 (baseline) and 40 (5 years) reported wearing-off phe-
nomenon, and the difference was reported to be significant (p value
not given). The “on/off” phenomenon was present at baseline in
21 patients of the combination group and in 24 after 5 years. In the
L-dopa group, 10 and 14 patients reported “on/off”, respectively,
at baseline and after 5 years. Dyskinesias were present at baseline
in 24 patients of the combination group and in 14 patients after 5
years. In the L-dopa group, there were 15 and 12 patients report-
ing dyskinesias, respectively, at baseline and after 5 years. It is
difficult to understand how dyskinesia was less frequent after 5
years of follow-up than at baseline in both groups. This study had
an overall quality score of 40%.

Przuntek et al. (1996)29: 674 PD patients (who received L-dopa
for less than 6-months) were randomized to receive an adjunct
treatment with placebo or bromocriptine. Adjunct treatment was
titrated in order to try to reduce the dose of L-dopa by 40%. Motor
adverse reactions were monitored, looking specifically at changes
in fluctuations in mobility, “on/off” phenomena, and dyskinesias
(including chorea, dystonia, and other dyskinesia movements). A
complex system of scoring based on severity and body distribu-
tion was used. Motor complications as a whole were reported to

be less frequent in the combination group (20%) than in the L-
dopa group (28.8%) (p= 0.008). This study had an overall quality
score of 67%.

Gimenez-Roldan et al. (1997)31: 50 patients with PD who had
received L-dopa for less than 6 months were randomized to re-
ceive bromocriptine or placebo and followed for up to 44 months.
At the end of follow-up, dyskinesias were present in 9.5% of the
combination group as compared with 36.8% of the L-dopa-treated
group (p<0.05). Similarly, wearing-off, severe enough to require
change in treatment, was reported to be less frequent in patients in
the combination group (14.2%) than in those treated with L-dopa
(47.3%, p<0.05). This study had an overall quality score of 68%.

CONTROL OF MOTOR COMPLICATIONS
This section focuses on the efficacy of bromocriptine in con-

trolling motor complications (most frequently the « wearing-off »
type) in fluctuating patients with PD who were also on L-dopa
therapy. These data are usually based on diaries fulfilled by the
patients themselves. Data related to motor examination outcomes
reported in the same trials have been reviewed previously in the
section on Control of Parkinsonism.

Placebo-controlled Studies
Hoehn and Elton (1985)33: Thirty-six patients with PD on a stable

dose of L-dopa for 3 months were included in a randomized,
double-blind, placebo-controlled, parallel-group, 10-month study.
Thirty-three patients had wearing-off effects. Twenty-six had peak-
dose dyskinesia. Wearing-off effect (assessed at each clinic visit)
was reported to be improved in 18/25 patients in the bromocriptine
group, and 0/8 placebo-treated patients. Off-dose dystonia and leg
pain were also improved in 9/13 patients in the bromocriptine treat-
ment group and 0/2 placebo-treated patients. Improvement was
reported to be noticeable in doses greater than bromocriptine 10
mg/d, with increased effectiveness associated with increasing
doses. This study had an overall quality score of 55%.

Toyokura et al. (1985)34 performed a randomized, placebo-con-
trolled, parallel-group, 2-month study conducted in 222 L-dopa-
treated patients that manifested at least one adverse reaction to L-
dopa (eg. wearing-off, “on/off”, frozen gait, dyskinesia, or gas-
trointestinal symptoms). Wearing-off phenomena and “on/off”
phenomena were assessed (among other variables), and rated as
severe, moderate, or mild when present. No diaries were used but
patients were asked careful questions such as: How long did the
effects of L-dopa last? How often did the effects occur? and How
many hours in a day did the patients have difficulty moving around?
The severity of fluctuations and length of off-periods were taken
into account in the comprehensive judgment of assessing fluctua-
tions. Wearing-off was reported to be improved by 26.7% in the
bromocriptine treatment group and by 7.1% in the placebo-treat-
ment group. “On/off” was improved by 28.6% with bromocriptine
and by 0% with placebo. The difference was not significant. This
study had an overall quality score of 63%.

Guttman et al. (1997)35 (see also section on Pramipexole): The
study was a randomized, parallel-group, double-blind, 36-week
trial. A total of 247 patients were included in the trial in which
motor fluctuations were assessed using diary cards. Bromocriptine
did not significantly reduce the amount of time spent “off”, while
pramipexole was reported as significantly reducing amount of time
spent “off.” (specific data endpoints not reported). This study had
an overall quality score of 85%.
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Active Comparator Studies
Bromocriptine vs. Cabergoline

Inzelberg et al. (1996)37 (see section on Cabergoline): This was
a double-blind, parallel group, randomized study performed in 44
patients who had increasing disability and motor fluctuations The
mean follow-up duration was 9 months. Dyskinesias were assessed
using item 32 of UPDRS (% of awake hours spent with dyskine-
sia) and “off” periods were measured using diaries. Percentages
of “off” hours for cabergoline changed from 34% at baseline to
17% at completion (p<0.0001). The percentages of “off” hours for
bromocriptine were 32% at baseline to 26% at completion
(p<0.0001). This effect was not significantly different between the
two treatment groups. This study had an overall quality score of
52%.

Bromocriptine vs. Pergolide
Mizuno et al. (1995)21 (see section on Pergolide): This was an

8-week, double-blind, parallel-group study conducted in 93 pa-
tients with PD who had “unsatisfactory results on L-dopa therapy.”
Patients were randomized to pergolide (maximum daily dose 2.25
mg) and 99 were randomized to bromocriptine (maximum daily
dose 22.5 mg). Efficacy was assessed using a simplified rating
scale consisting of a 5-grade rating scores, one of which concerned
the severity of the wearing-off phenomenon. Improvement in wear-
ing-off phenomenon was similar in the two treatments
(bromocriptine mean score reduction from 3.6 at baseline to 3.2,
p<0.01; and pergolide mean score reduction from 3.6 at baseline
to 3.1, p<0.001). This study had an overall quality score of 53%.

Bromocriptine vs. Lisuride
Laihinen et al. (1992)42 (see section on lisuride): This was a

double-blind, randomized, cross-over (8-weeks per period with a
2-week wash-out in between) trial performed in 20 PD patients
suffering from deteriorating response to L-dopa and different kinds
of fluctuations. Fluctuations in disability were reported (method
of assessment is not described). Similar responses to therapy were
reported in both treatments. At week 8 of treatment, 2 patients did
not improve, 4 patients had a minimal improvement, 8 patients
had a moderate improvement, and 5 patients reported a marked
improvement with lisuride. With bromocriptine, 1 reported no im-
provement, 4 reported minimal improvement, 8 reported moder-
ate improvement, and 6 reported marked improvement. This study
had an overall quality score of 69%.

Bromocriptine vs. Tolcapone
Tolcapone Study Group (1999)43: This was an 8-week, random-

ized, open-label, parallel group study conducted in 146 L-dopa-
treated patients with end-of-dose deterioration of efficacy. “On/off”
periods were assessed using diaries. No significant differences were
seen between the two treatment groups for changes in “on/off” time
(“off” time was reduced by 15% with bromocriptine and 19% with
tolcapone). This study had an overall quality score of 75%.

REVIEW OF SAFETY
The adverse reactions reported with bromocriptine are consis-

tent with other dopamine agonists adverse reactions reported in de
novo and advanced disease patients and include nausea-vomiting,
orthostatic hypotension, and psychosis. Leg edema also is fre-
quently reported in patients treated with bromocriptine. The inci-
dence of the gastrointestinal and cardiovascular adverse reactions
are reportedly reduced by co-prescribing domperidone.44,45 A

gradual increasing dose of bromocriptine reduces the frequency
and severity of adverse reactions.24

The incidence of adverse reactions (eg, psychosis, confusion,
and hallucinations) varies markedly from one study to the other
depending on how the reactions are recorded, which patients were
treated (eg, patients with early disease or late disease), and how
long patients were followed (eg, from a few weeks to several years).
Hallucinations appear to be more frequently reported with
bromocriptine treatment than with L-dopa treatment. This clinical
observation is not always clearly noted in published L-dopa-con-
trolled trials.

In dyskinetic, L-dopa-treated patients, bromocriptine exacer-
bates dyskinesias. Conversely, when prescribed in L-dopa-naïve
(de novo) patients with PD, the early use of bromocriptine
monotherapy induces fewer motor complications than L-dopa.
Early bromocriptine combination with L-dopa, or early
bromocriptine monotherapy to which L-dopa is subsequently
added, also seems to reduce the risk of motor complications com-
pared with an initial L-dopa treatment maintained as monotherapy
over the long term (see section on Prevention of Motor Complica-
tions).

A rare and potentially severe adverse reaction that has been re-
ported in patients treated with bromocriptine is pleuropulmonary
and/or peritoneal fibrosis46, which is associated with ergot deriva-
tives in general. Somnolence is observed in patients treated with
bromocriptine. Few case-reports of “sleep attacks” have also been
reported with bromocriptine.47 Increased risk of bromocriptine-in-
duced adverse reactions have been reported due to drug-drug in-
teractions with metabolic inhibitors, like the macrolides.48

Few studies have looked at the impact of bromocriptine therapy
on life expectancy in patients with PD. We have identified two
prospective, Level-I trials. Przuntek et al (1992)30 performed a
planned interim analysis that led to premature discontinuation of
the randomized, parallel, open label study published by the same
authors29, which has been summarized above (see section Symp-
tomatic Control of Parkinsonism: Monotherapy). This study was
designed to compare the long-term motor effects of an early
bromocriptine combination with L-dopa. Specifically,
bromocriptine was added in an attempt to reduce L-dopa dose (L-
dopa sparing effect of 40%) within the first year of treatment. Five
hundred and eighty-seven patients were enrolled. The trial was
prematurely interrupted because mortality rate was significantly
greater in the L-dopa monotherapy group (18/302 patients) as com-
pared to the combination group (8/285 patients; p=0.02). The au-
thors concluded that the mortality risk associated with L-dopa was
reduced by more than 50% by its combination with bromocriptine.
The reason for this difference in mortality rate remains unclear,
and patients mainly died from cardiovascular complications. More-
over, about 50% of the patients included in the trial had discontin-
ued study medication by the time of analysis, and the life status
was unknown in 48% of these individuals.

Hely et al. (1999)28 assessed a cohort of patients after 10 years
of follow-up (original report described above27). Fifty patients (38
%) of the 130 available participants in the follow-up cohort died
during the first 10 years. The authors concluded that bromocriptine
did not reduce mortality or slow down progression of disease. In
fact, by 10 years, there were 29 deaths among the 63 patients ran-
domized to bromocriptine and 33 at last follow-up. There were 21
deaths among the 67 patients randomized to L-dopa and 30 at last
follow-up. Multivariate analysis showed that, among other factors
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like older age at onset and rapid pre-study disease progression,
randomization to bromocriptine was predictive of increased mor-
tality (p=0.048). However, if patients were able to remain on
bromocriptine for more than 1 year after randomization, no in-
creased mortality was found. The authors suggested that this dif-
ference was probably due to a recruitment bias in that slightly more
severe patients with PD (even if not statistically significant) were
randomized to bromocriptine at baseline. Mortality rate was in-
creased in patient with PD when compared to the general popula-
tion (standardized mortality ratio = 1.58 for all patients, regardless
of bromocriptine or L-dopa initial treatment, p<0.001), and no ad-
ditional benefit was gained from early use of bromocriptine.

CONCLUSIONS
Throughout the literature, there are several randomized (Level-

I) studies evaluating the effects of bromocriptine in several hun-
dred patients with PD who were followed for up to 10 years. How-
ever, many of these trials were performed several decades ago,
prior to the use of standard clinical study criteria (variable inclu-
sion criteria, differences in outcome criteria, variable titration and
final daily dose, statistical analysis, among others). This is illus-
trated by the studies’ low to moderate quality scores, which re-
duces the impact of their results and prevents definite positive con-
clusions on the efficacy of bromocriptine. However, more recent
studies comparing bromocriptine to ropinirole, pramipexole and
tolcapone also have been done and show only marginal differ-
ences among these treatments and the clinical relevance of these
differences is not clear.

EFFICACY
PREVENTION OF DISEASE PROGRESSION

There is INSUFFICIENT EVIDENCE to conclude whether there
are neuroprotective effects of bromocriptine (only one small and
short-term Level-I negative study was identified).13

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy

Because of the lack of definitive placebo-controlled trials and
because of the low quality scores of most published active com-
parator trials using levodopa or other dopamine agonists (non-
validated outcome measurements or insufficient statistical power),
bromocriptine monotherapy is considered as LIKELY EFFICA-
CIOUS to control parkinsonian symptoms during the first months
of treatment. Based on large randomized controlled studies19, 27,
bromocriptine is less efficacious than levodopa in this indication.
There is INSUFFICENT EVIDENCE to conclude on the relative
ranking of the efficacy of bromocriptine compared to other DA
agonists. There is only one Level-I study that compares
bromocriptine to ropinirole showing bromocriptine to be margin-
ally less efficacious than ropinirole.22,23

Early combination in L-dopa-treated patients
Because of the lack of placebo-controlled trial, because of the

low quality scores of available levodopa-controlled trials, and be-
cause of conflicting results on levodopa sparing effect29, 31, there is
INSUFFICIENT EVIDENCE to conclude on bromocriptine effi-
cacy on parkinsonism when adjuncted early in stable non-fluctu-
ating levodopa-treated patients

Late combination in L-dopa-treated patients
Based on one recent placebo-controlled trial incorporating a

bromocriptine-treatment arm35, and several lower quality Level-I
studies, bromocriptine is considered EFFICACIOUS as adjunct
therapy to levodopa in advanced patients with PD and motor fluc-
tuations. Bromocriptine has been compared in this indication to
several other dopamine agonists (lisuride, pergolide, cabergoline)
and to a COMT-inhibitor (tolcapone). Only pergolide was reported
to be marginally, but significantly, superior to bromocriptine.39

PREVENTION OF MOTOR COMPLICATIONS
Based on several Level-I L-dopa-controlled trials with moder-

ate quality scores19,20,27,29, as well as one Level-I ropinirole study23,
bromocriptine is considered LIKELY EFFICACIOUS in reducing
the risk of long-term motor complications.

CONTROL OF MOTOR COMPLICATIONS
In the literature, there are several older, low quality, Level-I stud-

ies suggesting beneficial effects of bromocriptine in controlling
motor complications.32,33,34 However, these results are in conflict
with a single, more recent, higher quality, Level-I study that failed
to support efficacy of bromocriptine in controlling motor compli-
cations.35 Given the conflicting results, bromocriptine is consid-
ered as LIKELY EFFICACIOUS in controlling motor fluctuations
in L-dopa-treated patients with PD.

SAFETY
The use of bromocriptine has an ACCEPTABLE RISK WITH-

OUT SPECIALIZED MONITORING. However, it is important to
consider that bromocriptine is associated with all the adverse re-
actions typical of this class of medication including gastrointesti-
nal, cardiovascular, and neuropsychiatric effects. High doses and
rapid titration are associated with more frequent adverse reactions.
Like most ergot derivatives, fibrosis has been reported with
bromocriptine. Edema is also commonly observed. The effect of
early intervention with bromocriptine on life expectancy remains
controversial mostly due to the limited number and conflicting
Level-I studies.28,30

IMPLICATIONS FOR CLINICAL PRACTICE
Bromocriptine is the oldest dopamine agonist marketed for the

treatment of Parkinson’s disease. It has been evaluated in a large
number of clinical trials and in a number of different clinical situ-
ations. However, most of these trials have been conducted in times
when the methods to assess efficacy were not standardized and
well validated, and this explains why most of the level I trials re-
viewed here have only low or moderate quality scores. Neverthe-
less, the follow-up of PD patients on bromocriptine is longer than
that of any of the other dopamine agonists. Therefore,
bromocriptine is considered CLINICALLY USEFUL in the treat-
ment of both early and advanced PD. In the early stages of disease
if bromocriptine is used as initial monotherapy, within a year of
follow-up, the efficacy of bromocriptine wanes: on average only
50% of the patients (40% to 75% according to the clinical reports)
remain adequately managed with bromocriptine monotherapy af-
ter one year; 30% (10% to 50 %) after 3 years; and 10% (0% to 20
%) after 5 years. The variability in response may be related to dif-
ferent dosages of bromocriptine (10 mg/d to 70 mg/d) with higher
doses being more efficacious than lower doses. The early combi-
nation of low doses of L-dopa plus bromocriptine, or the second-
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ary supplementation of an initial bromocriptine monotherapy with
low doses of L-dopa, allow some compensation for the loss in
efficacy and to achieve the same symptomatic efficacy on long-
term than L-dopa used alone at higher doses.

Patients who have not been previously treated with L-dopa may
be maintained on bromocriptine monotherapy, and late motor com-
plications (fluctuations and dyskinesia) normally associated with
L-dopa therapy appear to be very infrequent. When low doses of
L-dopa are combined, the risk for motor complications increases,
but is still reduced (especially the risk of of dyskinesia) as com-
pared to treatment with L-dopa alone.

In more advanced fluctuating L-dopa-treated patients with PD,
bromocriptine may improve motor scores and disability. The effi-
cacy of bromocriptine in treating motor complications is less well
documented.

The dose necessary to achieve clinical improvements is usually
above 10 mg/d, ranging from 20 to 40 mg/d. Some authors recom-
mend even higher doses; however, lower doses (<30 mg/d) are
better tolerated than higher ones (>50 mg/d).

From a practical perspective, there is little evidence demonstrat-
ing that other either dopamine agonists or tolcapone show clini-
cally relevant superior efficacy over bromocriptine, although some
statistically significant differences have been reported in a small
number of clinical trials, as reported with pergolide39 and
ropinirole.22,23

IMPLICATIONS FOR CLINICAL RESEARCH
• Since bromocriptine has been available clinically for a long time,
most of the reported studies to date were done prior to current
standards used for clinical research. Consequently, quality scores
are lower than what is normally seen with more recent studies con-
ducted with newer compounds, like pramipexole and ropinirole.
Because bromocriptine is less expensive (generic formulations are
available in many countries), and there is little evidence that
bromocriptine is markedly less effective or less potent than other
newer dopamine agonists, modern comparative trials and
pharmacoeconomic trials are needed to compare these agents to
verify or negate clinical similarities or differences among these
agents.
• Bromocriptine is empirically recommended in younger rather
than older patients due to the risk of associated adverse reactions.
Well designed trials should be conducted to confirm this practice
and to define what is the optimal dose range.
• There is a need to assess if initial bromocriptine monotherapy,
with late levodopa supplementation is equivalent regarding long-
term efficacy (10 years), safety, and costs as compared to com-
bined early L-dopa and bromocriptine treatment in de novo pa-
tients with PD (early combination strategy).
• Additional studies are also needed to assess if patients should
be started on initial bromocriptine monotherapy (in an effort to
delay the start of L-dopa therapy), or if patients should be started
with L-dopa and supplemented with bromocriptine once motor
complications appear.
• Further long-term studies are necessary to assess the impact of
bromocriptine on quality of life and mortality.
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DA Agonists - Ergot derivatives: Cabergoline

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Cabergoline is an orally administered synthetic tetracyclic
ergoline derivative that acts in vitro and in vivo as a selective D2
receptor agonist with no substantial affinity for D1 receptors. As
with other ergotamine derivatives, it has also some affinity for non-
dopamine receptors (noradrenergic and serotonergic).1

Cabergoline improves the symptoms of the primate model of
Parkinson’s disease (PD) after MPTP intoxication. Cabergoline
lowers prolactin secretion, and like all effective D2-agonists, in-
duces nausea, vomiting and orthostatic hypotension in healthy
volunteers.1

PHARMACOKINETICS
One major characteristic of cabergoline is its long duration of

effect with oral administration, probably because its elimination
half-life is approximately 65 hours. For example, cabergoline is
highly effective in suppressing prolactin levels with a duration of
action up to 21 days after a single 1 mg oral dose. Such a pharma-
cokinetic profile allows a once-daily dosing treatment regimen.
The cabergoline Tmax is observed at 2.5 hours, and it is metabo-
lized into several metabolites excreted mainly by the fecal route.1

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
To date, there are no Level-I, placebo-controlled studies that

have investigated the efficacy of cabergoline as monotherapy. Two
clinical reports were identified, but correspond to the same L-dopa-
controlled study that performed two different analyses: one planned
interim analysis at 1 year2, and a final analysis at 3 to 5 years.3 In
this study, cabergoline was initiated as monotherapy, and L-dopa
supplementation was added in patients if required (i.e. based on
dose limiting adverse reactions and if they reached maximal dose
of cabergoline).

Rinne et al. (1997)2: This is the only available study assessing
the effects of cabergoline monotherapy (with secondary open L-
dopa supplementation if needed) at one-year. It is a randomized,
L-dopa-controlled (Level I), double-blind study conducted in 413
de novo patients with PD (mean age approximately 61 years).
Cabergoline could be titrated up to 4 mg/d on a once a day regi-
men, and L-dopa up to 600 mg/d tid. Open label L-dopa supple-
mentation was allowed during the course of the study. PD disabil-
ity was evaluated using mean UPDRS (Unified Parkinson’s Dis-
ease Rating Scale) scores and the CGI (Clinical Global Impres-

sion) scale. The proportion of patients experiencing a 30% de-
crease in parkinsonian disability and the proportion requiring the
addition of L-dopa were also analysed. Thirty-seven (9%) patients
withdrew from the study by 1 year. At this 1-year interim analysis,
mean cabergoline daily dose was 2.8 mg/d and that of L-dopa was
468 mg/d. Thirty-eight percent of the patients received L-dopa
supplementation in the cabergoline group (mean daily dose 305
mg/d). At baseline, UPDRS was 29.1 in the L-dopa and 27.5 in the
cabergoline group. After 1-year of treatment, the decrease in scores
was higher in the L-dopa (16.5) than in the cabergoline group (13.7).
The difference between the two treatments groups was reported to
be small (< 2.8 points) and there is no clear statistical comparison.
Irrespective of L-dopa supplementation, 81% of the cabergoline
patients and 88% of the L-dopa ones were clinically improved
(30% reduction in UPDRS). CGI was rated similarly in both groups
(61% of the patients being much improved with cabergoline and
67% with levodopa). The proportion of patients requiring L-dopa
supplementation was greater in the cabergoline group (38%) than
in the L-dopa group (18%, p<0.01). Both drugs had quite similar
adverse event profiles, typical of dopaminergic side effects. Pe-
ripheral edema, gastric upset (nausea, vomiting, dyspepsia, gastri-
tis) and dizziness were more frequent with cabergoline than L-
dopa therapy. Sleep disorders, postural hypotension, confusion,
and hallucinations were reported with the same frequency in both
groups. This study had an overall quality rating score of 75%.

Rinne et al. (1998)3: In the long-term extension of the study
reported above2, over 400 subjects were followed for a minimum
of 3 years. The primary end-point was the onset of motor compli-
cations, but antiparkinsonian efficacy was also monitored using
the UPDRS Parts II and III. The withdrawal rate was 16% in
cabergoline-treated patients and 13% in the L-dopa-treated patients.
After 3 to 5 years of treatment (study endpoint), the mean daily
dose of cabergoline was 3 mg/d and that of L-dopa 500 mg/d.  35
% of the patients still in the trial who were on cabergoline did not
require L-dopa supplementation, compared with 52% in the L-
dopa group. The authors reported that both treatments had compa-
rable improved motor disability after 4 years, in the patients who
completed the study; L-dopa recipients still showed on average
30% improvement in motor disability (UPDRS III), while treat-
ment with cabergoline was associated with a 22% to 23% improve-
ment versus baseline. However, no statistical analysis was pro-
vided. Adverse reactions were quite similar in both groups, with
the most frequent reactions including nausea and vomiting, dizzi-
ness and hypotension, and sleep problems. Edema was more fre-
quent in patients treated with cabergoline. This study had an over-
all quality rating score of 75%.

ADJUNCT THERAPY
Early Combination

No qualified studies were identified.
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Late Combination
Two Level-I studies qualified for this analysis. One is a pla-

cebo-controlled trial and the other is a bromocriptine-controlled.
Hutton et al. (1996)4: This was the only large (188 patients with

suboptimally controlled PD and end-of-dose deterioration or mo-
tor complications, mean age 63 years), 6-month, randomized, par-
allel group, placebo-controlled study identified in the search. The
primary efficacy endpoint was change in UPDRS Part II and III,
and changes in daily dose of L-dopa were also assessed. At the
end of the study, cabergoline ADL (activities in daily living) scores
were significantly better than those of placebo (12.3 [-19% from
baseline] vs. 14.3 [-4% from baseline], p=0.032). The same differ-
ence in favor of cabergoline was also reported for UPDRS III (13.7
[-16% from baseline]) vs. 16.3 [-6% from baseline]; p=0.014). In
the cabergoline group, the mean L-dopa dose was reduced by 175
mg/d as compared to placebo, where it was reduced by 25.5 mg/d.
Adverse reactions were consistent with other drugs in the class
and included those related to autonomic nerve system effects (more
frequent with cabergoline than placebo), cardiovascular effects,
and neuropsychiatric effects.  This study had an overall quality
score of 80%.

Inzelberg et al. (1996)5 (This study was previously reviewed in
the Bromocriptine section.): This was a 9-month, double-blind,
parallel-group, randomized study performed in 44 patients show-
ing increasing disability and motor fluctuations. Cabergoline (3.18
mg/d) and bromocriptine (22 mg/d) induced comparable improve-
ment of most assessment criteria including ADL scores
(cabergoline: from 11 at baseline to 9 at completion; bromocriptine:
from 11 at baseline to 9 at completion, p<0.01 for both treatments),
UPDRS III (cabergoline: from 35 at baseline to 28 at completion;
bromocriptine: from 38 at baseline to 29 at completion, p<0.0001
for both treatments). None of these effects were significantly dif-
ferent between the 2 groups. The frequency of adverse reactions
(typical of dopaminergic adverse reactions) was similar for both
drugs. This study had an overall quality rating score of 52%.

PREVENTION OF MOTOR COMPLICATIONS
The only study identified that met the inclusion criteria was the

final analysis (after 3 to 5 years of follow-up) of a larger random-
ized, L-dopa-controlled, Level-I study previously described (see
Symptomatic Control of Parkinsonism). Below the data relevant
to the effects of cabergoline in the prevention of motor complica-
tion are reviewed.

Rinne et al. (1998)3: 412 patients were randomized to treatment
with cabergoline or L-dopa and followed for 3 to 5 years. The
primary end-point was the onset of motor complications, which
was confirmed at two subsequent clinic visits, and assessed on the
basis of a complex and heterogeneous checklist in which fluctua-
tions were classified into different categories (daily “wearing-off”,
nocturnal akinesia, early morning akinesia, “off” period freezing,
peak-dose dyskinesia, early morning dystonia, dose-related “off”
period dystonia, dose-related “on” dystonia, and random freez-
ing, among others). At final analysis (3 to 5 year), the mean daily
dose of cabergoline was 3 mg/d and L-dopa dose was 500 mg/d.
Thirty-five percent of the patients that remained in the trial and
who were treated with cabergoline did not require L-dopa supple-
mentation as compared to 52% in the L-dopa group. Motor com-
plications were statistically less frequent in the cabergoline arm
(22 %) than in the L-dopa arm (34 %) (p<0.02). This study had an
overall quality rating score of 75%.

CONTROL OF MOTOR COMPLICATIONS
The two Level-I studies already reviewed above in the section

Control of Parkinsonism also qualified for review in this section.
Therefore, only relevant data for control of motor complications
will be reviewed here.

Hutton et al. (1996)4: This was 6-month, randomized, parallel,
placebo-controlled study conducted in 188 patients with
suboptimally controlled PD who had end-of-dose deterioration or
other motor complications. Motor fluctuations were assessed as a
secondary endpoint using item 39 of UPDRS Part IV (Complica-
tions of Therapy). Patients also kept diaries for “on” and “off”
assessment. The cabergoline group at endpoint had significantly
less “off” time compared with the placebo group (p=0.01), but no
raw data were reported in the text. The amount of time spent “on”,
according to diaries, also increased significantly with cabergoline
compared with the placebo group (p<0.05), but no actual data were
reported in the text.

Inzelberg et al. (1996)5: This was a double-blind, parallel-group,
randomized study performed in 44 patients showing increasing
disability and motor fluctuations. “Off” periods were measured
using diaries. Percentage “off” hours decreased with cabergoline
(from 34% at baseline to 17% at completion) and bromocriptine
(from 32% at baseline to 26% at completion, p<0.0001 for both
treatments), and the differences between treatments was not sta-
tistically significant.

REVIEW OF SAFETY
Cabergoline has been associated with adverse reactions consis-

tent with other dopaminergic agonists including gastrointestinal,
cardiovascular and neuropsychiatric effects. There is no evidence
that cabergoline has a safety profile different from other ergota-
mine derivatives like bromocriptine.

Similar to other dopamine agonists, it is likely that cabergoline
aggravates dyskinesia in already dyskinetic, L-dopa-treated, pa-
tients although little data are reported in the literature that specifi-
cally address this issue. Conversely, when used as an initial therapy
(before L-dopa) and regardless of subsequent L-dopa supplemen-
tation, there is some indication that cabergoline reduces the long-
term risk of the occurrence of motor complications, especially
dyskinesia.3

Few cases of fibrosis have been reported with cabergoline, as
with other ergot compounds.6,7

Little data are available on “sleep attacks”, and in selected clini-
cal studies, sleep problems were reported without further details.
One patient on cabergoline (and other antiparkinsonian and non-
antiparkinsonian medications) was recently reported to have epi-
sodes that might correspond to “sleep-attack” episodes.8

In one study, edema was reported to be more frequent with
cabergoline than with L-dopa.3

No data are available related to cabergoline and mortality.

CONCLUSIONS
Overall, less than 400 patients treated with cabergoline who were

followed for a minimum of 6 months and up to 4 years were iden-
tified for inclusion in this review.

EFFICACY
PREVENTION OF DISEASE PROGRESSION

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of cabergoline regarding neuroprotection in patients with PD.
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SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy

No placebo-controlled studies have been done to assess the
symptomatic efficacy of cabergoline as monotherapy in PD. There
is only one identified L-dopa-controlled Level-I study.2,3 In this
study, patients received open-label levodopa supplementation to
keep control of parkinsonian symptoms in both treatment arms,
and therefore, there is INSUFFICIENT EVIDENCE to conclude
on cabergoline efficacy for symptomatic control in PD.

Adjunct therapy in L-dopa-treated patients
Based on one large level-I placebo-controlled study4 conducted

in L-dopa-treated patients with motor fluctuations, cabergoline is
considered as EFFICACIOUS in improving control of parkinso-
nian motor symptoms in advanced L-dopa-treated patients with
PD. There is INSUFFICIENT EVIDENCE to conclude on
cabergoline efficacy as an early combination therapy with levodopa
in PD patients without motor fluctuations.

PREVENTION OF MOTOR COMPLICATIONS
Based on one 4-year L-dopa-controlled trial3, initial treatment

with cabergoline monotherapy with subsequent L-dopa supple-
mentation is EFFICACIOUS in reducing the risk of occurrence of
long-term L-dopa-induced motor complications.

CONTROL OF MOTOR COMPLICATIONS
Based on one Level-I, placebo-controlled trial4 (which failed to

include all the raw data on the “off” period), cabergoline is LIKELY
EFFICACIOUS in controlling motor fluctuations in advanced L-
dopa-treated patients with PD.

SAFETY
The clinical data available to date suggest that using and pre-

scribing cabergoline in patients with PD carries an ACCEPTABLE
RISK WITHOUT SPECIALIZED MONITORING. There is no
indication that its safety profile differs from that of the other avail-
able dopamine agonists.

No data are available for use long-term (10 years) or on mortal-
ity.

IMPLICATIONS FOR CLINICAL PRACTICE
Cabergoline used initially as monotherapy in de novo patients

with PD and later used with L-dopa supplementation is CLINI-
CALLY USEFUL for reducing the risk of occurrence of long-term
motor complications. The actual effect of cabergoline to control
parkinsonism in early PD patients however remains INVESTIGA-
TIONAL. After 3 to 5 years of treatment, only 20% of the patients
can remain on cabergoline monotherapy and most patients need
L-dopa.

As adjunct treatment in L-dopa-treated patients with motor fluc-
tuations, cabergoline is CLINICALLY USEFUL in enhancing
symptomatic control. The effect of cabergoline in controlling mo-
tor fluctuations is not fully documented.

In the studies reported herein, cabergoline was used at doses
ranging from 2 to 5 mg/d. The clinical interest of cabergoline is
the possibility to use it once daily, which is preferable for many
patients; none of the other drugs in this class have a once-daily
dosing regimen. Randomized, active comparator trials using other
antiparkinsonian medications (e.g. dopamine agonists, MAO-B
and COMT inhibitors) have not been done.

IMPLICATIONS FOR CLINICAL RESEARCH
In the literature there are few reports on the efficacy and safety

of cabergoline. Additional studies are needed including:
• Well-designed, short-term, placebo-controlled study in L-dopa
naïve PD patients to properly assess the magnitude of the effect of
cabergoline on parkinsonian symptoms.
• Appropriate comparisons with other antiparkinsonian agents
(other dopamine agonists, MAO-B and COMT-inhibitors).
• Studies comparing the risk of fluctuations and dyskinesias in
patients treated with cabergoline versus treatment with other
shorter-acting dopamine agonists (e.g. lisuride). The prolonged
elimination half-life of cabergoline offers an advantage of once-
daily dosing, but possible disadvantages with this treatment regi-
men are not well understood. For example, the prolonged elimina-
tion half-life might be a handicap in terms of wash-out of adverse
events (like psychosis). These benefits vs. risks need to be further
evaluated in prospective, controlled trials.
• Studies on the long-term quality of life impact of cabergoline,
effects on mortality, and pharmacoeconomic benefits.
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DA Agonists - Ergot derivatives: Dihydroergocryptine (DHEC)

BASIC PHARMACOLOGY
MECHANISM OF ACTION

DHEC is a dihydro-derivative of ergocryptine acting as a D2
agonist and a partial D1 agonist. Therefore, DHEC has a pharma-
codynamic profile quite comparable to that of bromocriptine. Like
all ergotamine derivatives, DHEC has effects on serotonergic and
adrenergic receptors.1,2 DHEC improves the symptoms of the
MPTP-treated monkey model of Parkinson’s disease (PD). In
healthy volunteers, its effects on D2 receptors reduce prolactin
plasma levels, and induce nausea and hypotension. Preclinical data
suggest that DHEC may have neuroprotective properties.3,4

PHARMACOKINETICS
DHEC, like other ergot derivatives, has linear kinetics. Its oral

bioavailability after first pass effect is low (below 5%). It has lin-
ear metabolism with generation of active metabolites, is eliminated
through feces, and has no interference with L-dopa kinetics.

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
Two Level-I studies qualified: (1) one is a parallel group, pla-

cebo-controlled study in “de novo” patients with PD5 and (2) the
second is a cross-over, L-dopa-controlled trial conducted in L-dopa-
treated patients in whom L-dopa given previously was withdrawn
two days before the commencement of the investigation and ran-
domization to DHEC or Madopar.6

Bergamasco et al. (2000)5: This was a prospective, 3-month in-
terim analysis of an 18-month, randomized double-blind placebo-
controlled parallel group study conducted in 123 de novo patients
with PD (mean age 63 years). Efficacy was measured using the
total score of the UPDRS as the primary end-point (first 3 parts).
Eight patients (6 on DHEC and 2 on placebo) were considered as
withdrawals and were not included in the analysis. At 3-month
analysis, DHEC was superior to placebo (p = 0.019) as measured
by the total UPDRS scores, which decreased from 31 at baseline
to 27 at 3 month (-14%) with DHEC, and increased from 29 to 30
(+3%) with placebo. Due to this positive response, the trial was
terminated early as planned a priori in the protocol. At the time of
termination, 73 patients had reached the 6-month observation visit,
and the analysis performed in this subset of patients confirmed the
efficacy of DHEC (UPDRS improvement on DHEC of 17% vs.
11% decline with placebo, p<0.001). The incidence of adverse re-
actions did not differ between DHEC (13%) and placebo (10%)
treatment, and gastrointestinal complaints were the most common.

This study had an overall quality score of 93%.
Gerlach (1976)6: This was a randomized, cross-over, double-

blind, L-dopa-controlled study (8 weeks per period) conducted in
20 L-dopa-treated patients with PD and a Webster total score higher
than 6. L-dopa given previously was withdrawn 2 days before the
start of the study when they were randomization to either DHEC
or Madopar. Efficacy was evaluated using the Webster Rating
Scale. Madopar (800 mg/d) was significantly more effective than
DHEC (30mg/d) on the parkinsonian median Webster scores (7.5
vs. 11.5 respectively, p<0.01). More patients had dyskinesias with
L-dopa (n = 13) than with DHEC (n = 4). Two patients complained
of nausea under DHEC vs. one in the Madopar treatment group.
Psychosis was reported in three Madopar-treated patients and in
no DHEC-treated ones. Dizziness was reported in one Madopar-
treated patient. This study had an overall quality score of 70%.

ADJUNCT THERAPY TO L-DOPA-TREATED
PATIENTS WITH PD

Early Combination in Stable Patients with PD
No Level-I study meeting the predefined inclusion criteria quali-

fied for review. However, one smaller (less than 20 patients per
treatment-group), placebo-controlled trial was identified7 and in-
cluded because of the lack of other Level-I data.

Martignoni et al. (1991)7: This is a 6-month randomized double-
blind, parallel placebo-controlled study conducted in 20 L-dopa-treated
patients with PD (stable responders; mean age approximately 61 years;
mean disease duration approximately 3 yrs.). Ten patients were ran-
domized to DHEC and 10 to placebo. Efficacy was assessed using the
Columbia University Rating Scale (CURS) and the NWUDRS. All
patients completed the study. The mean daily dose of DHEC was 57
mg/d after 6 months of treatment. At 6 months, inter-group compari-
sons reported a significant difference between the two groups in favor
of DHEC for CURS (p<0.002) and NWUDRS (p<0.002) scores. (No
raw data are given in the published report for the placebo-treated group.)
The 10 DHEC-treated patients reported that the CURS score improved
from 33.6 at baseline to 26.8 at 6 months (P<0.009), and that the
NWUDRS improved from 43.3 at baseline to 44.6 at 6 months (not
statistically significantly different). Adverse reactions reported in
DHEC-treated patients were related to the gastro-enteric system (nau-
sea) and cardiovascular system (dizziness).

Late Combination
No Level-I studies conducted in advanced L-dopa treated pa-

tients that qualified for inclusion were identified.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
The search identified only one Level-I trial meeting inclusion
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criteria, which is a lisuride-controlled study8 that is also reviewed
in the Lisuride section (no placebo-controlled studies were identi-
fied) and is briefly reviewed below.

Battistin et al. (1999)8: This is a randomized, double-blind, par-
allel-group, lisuride-controlled study conducted in 68 L-dopa-
treated patients with PD who qualified as having “inadequate thera-
peutic responsiveness.” Only 3-month follow-up data are reported.
DHEC (60mg/d) was reported to induce a significantly greater re-
duction in UPDRS Part IV (complications of therapy) than lisuride
(1.2 mg/d) (2.5 vs. 4.3 respectively, p<0.05). This study had an
overall quality score of 80%.

REVIEW OF SAFETY
There is limited information published to date on the safety of

DHEC for treatment in patients with PD. DHEC has been associ-
ated with other typical dopaminergic adverse reactions including
gastrointestinal, cardiovascular, and neuropsychiatric effects. In
one study8, such adverse reactions were significantly less frequent
than in a group of patients receiving lisuride, but the incidence of
adverse reactions was unexpectedly high in this trial.

Similar to other ergotamine derivatives, fibrosis has been asso-
ciated with DHEC.9

No data are available on the effects of DHEC on mortality.

CONCLUSIONS
EFFICACY

In controlled clinical studies to date, only about 200 PD pa-
tients have been treated with DHEC and followed for several
months post-treatment. Therefore, conclusions listed below are
based on a small population base.

PREVENTION OF DISEASE PROGRESSION
There are no studies available to date, therefore, there is IN-

SUFFICIENT EVIDENCE to conclude about neuroprotective ef-
fects of DHEC in patients with PD.

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy

Based on one Level-I, placebo-controlled trial5, DHEC is EFFI-
CACIOUS in the management of de novo patients with PD. How-
ever, efficacy beyond 3 months is not established at this time.

Adjunct Therapy in L-dopa treated patients
There is only one small, short-term Level-I, lisuride-controlled

study7; therefore, there is INSUFFICIENT EVIDENCE to con-
clude on the efficacy of DHEC in controlling parkinsonism as an
adjunct treatment in L-dopa-treated patients.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the potential

efficacy of the early use of DHEC in reducing the risk of occurrence
of long-term motor complications in de novo patients with PD.

CONTROL OF MOTOR COMPLICATIONS
There is only one small, short-term Level-I, lisuride-controlled

study7, therefore, there is INSUFFICIENT EVIDENCE to con-
clude on the efficacy of DHEC in controlling motor fluctuations in
advanced L-dopa-treated patients with PD.

SAFETY
Based on limited data available, the use of DHEC is ACCEPT-

ABLE WITHOUT SPECIALIZED MONITORING in the man-
agement of patients with PD.

 IMPLICATIONS FOR CLINICAL PRACTICE
Because of the limited clinical studies, DHEC is considered

POSSIBLY USEFUL in the treatment of early PD, but remains
INVESTIGATIONAL in most clinical situations. DHEC may not
be a first-line choice because other dopamine agonists have been
more rigorously tested in clinical studies. However, it can be con-
sidered a treatment option in the management of PD. Therapeutic
doses reported in clinical trials range between 30 mg/day to 60
mg/day. DHEC is only available in selected countries.

IMPLICATIONS FOR CLINICAL RESEARCH
There is no evidence available on the relative efficacy of DHEC

compared to other dopamine agonists. Additional studies are
needed including:
• Well-designed (large studies), long-term, placebo-controlled tri-
als to assess the efficacy of DHEC in patients with early and late PD.
• Long-term, L-dopa-controlled studies in de novo patients to as-
sess the impact of early DHEC treatment on long-term motor com-
plications.
• Long-term studies to assess DHEC on disease progression.
• Comparative trials to assess the relative efficacy of DHEC vs.
other antiparkinsonian medication (e.g. other dopamine agonists,
MAOB, and cox-2 inhibitors).
• Well-designed studies to assess the effects of DHEC on
pharmacoeconomic cost/benefits, quality of life changes, and ef-
fects on mortality in patients with PD.
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DA Agonists - Ergot derivatives: Lisuride

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Lisuride is an alpha-amino-ergoline with D2 receptor agonist
properties and has no apparent D1 receptor effects. Similar to most
ergotamine derivatives, lisuride also has 5-HT2 activity. In animal
models of Parkinson’s disease (PD), lisuride antagonizes reser-
pine-induced akinesia and induces rotation in the unilaterally 6-
OHDA-lesioned rat. Lisuride lowers serum prolactin levels, in-
duces nausea, and lowers blood pressure in healthy volunteers.1

PHARMACOKINETICS
After oral administration, lisuride is absorbed completely from

the gastrointestinal tract. Peak plasma levels are obtained between
60 to 80 minutes, with high individual variation. Terminal half-life
for elimination of lisuride from the plasma is around 2 hours, which
is shorter than most other dopamine agonists. Similar to other er-
gotamine derivatives, absolute oral bioavailability of lisuride is
low due to first pass metabolism ranging between 10 to 20%. 60 to
70% of lisuride is bound to human plasma proteins. Lisuride is
extensively metabolised with more than 15 metabolites identified.

Lisuride has solubility properties similar to apomorphine and
therefore can be given subcutaneously and intravenously.

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
Only one randomized (Level-I) study assessing the effect of

lisuride in L-dopa-naïve de novo PD patients was identified, ac-
cording to the inclusion criteria.

Rinne (1989)2: This was an open-label, parallel-group, L-dopa-
controlled study including 90 patients (mean age 62 years) ran-
domized into 3 different arms: lisuride alone, L-dopa alone, and
lisuride plus L-dopa as early combination. If the therapeutic re-
sponse in the lisuride arm was insufficient after 3 months of treat-
ment, L-dopa could be added to form a second early combination
group. Efficacy was assessed using the CURS (Columbia Univer-
sity Rating Scale). Patients recorded, in a daily diary, the occur-
rence and severity of fluctuations in disability, and were followed
for 4 years. After 3 months of follow-up, lisuride monotherapy
was less effective than L-dopa (daily doses not given) (CURS per-
cent improvement: L-dopa 56% vs. lisuride 32%, p<0.01). After 4
years of treatment, only 17% of the patients were maintained on
lisuride monotherapy. In the other patients L-dopa supplementa-
tion was required. After 4 years of follow-up, early combination of
lisuride (1.1 mg/d) and low-dose of L-dopa (484 mg/d) resulted in

an antiparkinsonian response equal to that achieved with higher
doses of L-dopa monotherapy (668 mg/d) (% improvement CURS:
combination regimen 28% vs. L-dopa 25%). A similar improve-
ment was reported in the group of lisuride-treated patients who
received early L-dopa supplementation after 3 months of treat-
ment (lisuride daily dose = 0.8 combined with 630 mg/d of L-
dopa, % improvement CURS: 29%). For both groups that received
combination therapy, there were significantly fewer end-of-dose
failures and dyskinesias (see “Prevention of Motor Complications”
below). Dopaminergic adverse reactions (digestive, cardiovascu-
lar, psychiatric) were quite similar among the three groups. The
main reason for withdrawal from lisuride treatment was insuffi-
cient therapeutic response. Psychiatric adverse reactions leading
to withdrawal occurred in one patient receiving lisuride
monotherapy and 4 patients receiving combination therapy. Se-
vere nausea, requiring domperidone treatment, was observed in 7
lisuride-treated, 3 combination-treated, and no L-dopa-treated pa-
tients. This study had an overall quality rating score of 44%.

ADJUNCT THERAPY
Lisuride can be added to L-dopa therapy as either an early com-

bination or late combination treatment approach. In this review,
early combination is defined as adding lisuride to L-dopa treat-
ment within the first months in stable, nonfluctuating patients. Late
combination is defined as adding lisuride after patients with motor
fluctuations received several years of L-dopa therapy.

Early Combination Level-I Studies in Stable
L-dopa-treated Patients

Allain et al. (2000)3: This was a randomized, controlled trial
that included 82 recently diagnosed L-dopa-treated patients with
PD (mean duration of L-dopa therapy was 5 months, disease dura-
tion was less than 3 years, Hoehn and Yahr Score less than 3; and
the mean age was 59 years). Patients were randomized to L-dopa
alone (monotherapy; n=41) or L-dopa plus lisuride (early combi-
nation; n=41). The first year of follow-up was double-blind, while
the four consecutive years were open-label. The primary outcome
measures were the change of L-dopa dosage and total UPDRS
score during the “On” period. Long-term motor complications also
were monitored (and described in more detail below: “Prevention
of Motor Complications”). 52 % of patients completed the 5-year
study. The mean daily L-dopa dose escalated to 446.7 mg/day at
month 60 in the monotherapy group compared with 387.5 mg/day
in the early combination group (p<0.001). The total UPDRS score
showed progressive deterioration in the L-dopa group (38.37 at
baseline vs. 48.95 at 60 months) compared with the early combi-
nation group in which the score remained unchanged through 60
months. The number of adverse reactions was greater in the early
combination group than in the L-dopa monotherapy group and
included classical dopaminergic reactions (i.e. psychiatric events,
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insomnia, and gastrointestinal disorders [p<0.02]). This study had
an overall quality rating score of 73%.

Late Combination in Fluctuating Patients
Level-II Studies (Placebo Controlled Studies)

No truly randomized placebo-controlled study met all the in-
clusion criteria. However, one placebo-controlled, double-blind,
within-group comparison study was identified on a small group
(n<20) of heterogenous patients.4 Because of the lack of other
Level-I, placebo-controlled studies, a summary of this trial is in-
cluded in this review.

Gopinathan et al. (1981)4: Eighteen patients with PD were stud-
ied in this trial. The population of the trial was rather heteroge-
neous, as two postencephalitic parkinsonian patients were included
in the study and there were L-dopa-treated and non-treated pa-
tients among those with PD. Most patients reported motor fluctua-
tions in response to therapy. The study was not truly randomized
because it was double-blind, within-patient comparison of lisuride
and placebo. All patients received increasing doses of lisuride un-
til the maximal tolerated dose or 5 mg/d. After 30 days, lisuride
was withdrawn and patients received placebo for a final 10-day
phase of observation. A blind observer scored parkinsonian symp-
toms using a modified CURS. Objective evaluations also included
reaction and movement times. Two of the patients withdrew be-
cause of confusion. Mean improvement in clinical scores (differ-
ence between scores on lisuride and placebo) was reported to be
significantly different in favor of lisuride (total score difference =
4.37, p<0.01). Adverse reactions included psychiatric reactions (n
= 6), drowsiness (n = 9), gastrointestinal symptoms (n = 8), and
light-headedness (n = 11).

Level-I Studies (Active Comparator Studies)
LeWitt et al. (1982)5: As this study is previously reviewed in the

Bromocriptine section, only a brief review is included here. The
study was a double-blind, randomized, cross-over (7-10 weeks per
period of treatment) trial conducted in 28 patients with PD. Opti-
mal doses were 4.5 mg/d for lisuride and 56.5 mg/d for
bromocriptine. Clinical evaluation was carried out from a modi-
fied CURS. The ratings of parkinsonian features were reported to
be similar at the optimal doses for lisuride and for bromocriptine,
but no raw data are presented in the article. A clinical aggregate
score for akinesia (finger dexterity, facial expression, gait, pos-
ture, balance, speech, and arising from sitting) showed a small but
significant difference in favor of bromocriptine (p=0.018; no raw
data are available and the clinical relevance of this small differ-
ence is unclear). Adverse reactions were reported to be similar
between the two treatments. This study had an overall quality rat-
ing score of 59%.

Laihinen et al. (1992)6 (also summarized in the section on
Bromocriptine): This was a double-blind, randomized, cross-over
trial (8-weeks per treatment period with a 2-week wash-out in be-
tween treatments) performed in 20 patients with PD suffering from
deteriorating response to L-dopa and different kinds of fluctua-
tions. Efficacy was assessed using the CURS. Mean optimal daily
dose of lisuride was 1.3 mg/d and bromocriptine was 15 mg/d.
The total CURS improved by 30% with lisuride and 29% with
bromocriptine after 8 weeks of treatment. Adverse reactions were
similar to other dopamine agonists therapy and did not differ be-
tween treatments. This study had an overall quality rating score of
69%.

Battistin et al. (1999)7 (Also described in the section on
dihydroergocryptine): This was a randomized, double-blind, par-
allel group, dihydroergocryptine (DHEC)-controlled study con-
ducted in 68 L-dopa-treated patients PD who were reported as
having an inadequate therapeutic response (mean age approxi-
mately 63 years). The study prematurely discontinued after 1 year
of treatment because there was a high drop-out rate due to adverse
reactions; only 3-month follow-up data are reported. Efficacy was
assessed using the UPDRS score Part IV (dyskinesia + clinical
fluctuations) as the primary outcome (also described below: Con-
trol of Motor Complications). The symptom pattern of the disease
was evaluated using the CURS and the NWUDRS. Eleven pa-
tients (2 DHEC and 9 lisuride) were excluded from analysis be-
cause they dropped out before 1 month of treatment. Intention-to-
treat (ITT) analysis was performed in 57 patients. Lisuride (1.2
mg/d) and DHEC (60 mg/d) both improved parkinsonian disabil-
ity scales (CURS and NWUDRS) and the data presented were lim-
ited to the results of the ITT analysis (no raw values were reported
in the text). In the per protocol analysis, CURS total score im-
proved from 37 at baseline to 26.4 after 3 months with lisuride and
form 36.7 to 26.7 with DHEC (no difference between the 2 groups).
NWUDRS total score improved from 38/9 at baseline to 41.5 at 3
months with lisuride and from 38.7 to 40.9 with DHEC. Adverse
reactions were considerably more frequent with lisuride (67% of
the patients treated with lisuride vs. 25% of those receiving DHEC).
Twenty-three patients discontinued treatment because of adverse
reactions as compared to three in the DHEC group. Specific ad-
verse reactions included hallucinations, gastrointestinal effects, and
hypotension. This study had an overall quality rating score of 80%.

PREVENTION OF MOTOR COMPLICATIONS
LEVEL-I STUDIES

Rinne (1989)2: This study (see also Symptomatic Control of
Parkinsonism) looked at 90 de novo patients with PD who were
openly randomized to 1 of 3 different arms: lisuride alone, L-dopa
alone, or lisuride plus L-dopa as early combination. If the thera-
peutic response in the lisuride arm was insufficient after 3 months
of treatment, L-dopa could be added to form a second early com-
bination group. In this study, no wearing-off and no dyskinesia
were observed after 4 years of treatment in the small subgroup of
patients who could be maintained with lisuride monotherapy (5
patients). In patients that received lisuride plus L-dopa as combi-
nation (in the third month), the risk to develop dyskinesias and
wearing-off was significantly reduced when compared with L-dopa
used at initial monotherapy at higher doses (L-dopa monotherapy
group: 52% end-of-dose failure and 64% peak-dose dyskinesia
vs. both combination groups: 13% end-of-dose failure and 19%
peak-dose dyskinesia; p<0.01 for both complications). This study
had an overall quality rating score of 44%.

Allain et al. (2000)3: As described previously (Symptomatic
Control of Parkinsonism) 82 patients were randomized to receive
L-dopa or early combination of L-dopa plus lisuride. This was an
open-label, parallel group, 5-year study in patients who were re-
cently diagnosed PD and receiving L-dopa for less than 6 months.
Incidence of treatment-related complications were evaluated us-
ing the UPDRS Part IV subscore, which remained low in both
treatment groups: scores increased from 0.49 to 0.96 in the L-dopa
treated group and from 0.32 to 0.73 in the combination group. The
difference was not significant between both treatment groups. This
study had an overall quality rating score of 73%.
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CONTROL OF MOTOR COMPLICATIONS
ORAL FORMULATION LEVEL-I STUDIES

Laihinen et al. (1992)6: This study is reviewed in detailed in the
bromocriptine section. Briefly, this was a double-blind, random-
ized, cross-over (8-weeks per period with a 2-week wash-out in
between) trial performed in patients with PD suffering from a de-
teriorating response to L-dopa and different kinds of fluctuations.
Fluctuations in disability were evaluated, but the method of as-
sessment is not described. There was the same number of patients
reporting beneficial effects on motor fluctuations with both drugs.
In the lisuride treatment group after 8 weeks: 2 patients did not
improve, 4 patients had a minimal improvement, 8 patients reported
a moderate improvement, and 5 patients had a marked improve-
ment. With bromocriptine treatment these numbers were: 1, 4, 8
and 6 for no, minimal, moderate and marked improvement, re-
spectively. This study had an overall quality rating score of 69%.

Battistin et al. (1999)7: This study is also summarized previ-
ously (see Symptomatic Control of Parkinsonism). Briefly, this was
a randomized, double-blind, parallel group dihydroergocryptine
(DHEC)-controlled study conducted in 68 L-dopa-treated patients
PD who were reported as having inadequate therapeutic respon-
siveness. The study was prematurely stopped at 1 year due to the
high drop-out rate caused by adverse reactions; only the 3-month
data are reported. Efficacy was assessed using the UPDRS score
Part IV (dyskinesia + clinical fluctuations) as the primary outcome.
DHEC (60mg/d) was reported to induce a significantly greater re-
duction in UPDRS Part IV than lisuride (1.2 mg/d, 2.5 vs. 4.3 re-
spectively, p<0.05). This study had an overall quality rating score
of 80%.

INTRAVENOUS/SUBCUTANEOUS FORMULATIONS
The relatively short duration of action and its water solubility

characteristics have led to the clinical testing of lisuride by pro-
longed IV infusion. However, lisuride is no longer available in
this formulation, and there were no qualified Level-I studies iden-
tified for inclusion in this review. Several Level-III studies have
been reported in the literature8-13, but are not included in this re-
view.

REVIEW OF SAFETY
According to the literature published to date, lisuride is associ-

ated with the typical dopaminergic adverse drug reactions, includ-
ing gastrointestinal effects, exacerbation of pre-existing dyskine-
sia, cardiovascular effects, and neuropsychiatric reactions. In two
studies, psychiatric adverse reactions were reported more fre-
quently in the lisuride treatment-group than in patients receiving
bromocriptine5 or DHEC.7 However, these short-term studies are
limited and do not permit conclusions on the safety of long-term
use of lisuride. Case-reports of pleuropulmonary fibrosis have been
reported with lisuride similar to adverse reactions associated with
other ergotamine derivative dopamine agonists.14 Episodes of
“sleep attacks” have also been reported in selected patients treated
with lisuride.15

CONCLUSIONS
Level-I studies available to assess the risk/benefit ratio of lisuride

in the treatment of PD are limited (less than 150 patients have
been followed-up from 4 weeks to 5 years), and the quality of
these studies is often moderate. Moreover, in the absence of pla-
cebo-controlled data, a number of important practical issues can

only be addressed based on available Level II or Level III studies.

EFFICACY
PREVENTION OF DISEASE PROGRESSION

There are no studies available that report on the neuroprotective
role of lisuride in PD, therefore, there is INSUFFICIENT EVI-
DENCE to conclude about the efficacy of lisuride regarding
neuroprotection.

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy

Based on one Level-I study2, lisuride is LIKELY EFFICACIOUS
as monotherapy when given early in the course of the PD (this
study had a large dropout group). Lisuride monotherapy is less
efficacious than L-dopa after a few months of treatment, and 50%
of the patients require L-dopa supplementation after 1 year.

Adjunct therapy
Based on one Level-I, placebo-controlled study in patients with

early PD, lisuride is LIKELY EFFICACIOUS as early combina-
tion therapy to L-dopa.3 Based on three small, short-term, low-
quality, active comparator trials5-7, there is INSUFFICIENT EVI-
DENCE to conclude about the efficacy of lisuride as adjunct
therapy in advanced L-dopa-treated patients.

PREVENTION OF MOTOR COMPLICATIONS
Based on conflicting Level-I study results (one positive2 and

one negative3), there is INSUFFICIENT EVIDENCE to conclude
about the efficacy of lisuride in the prevention of motor complica-
tions in patients with PD.

CONTROL OF MOTOR COMPLICATIONS
In the absence of Level-I placebo-controlled studies, and con-

flicting study results of active comparator trials with low quality
ratings6,7, there is INSUFFICIENT EVIDENCE to conclude about
the efficacy of oral lisuride in the management of motor fluctua-
tions.

SAFETY
Oral lisuride treatment carries an ACCEPTABLE RISK WITH-

OUT SPECIALIZED MONITORING. It appears to have a simi-
lar safety profile to other dopamine agonists, although some trials
have reported a greater incidence of adverse events with lisuride.

IMPLICATIONS FOR CLINICAL PRACTICE
In early management and treatment of Parkinson’s disease,

lisuride is POSSIBLY USEFUL as monotherapy or as an adjunct
to levodopa. Its use in advanced Parkinson’s disease patients with
motor fluctuations is INVESTIGATIONAL. (In several European
countries, the drug is marketed as monotherapy and as a levodopa
adjunct.) In most published reports, lisuride is given t.i.d. at a dose
ranging from 1.5 to 4.5 mg/d. The clinical effects of lisuride are
less well documented as compared to other several other DA ago-
nists.

IMPLICATIONS FOR CLINICAL RESEARCH
Lisuride appears to be an agonist with a similar profile to that of

the other ergotamine derivative DA agonists. To assess the clini-
cal efficacy of lisuride, placebo-controlled, randomized studies and
comparative trials with other antiparkinsonian agents are needed.
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DA Agonists - Ergot derivatives: Pergolide

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Pergolide is a synthetic ergoline dopamine (DA) agonist that
acts at both D1-like and D2-like receptors.1,2 Although pergolide
has mixed D1/D2 receptor activity, it has high intrinsic activity at
D2-like receptors, where its effects predominate. Unlike other
ergoline DA agonists (eg. bromocriptine), which has partial D1
effects and thus partially antagonizes D1 receptors (and thereby
reduces cAMP production), pergolide stimulates adenylate cyclase
activity (although only at high concentrations). Pergolide, like most
ergot derivatives, also acts on non-DA receptors.

In vivo, pergolide reduces prolactin plasma levels, reduces blood
pressure and induces contralateral rotation in the rat PD model
with unilateral 6-hydroxydopamine substantia nigra lesion. Puta-
tive neuroprotective properties have been reported in vitro (free
radical scavenger) and in vivo (aged rat) (for review see Yamamoto
[1998]3; Lange et al. [1994]4).

PHARMACOKINETICS
Pergolide pharmacokinetic properties are poorly understood.

Pergolide is rapidly absorbed from the gastrointestinal tract, reach-
ing peak-plasma concentrations within 1 to 2 hours.5 Complete elimi-
nation of a single radiolabelled dose from the body is achieved within
4-5 days, with a mean elimination half-life of about 24 hours. Many
metabolites (at least 10 different ones) can be detected, which do not
appear to be produced by glucuronidation or sulfate conjugation.

REVIEW OF CLINICAL STUDIES
All studies included in this review on pergolide were classified

as Level I (Level II and III studies were excluded).

PREVENTION OF DISEASE PROGRESSION
No studies were identified on the neuroprotective effect of

pergolide in PD. There are two on-going randomized (Level-I),
long-term clinical studies on this topic. One is an English trial,
assessing the clinical effects of low-dose of pergolide. The other
one is a European 3-year study, using PET neuroimaging endpoints,
known as the PELMO-PET study. The preliminary results were
presented at the VIth International Symposium of the Movement
Disorders Society (Barcelona, 2000) and should be published in
the near future. Both trials are not indeed designed to truly assess
neuroprotection, but rather compare relative rates of disease pro-
gression in L-dopa and pergolide groups.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY OR EARLY COMBINATION IN DE
NOVO PATIENTS

Barone et al. (1999)7: This was the only large, randomized (Level

I), parallel-group, double-blind, placebo-controlled, 3-month study
conducted in 105 de novo patients with PD (mean age approxi-
mately 62 years). Efficacy assessments included UPDRS, a CGI
score and the Schwab and England ADL score. The primary out-
come measure for comparison was the number of “responders,”
defined as those patients with a 30% or greater improvement on
the UPDRS motor scale (Part III). At the mean dose of 2 mg/d,
pergolide was more effective than placebo, as demonstrated by
the greater proportion of responders (57% with pergolide vs. 17%
with placebo, p<0.001). All other endpoints (UPDRS overall score,
UPDRS II, Schwab & England ADL score, and CGI) also favored
pergolide. Typical dopaminergic adverse reactions were reported
in this study, and were more frequent with pergolide than placebo
(eg. anorexia, dizziness, nausea, vomiting; p<0.05). Somnolence
was reported in 15% of the pergolide-treated patients and in 6% of
the placebo-treated patients. This study had an overall quality score
of 95%.

Mizuno et al. (1995)7: This study is reviewed in detail in the
bromocriptine section and, therefore, will only be briefly reviewed
below. This short-term (8-week), double-blind study reported re-
sults on the efficacy of pergolide on different types of patients
with PD (newly diagnosed as well as advanced disease). Forty-
nine de novo patients with PD were randomized to pergolide and
49 to bromocriptine. Pergolide (mean dose 1.43 mg/d) and
bromocriptine (mean dose 15.1 mg/d) both improved most of the
outcomes studied (ie. tremor, rigidity, akinesia, retropulsion, short-
step gait, masked face, freezing, hygiene, feeding, and dressing).
There were too many items assessed to report all endpoints in this
summary, and total score is available. Many patients were excluded
from analysis, and the improvement was said to be similar in both
groups. Adverse reactions were also comparable in both groups.
This study had a total quality score of 53%.

The available information about the long-term efficacy of
pergolide when used as monotherapy in early PD patients is even
more limited. The only available information is reported in an open
(Level-III), 2- to 4-year uncontrolled study (Mizuno et al, 1995).
Among 62 de novo patients that received pergolide as initial
antiparkinsonian treatment, L-dopa was added to pergolide in 28
patients at some point during follow-up because of disease progres-
sion with an unsatisfactory response to pergolide. Additional Level-
I data is underway and should be available when the next 3-year L-
dopa-controlled results of the PELMO-PET study are published.

ADJUNCT THERAPY IN L-DOPA-TREATED
PATIENTS

Early Combination
No qualified Level-I studies were identified.

Late Combination
Most studies reporting the results from adjunct treatment with
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pergolide in L-dopa-treated patients with PD have been performed
in patients with motor fluctuations. Several of these studies are
further described in the section Control of Motor Complications.
Only 5 randomized, (Level-I) studies met our inclusion/exclusion
criteria and are described below. One is placebo-controlled, and
four are bromocriptine-controlled.

Placebo-controlled Trials
Olanow et al. (1994)8: This was the only large, Level-I, ran-

domized, parallel group, placebo-controlled study assessing the
effects of pergolide as adjunct to levodopa/carbidopa in 376 pa-
tients with moderately severe dyskinesia or end-of-dose deterio-
ration (mean age = 63 years). The study assessed efficacy over a
6-month period using a new parkinsonian disability score includ-
ing a variety of weighted items including depression, speech, fa-
cial expression, sialorrhea, tremor, rigidity, bradykinesia, finger
taps, rapid alternating hand patting, foot tapping, rising from a chair,
axial posture, stability and gait (maximal score = 356). Other as-
sessment criteria were a weighted assessment of ADL (maximum
score = 100), an assessment of dyskinesia (0-4) and a quantitative
estimate of number of “off” hours. At the study endpoint, pergolide
(mean dose 2.94 mg/d) induced a greater decrease in L-dopa daily
dose than placebo (-25% vs. -5%, respectively, p<0.001). There
was a significant improvement vs. placebo in most assessment
criteria. This was true for total Parkinsonian score: 88 in the
pergolide treatment group vs. 120 in the placebo treatment group
(p<0.001) with an improvement of parkinsonian score of >25%
occuring in 56% of pergolide-treated vs. 25% of placebo-treated
patients (p<0.001). ADL improved significantly more with
pergolide (22.1) than placebo (30.8; p<0.001). Adverse reactions
included dyskinesia, nausea, hallucinations, drowsiness, insom-
nia, and were more frequent with pergolide than placebo. Adverse
reactions led to withdrawal in 9.5% pergolide-treated patients and
4.3% of the placebo-treated patients. This study had an overall
quality score of 83%.

Bromocriptine-controlled Trials
There were four bromocriptine-controlled Level-I trials reported

to date, and they have only moderate quality scores and are briefly
summarized below (see also section on Bromocriptine).

LeWitt et al. (1983)9: This was a double-blind, two-period, cross-
over study conducted in 27 patients with PD. The periods of treat-
ment ranged from 7 to 10 weeks. The mean optimal dose of
pergolide was 3.3 mg/d and that of bromocriptine was 42 mg/d.
With both drugs adjusted to an optimal dose, similar control of
parkinsonism was reported. Adverse reactions were similar in spec-
trum and frequency for each treatment. This study had an overall
quality score of 50%.

Mizuno et al. (1995)7: This short-term, (8-week), double-blind,
parallel group study enrolled 93 PD patients that had “unsatisfac-
tory results on L-dopa therapy” to pergolide (maximum permitted
dose 2.25 mg/d) and 99 patients to bromocriptine (maximum per-
mitted dose 22.5 mg/d). Pergolide (mean dose 1.24 mg/d) and
bromocriptine (mean dose 14.6 mg/d) both improved most of the
endpoints studied. There was no statistical difference between the
treatments. Adverse reactions were comparable in both groups.
This study had an overall quality score of 53%.

Pezzoli et al. (1995)10: This was a single-blinded, 12 weeks,
cross-over study carried out in 68 patients PD who showed a de-
clining response to L-dopa therapy. The optimal daily dosages were

24.2 mg for bromocriptine and 2.3 mg for pergolide. Significant
improvements vs. baseline occurred during both bromocriptine and
pergolide therapy. Direct comparison of the two treatments showed
pergolide to be significantly more effective than bromocriptine in
4 of 5 daily living scores of the NYUPDS, the physical examina-
tion total aggregated score, and several subscores (p<0.05). These
differences were small, and their clinical relevancy is unclear.
Adverse reactions were quite comparable with both treatments.
This study had an overall quality rating score of 57%.

Boas et al. (1996)11: This is a 24-week (12 week per period),
open-label, cross-over study conducted in 33 L-dopa-treated pa-
tients with PD that had suboptimal control of motor fluctuations.
The mean doses of bromocriptine and pergolide at the end of the
titration phase were 21.7 mg/d and 3.6 mg/d, respectively. The
improvement in UPDRS motor examination scores was signifi-
cant over baseline scores with both agents (p<0.05), and the im-
provement was reported to be significantly greater with pergolide
than with bromocriptine (p<0.01). The daily dose of levodopa was
significantly lower with pergolide (-26%) than with bromocriptine
(-10%, p<0.01). The difference of effect between treatments was
however modest and, therefore, the clinical relevance of this dif-
ference in not clear. Adverse reactions were comparable with both
drugs. This study had an overall quality score of 60%.

PREVENTION OF MOTOR COMPLICATIONS
At the time of this report, there is limited published evidence on

the use of pergolide in the prevention of motor complications. No
Level- I trial was identified, and the 3-year data of the L-dopa-
controlled PELMO-PET study has not been published yet. Until
now, the only available data identified comes from the 62 patients
followed-up in an open-label, uncontrolled study (Level III) in 2
to 4 years follow-up period reported by Mizuno and colleagues
(1995)7 (and is described previously in the Section on Symptom-
atic Control of Parkinsonism: Monotherapy). The incidence of the
“wearing-off” phenomenon was reported to be 8.8% in patients
that could be continued on pergolide monotherapy while it reached
42.9% in those who received L-dopa supplementation but it is
possible that the group of patients on pergolide monotherapy might
have had a milder disease. Similarly, dyskinesias were rare during
pergolide monotherapy (14.7%), increasing to 21.5% in patients
who received pergolide plus L-dopa.

CONTROL OF MOTOR COMPLICATIONS
Only two randomized, (Level-I) studies met inclusion/exclusion

criteria. One is placebo-controlled and the other is a bromocriptine-
controlled trial.

Olanow et al. (1994)8: As summarized previously, this was a
Level-I, randomized, parallel-group, placebo-controlled study (see
section on Control of Parkinsonism). Quantitative estimate of the
number of “off” hours per day during the week preceding each
visit was assessed using a diary card. At study endpoint, pergolide
(2.94 mg/d) induced a greater decrease in hours “off” than pla-
cebo (pergolide: from 5.6 hours at baseline to 3.8 hours at final
visit vs. placebo: from 5.2 hours at baseline to 5.0 hours at final
visit, p<0.001).

Mizuno et al. (1995)7 (also see section on Bromocriptine): This
study is reviewed in the Bromocriptine section and therefore only
summarized briefly. This was an 8-week, double-blind, parallel-
group study conducted in with PD who had an “unsatisfactory
results on L-dopa therapy.” 93 patients were randomized to
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pergolide (maximum permitted dose 2.25 mg/d) and 99 were ran-
domized to bromocriptine (maximal permitted dose 22.5 mg/d).
Efficacy was assessed using a simplified rating scale consisting of
a 5-grade rating score, one of which assessed the severity of the
wearing-off phenomenon. The wearing-off phenomenon with
bromocriptine treatment (mean score reduction from 3.6 at baseline
to 3.2, p<0.01) was similar to pergolide treatment (mean score re-
duction from 3.6 at baseline to 3.1, p<0.001).

REVIEW OF SAFETY
Pergolide is associated with adverse reactions similar to those

reported with other dopaminergic agonists (eg. nausea, vomiting,
hypotension, and psychosis). Dyskinesia is exacerbated when
pergolide is added to L-dopa therapy. There is a lack of evidence
that the early use of pergolide can delay or reduce the risk of oc-
currence of motor complications (eg. dyskinesia or wearing-off).
The results from the PELMO-PET study should help address these
clinical issues.

As with other ergot derivatives, case-reports of pleural pulmonary
fibrosis have been published in patients receiving pergolide.12-14

Several cases of “sleep attacks” have been reported with
pergolide.15,16 There is some debate if “sleep attacks” are less fre-
quent with pergolide than with other dopamine agonists, like
pramipexole and ropinirole, but in the absence of well-conducted
epidemiological data, this remains uncertain.

Pergolide does not seem to have an effect on life expectancy,
but data on mortality is limited. There is one open-label, retro-
spective, uncontrolled analysis of mortality data from clinical tri-
als involving 1330 patients with PD that received pergolide as an
adjunct to L-dopa.17 When compared to the general population of
the same gender, age and race, the ratio of observed to expected
deaths (over the same period of observation) was 2.3.

CONCLUSIONS
In spite of its long and wide use in many countries, the amount

of available Level-I evidence supporting the efficacy and safety
of pergolide remains limited (less than 200 patients followed-up
for less than 6 months). Specifically, there are only two large, pla-
cebo-controlled studies (one in de novo and one in L-dopa-treated
patients).

EFFICACY
PREVENTION OF DISEASE PROGRESSION

There are INSUFFICIENT EVIDENCE to determine the effi-
cacy of pergolide in the prevention of disease progression in pa-
tients with PD.

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy

On the basis of one recent randomized, placebo-controlled
study6, pergolide is considered EFFICACIOUS in the treatment of
de novo patients with PD. However, efficacy beyond 3 months is
not established at this time (but, studies are underway).

Adjunct Therapy
On the basis of one placebo-controlled study8, pergolide is con-

sidered EFFICACIOUS for the treatment of parkinsonism as an
adjunct therapy to L-dopa in patients with PD and motor fluctua-
tions. There is INSUFFICIENT EVIDENCE to conclude on the
efficacy of the early combination of pergolide to levodopa in stable

PD patients. Efficacy for long-term management beyond 6 months
has not been established in randomized, controlled trials. Like other
agonists, pergolide allows reduction of the daily dose of L-dopa.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to determine the efficacy

of pergolide regarding prevention of motor complications in pa-
tients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

Based on one placebo-controlled, Level-I study8, pergolide is
EFFICACIOUS in controlling motor fluctuations.

SAFETY
Studies reviewed above show that the use of pergolide has an

ACCEPTABLE RISK WITHOUT SPECIALIZED MONITOR-
ING. There is no evidence that this risk is different from that of the
other available dopamine agonists (see section on Bromocriptine).

IMPLICATIONS FOR CLINICAL PRACTICE
Pergolide has been available in clinical practices longer than many

of the newer DA agonists providing good clinical experience with
this drug, but it has been less rigorously studied in clinical trials.
Based on the evidence available to date, pergolide is CLINICALLY
USEFUL as initial, short-term (3 months), monotherapy in de novo
patients with PD for the treatment of parkinsonism, and as adjunct
therapy in L-dopa-treated patients with PD.

In most published clinical trials, pergolide was used at a mean
daily dose between 1.5 mg/day and 3.5 mg/d, with a t.i.d. regimen.

There are no studies demonstrating unequivocal superiority of
pergolide over bromocriptine. Regarding patient management, an
equivalency ratio has been proposed of 1:10 with appropriate ti-
tration around this dosage. To date, no other comparative studies
are available comparing pergolide to other dopamine agonists.

IMPLICATIONS FOR CLINICAL RESEARCH
• Pergolide effects on long-term clinical outcomes and disease

progression are needed (ie. The PELMO-PET study is ongo-
ing).

• Active comparator trials evaluating the relative efficacy of
pergolide to other DA agonists and other antiparkinsonian
agents, like MAO-B and COMT inhibitors are needed.

• Pharmacoeconomic studies are needed to compare the cost ben-
efits between the different DA agonists.

• Long-term data on the impact of pergolide on quality of life
and mortality are needed.
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DA Agonists - Non-Ergot derivatives: Apomorphine

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Apomorphine is a dihydro-aporphine synthesized by  reducing
morphine with hydrochloric acid to a chlorhydrate, which is rap-
idly oxidized when in contact with air.1 Apomorphine is a mixed
D1 and D2 agonist, and is ten times more potent than dopamine. It
has the same affinity for D1 and D2-like receptors and has a high
affinity for D3 receptors.1

In healthy volunteers, apomorphine induces typical dopaminer-
gic effects (eg. hypersalivation, hypotension, nausea, vomiting)
and has marked sedative effects.

Recently, apomorphine has been shown to have antioxidant and
potentially neuroprotective properties in in vitro and in vivo mod-
els of Parkinson’s disease (PD).2,3 In patients with PD, subcutane-
ous apomorphine induces  an “on” state within 10 to 15 minutes,
comparable in amplitude to the L-dopa-induced “on” response.

PHARMACOKINETICS
After oral administration, apomorphine is completely absorbed

from the gastrointestinal tract but, due to pronounced metabolic
inactivation of the compound on first passage by the liver (first
pass effect), orally administered apomorphine is, for the most part,
not bioavailable. Due to this pharmacokinetic profile, apomorphine
in not efficacious when administered orally. Therefore, this route
of administration is not used in clinical practice.

There are no pharmacokinetic investigations with apomorphine
in healthy volunteers, and the only available data were obtained in
patients with PD. After subcutaneous injection, the maximal apo-
morphine plasma level (Tmax) is obtained within 10 minutes and
shows large variations among individuals. The plasma elimina-
tion half-life is approximately 35 minutes. Apomorphine is 95%
bound to plasma proteins. The most important mechanism of apo-
morphine inactivation in vivo is glucuronidation and subsequent
excretion of conjugates via the kidney. Methylation as well as
demethylation is another catabolic route, with theoretical poten-
tial interactions with COMT inhibitors.

Apomorphine is generally used subcutaneously in clinical prac-
tice. This route of administration is associated with rapid onset of
antiparkinsonian effects and circumvents difficulties with erratic
gastric emptying and intestinal absorption. An injectable pen for
apomorphine, similar to those used with insulin, is available in
some countries. Chronic infusion with an ambulatory mini-pump
is possible as well.

Apomorphine has also been tested for sublingual, intranasal,
and rectal administration in an attempt to circumvent the problem
of first pass metabolism through the liver.

REVIEW OF CLINICAL STUDIES WITH
SUBCUTANEOUS APOMORPHINE
PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY OR EARLY COMBINATION IN DE
NOVO PATIENTS

In de novo patients with early parkinsonism, acute subcutane-
ous challenges with apomorphine monotherapy have been pro-
posed to test the dopaminergic responsiveness of the motor symp-
toms in order to help clinicians in differential diagnosis between
“idiopathic” Parkinson’s disease and other parkinsonian syn-
dromes4. However, in early PD the sensitivity and specificity of
this test is low and remains debated. There is no long-term, ran-
domized controlled trial for subcutaneous apomorphine in PD, and
the only present therapeutic indication for subcutaneous apomor-
phine is to help control severe “on/off” oscillations in L-dopa-
treated patients who have received other oral treatments (eg. DA
agonists, MAO-B inhibitors, COMT inhibitors) without sufficient
improvement. Consequently no study qualifying for this indica-
tion was identified.

ADJUNCT THERAPY IN L-DOPA-TREATED
PATIENTS

Early Combination
No qualified studies were identified.

Late Combination
Level-II Studies

No Level-I studies qualifying for inclusion in this review were
identified. One short (less than 4 weeks of follow-up) controlled
trial was identified. It is not clear from the text if this study was
truly randomized or not and, therefore, it is considered a Level-II
trial. It is incorporated in this review in the absence of randomized
Level-I information.

Duby et al. (1972)5:  Thirty-one patients with parkinsonism were
studied in three different treatment regimens: 17 received subcu-
taneous acute challenges with apomorphine without concomitant
L-dopa treatment; 20 received apomorphine with oral L-dopa; and
6 with and without L-dopa. Some patients participated in more
than one treatment regimen. This review summarises the results
from patients “off” L-dopa therapy. In a double-blind, placebo-
controlled comparison, each patient received 2 to 5 single injec-
tions of apomorphine or sodium chloride solution 60 to 90 min-
utes after a standard breakfast. Tests were initiated with 0.5 or 1.0
mg of apomorphine, and increased as tolerated. No domperidone
pre-treatment was administrated. Efficacy was assessed with a
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“non-validated” method using “grading of parkinsonian signs and
of choreoathetoid involuntary movements”. The report does not
specify the order of the injections as truly random, but assessments
were made in a double-blind fashion. Placebo treatment in 11 pa-
tients (15 tests) reduced scores by no more than 10% (mean effect
= 1.2±1.2%). Maximum benefit with apomorphine was reported
between 40 to 60 minutes after injection. Six of 11 patients “off”
L-dopa showed improvement in overall parkinsonian score by more
than 23%. Similar trends were reported in the other arms of the
trial performed in patients receiving L-dopa therapy. Reported
adverse drug reactions included nausea, vomiting, orthostatic hy-
potension, pallor, sweating, and dizziness, among others.

Level-III Studies
Because of the paucity of Level-I and Level-II information,

Level-III studies with more than 20 patients followed up for more
than 4 weeks assessing quantitatively the effects of apomorphine
on parkinsonian symptoms were also considered. Only two stud-
ies qualified for inclusion in this review.

Ostergaard et al. (1995)6: This is a short-term (4-day) random-
ized, placebo-controlled, double-blind, cross-over trial, assessing
the duration of “off”periods when apomorphine was given as sub-
cutaneous injections by a single use pen (see section on Control of
Motor Complications). However, this 4-day randomized trial was
(1) preceded by an open evaluation of the dopaminergic response
of various parkinsonian symptoms to apomorphine through an
acute apomorphine test, and (2) followed by an 8-week open-la-
bel extension when UPDRS scores were recorded. Twenty-two
patients with PD and severe “on-off” phenomenon entered the
study (mean age = 59 years, mean PD duration = 10 years, mean
duration of L-dopa therapy = 8 years).

Results from the apomorphine test:  21 out of 22 patients were
evaluated, and four variables were assessed immediately and 30-
45 minutes after each injection (rigidity, tremor, time to make 20
hand turnings and time to walk 7 meters and back). A positive test
was defined as a significant effect in at least two of the four tests
(minimum 25% reduction for tremor or rigidity and minimum 33%
reduction in hand turnings or walking). 20 out of 22 patients ful-
filled the criteria for a positive response. The optimal dose of apo-
morphine was 3.4 (0.8-6.0) mg.

During the 8-week extension period, Activity of Daily Living
(part II) was assessed for “off” period only and Motor Examina-
tion (part III) was assessed during an “on” period only, at baseline
and at endpoint. This allowed, in theory, assessment of the response
of parkinsonian symptoms to apomorphine in L-dopa-treated pa-
tients (screening versus 8-week). Fourteen out of the 22 patients
terminated the 8-week follow-up. There were only modest changes
in UPDRS scores. UPDRS part II (off) was 18.3 (7.0-27.0) at
screening and 13.2 (5.0-22.0) at week 8. UPDRS part III (on) was
9.8 (1.5-22.2) at screening and 6.7 (1.0-14.4) at week 8. No statis-
tical comparisons were provided. One explanation why no major
UPDRS differences were reported in this part of the trial is be-
cause of the short duration of action of subcutaneous injections of
apomorphine. This pharmacological feature suggests that the drug
may be useful to reduce the duration of “off” periods (see section
on “Control of Motor Complications”). It is unlikely that any re-
sidual effect of apomorphine is observed once the patient has
switched back to “off”. Similarly, when “on”, it is difficult to
achieve an additive effect of apomorphine to L-dopa if the timing
of assessment relative to dosing is not carefully monitored. The

situation is markedly different for continuous apomorphine infu-
sion (see below7).

Pietz et al.19987: This study is also reviewed below in greater
details (see section “Control of Motor Complications”). Briefly,
out of 60 patients with advanced Parkinson’s disease, (age range
42-80 years), 49  were treated for 3 to 66 months with intermittent
subcutaneous injections or continuous infusions of apomorphine.
The principle assessment outcome measure was “time spent off”
as assessed with diaries, but the Hoehn and Yahr and Schwab and
England scales were also recorded, allowing an estimate of the
effects of apomorphine on the parkinsonian syndrome itself. No
UPDRS assessment was performed.

25 patients were treated with continuous infusion (median 44
months follow-up) . The median Hoehn and Yahr stages signifi-
cantly improved in both “on” (before apomorphine 3.0; on apo-
morphine 2.5; p=0.02) and “off” condition” (before apomorphine
4.5; on apomorphine 4.0; p<0.01) while the levodopa treatment
could be reduced in most patients (24 out of 25 in the continuous
infusion group). The baseline dose of L-dopa was 900 mg/d and
dropped to 450 mg/d and 8 patients stopped L-dopa completely.
The total daily dose of apomorphine at the end of follow-up was
116 mg. The Schwab and England scale also improved in the “on”
condition “ (before apomorphine 70%; on apomorphine 80%;
p<0.01) as well as in the “off” condition “ (before apomorphine
40%; on apomorphine 50%; p<0.01).

In the same study,  24 patients were also treated with non-con-
tinuous subcutaneous injections of apomorphine for more than 2
months (median 22 months). The Hoehn and Yahr staging in the
“on” and “off” condition did not show any significant change. For
the Schwab and England score there was a significant improve-
ment in “off” but not in “on” (before treatment 60%; on apomor-
phine 70%; p=0.027)

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified for the use of apomorphine

in prevention of motor complications.

CONTROL OF MOTOR COMPLICATIONS
No Level-I studies qualified according to our inclusion criteria.

However, one smaller and shorter randomized (Level-I) and few
non-randomized, uncontrolled (Level-III) trials enrolling more than
20 patients with a 4 week follow-up period were identified and
have therefore been incorporated in this section for review.

Level-I Studies
Ostergaard et al. (1995)6: (see also section on “Symptomatic

Control of Parkinsonism” as an adjunct in L-dopa-treated patients).
This is a randomized, placebo-controlled, double-blind, cross-over
trial, with a short scheduled 4-day period of apomorphine treat-
ment and 4-day period of placebo. Domperidone pretreatment was
used (60mg/d). Apomorphine was given as subcutaneous injec-
tions by a single use pen. Apomorphine dose was optimized for
each patient before the study, and the maximum single dose al-
lowed was 12 mg.  22 patients with PD and severe “on-off” phe-
nomenon entered the study (mean age = 59 years, mean PD dura-
tion = 10 years, mean duration of L-dopa therapy = 8 years). Sev-
enteen patients participated in the cross-over design. Number, du-
ration and severity of “off” periods were recorded by a staff mem-
ber who monitored patients for 8 hours a day, for 2 days during
each cross-over phase. Changes of oral antiparkinsonian medica-

DA Agonists - Apomorphine



S85

Movement Disorders, Vol. 17, Suppl. 4, 2002

tions were “discouraged”. Apomorphine, at the mean dose of 3.9
mg (1 to 8 mg), had a significant and superior effect versus pla-
cebo in reducing both severity and duration of “off” periods: apo-
morphine caused a 58% reduction in the mean daily duration of
“off” periods compared with placebo (apomorphine: 2 hours “off”
vs. placebo: 4.8 hours “off”  during 8-hours of observation,
p<0.0001). The severity of the “off” periods also improved with
apomorphine, while the number of “off” periods increased possi-
bly due to a fragmentation of otherwise longer “off” periods. Apo-
morphine increased the patients’ feeling of freedom. The study
was extended to include an open label, 8-week follow-up period.
After this follow-up period, the clinical effects were unchanged.
Eight patients dropped out due to hypotension, unsatisfactory ef-
fect or lack of motivation. The main adverse reactions were invol-
untary movements, nausea, orthostatic hypotension and subcuta-
neous nodules.

Level-III Studies
Frankel et al. (1990)8 included 57 L-dopa-treated patients with

PD who had refractory “off” period disabilities. Patients  received
subcutaneous apomorphine for 16 months. Thirty patients (mean
age = 59 years, mean PD duration = 15 years, mean duration of L-
dopa therapy = 13 years) were given intermittent suprathreshold
injections for 13.5 months. The time spent “off” fell from 6.9 to
2.9 hours (diary records, p<002). Similarly, 21 patients (mean age
= 59 years, mean PD duration = 18 years, mean duration of L-
dopa therapy = 16 years) received continuous apomorphine infu-
sion for 22 months and the time spent “off” decreased from 9.9 to
4.5 hours (p<0.01). Six patients were reported as failures (severe
disability during “on” periods). The incidence of neuropsychiatric
side effects was 7%. All patients on continuous infusions devel-
oped nodules at the needle sites. Most patients initially reported
mild drowsiness and nausea.

Hughes et al. (1993)9: This study reports the results of 71 pa-
tients treated with subcutaneous apomorphine who received con-
tinuous waking-day infusion with boluses or repeated intermittent
injections for 1 to 5 years. It is not clear if this study includes pa-
tients reported in the previous clinical report.8 The reduction in
daily “off” period time was approximately 50% (diary records),
but increasingly severe on-phase dyskinesia and postural instabil-
ity marred the long-term therapeutic response in many patients.
No significant tolerance or loss of therapeutic effect was reported.

Colzi et al.( 1998)10  This study reports the long-term follow-up
(minimum duration of 2.7 years) of 19 PD patients with unpredict-
able “on-off” and severe dyskinesia treated with continuous sub-
cutaneous apomorphine. L-dopa was slowly, but steadily, re-
duced with a concomitant increase in apomorphine dosage. Nine
patients stopped L-dopa therapy, while the others continued to take
an early morning dose and/or a nocturnal controlled release dose.
A mean 65% reduction in dyskinetic severity and a mean 85%
reduction in frequency and duration occurred. On discontinuation
of L-dopa, a concomitant reduction in “off” period time was also
seen (35% to 10% of waking day “off”). Most patients experi-
enced abdominal cutaneous nodules at the needle site and four
developed abdominal wall scaring with ulcerations. Neuropsychi-
atric effects were seen in three patients.

Pietz et al. (1998)7 (see also above section “Control of Parkin-
sonian Symptoms in patients already treated with L-dopa): 60 pa-
tients with advanced Parkinson’s disease were included in this
study, of whom 49 (age range 42-80 years) were treated for 3 to 66

months with intermittent subcutaneous injections or continuous
infusions of apomorphine. The 11 other patients dropped out after
a test period of 2 months due to psychiatric side effects (n=3),
insufficient effect (n=3), technical difficulties in handling the equip-
ment (n=2), hemolytic anaemia (n=1), death from unrelated rea-
son (n=1) and participation in another trial (n=1). Efficacy was
assessed by a specialized nurse who recorded “off” and “on” and
“on with dyskinesia” every 30 minutes during the awake part of
the day for at least 2 days before treatment, and for 4-8 hours at
every evaluation visit. Dyskinesias were also estimated according
to the Obeso scale. The patients completed “on-off” diaries for at
least 1 week before each follow-up visit.

Twenty-five patients were treated with continuous infusion (me-
dian 44 months follow-up). The daily time in “off” was reduced
from 50% (baseline) to 25% (p<0.001). Other outcome measures
(Hoehn and Yahr, Schwab and England) were also improved. The
L-dopa treatment was reduced in most patients (24 out of 25 in the
continuous infusion group). Baseline dose was 900 mg/d and
dropped to 450 mg/d, and 8 patients stopped L-dopa completely.
The total daily dose of apomorphine at the end of follow-up was
116 mg. Five patients stopped treatment because of psychiatric
side effects (n=3) and insufficient effect (n=2). Time spent “off”
was reduced from 50% at baseline to 25%. Overall dyskinesias
were reported unchanged (severity improved in 7 patients, un-
changed in 9 patients and worse in 9 patients; duration decreased
in 5 patients, unchanged in 12 and increased in 8 patients). The
Obeso dyskinesia scale had an intensity score of 2.2 (range 0-4)
and a duration score of 1.7 (0-3) before treatment and of 1.9 (0-4)
and 1.5 (0-3) respectively on apomorphine. Local irritations (nod-
ules) were reported in all patients, with abscess in one case and
necrotic areas in other patient. Other adverse events were orthos-
tatic hypotension, urinary urge, diarrhea, nausea, hyperlibido. Psy-
chiatric changes were seen in 11 patients (psychosis, hallucina-
tions, illusion, and  confusion).

Twenty-four patients were treated with subcutaneous injections
of apomorphine for more than two months (median 22 months).
Time spent “off” was reduced from 50% at baseline to 30% on
apomorphine (p<0.001). Changes in other outcome measures
(Hoehn and Yahr and Schwab and England scores) were less con-
clusive. The mean L-dopa daily dose remained unchanged, but
the number of doses a day increased from 7 to 10. Dyskinesia
intensity and duration were reported to be inconsistently influenced
by apomorphine (intensity improved in 2 patients, worse in 3 and
unchanged in 19; duration decreased in 2 patients, unchanged in
19 and increased in 3). The mean Obeso score in “on” with and
without apomorphine was unchanged (intensity score 1.7 (0-4)
before apomorphine and 1.6 (0-4) after apomorphine; duration
score 1.3 (0-3) before apomorphine and 1.4 (0-3) after apomor-
phine). The most frequent side effects were nausea (n=8) and ortho-
static hypotension (n=4). Two patients developed hallucinations
and one reported confusion.

REVIEW OF CLINICAL STUDIES WITH
OTHER ROUTES OF ADMINISTRATION
OF APOMORPHINE

INTRANASAL APOMORPHINE
No Level-I studies were identified that fulfilled all the inclusion

criteria needed for this review. However, one small (less than 20
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patients per treatment group) and short (less than 4 weeks of fol-
low-up) randomized, double-blind, placebo-controlled, cross-over
trial studied the clinical efficacy of intranasal apomorphine as res-
cue therapy for PD in the “off” states. 11

Dewey et al. (1998)11: This study was a 2-week trial (2-week
study period separated by a 1-week wash-out period) done in 9
patients with PD (mean age = 61 years; mean disease duration =
12.6 years). Patient diary records revealed that intranasal apomor-
phine (4.1mg / administration) had a latency to onset effect of 11
minutes and a duration of action of 50 minutes. Intranasal apo-
morphine adverse reactions included nasal irritation (n = 3), dys-
kinesia (n = 4), nausea (n = 2), and yawning (n = 2).

Few other small and short-term Level-III trials (involving less
than 20 patients) have also been published with intranasal apo-
morphine12-14 and are available in the literature for further review.

SUBLINGUAL APOMORPHINE
No Level-I study fulfilling our inclusion criteria qualified for

review, however one small study is included (performed in less
than 20 patients) that reported the results of sublingual apomor-
phine as rescue therapy for PD off-states (Ondo et al.1999).15

Ondo et al. (1999)15: This is a double-blind, placebo-controlled
study that enrolled ten patients with PD who had motor fluctua-
tions. After having a defined optimal acute dose of sublingual apo-
morphine, patients underwent efficacy assessment using timed
motor tasks (finger tapping, walking). At the dose of 40 mg, apo-
morphine improved tapping speed (31% over placebo) and
ambulation speed (45% over placebo) (p<0.05). Onset of effect
occurred within 20 minutes in 7 patients and within 40 minutes in
the remaining 3 patients. Eight of 10 patients found the taste dis-
agreeable. One had nausea and another patient presented with
orthostatic hypotension.

There are also in the literature other small (less than 20 patients),
short-term (less than 4 weeks), open-label studies (Level III) as-
sessing the pharmacokinetics and clinical effects of apomorphine
when administered via sublingual administration.16-20

OTHER ROUTES OF ADMINISTRATION
There are a few additional studies reporting efficacy and toler-

ability of other routes of administration of apomorphine, but none
qualified for inclusion in this review.21,22

REVIEW OF SAFETY
Similar to other DA agonists, apomorphine can induce nausea

and vomiting, hypotension, psychosis and sexual dysfunction (ie.
hypersexuality; frequent erections). The use of domperidone co-
administration reduces the severity of the “peripheral” digestive
and cardiovascular dopaminergic adverse reactions. Subcutane-
ous nodules at the injection site are frequent and sometimes pain-
ful and may become infected. It is likely that this adverse reaction
is related to the intrinsic physical properties of the compound, since
problems of local toxicity have been reported at any site of apo-
morphine administration (subcutaneous, sublingual, and intrana-
sal). The reports of hypersexuality due to apomorphine have led
to its expanded clinical use to treat sexual dysfunction and impo-
tency.

Although apomorphine is a derivative of an opiate component,
there is no evidence associating apomorphine with addiction.

Rare Combs-positive haemolytic anemia, especially in patients
receiving continuous subcutaneous infusions, have been reported,

and the usefulness of blood count monitoring for this purpose re-
mains uncertain.23,24

CONCLUSIONS
The evidence related to the use of apomorphine in the treatment

of Parkinson’s disease is based on a limited number of open-label,
Level- III studies, enrolling small numbers of patients. Some of
these patients have been followed-up for several years.

EFFICACY
PREVENTION OF DISEASE PROGRESSION

There is INSUFFIENCT EVIDENCE to conclude on the effi-
cacy of apomorphine in the prevention of disease progression.

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy or early combination in de novo

patients
For diagnostic purposes, apomorphine has been proposed as a

way to test the dopaminergic responsiveness of parkinsonian symp-
toms in patients with early parkinsonism9 but has low sensitivity
and specificity. In the absence of controlled studies and long-term
follow-up data, there is INSUFFICIENT EVIDENCE to conclude
on the efficacy of apomorphine in de novo patients with Parkinson’s
disease.

Adjunct therapy in L-dopa-treated patients
Continuous subcutaneous infusion of apomorphine is consid-

ered LIKELY EFFICACIOUS for controlling parkinsonian symp-
toms in patients with advanced PD who are already on L-dopa
therapy. This conclusion is based on open-label, Level-III trials
reporting that L-dopa therapy can be substantially reduced, or even
stopped (without deterioration of symptoms in some patients, and
improvement in other patients) when patients are treated with apo-
morphine pumps. There is INSUFFICIENT EVIDENCE to con-
clude on apomorphine efficacy as an adjunct to levodopa for early
treatment of PD in patients without motor fluctuations.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFIENCT EVIDENCE to conclude on the effi-

cacy of apomorphine in the prevention of motor complications.

CONTROL OF MOTOR COMPLICATIONS
Subcutaneous apomorphine (continuous infusion or pen jet in-

jections) is considered LIKELY EFFICACIOUS in the control of
motor fluctuations in patients with advanced PD who have severe
“on-off” problems. This conclusion is based on one small, short-
term, placebo-controlled study6 and several Level-III trials report-
ing that subcutaneous apomorphine can (1) switch patients with
PD from the “off” to the “on” condition with an amplitude of the
response  comparable with that of L-dopa and (2) reduce the dura-
tion of “off” periods.

In spite of one encouraging small long-term level III study10,
there is INSUFFICIENT EVIDENCE to conclude about the effi-
cacy of apomorphine (continuous infusion) on the long-term man-
agement of L-dopa-induced dyskinesias.

Although similar response rates are observed for the sublingual
and intranasal administrations compared to subcutaneous admin-
istration, strong Level-I evidence is lacking, and therefore, alter-
native routes of administration of apomorphine (eg. sublingual,
intranasal) are LIKELY EFFICACIOUS in controlling motor fluc-
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tuations but poorly tolerated in practice. Pharmacokinetic param-
eters must permit plasma concentrations to reach adequate levels
to achieve this therapeutic goal.

SAFETY
The use of apomorphine has an ACCEPTABLE RISK, WITH-

OUT SPECIAL MONITORING, if accompanied by domperidone
administration in order to reduce the severity of “peripheral” di-
gestive and cardiovascular dopaminergic adverse events. How-
ever, the complex use of the subcutaneous route of administration,
specially that of continuous pumps, requires a trained referring
center to adequately manage the patients.

IMPLICATIONS FOR CLINICAL PRACTICE
As “rescue therapy” for patients with sudden, unexpected and

resistant “off” periods, the evidence available (mainly restricted
to Level III consistently reporting improved parkinsonism scores
to a degree comparable to levodopa) is considered sufficient to
conclude that subcutaneous apomorphine is POSSIBLY USEFUL.
Because of the alternate route of administration and complexity of
treatment paradigms, apomorphine is often restricted to complex
and difficult to manage patients. Apomorphine should be adminis-
tered by physicians experienced with the drug and managing these
complex patients. Dose ranges vary and single injections range
between 2-6 mg. This is consistent with a 0.5 to 4 mg/h for con-
tinuous infusion. A caregiver is needed who will be able and will-
ing to administer treatment, which may be difficult to do when
patients are in the “off” periods.

Until additional studies are done, the use of apomorphine given
through other routes of administration (other than the subcutane-
ous) remains INVESTIGATIONAL.

IMPLICATIONS FOR CLINICAL RESEARCH
• Randomized controlled studies are needed to assess the useful-
ness of subcutaneous apomorphine vs. other treatments (like deep
brain stimulation and other forms of surgery usually recommended
to improve severe motor fluctuations).
• Further controlled studies are needed to establish the potential
long-term benefit of apomorphine continuous subcutaneous infu-
sion on dyskinesia.
• Interaction between apomorphine and COMT inhibitors should
be studied in patients with PD.
• Additional trials are needed to assess the efficacy and safety of
routes of apomorphine administration that are more practical (eg.
sublingual formulations) than subcutaneous injections.
• Studies should be done to assess the usefulness of monitoring
changes of blood cells during chronic treatment with apomorphine.
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DA Agonists - Non-Ergot derivatives: Piribedil

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Piribedil is a non-ergot derivative D2/D-3 agonist1 with alpha-2
antagonistic effects2. Piribedil is effective in reversing parkinso-
nian symptoms in the MPTP-treated primate3. The clinical effects
of piribedil cause lower prolactin plasma levels and blood pres-
sure, and induces nausea. There is also some evidence that piribedil
has neuroprotective effects in experimental models4.

PHARMACOKINETICS
Piribedil is administered orally, Tmax is reached within 1 hour,

and it has a relatively long plasma elimination half-life (20 hours).
Piribedil solubility allows it to be used intravenously for experi-
mental purposes or acute challenge tests.

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
No qualified Level-I studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
No Level-I clinical trial was identified, as based on the predefined

inclusion criteria. There is a large randomized placebo-controlled
study presently on-going. However, at the moment, only one un-
controlled, Level-III trial was identified5. It will briefly be reviewed
here in the absence of other available published evidence.

Rondot et al. (1992)5: This is an open-label, 3-month study as-
sessing the efficacy of piribedil in 113 de novo patients with PD.
The Webster scale was used to assess efficacy. Twenty-tree pa-
tients dropped-out prematurely, and analysis was performed in the
90 patients who completed the study. In these patients, piribedil,
at a mean dose of 207 mg/d, improved the Webster scale by 41%
(p<0.001). Adverse reactions were consistent with those of any
D2 agonist (eg. digestive, cardiovascular, psychiatric).

ADJUNCT THERAPY
No qualified studies were identified. The publication of a re-

cently conducted randomized placebo-controlled study in stable
levodopa-treated PD patients is expected.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified. There is an on-going 2-

year levodopa-controlled extension of the placebo-controlled study
mentioned in the section on Control of Parkinsonism as
Monotherapy.

CONTROL OF MOTOR COMPLICATIONS
No qualified studies were identified.

REVIEW OF SAFETY
Based on the limited amount of available data and its long use

in clinical practice in several countries, it appears that adverse re-
actions associated with piribedil are similar to other dopamine
agonists in this class of drug including gastrointestinal cardiovas-
cular and neuropsychiatric events. One case report of possible
“sleep attacks” in a patient on piribedil has recently been reported.6

CONCLUSIONS
EFFICACY, SAFETY AND IMPLICATIONS

FOR CLINICAL PRACTICE
According to the paucity of Level-I data and the lack of studies

published that met inclusion criteria, there is INSUFFICIENT EVI-
DENCE to conclude about the efficacy, safety and implications
for clinical practice of piribedil. Level-I studies are ongoing, and
future recommendations will be based on these forthcoming re-
ports.

IMPLICATIONS FOR CLINICAL RESEARCH
• There is a clear need to conduct modern, randomized, controlled,
well-designed trials to assess the benefit/risk ratio of piribedil in
the treatment of PD.
• Pharmacoeconomic studies are needed to compare the cost ben-
efits of piribedil to other treatments in this class of drug and also to
other medications used to treat PD.
• Studies that specifically assess the impact of piribedil on qual-
ity of life and the effect on mortality are also needed.
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DA Agonists - Non-Ergot derivatives: Pramipexole

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Pramipexole is an orally active, non-ergoline, dopamine ago-
nist.1 In vitro and in vivo studies have shown that it is a full agonist
for the D2 receptor subfamily, with preferential affinity for the D3
receptor subtype.2 Pramipexole also has some D2 affinity, but has
a very low affinity for other non-DA receptors, except some ef-
fects on alpha-2 receptors. Pramipexole produces an improvement
in Parkinson-like signs in MPTP-treated primates. Like other D2
agonists, pramipexole decreases prolactin secretion and induces
nausea and hypotension in healthy volunteers. Pramipexole has
been shown to have potential neuroprotective effects in vitro and
in vivo.3 Putative antidepressant properties also have been consid-
ered for pramipexole.4

PHARMACOKINETICS
Pramipexole is rapidly and completely absorbed after oral ad-

ministration. Its bioavailability is greater than 90%. Maximal
plasma concentration (Tmax) is reached within 1 to 3 hours.
Pramipexole does not bind significantly to plasma protein. The
plasma elimination half-life of pramipexole (T1/2) is about 10
hours. Only 10% of the drug is metabolized, and the main route of
elimination is renal, with potential clinical consequences in cases
of renal failure. This mode of elimination may account for some
pharmacokinetic differences related to age, gender, and potential
interaction with drugs like cimetidine.5

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
One Level-I, L-dopa controlled study was identified that met

inclusion criteria.6

Parkinson’s Disease Study Group (2000)6: This study was a ran-
domized, L-dopa controlled, two-year, prospective study of
pramipexole monotherapy. One hundred and fifty-one patients were
randomized to pramipexole monotherapy and 150 patients received
L-dopa. The trial consisted of a 10-week dosage escalation period
followed by a 21-month maintenance period. Open-label supple-
mentation with L-dopa was permitted from week 11 until the end
of the trial, according to clinical need. The primary outcome vari-
able was defined as time to motor complications (see section on
Prevention of Motor Complications). A subset of 82 patients un-
derwent SPECT imaging with Beta-CIT before baseline and im-
mediately before the final study visit. At the end of the trial, sub-
jects allocated to pramipexole were on an average dose of 2.78
mg/d and patients randomized to L-dopa took an average of 406
mg/d. Fifty-three percent of subjects in the pramipexole group re-
quired supplemental L-dopa compared with 39% in the L-dopa
group (P = 0.02). The dose of open-label supplemental L-dopa
was similar in the two treatment groups (264 vs. 252 mg/d), and

the average total daily dose of experimental plus supplemental L-
dopa in the L-dopa arm was 509 mg/d. The mean (standard devia-
tion) decline in Beta CIT striatal uptake over the 23.5 months did
not differ significantly between the two treatment groups and was
20.0% (14.2%) in the pramipexole group compared with 24.8%
(14.4%) in the L-dopa group. Caudate and putamen-specific Beta-
CIT uptake during the 23.5-month observation period also did not
differ between the two treatment groups. These results do not sup-
port a neuroprotective role for pramipexole, and therefore the au-
thors conferred that further study was warranted. The rate of de-
cline of Beta-CIT uptake was not different between the two groups
at 2 years, but it was 20% less in the pramipexole group than the
L-dopa group. The authors are continuing to follow this cohort of
patients to observe the course of neuroimaging outcomes at 4 years.
This study had a quality score of 95%.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
Three Level-I, placebo-controlled studies and one L-dopa con-

trolled study met the selection criteria.
Hubble et al. (1995)7: This was a randomized, 9-week, parallel-

group, placebo-controlled study conducted in 55 de novo patients
with PD (mean age 63 years). Pramipexole was progressively ti-
trated up to 4.5 mg/d. Efficacy was assessed using UPDRS Parts
II and III. Results showed that pramipexole induced a greater
antiparkinsonian improvement than placebo (mean UPDRS II
change from baseline with pramipexole = 5.19 vs. 2.16 with pla-
cebo, p<0.002; mean UPDRS III change from baseline with
pramipexole = 11.97 vs. 8.31 with placebo, NS). Pramipexole was
associated with adverse reactions consistent with other DA ago-
nists in this class of drug, including orthostatic hypotension, dizzi-
ness, nausea, insomnia, and hallucinations. This study had a qual-
ity rating score of 83%.

The Parkinson Study Group (1997)8: The effects of four differ-
ent doses of pramipexole (1.5, 3, 4.5 and 6 mg) vs. placebo were
tested in a randomized parallel-group design in 264 de novo pa-
tients with PD (mean age approximately 62 years) divided into 5
parallel groups. This study used a 6-week dose-titration period
followed by a 4-week maintenance period. The primary outcome
variable used to assess efficacy was the change in the total UPDRS
score between baseline and week 10. After 10 weeks of treatment,
the combined group of pramipexole-treated subjects showed a 20%
improvement in motor outcome measurements, which was sig-
nificantly different compared to placebo (mean changes in total
UPDRS: placebo = -0.9, pramipexole 1.5 mg/d = -6.3, pramipexole
3.0 mg/d = -5.9 , pramipexole 4.5 mg/D = -6.5 , pramipexole 6.0
mg/d = -7.0). The same pattern of treatment effects was apparent
for the UPDRS motor score and ADL score. An increase in ad-
verse reactions was associated with higher doses of pramipexole
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and included nausea, hallucinations, and somnolence, among oth-
ers. This study had an quality rating score of 95%.

Shannon et al. (1997)9: This was a randomized, placebo-con-
trolled, parallel-group study in 335 patients with early PD (mean
age 63 years). Pramipexole or placebo was given during a 7-week
dose-titration period (up to a maximum dose of 4.5mg/d), followed
by a 24-week period of maintenance therapy. The primary end-
points were changes in UPDRS Parts II and III between baseline
and the end of the maintenance period. Pramipexole (mean dose
3.8 mg/d) significantly reduced the severity and signs of all PD
assessment criteria compared with placebo. The UPDRS ADL
decreased with pramipexole from 8.2 at baseline to 6.4 at comple-
tion, while it increased with placebo from 8.3 at baseline to 8.7 at
completion (p<0.0001). Similarly, the UPDRS motor score de-
creased with pramipexole from 18.8 at baseline to 14.1 at comple-
tion, while it increased with placebo from 18.8 at baseline to 20.1
at completion (p<0.0001). No clear data are available about the
need for L-dopa supplementation, although only one patient in the
pramipexole group discontinued treatment for “unsatisfactory
therapeutic effect” vs. seven patients in the placebo group. Nau-
sea, insomnia, somnolence, constipation and visual hallucinations
were the most frequently observed adverse reactions and were more
frequent with pramipexole than with placebo. Visual hallucina-
tions occurred in 10% of the pramipexole-treated patients and in
2% of the placebo-treated patients. Sedation occurred in 18% of
the pramipexole-treated patients and in 9% of the placebo-treated
patients. This study had an quality rating score of 75%.

Parkinson’s Disease Study Group (2000)6. This study is de-
scribed previously (see the section on Prevention of Disease Pro-
gression) and will be briefly summarized below. One hundred and
fifty-one patients were randomized to pramipexole monotherapy
while 150 patients received levodopa. Patients were followed for
21 months and open-label supplementation with L-dopa was per-
mitted. The primary outcome variable was defined as time to mo-
tor complications. Among secondary outcome variables, changes
in UPDRS scores allow assessment of control of parkinsonism. At
the end of the trial, subjects allocated to pramipexole were on an
average dose of 2.78 mg/d, and those allocated to L-dopa took an
average of 406 mg/d. Fifly-three percent of subjects in the
pramipexole group required supplemental L-dopa compared with
39% in the L-dopa group (P = 0.02). The dose of open-label supple-
mental L-dopa was similar in the two treatment groups (264 ver-
sus 252 mg/d), the average total daily dose of experimental plus
supplemental L-dopa in the L-dopa arm was 509 mg/d. The mean
improvement in total UPDRS as well as the motor and ADL
subscores from baseline to the end of the study was significantly
greater in the L-dopa group compared with patients on pramipexole.
Total UPDRS scores decreased by 4.5 points with pramipexole
compared to 9.2 points with L-dopa (P < 0.001). Similarly motor
scores decreased by 3.4 vs. 7.3 points (P < 0.001), and ADL scores
decreased by 1.1 vs. 2.2 points in the pramipexole vs. L-dopa treat-
ment group (P = 0.001). More patients in the pramipexole group
reported somnolence, hallucinations, edema as adverse reactions
compared with patients in the L-dopa treatment group. Three pa-
tients reported falling asleep while driving a car (two in the
pramipexole group and one in the L-dopa). Two additional sub-
jects complained of abrupt or sudden onset of drowsiness unre-
lated to driving (both in the pramipexole treatment group). This
study had a quality rating of 95%.

ADJUNCT THERAPY IN L-DOPA-TREATED
PATIENTS WITH PD

Early addition in Stable L-dopa-treated Patients
with PD

No qualified studies were identified.

Late addition in L-dopa-treated Patients with
Motor Fluctuations

Four randomized, double-blind, (Level-I) studies qualified for
inclusion in this review. All studies included patients with advanced
PD that were treated with L-dopa and complained of motor fluc-
tuations. All four studies were placebo-controlled studies, but one
included a bromocriptine arm as well.

Lieberman et al. (1997)10: This large, randomized, parallel-group,
placebo-controlled trial enrolled 360 patients with PD and motor
fluctuations. There was a 7-week increasing-dose phase (up to 4-
5 mg/d), and a maintenance phase that lasted up to 6 months. The
two primary endpoints for efficacy were the change from baseline
to final maintenance visit of “on/off” ratings of UPDRS II and III.
With pramipexole, the mean improvement of UPDRS II average
of “on” and “off” was 20% vs. 4% with placebo (p<0.0001) with a
concomitant reduction in L-dopa dosage of 27% vs. 5% with pla-
cebo (p<0.0001), respectively. Major adverse reactions were re-
ported more common in the pramipexole than in the placebo group
and included dyskinesia, orthostatic hypotension, dizziness, in-
somnia, hallucinations, and nausea. This study had an overall qual-
ity rating score of 86%.

Guttman et al. (1998)11 (see also section on Bromocriptine): This
was a large, parallel-group, 9-month study enrolling 247 patients
with PD with motor fluctuations. Participants were randomized
into 3 groups: placebo, pramipexole (up to 4-5 mg/d), and
bromocriptine (up to 30 mg/d). The primary endpoints were the
UPDRS II (average “on” and “off” scores) and UPDRS III. Sec-
ondary endpoints included quality of life scales among others. The
median percent change in UPDRS II from baseline was -27% with
pramipexole, -14% with bromocriptine, and -5% with placebo. Both
pramipexole and bromocriptine were significantly more effective
than placebo (pramipexole vs. placebo, p<0.0002; bromocriptine
vs. placebo, p<0.02). The median percent change in UPDRS III
from baseline was -35% with pramipexole, -24% with
bromocriptine and -6% with placebo. Both pramipexole and
bromocriptine were significantly more effective than placebo
(p<0.001 and p<0.01, respectively). Although there was a trend
for pramipexole to be more potent than bromocriptine, this differ-
ence did not reach significance (this study was not powered for
between-group comparisons for active treatments). Both DA ago-
nists improved significantly several dimensions of quality of life
scales. Most common adverse reactions included dyskinesia, diz-
ziness, orthostatic hypotension, nausea, insomnia, hallucinations,
and headache. Adverse reactions were more frequent in the active
groups than in the placebo groups, with no differences between
pramipexole and bromocriptine. This study had an overall quality
score of 98%.

Wermuth et al. (1998)12: This was an 11-week, randomized, par-
allel-group, double-blind, placebo-controlled study conducted in
69 patients complaining of dyskinesia, “on/off” fluctuations, dys-
tonia, akinesia or end-of-dose deterioration (mean age 62 years).
Patients were evaluated using UPDRS. The primary outcome was
the absolute change in total score from baseline to the end of the
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maintenance period, but no specific indications were given regard-
ing assessment time vs. drug intake time. Pramipexole was more
effective than placebo, with a significant reduction in the total score
of the UPDRS at the end of the study (-16.9 vs. -9.0 respectively,
p<0.02). Dyskinesia scores were not reported to be exacerbated.
L-dopa dose was reduced by -151 mg/d with pramipexole and -11
mg/d with placebo (NS). The most common adverse reactions were
dizziness, insomnia, nausea, somnolence, and postural hypoten-
sion. This study had an overall quality rating score of 88%.

Pinter et al. (1999)13: This study reported the effects of
pramipexole in an 11-week, randomized, parallel, double-blind,
placebo-controlled trial conducted in 78 patients with motor fluc-
tuations (mean age = 60 years). The primary endpoint was the
change in the UPDRS total score at the end of the maintenance
interval compared with baseline. Secondary endpoints were
changes in UPDRS subscores (among others). The mean UPDRS
total score (2 hours after drug in take) improved significantly more
with pramipexole, than with placebo (-20.1 [i.e.-37,3%] versus -
5.9 [i.e. -13.1%]; p<0.0002). Most other endpoints also favored
pramipexole vs. placebo. Main adverse reactions were usually more
frequent with pramipexole than placebo and included fatigue, dys-
kinesia, agitation, vivid dreams, postural hypotension, and nau-
sea. Somnolence was reported in more placebo-treated patients
(9%) than in pramipexole-treated patients (6%). This study had an
overall quality score of 90%.

PREVENTION OF MOTOR COMPLICATIONS
One Level-I L-dopa-controlled study was identified.
Parkinson’s Disease Study Group (2000)6: This was a random-

ized, L-dopa-controlled, 2-year, prospective study of pramipexole
monotherapy (previously reviewed in the section on Prevention
of Disease Progression, and also in Control of Parkinsonism-
Monotherapy). Briefly, 151 patients were randomized to
pramipexole monotherapy and 150 patients received L-dopa.
Open-label supplementation with L-dopa was permitted. The pri-
mary outcome variable was defined as time from randomization
until the first occurrence of any of the three pre-specified motor
complications: wearing-off, dyskinesias, or “on/off” fluctuations.
At the end of the trial, patients randomized to pramipexole treat-
ment were on an average dose of 2.78 mg/d and patients random-
ized to L-dopa took an average of 406 mg/d. Fifty three percent of
subjects in the pramipexole group required supplemental L-dopa
compared with 39% in the L-dopa group (P = 0.02). The dose of
open-label supplemental L-dopa was almost identical in the two
arms (264 vs. 252 mg/d), the average total daily dose of experi-
mental plus supplemental L-dopa in the L-dopa arm was 509 mg/
d. There was a highly statistically significant difference (P < 0.001)
in the percentages of patients reaching the primary endpoint by
the end of the study (23.5 months): 51% in the L-dopa group vs.
28% of subjects in the pramipexole group (former on 100 mg more
L-dopa per day with greater efficacy on parkinsonism). Wearing
off was observed in 36/151 pramipexole-treated patients and 57/
150 L-dopa treated patients. Dyskinesias were observed in 15/151
pramipexole-treated patients and 45/150 L-dopa treated patients.
This study had a quality score of 95%.

CONTROL OF MOTOR COMPLICATIONS
Four randomized double-blind, (Level I) studies met the inclu-

sion criteria for review. These four trials are the same as those
reviewed previously (see section on Symptomatic Control of Par-

kinsonism: Adjunct to L-dopa), and therefore, only the relevant
endpoints regarding specific control of motor complications is re-
viewed below.

Lieberman et al. (1997)10: This 6- month, randomized, parallel-
group, placebo-controlled trial enrolled 360 patients with motor
fluctuations. Secondary endpoints included percentage of “off”
period (as measured using patient diaries). Time spent “off” de-
creased by 31% with pramipexole vs. 7% with placebo (p<0.001)
with a concomitant reduction in L-dopa dosage of 27% vs. 5%
with placebo (p<0.0001), respectively. This study had an overall
quality score of 86%.

Guttman et al. (1998)11 (see also section on Bromocriptine): This
was a parallel group, 9-month study enrolling 247 patients with
PD with motor fluctuations. Patients were randomized into one of
three treatment arms:  placebo, pramipexole (up to 4-5 mg/d), and
bromocriptine (up to 30 mg/d). Secondary endpoints included the
frequency of “on” and “off” times on patient’s diary records (among
others). Both agonists reduced time spent “off”, but the difference
reached statistical significance vs. placebo for pramipexole (-15%,
p<0.007) but not for bromocriptine vs. placebo. This study had an
overall quality score of 98%.

Wermuth et al. (1998)12: This was an 11-week, randomized, par-
allel-group, double-blind, placebo-controlled study conducted in
69 patients complaining of dyskinesia, “on-off” fluctuations, dys-
tonia, akinesia, or end-of-dose deterioration. Patients were pro-
vided with diaries to record “off” and “on” periods. The percent-
age of “off” time during waking hours decreased in the pramipexole
group from 36% to 26% and in the placebo group from 43% to
40% (no statistics provided). Dyskinesia scores were not reported
to be exacerbated. This study had an overall quality score of 88%.

Pinter et al. (1999)13: This study reported the effects of
pramipexole in an 11-week, randomized, parallel-group, double-
blind, placebo-controlled trial conducted in 78 patients with mo-
tor fluctuations. Secondary endpoints were, among others, changes
in dyskinesia scores and patients diaries. With pramipexole, time
spent “off” decreased from 33% to 21% during the waking hours,
whereas this change was smaller in the placebo group (33% to
35%). No significant effect on dyskinesia was observed. This study
had an overall quality score of 90%.

REVIEW OF SAFETY
According to published clinical trials, the use of pramipexole is

associated with the characteristic adverse reactions of DA ago-
nists, as a class, including gastrointestinal, cardiovascular, and
neuropsychiatric effects. Pramipexole has been reported to induce
leg edema (similar to other dopamine agonists).14 When compared
with bromocriptine11 , both pramipexole and bromocriptine were
found to have similar safety profiles. In this study, psychosis did
not appear to be less frequent in pramipexole-treated patients (al-
though theoretically, this could have been expected due to the rela-
tive selectivity of this compound on dopamine receptors and its
lack of effect on 5HT receptors).11 Switching from another DA
agonist to pramipexole on a rapid schedule seems well tolerated,
with no special adverse reactions observed.15

When used as an adjunct therapy to L-dopa, pramipexole in-
creases abnormal movements, which can be addressed clinically
by a concomitant partial decrease of L-dopa dosing. When used
early, pramipexole reduces the risk of long-term motor complica-
tion, as compared with levodopa early monotherapy.6

Recent post-marketing case-reports of sudden and irresistible
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“sleep attacks” have led some drug agencies/authorities to recon-
sider the benefit/risk ratio of this pramipexole.16,17 In some coun-
tries, the risk of falling asleep while driving have prompted the
authorities to advise patients that they should not drive while tak-
ing pramipexole. In other countries (eg. England), this risk is con-
sidered as acceptable by the Driving Agency, and doctors are sim-
ply asked to inform their patients of the risk of such sleep epi-
sodes. Similar cases also have been reported with other dopamine
agonists, including ropinirole, pergolide, bromocriptine,
piribedil.16,18-20 Similar episodes also have been reported in patients
with PD taking L-dopa monotherapy.21 Further studies evaluating
the main risk factors for such episodes are required before definite
conclusions can be drawn.

The occurrence of fibrosis has not yet been reported with
pramipexole, which is in agreement with its non-ergot profile.
However, it is too early to conclude on the incidence of this ad-
verse reaction, and such a rare adverse event can only be detected
and studied in large, long-term term studies and in post-marketing
surveys.

Pramipexole has been available commercially for a short time;
therefore, information on mortality is not available.

CONCLUSIONS
About 800 patients with PD have been treated with pramipexole

in a number of Level-I trials, with a maximum duration of follow-
up, under controlled conditions, of 2 years. Most of the studies
were done recently and have a high quality rating.

EFFICACY
PREVENTION OF DISEASE PROGRESSION

Because the only published report failed to show statistical sig-
nificance (as measured using a surrogate marker, in a small study,
resulting in an insignificant trend6), there is INSUFFICIENT EVI-
DENCE to conclude on the efficacy of pramipexole regarding the
prevention of disease progression in PD. Data on longer follow-
up are expected.

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy or Early Combination

Based on multiple placebo-controlled, Level-I trials,
pramipexole used as monotherapy in de novo patients with PD is
EFFICACIOUS in controlling motor symptoms over the first 2
years of treatment6-9. Longer, controlled, follow-up studies (over
two years) are not yet available.

Adjunct Therapy in L-dopa-treated Patients with
PD

In advanced L-dopa-treated PD patients suffering from motor
fluctuations, pramipexole has been studied extensively and is EF-
FICACIOUS as adjunct therapy in patients with Parkinson’s dis-
ease receiving L-dopa therapy. Pramipexole was superior to pla-
cebo in a number of Level-I studies10-13. It improved motor disabil-
ity in “on” and “off” conditions and reduced L-dopa daily dose by
an average of one third. In the single active comparator trial,
pramipexole was only marginally (not statistically significant) more
effective than bromocriptine, and the clinical relevance of this
minimal difference is not known.11

PREVENTION OF MOTOR COMPLICATIONS
Based on one, large (2-year), L-dopa controlled study6,

pramipexole is EFFICACIOUS in reducing the risk of motor com-
plications in patients with PD though with lower efficacy than seen
in the L-dopa arm to control parkinsonism (a 2-year extension study
is ongoing).

CONTROL OF MOTOR COMPLICATIONS
Based on several placebo-controlled trials10-13, pramipexole is

EFFICACIOUS in patients with advanced PD with motor compli-
cations. Pramipexole reduces time spent “off” by 1 to 2 hours.

SAFETY
The risk of using pramipexole is considered ACCEPTABLE,

WITHOUT SPECIALIZED MONITORING. However, due to
concerns about hypersomnolence and inappropriate episodes of
daytime somnolence (“sleep attacks”), clinical monitoring of day-
time somnolence is warranted.

Pramipexole induces the usual dopamine adverse reactions that
are reported with other dopamine agonists (including nausea, vom-
iting, hypotension, dyskinesia, and hallucinations). From the avail-
able published clinical trials, there is no evidence that the inci-
dence of adverse events associated with pramipexole is either
higher or lower as compared to other dopamine agonist treatments,
but concerns about hypersomnolence require further investigation.

IMPLICATIONS FOR CLINICAL PRACTICE
There is sufficient evidence to conclude that pramipexole is

CLINICALLY USEFUL for the treatment of early and advanced
PD, although long-term benefit of its use in early de novo patients
remains to be determined. It has not proved to be significantly
more effective or to induce fewer adverse events than
bromocriptine. The usual daily dose prescribed in PD patient is 2
to 4.5 mg/d. Compared with other agonists, pramipexole dose ti-
tration is relatively simple and rapid (3 doses are proposed: 1.5, 3
and 4.5 mg/d, with a t.i.d. regimen).

In some countries, concerns about the incidence of “sleep at-
tacks” have been raised. Importantly, there are different regula-
tions worldwide, with each country carrying individual recom-
mended warnings for treatment. In the USA and England, for ex-
ample, patients must simply be informed of the risk of somno-
lence. In other countries, like France, patients on pramipexole have
to be advised not to drive because of the risk of hypersomnolence.

IMPLICATIONS FOR CLINICAL RESEARCH
• Randomized, controlled trials testing the efficacy and tolerabil-
ity of pramipexole should be done including comparative trials to
other dopamine agonists and to other antiparkinsonian agents such
as MAO-B and COMT inhibitors.
• Additional studies  are needed  concerning the incidence of sleep
attacks in patients taking pramipexole. The relative frequency of
this adverse reaction needs to be compared to other treatments in
this class of medication.
• Long-term studies that specifically investigate the low propen-
sity of pramipexole for inducing dyskinesia in L-dopa-naïve (non-
primed) patients with PD are needed.
• The role of pramipexole on prevention of disease progression
(or neuroprotective effects) needs to be further studied.
• Future long-term, follow-up studies (10 years) are necessary to
clearly assess the usefulness of the early use of pramipexole on
patient’s functioning, life expectancy, and quality of life.
• Pharmacoeconomic studies are needed to assess the benefits of
this relatively expensive drug compared with less expensive DA
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agonists (eg, older medications like bromocriptine).
• The effects of pramipexole on non-motor symptoms, like de-
pression, should be tested in clinical trials.
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DA Agonists - Non-Ergot derivatives: Ropinirole

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Ropinirole is a selective dopamine (DA) agonist with non-
ergoline structure.1,2 It interacts with D2-like receptors in vitro and
in vivo, showing greatest affinity for the D3 subtype, with little or
no interaction with other neurotransmitter receptors. Ropinirole
produces alterations in motor behavior indicative of
antiparkinsonian activity, including contralateral rotation in 6-
hydroxydopamine-lesioned rats and reversal of disability on
MPTP-treated primates. The administration of ropinirole over a 4-
week period in L-dopa-naive MPTP-treated marmosets induces
significantly less dyskinesia than observed with L-dopa treatment
over the same period of time with comparable efficacy.3 As ex-
pected from any effective D2 agonist, clinical pharmacology stud-
ies have shown ropinirole to lower serum prolactin levels, and to
induce symptomatic postural hypotension, nausea and vomiting.
In vitro, ropinirole illustrates some potential neuroprotective prop-
erties.4

PHARMACOKINETICS
After oral administration, ropinirole is rapidly absorbed, and has

a median Tmax of about 1.4 hours after dosing. It has a
bioavailability of 46 % and a mean elimination half-life of about 6
hours. Ropinirole is recommended as a t.i.d. dosing regimen.
Plasma protein binding is low and concentration independent.
Ropinirole is metabolized predominantly by the liver. The drug is
oxidized, mainly through the cytochrome P450 1A2 pathway. Drug
interactions (macrolides, theophilline) and hepatic insufficiency
are, therefore, theoretically possible, although no such events have
been reported in the clinical literature.

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified that assessed the efficacy

of ropinirole in the prevention of disease progression. A large, 2-
year, L-dopa-controlled study in de novo patients with PD, is on-
going and is assessing the effect of ropinirole on disease progres-
sion relative to L-dopa, as measured using both 18F-dopa PET
and clinical ratings as endpoints.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY
Six randomized (Level-I), double-blind studies have been re-

ported that qualified for this review. These included two placebo-
controlled parallel trials5,6, one L-dopa-controlled study with a 6-
month planned interim analysis7 and a 5-year final report8, and
one bromocriptine-controlled study with a 6-month planned in-
terim analysis9 and a 3-year final report.10

 Adler et al. (1997)5: This randomized, double-blind, placebo-
controlled, parallel-group, 6-month study included 241 patients
with early PD and limited or no prior dopaminergic therapy (mean
age 63 years). This study was stratified for concomitant use of
selegiline. L-dopa open-label supplementation was allowed if study
medication was insufficient to control parkinsonian symptoms at
the highest tolerated dose. Primary efficacy endpoint was the per-
centage improvement in the UPDRS motor score. Secondary effi-
cacy variables included the proportion of patients with a 30% re-
duction in UPDRS motor score (“responders”), patients with scores
of 1 (very much improved) or 2 (much improved) on a CGI score,
and the proportion of patients requiring L-dopa supplementation.
Ropinirole (16 mg/d) was superior to placebo on all different effi-
cacy assessment endpoints. UPDRS motor score improved by -
24% with ropinirole (from 17.9 at baseline to 13.4 at endpoint)
and deteriorated by +3% with placebo (from 17.7 at baseline to
17.9 at endpoint). There were 47% responders with ropinirole and
20% with placebo (OR =4.45 [95%CI : 2.26-8.78]).  Thirty-three
percent vs. 12% of patients were “very much” or “much improved”
on CGI (OR =4.06 [95%CI : 2.00-8.22]). By the end of the study,
11% of the ropinirole-treated patients required L-dopa supplement
vs. 29% of the placebo-treated patients (OR =0.30 [95%CI : 0.14-
0.61]). Adverse reactions  common to other DA agonists were re-
ported in this trial and included nausea, dizziness, somnolence,
and headache, which were generally more frequent with ropinirole
than placebo. The subjects who completed this study were included
in a 6-month, double-blind, extension study11 that showed superi-
ority of ropinirole was maintained over placebo during this pe-
riod. Forty four percent of the patients completed the 1-year study
without the need for L-dopa. This study had a quality score of
88%.

Brooks et al. (1998)6: This was a randomized, parallel-group,
placebo-controlled, 3-month study conducted in 63 de novo pa-
tients with PD requiring dopaminergic treatment (no previous
dopaminergic treatment lasting for more than 6 months was al-
lowed and had to be withdrawn before entering into the trial). Ran-
domization ratio was 2:1 for ropinirole:placebo. Clinical status was
assessed using the UPDRS III (motor examination part used as
the primary endpoint), a CGE, and a finger-tapping score. At end-
point, UPDRS III improved by 43% in the ropinirole group and by
21% in the placebo group (p = 0.018). Other outcome measures
were also in favor of ropinirole. Adverse reactions were similar to
those reported for other DA agonists and included nausea, somno-
lence and dizziness. This study had an overall quality score of
90%.

Rascol et al. (1998)7 : This was a 6-month planned analysis of a
5-year, randomized (ratio 2:1), L-dopa-controlled study conducted
in 268 patients with early PD requiring dopaminergic treatment
(no previous dopaminergic treatment lasting more than 6 weeks
was allowed and had to be withdrawn 2 weeks before entering
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into the trial). As it was anticipated that ropinirole monotherapy
might progressively exhibit a waning effect, investigators were
allowed add-on L-dopa therapy (as an open-label treatment) in
both treatment groups, if the maximum allowed dose (24 mg/d) or
maximum tolerated of ropinirole dose did not achieve sufficient
control of symptoms. Investigators were instructed to try to main-
tain monotherapy by a progressive up-titration of the study drugs
as much as possible. Efficacy parameters were the same as those
previously described.5 The mean daily dose of ropinirole was 10mg/
d in the ropinirole arm while that of L-dopa was 460 mg/d in the L-
dopa arm. The results showed that L-dopa was significantly more
efficacious than ropinirole: after 6 months, UPDRS motor score
improved by -32% with ropinirole (from 21.5 at baseline to 15.7 at
endpoint) and by -44% with L-dopa (from 21.7 at baseline to 13.3
at endpoint) (p<0.05). The responder prevalence was 48% with
ropinirole and 58% with levodopa (NS). CGI analysis did not re-
veal between-group differences for patients with Hoehn and Yahr
stages I-II, but there was a significant difference in favor of L-
dopa in the patients with Hoehn and Yahr Stages II.5 and III at
baseline (OR 0.11; 95%CI [0.04-0.35]). However, the amplitude
of these differences is small. By the end of the 6-month study, 4%
of the ropinirole-treated patients required L-dopa supplement vs.1%
of the L-dopa-treated patients (NS). Both treatments had the same
adverse reaction profile (nausea, insomnia, somnolence, dizziness,
dyspepsia, headache, vomiting). Psychiatric symptoms were seen
in 8% of the ropinirole-treated patients and in 5% of L-dopa-treated
patients. This study had an overall quality score of 90%.

Korczyn et al. (1998)8: This was a planned interim analysis at 6-
months from a 3-year study. Three hundred and thirty-five patients
with early PD were enrolled in this double-blind, bromocriptine-
controlled, parallel-group trial. As in the previous trial7, open-la-
bel L-dopa supplementation was allowed if needed. Efficacy end-
points were the same as those previously described.5,7 At 6 months,
the mean dose of ropinirole was 8.3 mg/d, which was slightly, but
significantly, more effective on reducing parkinsonian disability
as compared to bromocriptine (16.8 mg/d) (UPDRS% reduction:
ropinirole = -35% vs. bromocriptine = -27%, p<0.05). Stratifica-
tion for selegiline showed that there was a significant treatment-
interaction with selegiline, and the difference in favor of ropinirole
was present in the patients who were not on selegiline. Secondary
motor efficacy variables showed a similar trend in favor of
ropinirole: overall, regardless of selegiline stratification, there were
58% responders with ropinirole and 43% with bromocriptine (OR
0.93; 95%CI [1.29 -2.89]). Overall, CGI responder analysis showed
the same trend (48% vs. 40%), but the difference was statistically
significant only in the non-selegiline-treated patients. However,
the amplitude of these differences was small. By the end of the 6-
month study, 7% of the ropinirole-treated patients required L-dopa
supplement vs. 11% of the  bromocriptine-treated patients (NS).
Adverse reactions caused premature withdrawal in 5% of the
ropinirole-treated patients and in 10% of the bromocriptine-treated
patients. The list of adverse reactions reported with both drugs is
very typical of all dopaminergic agents (nausea: ropinirole 36%,
bromocriptine 20%; vomiting: ropinirole 10%, bromocriptine 5%;
postural hypotension: ropinirole 7%, bromocriptine 9%; psychiat-
ric symptoms: ropinirole 7%, bromocriptine 5%; and somnolence:
ropinirole 6%, bromocriptine 7%). This study had a quality rating
score of 89%.

Korzyn et al. (1999)9: This was the final 3-year analysis of the
previously reported study (see above).8 Approximately one third

of the patients withdrew from the trial at 3 years. Comparable dif-
ferences between treatments were also observed at the final end-
point assessments in the patients who completed the trial (mean
doses: ropinirole 12mg/d, bromocriptine 24 mg/d). Specifically,
UPDRS II (ADL; ropinirole = 5.83 vs. bromocriptine = 7.28,
p<0.01) and UPDRS III (motor examination [percentage change]:
ropinirole = -31% vs. bromocriptine = -22%, NS). Although statis-
tically significant, the difference between both groups remained
small (treatment difference 1.46 points for ADL; the clinical rel-
evance of this difference is not clear). After 3 years of treatment,
about one third of the patients still in the trial received either ago-
nist as monotherapy without the need for L-dopa supplementa-
tion. Adverse reactions were quite similar in both groups, includ-
ing: nausea, vomiting, dizziness, hypotension and psychiatric
symptoms. Long-term motor complications were similarly and
remarkably infrequent in both treatment groups (see section be-
low on Prevention of Motor Complications). This study had an
overall quality rating score of 76%.

Rascol et al. (2000)10: This was the final analysis of a 5-year,
randomized, double-blind, parallel-group, L-dopa-controlled study
conducted in 268 de novo patients with PD (see above for the 6-
month interim analysis)7. The primary outcome was the occurrence
of dyskinesia, but antiparkinsonian efficacy was also recorded
using UPDRS II (ADL) and III (motor examination). At the end of
the study, the mean dose of ropinirole was 16.5 mg/d (plus 427
mg/d of complementary L-dopa in 66% of the patients) and 753
mg/d of L-dopa (including open-label supplement in 36% of the
patients). There was no significant difference between the 2 groups
in the mean changes from baseline in ADL scores among the pa-
tients who completed the study (1.6 worsening with ropinirole treat-
ment vs. 0.0 worsening with L-dopa therapy; NS). However, there
was a slight, but significant difference in favor of L-dopa for the
motor examination scores (0.8 with ropinirole vs. 4.8 with L-dopa,
[4.48; 95%CI, 1.25-7.72, p<0,01]). Considering the small ampli-
tude of the observed difference in motor score, the absence of sig-
nificant difference in ADL, and the strong power of the trial due to
large number of patients, the antiparkinsonian efficacy of L-dopa
monotherapy and that of ropinirole (supplemented when needed
by low doses of L-dopa) the difference on motor examination scores
was not regarded as clinically relevant. Classical dopaminergic
adverse reactions were reported in both treatment groups, includ-
ing nausea, somnolence, insomnia, dizziness, hallucination, vom-
iting, and postural hypotension. Hallucinations were more frequent
with ropinirole than L-dopa (17% vs. 6%, respectively), but se-
vere hallucinations leading to withdrawal from the trial were in-
frequent in both groups (4% vs. 2%, respectively). This study had
an overall quality score of 90%.

ADJUNCT THERAPY IN L-DOPA-TREATED
PATIENTS WITH PD

No Level-I study qualified for this review since the two pub-
lished trials conducted in advanced L-dopa-treated patients only
assessed time spent “off” and/or reduction in L-dopa daily dose.
12,13

PREVENTION OF MOTOR COMPLICATIONS
Two Level-I, long-term studies reported on the occurrence of

motor complications in de novo patients with PD. These studies9,10

have already been previously described in the section “Control of
motor symptoms: Monotherapy”. Therefore, only relevant data for

DA Agonists - Ropinirole
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prevention of motor complications will be summarized in this sec-
tion.

Rascol et al. (2000)10: This was a 5-year, randomized, double-
blind, parallel-group, L-dopa-controlled study conducted in 268
de novo PD patients. The primary outcome was the occurrence of
dyskinesia assessed using item 32 (“duration: what proportion of
the waking day are dyskinesia present ?”) of the UPDRS Part IV.
Other outcome measurements were “disabling dyskinesia” defined
as a score of 1 or more on items 32 and 33 (“how disabling are the
dyskinesia”) of the UPDRS IV. Wearing-off and freezing were also
monitored using the corresponding items of the UPDRS. The analy-
sis of time to dyskinesia showed a significant difference in favor
of ropinirole (hazard ratio for remaining free of dyskinesia, 2.82;
95% CI, 1.78-4.44, p<0.001). At 5 year, the cumulative incidence
of dyskinesia was 20% with ropinirole and 45% with L-dopa. “Dis-
abling” dyskinesia was also less frequent in the ropinirole group
vs. L-dopa group (hazard ratio for remaining free of dyskinesia,
3.02; 95% CI, 1.52-6.02, p=0.002). At 5 years, before L-dopa
supplementation, dyskinesia was extremely uncommon in the
ropinirole group (5%) as compared with the L-dopa-treated pa-
tients (36%). Wearing-off was less frequent on ropinirole than L-
dopa, but the difference was less striking than for dyskinesia and
non-significant. No effect was observed on freezing when walk-
ing. This study had a quality score of 90%.

Korczyn et al. (1999)9: This was a 3-year study conducted in
335 patients with early PD enrolled in a double-blind,
bromocriptine-controlled, parallel-group trial. Dyskinesia was as-
sessed using the complications of therapy section (Part IV) of the
UPDRS or reported as adverse reactions. Dyskinesia developed
only in a minority of patients after 3 years of follow-up, regardless
of L-dopa supplementation: 7.7% patients in the ropinirole group
and 7.2 % in the bromocriptine-treated patients. There was no sig-
nificant difference in the occurrence of dyskinesia between the
two groups (p=0.84). This study had a quality rating score of 76%.

CONTROL OF MOTOR COMPLICATIONS
Two randomized, double-blind, placebo-controlled (Level-I)

studies qualified for this review.
Rascol et al. (1996)12: This 3-month, randomized, placebo-con-

trolled, parallel study was conducted in 46 L-dopa-treated patients
with PD with motor fluctuations. Ropinirole was used b.i.d. (rec-
ommended daily dosing regimen is usually t.i.d.). Drug efficacy
was assessed using percentage of awake time spent “off” using
patients’ diaries, and a clinical global evaluation made by the in-
vestigator (CGE). At the dose of 3.3 mg/d, ropinirole decreased
time spent “off” by 44% (from 47% at baseline to 27% at end-
point) while placebo had a smaller effect of 24% (from 44% at
baseline to 34% at endpoint). This difference did not reach statis-
tical significance in the “intent-to-treat population” (ITT) analysis
(p=0.085), but did reach statistical difference in the in the “effi-
cacy-evaluable population” (p=0.039). This was probably related
to an insufficient power of the trial due to the small number of
patients. CGE analysis was in favor of ropinirole in the ITT analy-
sis (85% improvers vs. 42% on placebo, p=0.012). The main ad-
verse reactions were more frequently reported on ropinirole and
included postural hypotension, dizziness, increased dyskinesia,
somnolence, headache, and nausea. This study had an overall qual-
ity score of 75%.

Lieberman et al. (1998)13: This was a randomized, parallel-group,
double-blind, placebo-controlled 6-months study conducted in 149

L-dopa-treated patients with PD who had motor fluctuations (mean
age not given). The primary endpoint of this trial was defined as
the number of patients who achieved a 20% or greater decrease in
L-dopa dose and a 20% or greater reduction in the percentage of
time spent “off” between baseline and final visit, as monitored
using patients diaries. The proportion of patients “improved” on a
CGI was also assessed. The mean daily dose of ropinirole used in
this trial is unclear (maximum possible titration: 24 mg/d). Over-
all, 35% of ropinirole-treated patients and 13% of the placebo-
treated patients met the primary end-point (p<0.002). Patients ran-
domized to ropinirole achieved a greater reduction in total L-dopa
daily dose (242 mg [-31%] vs. 51 mg [-6%] with placebo, p<0.001).
Ropinirole-treated patients had a greater reduction from baseline
in percent of hours spent “off” (ropinirole 12% vs. placebo5%;
p=0.039). A greater proportion of ropinirole-treated patients im-
proved on the CGI (59% vs. 32%, p=0.002). Adverse reactions
associated with ropinirole treatment included digestive effects, car-
diovascular effects, and worsening of dyskinesia. This study had
a quality score of 75%.

REVIEW OF SAFETY
Ropinirole induces the classical dopaminergic peripheral ad-

verse reactions such as nausea, vomiting, hypotension and psy-
chosis. Such adverse reactions appear to have the same incidence
and severity in de novo patients with PD treated with ropinirole
and bromocriptine.10 In spite of its greater selectivity for DA re-
ceptors and its lack of effects on serotonergic receptors, ropinirole
did not induce less psychosis than bromocriptine. In a large, long-
term (5 year), L-dopa-controlled trial8, gastrointestinal, cardiovas-
cular and neuropsychiatric adverse reactions were reported with
the same frequency in both treatment-groups. However, when look-
ing at individual psychiatric adverse reactions, hallucinations were
more frequent with ropinirole.

In L-dopa-treated dyskinetic patients with PD, ropinirole, like
other DA agonists, exacerbated dyskinesia. Conversely, after a 5-
year follow-up, when ropinirole was used as a first-line treatment
to which L-dopa could be adjuncted as a supplemental treatment,
the incidence of dyskinesia was three times lower than when L-
dopa was initiated as monotherapy.

Switching overnight from another agonist to ropinirole does not
seem to induce special problems or adverse reactions.14

Several case-reports have been published in the literature re-
garding “sleep attacks” while taking ropinirole thereby raising
concerns of this adverse reaction for patients that drive.15,16 Regu-
latory warnings for patients receiving DA agonists have been es-
tablished in Europe instructing patients not to drive while taking
these medications. The inference that these sleep episodes are a
truly new adverse drug reaction related to the non-ergot agonists
remains an item of debate.21 Similar episodes have also been re-
ported with other agonists17-19 and even with L-dopa monotherapy.20

Further epidemiological studies are necessary to define if some
agonists or some patients are at greater risk for such an adverse
reaction.

There are insufficient long-term, post-marketing surveillance
studies to assess the risk of pulmonary fibrosis (observed with most
ergot derivatives) in patients treated with ropinirole and other non-
ergot compounds.

Due to its recent availability for the treatment of PD, there are
no studies available that assess the possible impact of ropinirole
on mortality.
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CONCLUSIONS
About 500 patients with PD treated with ropinirole have been

included in several Level-I clinical studies. These are recent stud-
ies and their overall quality rating is usually high. These patients
have been followed for at least 3 months and up to 5 years.

EFFICACY
PREVENTION OF DISEASE PROGRESSION

Because there are no published reports on ropinirole in the pre-
vention of disease progression, there is INSUFFICIENT EVI-
DENCE to  determine the efficacy of ropinirole as neuroprotection
for patients with PD. The results of an ongoing study will report
on possible effects of ropinirole in modifying disease progression
by using advanced neuroimaging techniques.

SYMPTOMATIC CONTROL OF PARKINSONISM
Monotherapy

Used as monotherapy in de novo patients with PD, there are
several Level-I studies demonstrating that ropinirole is EFFICA-
CIOUS as a symptomatic antiparkinsonian medication.5-10 After 3
and 5 years of follow-up, when ropinirole was used as first-line
monotherapy, about one third of the patients who completed the
study could be maintained on monotherapy without the need of L-
dopa supplementation. However, this population was less than 20%
of those included in the ITT population.

Adjunct Therapy in Advanced L-dopa-treated
Patients

In the two Level-I studies12,13, there were no reported UPDRS
scores, even as secondary endpoints. Given the paucity of evi-
dence on specific improvements in antiparkinsonian outcomes,
there is INSUFFICIENT DATA to assess the role of  ropinirole for
symptomatic antiparkinsonian efficacy in advanced L-dopa-treated
patients with PD.

PREVENTION OF MOTOR COMPLICATIONS
Used early in de novo patients with PD,  ropinirole is EFFICA-

CIOUS in reducing the risk of occurrence of dyskinesia, as evi-
denced after a 5-year of follow-up study.8 This effect is less strik-
ing on motor fluctuations and no data are available on longer fol-
low-up time periods.

CONTROL OF MOTOR COMPLICATIONS
When used as adjunct therapy to L-dopa in patients with PD

and L-dopa-induced motor fluctuations, there are two Level-I stud-
ies12,13 that report ropinirole is EFFICACIOUS in reducing time
spent “off.” However, it is not clear from the available data what is
the actual reduction in time spent “off.”

SAFETY
The risk of ropinirole is considered ACCEPTABLE, WITHOUT

SPECIALIZED MONITORING. However, due to concerns about
hypersomnolence and inappropriate episodes of daytime somno-
lence (“sleep attacks”), clinical monitoring of daytime somnolence
is warranted. Ropinirole induces the usual DA adverse reactions
that have been reported with other DA agonists (eg. nausea, vom-
iting, hypotension, dyskinesia, and hallucinations). From the avail-
able published clinical trials, there is no evidence that the inci-
dence of adverse reactions is lower or higher than with any other
available agonist, but concerns about hypersomnolence require

further investigation.

IMPLICATIONS FOR CLINICAL PRACTICE
There is sufficient evidence to conclude that ropinirole is CLINI-

CALLY USEFUL for the management of early PD and in patients
with PD and motor fluctuations. In de novo PD patients, the early
use of ropinirole (to which L-dopa is supplemented as a second-
line treatment in a majority of patients) reduces the risk of occur-
rence of dyskinesia over 5 years when compared with L-dopa ini-
tial therapy. In patients with early PD, the reported superior effi-
cacy (at 6 months of treatment) of L-dopa over ropinirole, or
ropinirole over bromocriptine remains marginal, and the clinical
relevance of this difference is unclear.7,9. No other ropinirole vs.
other dopamine agonists comparative trials have been reported.
The mean effective daily doses of ropinirole reported in clinical
trials usually range form 8 to 18 mg/d with a t.i.d. regimen.

Special concerns about “sleep attacks” have been raised regard-
ing patients taking ropinirole, and this warrants further investiga-
tion. Importantly, there are different regulations/recommendations
worldwide with each country carrying individual warnings for treat-
ment. There are differences in the policies for driving in different
countries, where in some countries patients must simply be in-
formed of the risk of somnolence, and in other countries, patients
on ropinirole are advised not to drive.

IMPLICATIONS FOR CLINICAL RESEARCH
A number of important issues remain to be discussed with

ropinirole and should be addressed in future studies. Some of these
include:
• The antiparkinsonian efficacy of ropinirole in L-dopa-treated
PD patients should be better evaluated.
• Comparative trials need to be done with other DA agonists (eg.
pergolide, pramipexole) as bromocriptine is not widely used any-
more in many countries.
• Ropinirole should be compared to MAO-B inhibitors and COMT
inhibitors in patients with advanced PD who have fluctuations.
• The true benefit/risk ratio of ropinirole regarding sleep prob-
lems needs to be better investigated, both through large epidemio-
logical studies and specific pharmacodynamic sleep studies. Fur-
ther studies are required to assess if such cases simply correspond
to somnolence, which is frequently observed in clinical trials with
ropinirole (and many other dopaminergic agents), if this is a spe-
cific problem of some DA agonists like ropinirole, if this is a dose-
related effect, and if some patients exhibit a special susceptibility
to somnolence.
• Longer follow-up studies (up to and more than 10 years) should
be conducted to assess if patients morbidity, mortality and quality
of life is improved by ropinirole.
• Pharmacoeconomic trials should be conducted to assess if it is
justified to use an expensive DA agonist, like ropinirole, instead
of a cheaper one, like bromocriptine.
• The role of ropinirole on non-motor symptoms, depression for
example, should be studied.
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DRUGS TO TREAT ORTHOSTATIC
HYPOTENSION

INTRODUCTION
BACKGROUND

Orthostatic hypotension is a common clinical problem in
Parkinson’s disease (PD) and relates to both the disease and its
treatment. Symptomatic orthostatic hypotension is seen in approxi-
mately 20% of patients receiving levodopa.1 The mechanism of
orthostatic hypotension in patients receiving levodopa may be a
combination of:
(a) Progression of the disease to involve central as well as pe-
ripheral autonomic nervous system2,
(b) Vasodilatation in renal and mesenteric vasculature,
(c) Decrease in total peripheral resistance caused by dopamine2,
(d) Suppression of renin secretion3,
(e) Impairment of postganglionic sympathetic nerve function by
dopamine as it may act as a false neurotransmitter4, and
(f) Hypertension caused by central effects of noradrenalin, which
is derived from dopamine.5

Most of the available information is found in review articles,
but few controlled trials have been done.6-9

RATIONALE
Symptomatic orthostatic hypotension varies among patients with

PD and can significantly impair daily activities and quality of life
in those affected. Generally, orthostatic hypotension is treated clini-
cally in patients who have more than a 20 mmHg drop in systolic
blood pressure upon standing from the spine position. Identifying
the mechanism of orthostatic hypotension (disease versus drug
versus environmental) is important and will help in identify treat-
ment strategies to treat this clinical problem in patients with PD.
The two primary drug classes used to treat orthostatic hypoten-
sion are volume expanders and vasoconstrictors.

METHODS
KEY SEARCH TERMS

Parkinson’s disease, orthostatic hypotension, postprandial hy-
potension, hypotension, midodrine, fludrocortisone, DOPS, dihy-
droergotamine, and etilefrine.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

The published literature of orthostatic hypotension exclusively
in patients with PD is limited, and therefore, studies were reviewed
if they included subpopulations of patients with PD. Other special
exceptions included: no study duration time, and no limit in study
duration in sample size; specifically, because no studies on L-DOPS
were identified in English literature, one paper was reviewed which
was published in Japanese.

The pharmacological therapies used for orthostatic hypotension
have not been studied for prevention of disease progression, symp-
tomatic control of PD, prevention of motor complications, and
control of motor complications. Overall, there were 26 studies iden-
tified in the literature search, of which 8 meet the defined criteria
and special exceptions and included in the review.

Treatment Studies Studies included
identified in review

Midodrine 8 2

Fludrocortisone 4 1

Dihydroergotamine 2 1

Etilefrine 4 1
hydrochloride

Indomethacine 1 1

Yohimbine 1 1

L-threo-3.4 4 1
-dihydroxyphenylserine

MIDODRINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION AND
PHARMACOKINETICS

Midodrine is a peripherally acting alpha-adrenergic agonist that
acts on both the arterial and the venous system but has no direct
cardiac effect.10 After a single oral dose (1 to 4 mg), midodrine is
readily absorbed, and the maximum blood level is reached in about
1 hour. Midodrine is a prodrug and is converted (in the liver) to the
active form desglymidodrine. The peak plasma level of this active
form is reached in 1.5 to 2 hours, and the half life is approximately
3 hours, which is longer than the half life of other sympathomi-
metic agents. Midodrine does not cross the blood-brain barrier10,
and there is no accumulation by repeated administration.
Desglymidodrine and its metabolites are eliminated from the kid-
ney.

REVIEW OF CLINICAL STUDIES
Level-I Studies

No Level-I studies are available that specifically look at the ef-
ficacy midodrine for treatment of orthostatic hypotension in PD,
however, several studies have included subpopulations of PD pa-
tients.11,12

Jankovic et al. (1993)11: This study was a placebo-controlled
trial that tested the efficacy of three different doses of midodrine
(7.5 mg/day, 15 mg/day, and 30 mg/day) given for up to 4 weeks.
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Ninety-seven patients were included, of which, 22 had PD. (Pa-
tients had a decrease in systolic BP greater than or equal to 15
mmHg in response to a change form a supine to a standing posi-
tion and/or moderate frequency of at least two symptoms of ortho-
static hypotension. Clinical diagnosis of enrolled patients (n=97)
as follows: idiopathic orthostatic hypotension (IOH) [20], Shy-
Drager-Syndrome (SDS) [18], PD [22], diabetes [27], and others
[10].) The results showed that all patients treated with 30 mg/day
of midodrine showed significant increase in standing systolic blood
pressure (midodrine 116.7 mmHg vs. placebo 108.5 mmHg) and
diastolic blood pressure (midodrine 76.3 mmHg vs. placebo 72.3
mmHg). Supine systolic hypertension was seen in 8% of patients
treated with midodrine. Subgroup analysis revealed that among
the 19 PD patients evaluated, 16 received midodrine and three
received placebo. Eleven out of 16 who received midodrine re-
sponded to the medication; the response rate was 69%, which was
better than the response rate of the total subjects (47%); interest-
ingly the three PD patients who received placebo also responded.
This study had an overall quality rating score of 71%.

Low et al. (1997)12: Low and coworkers treated 162 patients
with neurogenic orthostatic hypotension, in which 19 patients had
PD. This was a parallel-group, placebo-controlled comparison
study of 4 weeks duration. Subjects were treated with either
midodrine (30 mg/day, n=70) or with placebo (n=83). (Patients
had an orthostatic reduction of at least 15 mmHg and
“lightheadedness” with a score of 5 on a scale of 1 to 10 [10=never,
1=always]. Clinical diagnosis of evaluable patients [n=162] as
follows: IOH [37], SDS [40], PD [19], diabetes [37], and others
[29].) The primary outcome was the increase in blood pressure
from baseline to day 15. Patients treated with midodrine showed a
mean 22.4 mmHg systolic BP increase and 13.3 mmHg diastolic
blood pressure increase from the baseline. Placebo-treated patients
showed a mean 6.0 mmHg and 4.3 mmHg increase in systolic and
diastolic blood pressure, respectively. The difference was statisti-
cally significant. Supine hypertension was observed in 4% of the
patients treated with midodrine. Difference in the diagnosis of the
patients studied did not affect the results. This study had an over-
all quality rating score of 75%.

Level-II studies
No qualified studies were identified.

Level-III studies
No qualified studies were identified.

REVIEW OF SAFETY
In two Level-I studies reviewed11,12 midodrine 30 mg/day was

associated with a significantly higher dose-depended incidence in
supine systolic hypertension. This is of clinical concern because
supine systolic hypertension greater than 180 mmHg should be
avoided. Other adverse reactions associated with midodrine in-
cluded piloerection, pruritus, tingling, paresthesia, urinary reten-
tion, urinary urgency, and headache. In some patients, there may
be a risk of cardiovascular adverse reactions associated with
midodrine.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of midodrine in the treatment of orthostatic hypotension spe-

cifically in patients with PD. Studies done to date were in a mixed
population of patients of which only a subgroup had PD.

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of midodrine for the long-term treatment of orthostatic hypoten-
sion specifically in patients with PD. Midodrine should be used
with caution in patients with coronary insufficiency.

IMPLICATIONS FOR CLINICAL PRACTICE
To date, there is insufficient evidence to establish clinical useful-

ness of midodrine in the treatment of orthostatic hypotension spe-
cifically in PD, and therefore, midodrine is considered INVESTI-
GATIONAL. However, because two Level-I studies showing effi-
cacy of midodrine in treating neurogenic orthostatic hypotension in
study populations that included patients with PD this drug may con-
sidered as a practical treatment option in patients with PD. Patients
should be monitored for cardiovascular adverse reactions.

IMPLICATIONS FOR CLINICAL RESEARCH
Randomized controlled studies are needed to establish the spe-

cific efficacy and safety of midodrine in orthostatic hypotension in
PD. Additional studies are needed to differentiate hypotensive
mechanisms related to PD as compared to hypotensive adverse re-
actions from medications used for treatment of the disease itself.

FLUDROCORTISONE (9-ALPHA -
FLUOROHYDROCORTISONE)

BASIC PHARMACOLOGY
Fludrocortisone increases sodium reabsorption in the kidney and

increases potassium excretion. The rise in blood pressure is spe-
cifically thought to be due to hypervolemia and increase in car-
diac output secondary to its effects on electrolyte levels (increased
sodium and decrease in potassium13). Fludrocortisone also has
central adrenergic effects. Fludrocortisone is the most potent syn-
thetic mineral corticoid currently available.

After oral administration, fludrocortisone is readily absorbed
and the peak blood level is reached in 45 minutes, and the half
maximum blood level is reached in about 7 hours. Fludrocortisone
and its metabolites are eliminated from the liver and the kidney.

REVIEW OF CLINICAL STUDIES
Level-I Studies

No qualified studies were identified

Level-II Studies
No qualified studies were identified.

Level-III Studies
Hoehn (1975)13: This was a small study in only 6 patients with

PD who had orthostatic hypotension. Patients were treated with
fludrocortisone 0.05 mg to 0.2 mg for 6 to 10 months. The results
from this small study report that upright systolic pressure was 70
mmHg to 98 mmHg at baseline and increased to 90 mmHg to 132
mmHg after treatment. Orthostatic symptoms in these patients dis-
appeared completely after the treatment.

REVIEW OF SAFETY
Adverse reactions associated with fludrocortisone include hy-
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pokalemia, hypertension, and edema. Fludrocortisone has a po-
tential cardiac steroid-like effect.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy regarding the use of fludrocortisone in the treatment of ortho-
static hypotension specifically in patients with PD.

SAFETY
There is INSUFFICIENT EVIDENCE to establish the safety of

fludrocortisone for treatment of orthostatic hypotension in patients
with PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Fludrocortisone is considered INVESTIGATIONAL for the

treatment of orthostatic hypotension in patients with PD.

IMPLICATIONS FOR CLINICAL RESEARCH
Randomized, controlled studies are needed to establish the effi-

cacy and safety of fludrocortisone in orthostatic hypotension in
patients with PD.

DIHYDROERGOTAMINE
BASIC PHARMACOLOGY

Dihydroergotamine (DHE) binds with high affinity to seroton-
ergic (5-HT1D, 5-HT1A, 5-HT2A, 5-HT2C), noradrenergic (al-
pha-2A, alpha-2B) and dopaminergic (D2, D3) receptors. Four
DHE metabolites have been identified, and the primary excretory
route is through the bile in the feces.

REVIEW OF CLINICAL STUDIES
To date, there are no published trials (Level I, Level II or Level

III) on the use of dihydroergotamine for the treatment of orthos-
tatic hypotension specifically in patients with PD.

Lubke (1976)14: One study by Lubke tested the efficacy of di-
hydroergotamine in patients (n=36) with a manifest orthostatic
syndrome (non-neurogenic orthostatic hypotension). This was a
double-blind, placebo-controlled study of 4-weeks duration, and
17 patients were treated with 7.5 mg/day of dihydroergotamine.
Treatment with dihydroergotamine was associated with normal-
ization of circulatory regulation and majority of orthostatic symp-
toms disappeared (as compared to the placebo group (n=19) that
showed no change).

CONCLUSIONS
Due the paucity of published clinical studies, there is INSUFFI-

CIENT EVIDENCE to make conclusions regarding efficacy, safety,
or implications for clinical use regarding the efficacy of dihydro-
ergotamine for treatment of orthostatic hypotension specifically
in patients with PD. Randomized, controlled studies are needed
that test the mechanism of action and efficacy of dihydroergota-
mine in patients with PD.

ETILEFRINE HYDROCHLORIDE
BASIC PHARMACOLOGY

Etilefrine hydrochloride (alpha-[(ethylamino)methyl]-m-
hydroxybenzyl alcohol hydrochloride) is a sympathomimetic agent,

which stimulates both alpha- and beta-adrenergic receptors15, and
produces a gradual and moderate elevation of blood pressure.16

Etilefrine hydrochloride increases cardiac contraction, cardiac
output, and blood pressure.

After single oral dose (7 mg), etilefrine HCl is readily absorbed,
and the maximum blood level is reached in 20 to 30 minutes. The
half-maximum blood level is reached in about 2.5 hours. Etilefrine
hydrochloride is metabolized in the liver by glucuronization and
sulfation.

REVIEW OF CLINICAL STUDIES
Level-I Studies

No qualified studies were identified.

Level -II Studies
Miller et al. (1973)16: Miller studied patients who developed

postural hypotension during levodopa therapy by treating them
with etilefrine hydrochloride in a single-blind study. Fifteen pa-
tients were treated with 15 mg of etilefrine daily and 5 with pla-
cebo. Blood pressure was evaluated 6 days after the treatment.
Etilefrine significantly improved blood pressure values while pla-
cebo did not: before treatment, the mean drop in systolic pressure
in standing position was 26.3%; after treatment with 15 mg etilefrine
chloride daily, the drop was only 4.3%. The mean diastolic pres-
sure drop prior to treatment averaged 9.2% compared to 1.2% af-
ter treatment for patients treated with etilefrine. Symptoms related
to postural hypotension were improved.

Level-III Studies
No qualified studies were identified.

REVIEW OF SAFETY
As a vasoconstrictor, etilefrine hydrochloride is associated with

all sympathomimetic adverse reactions including hypertension,
piloerection, pruritus, tingling, paresthesia, urinary retention, and
urinary urgency. Theoretically, there can be a potentiation of anti-
cholinergic effects and interaction with MAO inhibitors, and there
is a risk of supine hypertension.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy regarding the use of etilefrine hydrochloride in the treatment
of orthostatic hypotension specifically in patients with PD.

SAFETY
There is INSUFFICIENT EVIDENCE establish the safety of

etilefrine hydrochloride for treatment of orthostatic hypotension
in patients with PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Etilefrine hydrochloride is considered INVESTIGATIONAL for

the treatment of orthostatic hypotension in patients with PD.

IMPLICATIONS FOR CLINICAL RESEARCH
Randomized controlled studies are needed to see the efficacy

and safety of etilefrine hydrochloride in orthostatic hypotension
in patients with PD.
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INDOMETHACINE
BASIC PHARMACOLOGY

Indomethacine is a potent inhibitor of prostaglandin-forming
cyclooxygenase and also inhibits motility of polymorphonuclear
leukocytes. When given in supratherapeutic doses, it uncouples
oxidative phosphorylation and depresses biosynthesis of
mucopolysaccarides.17

Following oral administration, indomethacine is rapidly ab-
sorbed in the gastrointestinal tract with peak fasting plasma con-
centrations obtained within 2 hours post-treatment. Indomethacin
is extensively bound to plasma proteins and tissues (90%), is largely
converted to inactive metabolites (e.g., those formed by O-
demethylation, conjugation with glucuronic acid, and N-
deacylation). Ten to 20% of indomethacine is excreted unchanged
in the urine. Because of entoerhepatic cycling, the half life is vari-
able, but averages about 3 hours.17

REVIEW OF CLINICAL STUDIES
Level-I Studies

No qualified studies were identified.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Abate et al. (1979)18: The use of indomethacine for treatment of

orthostatic hypotension was studied in a nonrandomized,
noncontrolled trial in 12 patients with PD. Indomethacine was given
IV at 50 mg over 30 minutes or orally at 50 kg for 6 days. The
results showed that indomethacine significantly reduced the fall
of blood pressure on standing and decreased or reversed orthos-
tatic symptoms. The authors suggest that indomethacine offers a
positive effect on systemic vascular resistance.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of indomethacine in the treatment of orthostatic hypotension
specifically in patients with PD.

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of indomethacine for the treatment of orthostatic hypotension spe-
cifically in patients with PD.

IMPLICATIONS FOR CLINICAL PRACTICE
To date, there is insufficient evidence to establish clinical use-

fulness of indomethacine in the treatment of orthostatic hypoten-
sion specifically in PD, and therefore, indomethacine is consid-
ered INVESTIGATIONAL. Based on the report from one clinical
trial, indomethacine might be tried when other agents with clini-
cally established efficacy have proven ineffective.

IMPLICATIONS FOR CLINICAL RESEARCH
Randomized controlled studies are needed to verify the specific

efficacy and safety of indomethacine in orthostatic hypotension in
PD.

YOHIMBINE
BASIC PHARMACOLOCY

Yohimbine is an alpha2 adrenergic antagonist, which increases
plasma catecholamine levels by acting on presynaptic alpha2 adr-
energic receptors located on sympathetic nerve endings.

Yohimbine has a low and variable bioavailability, its plasma
clearance is high and also variable and terminal half-life in healthy
subjects is between 1 and 2 hours. Maximum plasma concentra-
tions after oral ingestions are reached between 1 and 2 hours also.19

REVIEW OF CLINICAL STUDIES
Senard et al. (1993)20 in a four-week trial studied the effect of

yohimbine 2 mg three times a day on blood pressure and heart rate
using ambulatory monitoring of blood pressure in 17 patients with
PD. At the end of 4 weeks, no significant changes were observed
for blood pressure parameters, and the authors concluded that yo-
himbine is not effective in correcting orthostatic hypotension in
PD. This study had an overall quality score of 90%.

CONCLUSIONS
EFFICACY

Based on one negative Level-I trial, yohimbine is considered
NON-EFFICACIOUS in the treatment of orthostatic hypotension
in patients with PD.20 However, this conclusion is based on a single
study with less than 20 patients

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of yohimbine for the treatment of orthostatic hypotension specifi-
cally in patients with PD.

IMPLICATIONS FOR CLINICAL PRACTICE
To date, there is insufficient evidence to establish clinical use-

fulness of yohimbine in the treatment of orthostatic hypotension
specifically in PD, and therefore, yohimbine is considered INVES-
TIGATIONAL.

IMPLICATIONS FOR CLINICAL RESEARCH
Randomized controlled studies are needed to verify the lack of

efficacy of yohimbine for treatment of orthostatic hypotension in
PD.

L-THREO-3,4-DIHYDROXYPHENYLSERINE
(L-DOPS)

BASIC PHARMACOLOGY
L-DOPS is an unnatural precursor of noradrenalin; it is con-

verted to noradrenalin by the action of aromatic l-amino acid de-
carboxylase.

After single oral dose (100 mg to 300 mg), L-DOPS is readily
absorbed and the peak plasma level is reached in 2 hours, and the
half-maximum blood level is reached in 3.5 hours. L-DOPS is not
detectable after 12 hours in the blood. The peak blood level of
norepinephrine is obtained in about 4 hours. Elimination is from
the kidney, mainly in the original form.

REVIEW OF CLINICAL STUDIES
Level-I Studies

No qualified studies were identified. However, there is a single
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European multicenter placebo controlled study ongoing designed
to assess the efficacy of three different doses of L-DOPS in the
treatment of orthostatic hypotension and multiple system atrophy
(MSA).

Level-II Studies
No qualified studies were identified.

Level-III Studies
No level III study published in English is available on orthos-

tatic hypotension in patients with PD.
Yanagisawa et al. (1998)21: Yanagisawa studied 15 patients with

PD with orthostatic hypotension, which is published in Japanese
with English summary. Patients were treated with 460 mg/day of
L-DOPS (average). Upright systolic blood pressure increased by
10.2 to 4.0 mmHg (P < 0.05). But when standing for 10 minutes,
there was a spontaneous partial recovery of upright systolic as well
as diastolic pressure, and the difference before and after the treat-
ment was not significant.

The only other study (Level III) identified was in 6 patients with
multiple system atrophy (MSA).22

REVIEW OF SAFETY
L-DOPS use may be associated with gastrointestinal adverse

reactions such as anorexia and nausea, and central nervous sys-
tem side effects such as delusion and hallucination.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy regarding the use of L-DOPS in the treatment of orthostatic
hypotension specifically in patients with PD.

SAFETY
There is INSUFFICIENT EVIDENCE establish the safety of

L-DOPS for treatment of orthostatic hypotension in patients with
PD.

IMPLICATIONS FOR CLINICAL PRACTICE
L-DOPS is considered INVESTIGATIONAL for the treatment

of orthostatic hypotension in patients with PD.

IMPLICATIONS FOR CLINICAL RESEARCH
Randomized controlled studies are needed to see the efficacy

and safety of L-DOPS in orthostatic hypotension in patients with
PD.

REFERENCES
1. Senard JM, Rai S, Lapeyre Mestre M, Brefel C, Rascol O, Rascol A, Montastruc

JL. Prevalence of orthostatic hypotension in Parkinson’s disease. J Neurol
Neurosurg Psych 1997;63:584-589.

2. Godberg LI, Whitsett TL. Cardiovascular effects of levodopa. Clin Pharmacol
Ther 1971;12:376-382.

3. Barbeau A, Gillo-Joffroy L, Boucher R, Nowaczynski W, Genest J. Renin aldos-
terone system in Parkinson s disease. Science 1969;165:291-292.

4. Whitsett TL, Halushka PV, Goldberg LI. Attenuation of postganglionic sympa-
thetic nerve activity by L-dopa. Circ Res 1970;27:561-570.

5. Kaplan HR, Barker JW, LaSala SA. Direct evidence for a centrally-mediated
hypotensive action of L-dopa in anesthetized dogs. Eur J Pharmacol 1972;17:273-
278.

6. Mathias CJ, Kimber JR. Postural hypotension: causes, clinical features, investi-
gation, and management. Annu Rev Med 1999;50:317-336.

7. Robertson D, Davis TL. Recent advances in the treatment of orthostatic hypoten-
sion. Neurology 1995;45(4 suppl 5):S26-32.

8. Senard JM, Monstastruc JL. Which drug for which orthostatic hypotension? Fund
Clin Pharmacol 1996;10(3):225-233.

9. Stumpf JL, Mitrzyk B. Management of orthostatic hypotension. Am J Hosp Pharm
1994;51(5):648-660.

10.McTavish D, Goa KL. Midodrine: a review of its pharmacological properties
and therapeutic use in orthostatic hypotension and secondary hypotensive disor-
ders. Drugs 1989;38:757-777.

11.Jankovic J, Gilden JL, Hiner BC, et al. Neurogenic orthostatic hypotension: a
double-blind, placebo-controlled study with midodrine. Am J Med 1993;95:38-
48.

12.Low PA, Gilden JL, Freeman R, Sheng KN, McElligott MA. Efficacy of midodrine
vs. placebo in neurogenic orthostatic hypotension. A randomized, double-blind
multicenter study. Midodrine study group. JAMA 1997;277:1046-1051.

13.Hoehn MM. Levodopa-induced postural hypotension. Treatment with
fludrocortisone. Arch Neurol 1975;32:50-51.

14.Lubke KO. A controlled study with dihydroergot on patients with orthostatic
dysregulation. Cardiology 1976;61(suppl 1):333-341.

15.Danneberg P. Tierexperimentelle Untersuchungen zur Wirkungsdauer von d,l-1-
(3-Hydroxy-phenyl)-1-hydroxy-2-acethylaminoaethan-Preparaten. Arzneim
Forsch 1965;15:207-213.

16.Miller E, Wiener L, Bloomfield D. Etilefrine in the treatment of levodopa-in-
duced orthostatic hypotension. Arch Neurol 1973;29(2):99-103.

17.Insel PA. Analgesic-antipyretics and anti-inflammatory agents; drugs employed
in the treatment of rheumatoid arthritis and gout. In Goodman Gilman A, Tall
TW, Nies AS, Taylor P, eds. Goodman and Gilman’s The Pharmacological Basis
of Therapeutics. Eighth Edition. New York, New York: Pergamon Press, 1990.

18.Abate G, Polimeni RM, Cuccurullo F, Puddu P, Lenzi S. Effects of indomethacine
on postural hypotension in Parkinsonism. Br Med J 1979;2:1466-1468.

19.Le Corre P, Dollo G, Chevanne F, Le Verge R. Biopharmaceutics and metabo-
lism of yohimbine in humans. Eur J Pharm Sci 1999;9:79-84.

20.Senard JM, Rascol O, Rascol A, Montastruc JL. Lack of yohimbine effect on
ambulatory blood pressure recordings: a double-blind cross-over trial in
Parkinsonians with orthostatic hypotension. Fundam Clin Pharmacol 1993;7:465-
470.

21.Yanagisawa N, Ikeda S, Hashimoto T, et al. Effecta of L-threo-dops on orthos-
tatic hypotension in Parkinson’s disease. No To Shinkei (Tokyo) 1998;50:157-
163 (Japanese with English summary).

22.Yoshizawa T, Fujita T, Mizusawa H, Shoji S. L-threo-3,4-hydroxyphenylserine
enhances the orthostatic responses of plasma renin activity and angiotensin II in
multiple system atrophy. Neurology 1999;246:193-197.

BIBLIOGRAPHY - EXCLUDED FROM
ANALYSIS

(REASON FOR EXCLUSION)
MIDODRINE

Fouad-Tarazi FM, Okabe M, Goren H. Alpha sympathomimetic treatment of auto-
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of hypotensive disorders in the elderly. Heart 1996;76:507-509. (Study of effects
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DIHYDROERGOTAMINE
Bobik A, Jennings G, Skews H, Esler M, McLean A. Low oral bioavailability of

dihydroergotamine and first-pass extraction in patients with orthostatic hypoten-
sion. Clin Pharmacol Ther 1981;30:673-679. (Excluded patients with Parkinson’s
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Bracharz H, Polzien P. Therapie hypotoner Kreislaufregulationsstoerungen mit einer
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1981;123:177-180. (non-English language)

Hilke H, Kanto J, Mantyla R, Kleimola T, Syvalahti E. Dihydroergotamine: phar-
macokinetics and usefulness in spinal anaesthesia. Acta Anaesth Scand
1978;22:215-220. (Spinal anesthesia, intravenous use)

ETILEFRINE HYDROCHLORIDE
Birke ER. On the action of antihypotensive agents in sympathicotonic orthostatic

hypotension in geriatric patients: comparison between placebo and etilefrin. Med
Klin 1977;72:1649-1702. (non-English language)

Gemeinhardt S, Schardt F, Polzien P. Abnormalities of hypotonic orthostatic regula-
tion: cardiovascular effects of dihydroergotamine, etilefrine and their combina-
tion. Dtsch Med Wochenschr 1981;106:1095-1099. (non-English language)

Jansen W. Comparative studies of the efficacy of amezintum and etilefrin in aged
patients with hypotonic blood circulation regulatory disorders. Med Welt
1982;32:1491-1496. (non-English language)

L-THREO-3,4-DIHYDROXYPHENYLSERINE
(L-DOPS)

Birkmayer W, Birkmayer G, Lechner H, Riederer P. DL-3,4-threo-DOPS in
Parkinson s disease: effects on orthostatic hypotension and dizziness. J Neural
Transm 1983;58:305-313. (Acute study, intravenous administration of DL-dops)

Freeman R, Young J, Landsberg L, Lipsitz L. The treatment of postprandial hy-
potension in autonomic failure with 3,4-DL-threo-dihydroxyphenylserine. Neu-
rology 1996;47:1414-1420. (Excluded patients with Parkinson’s disease)

Hoeldtke RD, Climi KM, Mattis-Graves K. DL-Threo-3,4-dihydroxyphenylserine
does not exert a pressor effect in orthostatic hypotension. Clin Pharmacol Ther.
1984;36:302-306. (Insufficient patient numbers; non-PD patients)

DRUGS TO TREAT URINARY
FREQUENCY, URGENCY, AND/OR URGE
INCONTINENCE

INTRODUCTION
BACKGROUND

Urinary frequency, urgency, and urge incontinence are common
symptoms in elderly people with Parkinson’s disease (PD). One
of the difficult issues is that nocturnal urinary frequency disturbs
sleep. When elderly peoples complain of urinary frequency, the
possibility of prostate hypertrophy and cancer should be consid-
ered. When urinary frequency is associated with difficulty in initi-
ating voiding, urologic consultation is warranted. When prostate
problems are excluded, urinary frequency, urgency, and/or urge
incontinence can be treated symptomatically.

RATIONALE
Urinary frequency and urge incontinence, particularly noctur-

nal ones, can seriously compromise the quality of life of patients
with PD and their caregivers. The three drug classes used to treat
these symptoms in the general medical context are (1) anti-cholin-
ergic drugs,(2) anti-spasmodic drugs acting on the detrusor muscles
of the urinary bladder, and (3) alpha-1 agonists.

METHODS
KEY SEARCH TERMS

Parkinson’s disease, neurogenic bladder, urgency, oxybutynin,
flavoxate, propiverine, prazosin, imipramine, and amitriptyline.

REVIEW OF CLINICAL STUDIES
A total of 20 articles were identified by the literature search (11

on oxybutynin; 2 tolteradine, 5 flavoxate, 1 propiverine, 1 prazosin),
but none specifically included patients with identified PD. There-
fore, no evidence-based analysis of drug treatment for urinary
symptoms in PD is possible.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to make conclusions on
the efficacy of oxybutynin, tolteradine, flavoxate, propiverine, and
prazosin in the treatment of urinary symptoms in patients with PD.

SAFETY
There is INSUFFICIENT EVIDENCE to make conclusions on

the safety of oxybutynin, tolteradine, flavoxate, propiverine, and
prazosin in the treatment of urinary symptoms in patients with PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Based on the absence of clinical study data in patients with PD,

oxybutynin, tolteradine, flavoxate, propiverine, and prazosin are
considered INVESTIGATIONAL. To the extent that urinary prob-
lems in individual PD resemble those in non-PD subjects, drugs
whose efficacy has been established in multiple Level-I trials (i.e.,
oxybutynin and tolteradine) in non-PD patients may be consid-
ered as initial treatment options.

IMPLICATIONS FOR CLINICAL RESEARCH
• There is a strong need for clinica trials specifically focusing on
the treatment of urinary symptoms in PD.
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• Any drugs with established or potential usefulness in neuro-
genic bladder disturbances in non-PD patients, should be tested in
patients with PD.
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Hussain RM, Hartigan-Go K, Thomas SH, Ford GA. Effect of oxybutynin on the
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Kata IR, Sands LP, Bilker W, DiFilippo S, Boyce A, Dangelo K. Identification of
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Trospium chloride versus oxybutynin: a randomized, double-blind multicentre
trial in the treatment of detrusor hyper-reflexia. Br J Urol 1995;75:452-456. (No
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Moisey CU, Stephenson TP, Brendler CB. The urodynamic and subjective results of
treatment of detrusor instability with oxybutynin chloride. Br J Urol 1980;52:472-
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Moore KH, Hay DM, Imrie AE, Watson A, Goldstein M. Oxybutynin hydrochlo-
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Urol 1990;66:479-485. (No PD patients)

Nagy F, Hamvas A, Frang D. Idiopathic bladder hyperactivity treated with Ditropan
(Oxybutynin chloride) Internat Urol Nephrol 1990;22:519-524. (No PD patients)

Ouslander JG, Schnelle JF, Uman G, Fingold S, Nigam JG, Tuico E, Jensen BB.
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tinence among neusing home residents? A placebo-controlled trial. J Am Geriat
Soc 1995;43:610-617. (No PD patients)

Szonyi G, Collas DM, Ding YY, Malone Lee JG. Oxybutynin with bladder retrain-
ing for detrusor instability in elderly people: a rondomized controlled trial. Age
Ageing 1995;24:287-291. (No PD patients)

Thuroff JW, Bunke B, Ebner A, et al. Randomized, double-blind, multicenter trial
on treatment of frequency, urgency and incontinence related to detrusor hyperac-
tivity: oxybutynin versus propantheline versus placebo. J Urol 1991;145:813-
816. (No PD patients)

Topp AJ, Cardozo LD, Versi E, Cooper D. The treatment of detrusor instability in
post-monopausal women with oxybutynin chloride: a double blind placebo con-
trolled study. Br J Obstet Gynaecol 1990;97:521-526. (No PD patients)

Zorzitto ML, Holliday PJ, Jewett MA, Herscharn S, Fernie GR. Oxybutynin
chloridefor geriatric urinary dsyfunction: a double-blind placebo-controlled study.
Age Ageing 1989;18:195-200. (No PD patients)

TOLTERODINE
Abrams P, Freeman R, Anderstrom C, Mattiasson A. Tolterodine, a new

antimuscarinic agent; as effective but better tolerated than oxybutynin in patients
with an overactive bladder. Br J Urol 1998;81:801-810. (No PD patients)

Appell RA. Clinical efficacy and safety of tolterodine in the treatment of overactive
bladder: a pooled analysis. Urology 1997;50:90-96. (No PD patients)

Atan A, Konely BR, Erickson JR, Yokoyama T, Kim DY, Chancellor MB. Tolterodine
for averactive bladder: time to onset of action, preferred dosage, and 9-month
follow-up. Tech Urol 1999;5:67-70. (No PD patients)

Brynne N, Stahl MM, Hall NB, et al. Pharmacokinetics and pharmacodynamics of
tolterodine in man: a new drug for the treatment of urinary bladder overactivity.
Int J Clin Pharmacol Ther 1997;35:287-295. (No clinical trial)

Hills CJ, Winter SA, Balfour JA. Tolterodine. Drugs 1998;55:813-820. (Review
paper; no PD patients)

Jonas U, Hofner K, Madersbacher H, Holmdahl TH, the participants of the interna-
tional study group. Efficacy and safety to two doses of tolterodine versus pla-
cebo in patients with detrusor overactivity and symptoms of frequency, urge in-
continence, and urgency: urodynamic evaluation. World J Urol 1997;15:144-151.
(No PD patients)

Larsson G, Hallen B, Nilvebrant L. Tolterodine in the treatment of overactive blad-
der: analysis of the pooled phase II efficacy and safety data. Urology 1999;53:990-
998. (Not tested in patients with PD)

Millard R, Tuttle J, Moore K, et al. Clinical efficacy and safety of tolterodine com-
pared to placebo in detrusor overactivity. J Urol 1999;161:1551-1555. (Not tested
in patients with PD)

Nilvebrant L, Andersson KE, Gillberg PG, Stahl M, Aparf B. Tolterodine - a new
bladder-selective antimuscarinic agent. Eur J Pharmacol 1997;327:195-207. (No
PD patients)

Renthog L, Stanton SL, Cardozo L, Nelson E, Fall M, Abrams P. Efficacy and safety
of tolterodine in patients with detrusor instability: a dose-ranging study. Br J
Urology 1998;81:42-48. (Not studied in patients with PD)

Stahl MM, Ekstrum B, Sparf B, Mattiasson A, Andersson KE. Urodynamic and
other effects of tolterodine: a novel antimuscarinic drug for the treatment of de-
trusor overactivity. Neurourol Urodyn 1995;14:647-655. (Acute study after single
dose; no PD patients)

Van Korrebroeck PEVA, Amarenco G, Thuuroff JW, et al. Dose-ranging study of
tolterodine in patients with detrusor hyperreflexia. Neurology Urodynam
1998;17:499-512. (Not tested in patients with PD)

FLAVOXATE
Aagaard J, Reuther K, Stimpel H. A comparison between the combination

emepronium bromide/flavoxate and emepronium bromide in the treatment of
detrusor instability. Urol Int 1983;38:191-192. (No PD patients)

Briggs RS, Castleden CM, Asher MJ. The effect of flavoxate on uninhibited detru-
sor contractions and urinary incontinence in the elderly. J Urol 1980;123:665-
666. (N = 6)

Delaere KPJ, Michiels HE, Debruyne FMJ, Moonen WA. Flavoxate hydrochloride
in the treatment od detrusor instability. Urol Int 1977;32:377-381. (Level III, not
on PD)

Pederson E. Studies on the effect and mode of action of flavoxate in human urinary
bladder and shpincer. Urol Int 1977;32:202-208. (No PD patients)

Heblorn S. Treatment of detrusor hyperreflexia in multiple sclerosis. A double-blind,
crossover clinical trial comparing Methantheline bromide (BanthineR), Flavoxate
chloride (UrispasR) and Meladrazine tartrate (LisidonilR). Urol Int 1977;32:209-
217. (No PD patients)

PROPIVERINE HCL
Mazur D, Wehnert J, Dorschner W, Schubert G, Herfurth G, Alken RG. Clinical and

urodynamic effects of propiverine in patients suffering from urgency and urge
incontinence. A multicentre dose-optimizing study. Scand J Urol Nephrol
1995;29:289-294. (Not tested in patients with PD)

Okada H, Sengoku J, Gohji K, Arakawa S, Kamidono S, Kobe University Inconti-
nence Study Group. Clinical effect of propiverine in patients with urge or stress
incontinence. Acta Urol Jpn 1998;44:65-69. (Not on PD)

PRAZOSIN
Jensen D Jr. Uninhibited neurogenic bladder treated with prazosin. Scand J Urol

Nephrol 1981;15:229-233. (Not on PD)
Petersen T, Husted SE, Sidenius P. Prazosin treatment of neurological patients with

detrusor hyperreflexia and bladder emptying disability. Scand J Urol Nephrol
1989;23:189-194. (Not tested in patients with PD)
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DRUGS TO TREAT GASTROINTESTINAL
MOTILITY PROBLEMS

INTRODUCTION
BACKGROUND

Constipation is a very common symptom of PD. Decrease in
gastrointestinal motility appears to be the results of reduced cho-
linergic innervation of the gastrointestinal tract. Degeneration of
the dorsal motor nucleus of the vagal nerve and neurons in the
myenteric plexus is well known in PD.1-3

RATIONALE
Reduced gastric motility may become a cause of “on-off” phenom-

enon of PD patients with long-term levodopa treatment.4,5 Improving
the gastric motility is important for the better absorption of levodopa.
In addition, gastrointestinal side effects such as anorexia, nausea, and
vomiting may become limiting factors for dopamine agonist treatment.

METHODS
KEY SEARCH TERMS

The terms used for the search included Parkinson’s disease,
cisapride, metoclopramide, and domperidone.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

Published articles were identified from the Cochrane Library that
ranged back as early as 1948. Articles selected for final screening were
those where a specific agent was used in order to treat gastrointestinal
motility disturbance in a population of PD patients as the prime target
of intervention. Level-I and Level-II studies were included if they had
a minimum of 10 patients and a 2-week treatment period. Level-III
studies were only included if there were no Level-I or Level-II studies
available. Studies published in non-English are included only when
there was no appropriate English literature identified.

CISAPRIDE
BASIC PHARMACOLOGY

Cisapride, a benzamide derivative, is a prokinetic drug that en-
hances gastric motility and emptying by increasing release of ace-
tylcholine from postganglionic nerve endings of the myenteric
plexus within the stomach wall without blocking the peripheral
dopamine receptors.6 After single oral dose (2.5 mg to 20 mg),
cisapride is rapidly absorbed. The peak blood level is reached in
60 minutes, and the half-maximum level in 1.5 and 8 hours.
Cisapride has a diphasic plasma level profile, and is metabolized
in the liver. N-dealkylated nor-cisapride is the major metabolite,
which is excreted into the urine.

REVIEW OF CLINICAL STUDIES
Collectively, five papers were identified that studied the use of

cisapride in treating gastric imotility specifically in patients with PD.
All these studies were classified as Level-III evidence. Two of these
studies by Jost and colleagues reported a reduction in gastrointesti-
nal or colonic transit time.7,8 One measured clinical improvement on
the effects of cisapride on constipation9, and two measured improved
levodopa adsorption with cisapride treatment.10,11

REVIEW OF SAFETY
Despite these positive clinical responses associated with cisapride

in patients with PD, cisapride was reported to be associated with car-
diac arrhythmias and sudden deaths, and its use in several countries is
restricted. It also has been suggested that cisapride exerts dopamine
antagonist properties that may aggravate parkinsonian symptoms.12

CONCLUSIONS
EFFICACY

Given the limited available Level III evidence and the diversity
in outcome variables reported, there is INSUFFICIENT EVI-
DENCE to conclude on the efficacy of cisapride to treat gastrointes-
tinal motility problems patients with PD.

SAFETY
Because of the risk of arrhythmia, sudden death, and aggrava-

tion of parkinsonism, cisapride has an UNACCEPTABLE RISK
in treating gastrointestinal problems in patients with PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Given a combination of safety concerns and insufficient evi-

dence for efficacy, cisapride is NOT USEFUL as a treatment op-
tion for gastrointestinal motility problems in PD. Additional re-
search is needed to identify safe pharmacologic agent to treat gas-
trointestinal problems specifically in patients with PD.

IMPLICATIONS FOR CLINICAL RESEARCH
Because of severe toxicity concerns no further clinical research

is recommended.

DOMPERIDONE
BASIC PHARMACOLOGY

Domperidone, a benzamide derivative, has a dopamine recep-
tor blocking property. Domperidone increases rhythmic contrac-
tion of the stomach, improves gastric emptying towards normal,
and shows anti-emetic effect. This drug does not cross the blood
brain barrier at usual recommended doses.

REVIEW OF CLINICAL STUDIES
There are four studies assessing the efficacy of domperidone in

patients with PD on dopaminergic therapy.13-16 Three assessed the
effect of domperidone on DA agonists-associated nausea, two were
done in patients receiving bromocriptine13,15 and one in patients
on apomorphine therapy14. The results indicated beneficial effects
of domperidone in preventing agonist-induced nausea. A further
study assessed the effects of domperidone (Level II) on GI empty-
ing and adverse reactions to levodopa. Domperidone (dose range
was 60 to 150 mg/day PO in divided doses) was found effective in
reducing gastric emptying time and reducing nausea and vomiting
associated with levodopa treatment. Only two of these were pla-
cebo-controlled13,15 and had quality scores of 58%15 and 62%13.

REVIEW OF SAFETY
From the studies reviewed, domperidone has the potential to ex-

acerbate parkinsonism when given at high doses of up to 150 mg/
day. In some instances, acute dystonia has been reported in children,
suggesting that domperidone crosses the blood brain barrier.

CONCLUSIONS
EFFICACY

Based on the available evidence, domperidone is LIKELY EF-
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FICACIOUS in reducing anorexia, nausea and vomiting associ-
ated with levodopa and/or dopamine agonist treatment.

SAFETY
Domperidone can be used with ACCEPTABLE RISK WITH-

OUT SPECIALIZED monitoring.

IMPLICATIONS FOR CLINICAL PRACTICE
Given positive evidence from two Level-I trials and its wide

use in clinical practise in many countries domperidone is consid-
ered POSSIBLY USEFUL in the treatment of gastrointestinal side
effects such as anorexia, nausea, and vomiting caused by anti-PD
drugs such as dopamine agonists and levodopa.

IMPLICATIONS FOR CLINICAL RESEARCH
More randomized controlled studies are needed to see the effi-

cacy and safety of domperidone in nausea and vomiting due to
anti-Parkinson medication in patients with PD.

METOCLOPRAMIDE
BASIC PHARMACOLOGY

Metoclopramide, a benzamide derivative, has a dopamine re-
ceptor blocking property as domperidone. It acts mainly on pe-
ripheral dopamine receptors, but it does cross the blood brain bar-
rier to some extent. Metoclopramide increases gastric motility,
gastric emptying, and shows anti-emetic property.

REVIEW OF CLINICAL STUDIES
Only one Level-III study17 has been identified where the effects

of metoclopramide (10 mg IM) in apomorphine-induced nausea and
vomiting was assessed in 8 patients. In this acute trial, prior injec-
tion of metoclopramide prevented apomorphine-induced vomiting.

REVIEW OF SAFETY
There are a number of case reports that metoclopramide can

compromise the antiparkinsonian effects of levodopa and other
DA-acting agonists.18-20

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the efficacy
of metoclopramide in treating nausea and vomiting in patients with PD.

SAFETY
Because of the metoclopramide-induced parkinsonism in non-

PD patients and aggravation of symptoms in PD, metoclopramide
has an UNACCEPTABLE RISK in patients with PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Due to its potential to aggravate motor symptoms

metoclopramide is considered NOT CLINICALLY USEFUL in
patients with Parkinson’s disease.
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Treatment of Depression in Idiopathic Parkinson’s Disease

INTRODUCTION
BACKGROUND

Although the reported prevalence of depression in patients with
Parkinson’s disease (PD) varies over a wide range due to factors
of selection bias and differences in diagnostic criteria for both de-
pression and PD, there is general consensus that it is a frequent
non-motor feature affecting between 40% and 50% of patients.1-3

Symptoms of depression may antedate overt motor manifestations
of PD in up to 30% of patients.4 Depression is usually of mild-to-
moderate intensity and suicide is rare.2 While some studies esti-
mated that major and minor depression occurred with equal fre-
quency,1 more recent studies using strict DSM-III-R diagnostic
criteria have found lower prevalence rates for major depression.
Tandberg et al.5 reported a prevalence of 3.6% of major depres-
sion in nondemented patients as opposed to 26% in cognitively
impaired patients.

Clinical features of depression associated with PD include early
loss of initiative and self-esteem. Different from major depression
found in non-parkinsonian patients, the suicide rate is very low in
parkinsonian depression, and the prevalence of panic attacks and
other symptoms of anxiety is relatively high. Available validated
depression rating scales include a variety of items related to motor
behavior, and these measures can confound interpretation of de-
pression ratings in patients with PD.

The inconsistent correlation between mood changes and sever-
ity of parkinsonian disability, as well as the occurrence of depres-
sion prior to any motor manifestations of Parkinson’s disease (PD)
all argue against a merely reactive nature of PD-associated de-
pression. Proposed neurobiological substrates include
mesocorticolimbic dopaminergic denervation6, brain serotonin de-
ficiency due to degenerative changes in the brain stem raphe
nucleus2,7,8 as well as noradrenergic deficiency.7

RATIONALE
In a recent survey9, depression was identified as a major factor

impacting on the quality of life in PD patients so that antidepres-
sive therapy is an important part of pharmacological treatment of
patients with PD. Despite the frequency of depression in PD, there
are no uniformly accepted standards for the treatment of PD-asso-
ciated depressive symptoms. This chapter reviews the available
evidence for efficacy and safety of antidepressant pharmacotherapy
or electroconvulsive therapy in PD patients with minor or major
depression.

METHODS
KEY SEARCH TERMS

Key search terms included Parkinson’s disease or parkinson
syndrome and depression and antidepressants or antidepressive
therapy or one of the following: selective serotonine reuptake in-

hibitor (SSRI), fluvoxamine, fluoxetine, sertraline, amitriptyline,
nortriptyline, imipramine, moclobemide, selegiline or electrocon-
vulsive therapy or ECT or magnetic stimulation or transcranial
electromagnetic stimulation.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

A total of 265 articles were identified. Articles selected for final
screening were those where a specific therapy had used to treat
depression in a population of PD patients as a prime target of in-
tervention. Forty articles met this criterion, 19 of which were re-
lated to drug-treatment while 21 assessed the effects of ECT. As
there were only two randomized controlled trials in this indication
a special exception was made for this section to include all ran-
domized controlled trials regardless of patient numbers.

TRICYCLIC ANTIDEPRESSANTS
Of 19 articles selected for final screening, three were about the

use of tricyclic antidepressants in PD-associated depression. Only
one article met the inclusion criteria of this review and describes
the antidepressive effects of nortriptyline in patients with PD.10

NORTRIPTYLINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
The tricyclic antidepressant nortriptyline (a

dibenzocycloheptadien) is the secondary-amine congener (or the
N-demethylated metabolite) of the tertiary amine compound ami-
triptyline. As with other antidepressant drugs, knowledge of the
pharmacological properties is incomplete. The mechanism of
nortriptyline’s antidepressant action is thought to be related by its
potent and highly selective inhibition of norepinephrine reuptake.
In addition, nortriptyline has weak affinity for serotonin neuronal
reuptake and it does not inhibit dopamine neuronal reuptake. Like
other imipraminic compounds, nortriptyline blocks muscarinic and
alpha-adrenergic receptors.

PHARMACOKINETICS
Oral nortriptyline is well absorbed with limited first-pass me-

tabolism. Bioavailability is approximately 61%. As with other tri-
cyclic antidepressants, concentrations in plasma typically peak
within 2 to 8 hours. The mean plasma protein binding of nortrip-
tyline is about 89% to 92%. Nortriptyline is oxidized by hepatic
microsomal enzymes followed by conjugation with glucuronic
acid. Urinary clearance is the major route of excretion for nortrip-
tyline metabolites.11,12

The mean half-life of nortriptyline is 28 to 31 hours. Half-life
tends to be prolonged in elderly compared to non-elderly subjects.
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Serum concentrations of 50 to 150 ng/ml for nortriptyline have
been suggested as optimal for patients with major depression.11,12

REVIEW OF CLINICAL STUDIES
Level-I Studies

Andersen et al. (1980)10 was the only study identified in this
review, and it included 22 L-dopa-treated patients with PD. Pa-
tients were randomized into a double-blind, cross-over study com-
paring nortriptyline and placebo. All patients presented with mod-
erate degrees of depression scoring at least 13 points on a depres-
sion rating scale designed by Andersen himself (maximum score
of 93).10 The two treatment periods lasted 8 weeks each, and 19
patients completed the full trial. Problematic issues related to this
study include its crossover design with a short washout period,
lack of an analysis of period effect, and the use of an unconven-
tional rating system; nonetheless, this study is the only available
randomized study on the efficacy of tricyclic agent.

Nortriptyline was titrated from 25 mg/d to a maximum of 150
mg/d, presumably according to clinical response, but details are
not given in the report. Assessments were made before and after
the end of each 8-week treatment period and included the Andersen
Depression Rating Scale and a 5-point rating scale of posture and
gait, a 4-point scale for akinesia, rigidity and tremor as well as a
variety of timed tests. There were no statistically significant changes
in any of the parkinsonian measures between the post-placebo and
post-nortriptyline values, which were all similar to baseline scores.
The median depression score was highly significantly reduced in
the nortriptyline period compared to baseline or the placebo pe-
riod. The authors state that the most pronounced effect of nortrip-
tyline was found in those items of their depression scale, which
they believed less likely to be affected by parkinsonism itself. The
major adverse reaction was orthostatic hypotension, which lead to
early dropout of two patients and caused a significant decrease in
mean standing blood pressure after active treatment compared to
placebo or baseline. This study had an overall quality rating score
of 53%.

Level-II Studies
No qualified studies were identified.

Level-III Studies
No qualified studies were identified.

REVIEW OF SAFETY
The main adverse reactions of tricyclic antidepressants are re-

lated to their antimuscarinic as well as antiadrenergic,
antihistaminergic, and antiserotonergic activities. In addition, they
interfere with presynaptic reuptake of catecholamines. Adverse
reactions include sedation and memory impairment as well as -
particularly in high doses - confusional states, hallucinosis and
delirium. Concomitant treatment with tricyclic antidepressants in
patients with PD can contribute to drug-induced psychosis, seda-
tion, and daytime sleepiness. The anticholinergic activity of tricy-
clic antidepressants can potentially slow the gastrointestinal re-
sorption of levodopa, which is of potential importance in motor
fluctuations.

There are some concerns regarding interactions between tricy-
clic antidepressants and Deprenyl causing hyperpyrexia, tremor,
agitation, and mental changes similar to the “serotonin syndrome”.
A recent survey in PD on possible interactions between deprenyl

and tricyclic antidepressants and selective serotonin reuptake in-
hibitors (SSRIs) has identified a very low combined rate of 0.24%
of adverse reactions possibly consistent with a serotonin syndrome,
which was considered serious in 0.04%13.

Up to 10% of patients treated with tricyclic antidepressants for
major depression have developed signs of orthostatic hypotension.
Cardiac arrhythmias are a risk in patients with pre existing cardiac
disease in particular with pre existent bundle-blocks.

Abrupt discontinuation of sustained high dose oral treatment
with tricyclic antidepressants may induce withdrawal phenomena
including dysautonomia, anxiety, and panic.

CONCLUSIONS
EFFICACY

Based on one positive Level-I study of moderate quality nortrip-
tyline is considered LIKELY EFFICACIOUS for the treatment of
depression in PD but there is INSUFFICIENT EVIDENCE to con-
clude on imipraminic antidepressants as a class.

SAFETY
In depressed patients with PD, there is INSUFFICIENT EVI-

DENCE to conclude on the safety of nortriptyline or other
imipraminic antidepressants.

IMPLICATIONS FOR CLINICAL PRACTICE
To the extent that depression in PD parallels that in non-PD pa-

tients with major depression, clinical experience suggests that
nortriptyline and imipraminic antidepressants are POSSIBLY USE-
FUL also in the treatment of depression in PD.

IMPLICATIONS FOR CLINICAL RESEARCH
There is a need for well-designed, controlled trials of imipraminic

antidepressants in PD patients with depression to better define:
• The short-term and long-term antidepressive efficacy of differ-
ent imipraminic agents in patients with PD.
• The relative efficacy of imipraminic antidepressants compared
to newer antidepressive agents like SSRIs in PD-associated de-
pression.
• Interactions between imipraminic antidepressants and
antiparkinsonian drugs in depressed patients with PD.
• The antiparkinsonian effects and their possible relation to the
antimuscarinic and monoaminergic properties of imipraminic an-
tidepressants.

MAO-INHIBITORS
Current hypotheses relate depression in PD to neurobiochemical

deficits involving dopaminergic, noradrenergic, and serotonergic
brain stem ascending systems (see Introduction). Oxidative deami-
nation is a common major pathway of degradation of all free bio-
genic amine-neurotransmitters believed to be possibly involved in
mood changes in PD. Consequently, inhibition of monoamine-
oxydase (MAO) seems a plausible approach to the drug treatment
of PD-related depression. MAO-A exists in two isoforms: MAO-
A primarily deaminates noradrenaline and serotonine, while MAO-
B is relatively selective for dopamine metabolism. Most of the
brain MAO-activity is related to the B-type enzyme (> 80%), while
less than 20% of the total brain MAO activity correspond to the A-
type enzyme.14 Literature data on the use of MAO inhibitors to
treat depression in PD are sparse and related to both inhibition of
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MAO-A through moclobemide and MAO-B through selegiline.
Of 19 articles screened for final evaluation, 4 assessed the ef-

fects of MAO-inhibition on depressive symptoms in PD, of which
2 met inclusion criteria of this review.

MOCLOBEMIDE
In the 1950s, MAO-A-inhibitors were introduced as an antide-

pressive drug strategy after observations of mood brightening ef-
fects of the tuberculostatic drug iproniacide, which is also a non-
selective MAO-A.15

BASIC PHARMACOLOGY
MECHANISM OF ACTION

Moclobemide is a reversible, competitive inhibitor of the en-
zyme MAO-A. Selective inhibition of brain MAO-A activity raises
noradrenaline and serotonine brain concentrations, and this is gen-
erally accepted as the basis of the antidepressant effect of
moclobemide. In addition, moclobemide has a negligible effect
on monoamine reuptake16, and there is no relevant interaction with
other non-MAO enzyme systems or neurotransmitter receptors.

PHARMACOKINETICS
Moclobemide is rapidly absorbed through the gastrointestinal

tract, and maximum plasma concentrations are reached between
0.5 and 2 hours post dosing, corresponding to bioavailability be-
tween 50% and 80%. First-pass metabolism is considerable and it
is estimated that only about two-thirds of a dose of moclobemide
will reach the systemic circulation unmetabolized. Plasma protein
binding of moclobemide is around 50%. Terminal half-life of
moclobemide is between 1 and 3 hours.17

Hepatic metabolism is the major determinant of moclobemide
elimination, and the major ways of metabolism include oxidative
reactions (hydroxylation, oxidative dealkylation).

SELEGILINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Selegiline is a non-competitive, irreversible (suicide) inhibitor

of brain MAO-B enzyme. At the usual clinical dose of 10 mg/d,
selegiline is selective for MAO-B. At higher doses, the selectivity
of selegiline is partially lost. Selegiline was originally developed
as an antidepressant; the mechanism involved is believed to be
related to increases in brain dopamine concentrations. Selegiline
has additional mechanisms beyond MAO-B inhibition including
inhibition of catecholamine reuptake and effects at presynaptic
catecholamine receptors (see the Chapter on MAO-B inhibitors in
this text).

PHARMACOKINETICS
Selegiline is rapidly absorbed from the gastrointestinal tract.

Major metabolism occurs in the liver with transformation to
desmethyl-selegiline, metamphetamine, and amphetamine. The
bioavailability of orally administered selegiline is negligible be-
cause of marked first-pass metabolism that yields peak concentra-
tions of the parent drug of 1.1 (±0.4 ng/ml following a 10-mg oral
dose. Peak plasma concentrations are reached in 30 minutes to 2
hours, plasma protein binding is 94%, elimination half-life is esti-
mated to be 1.9 (±1.0 hours for the parent compound and the N-

desmethyl metabolite). The major plasma component is
metamphetamine, which has a half-life of 21 hours, and amphet-
amine has a half-life of 18 hours.18,19

Since Selegiline is an irreversible inhibitor of MAO-B, the half-
life of MAO-B inhibition is related to the rate of protein biosyn-
thesis, and persistent, clinically relevant MAO-B inhibition is be-
lieved to be present for at least one month after stopping the drug.20

REVIEW OF CLINICAL STUDIES
Level-I Studies

No placebo-controlled randomized trials assessing moclobemide
or selegiline as antidepressants in PD were identified in this re-
view. The only identified randomized controlled trial was on the
use of moclobemide and selegiline.

Steur and Ballering (1997)21 randomly assigned 10 patients with
idiopathic PD and major depression of 3 to 50 months’ duration to
co-treatment with moclobemide alone (600 mg/d) or moclobemide
(600 mg/d) plus selegiline (10 mg/d). Concomitant antiparkinsonian
medication had been kept constant in the preceding three months,
and study drugs were administered for a period of 6 weeks during
which time antiparkinsonian medication was kept unchanged.
Depression was rated by the Hamilton Depression Rating Scale
(HDRS) one week before and six weeks after treatment

HDRS scores were similar between the two treatment groups,
but numerical values are not detailed in the text. However, im-
provement in the combined moclobemide-selegiline group was sig-
nificantly more pronounced than in the moclobemide monotherapy
group (p=0.0029). It is not stated in the paper if improvement in
HDRS scores following moclobemide monotherapy was statisti-
cally significant compared to baseline.

All patients in the combined moclobemide-selegiline-group
experienced improvement in bradykinesia, while this only occurred
in one patient in the moclobemide monotherapy group. From the
report it appears that at least some patients were fluctuators, but it
is stated that daily hours “on” did not change in either of the two
treatment arms. Both treatments were well tolerated and there were
no increases in blood pressure but the study was performed under
tyramine restriction. Interestingly the authors also observed statis-
tically significant increases in MMSE scores in the combined treat-
ment group only. This study had an overall quality score of 74%.

Level-II Studies
Lees et al. (1977)22 investigated the effects of co-treatment with

selegiline in 41 patients with idiopathic PD receiving maximum
tolerated doses of levodopa (L-dopa). Depression was present in
15 of these patients and was assessed using the Zung self-rating
depression scale. The study was designed as a double-blind, pla-
cebo-controlled, cross-over trial where patients were initially
treated with selegiline 10 mg/d and reassessed after 1 month of
selegiline treatment when they were readmitted to hospital. At vary-
ing intervals following post-selegiline assessments patients were
switched to placebo in a double-blind fashion, and placebo treat-
ment was maintained for 4 weeks when there was a final assess-
ment. Depression, which was rated as moderate to severe in 15 of
46 patients, did not show any statistically significant improvement
during selegiline therapy compared to placebo. However, the main
target of this study was the assessment of antiparkinsonian effects
of deprenyl in both fluctuating and non-fluctuating PD patients.

Treatment of Depression in Idiopathic Parkinson’s Disease
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Level-III Studies
No qualified studies were identified.

REVIEW OF SAFETY

MOCLOBEMIDE
The most common adverse reactions reported during clinical

trials with moclobemide included insomnia, sleep disturbances and
restlessness. Furthermore patients treated with moclobemide re-
ported a greater incidence of tremor, nausea and vomiting as com-
pared to placebo-treated patients. The main cardiovascular adverse
reactions reported after moclobemide treatment was hypotension.

Concomitant treatment with moclobemide and tricyclic antide-
pressants can induce severe serotonin-syndrome-like adverse re-
actions including fatalities so that such combinations are contrain-
dicated. Combined treatment with moclobemide and SSRIs also
should be strictly avoided. Moclobemide treatment only has rarely
induced hypertensive reactions, and there is no need for dietary
tyramine restriction.

SELEGILINE
The safety of selegiline is also summarized elsewhere in this

review. The combined use of deprenyl and antidepressants - tricy-
clic antidepressants and particularly SSRIs - can rarely induce a
serotonin syndrome including mental status changes, myoclonus,
diaphoresis, agitation, tremor, diarrhoea, and fever.

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of MAO-A or MAO-B inhibitors or their combination in the
treatment of depression in patients with PD.

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of MAO-A or MAO-B inhibitors or their combination in depressed
patients with PD. However, based on experience in psychiatry,
combined treatment with MAO-A inhibitors and either tricyclic
antidepressants or SSRIs carries an UNACCEPTABLE RISK.

 IMPLICATIONS FOR CLINICAL PRACTICE
Co-treatment of depressed PD patients with the MAO-A inhibi-

tor moclobemide or the MAO-B inhibitor, selegiline, is INVESTI-
GATIONAL. Combined treatment of depressed parkinsonian pa-
tients with moclobemide and tricyclic antidepressants or SSRIs is
UNACCEPTABLE, while the risk for a serotonin syndrome dur-
ing combined treatment with selegiline is very low.

IMPLICATIONS FOR CLINICAL RESEARCH
Because there is a re emergence of interest in the role of MAO

inhibitors in the management of depression in the geriatric popu-
lation, controlled clinical trials assessing these agents in depressed
PD patients are warranted. Both placebo-controls and active com-
parator-controls trials using different antidepressants (imipraminic
and SSRIs) are needed to guide clinicians towards “optimal” anti-
depressive drug regimens for PD patients.

SEROTONIN REUPTAKE INHIBITORS
Six articles included for final screening were about the use of

selective serotonine reuptake inhibitors (SSRIs) in PD patients with
depression and two qualified (meeting inclusion and exclusion
criteria previously described) for final inclusion. Both were open-
label uncontrolled studies of the efficacy and safety of paroxetine
in depressed PD patients.

PAROXETINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Paroxetine hydrochloride is a selective 5-HT reuptake inhibitor

(SSRI). The mechanism of action of paroxetine is presumed to be
linked to its inhibition of CNS neuronal uptake of 5-HT. Inhibition
of presynaptic reaccumulation of neuronally released 5-HT po-
tentiate the action of 5-HT released by neuronal activity. In addi-
tion, paroxetine has weak affinity for norepinephrine and dopam-
ine neuronal reuptake.

PHARMACOKINETICS
Paroxetine is efficiently absorbed after oral administration, peak

plasma concentrations after oral dosing occur within 2 to 10 hours.
Average terminal elimination half-life of plasma paroxetine is about
24 hours. Steady state plasma concentrations are generally
achieved within 7-14 days of repeated daily oral dosing of 20 to
30 mg per day. Half-life tends to be prolonged in elderly and pa-
tients with renal as well as liver dysfunction. For most patients
paroxetine has a linear dose-proportional pharmacokinetics to
orally aministered doses. The plasma protein binding of paroxetine
is about 95%.

Paroxetine undergoes extensive hepatic first-pass metabolism.
The primary metabolic pathway is an oxidation to an intermediate
unstable catechol derivate followed a methylisation and subsequent
to a glucuronide or sulfat conjugation. These circulating metabo-
lites are substantially less active than the parent compound. Ap-
proximately 2% of the administered dose is excreted in urine in
1% in the feces.23

REVIEW OF CLINICAL STUDIES
Level-I Studies

No qualified studies were identified.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Ceravolo and co-workers (2000)24 studied the effects of

paroxetine on depressive and motor symptoms in 33 non-demented
patients with idiopathic Parkinson’s disease and depression. De-
pression was diagnosed according to DSM-IV criteria and was
classified as major depression in fourteen and dysthymia in nine-
teen patients. All patients were receiving levodopa therapy and
eighteen had add-on treatment with dopamine agonists.
Antiparkinsonian medication was kept constant during the trial
which did not include patients with motor fluctuations. Previous
antidepressive treatment (six cases on tricyclic antidepressants)
was discontinued at least three months before the study. Paroxetine
was given at a starting dose of 5 mg/d and titrated up to 20 mg/d.
Depression was rated at baseline and after 1, 3, and 6 months of
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treatment using the Beck Depression Inventory (BDI) and the
Hamilton Depression Rating Scale 21 (HDRS-21). Parkinsonian
motor symptoms were rated at the same time points using UPDRS
Part III. Twenty-nine patients completed this 6 months trial, and
twenty-five showed clinically evident improvement in mood. BDI
and HDRS scores for the whole group improved from baseline to
the final visit at month 6 and these score changes were statistically
significant. Four patients did not improve.

The UPDRS Motor Score did not change during paroxetine treat-
ment. However, there was a single case of worsened parkinsonian
tremor. There were two side-effect related dropouts, both cases
developed visual hallucinations after 40 and 55 days of treatment
respectively. Other side-effects of this study were considered mi-
nor and included dizziness, nausea, anxiety, and palpitation.

Tesei et al.25 included sixty-five outpatients with idiopathic
Parkinson’s disease and depression in an open-label prospective
tolerability study of paroxetine. Depression was diagnosed accord-
ing to DSM-IV criteria and HDRS scores were determined at
baseline and after three months of treatment with paroxetine. Par-
kinsonian motor signs were quantified by the UPDRS pre- and
post-treatment. Paroxetine was given at a dose of 10 mg/d for the
first four weeks and increased to 20 mg/d thereafter.
Antiparkinsonian medication (various combinations of levodopa
and dopamine agonists in most cases) were kept constant during
the course of the trial. The primary outcome parameter for the as-
sessment of paroxetine tolerability was the number of patients
withdrawn from the study because of adverse events.

Fifty-two (80%) patients completed the 3-month study period
on prescribed dose of paroxetine. These patients had a significant
improvement in the HDRS score at month 3 compared to baseline
(from a mean of 21.7 to 13.8 points; p <0.001). It is stated that this
reduction mainly related to improvements in anxiety and sleep-
related symptoms.

Thirteen patients discontinued paroxetine treatment after a mean
period of around 12 days because of adverse reactions. These in-
cluded anxiety, nausea, agitation, confusion, and headache. Two
cases (3.1%) were withdrawn because of increases in “off” time
and exacerbation of parkinsonian tremor.

SAFETY
SSRIs, when studied in psychiatric populations, have demon-

strated an improved safety profile compared to tricyclic antide-
pressants, particularly related to lower incidences of anticholin-
ergic adverse reactions and cardiac arrhythmias. Common adverse
reactions include sleep disorders and gastrointestinal complaints.
The use of SSRIs in patients with PD receiving concomitant treat-
ment with deprenyl has been associated with mental status changes,
myoclonus, tremor, hyperpyrexia, diarrhoea, hyperreflexia, and
diaphoresis (“serotonin syndrome”). A recent survey13 found a low
incidence of 0.24% of reactions possibly consistent with this syn-
drome and only 0.04% were considered severe.

The two largest prospective Level-III studies on the tolerability
of SSRIs in the treatment of parkinsonian depression used
paroxetine (see above) and found a low rate of worsening of par-
kinsonism of about 3% of patients. This worsening included in-
creases in “off” time and exacerbation of tremor24,25. There are
additional case reports and retrospective observations in the lit-
erature describing exacerbation associated both with paroxetine
and other SSRIs including fluoxetine and fluvoxamine26.

In contrast, there are open-label observations reporting benefi-

cial effects of fluoxetine on L-dopa-induced dyskinesias27.

CONCLUSIONS
EFFICACY

In the absence of data from controlled studies there is INSUF-
FICIENT EVIDENCE to conclude on the efficacy of paroxetine
or SSRIs as a class for treatment of depression specifically in pa-
tients with Parkinson’s disease.

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of paroxetine and other SSRIs when used to treat depression in
patients with PD. There is sparse and conflicting evidence for a
potential of SSRIs to exacerbate parkinsonism, which is based on
case reports or small case series that used an open-label study de-
sign. Combining SSRIs and selegiline in patients with PD carries
a minor risk of inducing a serotonin syndrome.

IMPLICATIONS FOR CLINICAL PRACTICE
To the extent that depression in PD parallels that in non-PD sub-

jects with major depression, clinical experience suggests that ad-
ministration of paroxetine and other SSRIs is POSSIBLY USE-
FUL to treat depression in PD. The effects of SSRIs on parkinso-
nian motor symptoms are presently unclear but probably of little
clinical significance.

IMPLICATIONS FOR CLINICAL RESEARCH
There is a strong need to perform well designed, controlled clini-

cal trials of SSRIs in the treatment of depression in patients with
PD in order to:
• Compare the efficacy and tolerability of different SSRIs vs. pla-
cebo and other antidepressants in PD-associated depression.
• To assess the effects of SSRI co-treatment on parkinsonian symp-
toms.
• To assess the interaction of various SSRIs with antiparkinsonian
drugs, in particular MAO-B inhibitors.

NON-PHARMACOLOGICAL
INTERVENTIONS

ELECTROCONVULSIVE THERAPY
Although pharmacotherapy is the mainstay of antidepressive

treatment, a number of non-pharmacological interventions are be-
ing used by psychiatrists to treat major depression. These include
strategies of sleep deprivation and phototherapy in seasonal de-
pression. Electroconvulsive therapy (ECT) has been used for de-
cades as an important therapeutic modality to treat drug-resistant,
severe depression, although the frequency of its use has declined
considerably following the introduction of effective antidepres-
sive drug treatment.28,29 More recently, repetitive transcranial mag-
netic stimulation (TMS) has been introduced as a less invasive
replacement for ECT.30

Of these various non-pharmacological interventions, only ECT
has been used to treat depression in patients with PD, as identified
by the results of this literature search for this review.

Electroconvulsive therapy (ECT) was originally introduced as
a treatment in psychiatry on the basis of the mistaken belief that
schizophrenia and epilepsy were mutually exclusive diseases. With
the advent of modern psychopharmacotherapy, the use of ECT
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has sharply declined after the 1950’s, but problems of drug resis-
tance or intolerance eventually lead to renewed interest in ECT as
a treatment modality from the 1980’s onward.29,31

Recent surveys within the United States indicate that about 80%
of patients receive ECT treatment because of major depression.29,31

Its use is generally restricted to patients with a history of drug re-
sistance and/or those in whom there is a particular need for a rapid
clinical response.

Despite the long history of use of ECT in psychiatry its mecha-
nism of action remains largely unknown. Current hypothesis fo-
cus on ECT-induced central neurotransmitter changes. Animal stud-
ies of electroconvulsive shock have revealed acute increases in
brain norepinephrine concentrations together with down regula-
tion of beta-adrenergic and possibly presynaptic alpha-adrenergic
receptors. In humans, increases in plasma catecholamine, particu-
larly epinephrine, levels, have been observed following ECT.28

Similarly, animal studies using ECS show increases in brain
serotonine concentrations, and chronic ECS has been found to
enhance behavioral serotonergic responses. Most studies of ECT
in humans have failed to detect CSF 5-HIAA changes following
ECT, but one study reported ECT-related increases.32

Animal studies with ECS also found increases in brain dopam-
ine concentrations33 and potentiation of dopamine-mediated be-
havior. In humans, ECT has been reported to enhance the prolactine
response to apomorphine.

Not surprisingly, ECS in animals has also been found to induce
changes in acetylcholine GABA, endogenous opioids or adenos-
ine receptors. Although it is tempting to speculate that antidepres-
sive effects of human ECT treatment may be related to brain nore-
pinephrine-, serotonine-, or dopamine-changes, the multitude of
brain effects resulting from electrically induced seizures - includ-
ing changes in cerebral blood flow, oxygen and glucose metabo-
lism, protein synthesis, blood brain barrier, disruption and synap-
tic activity - make it very difficult to define the crucial mechanism
of ECT’s antidepressive mode of action.28

REVIEW OF CLINICAL STUDIES
The search criteria for this review identified 21 articles cover-

ing a total of 71 patients with idiopathic PD in whom electrocon-
vulsive therapy was used to treat concomitant depression. All but
one study did not qualify for inclusion in this report and were ei-
ther single-case reports or studies of less than 10 patients and there-
fore, were excluded.

Level-I Studies
No qualified studies were identified.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Moellentine and co-workers (1998)34 performed a retrospective

chart review from their institution’s ECT database. Outcomes of
psychiatric symptoms were assessed in 25 patients with parkin-
sonism vs. 25 age- and gender-matched patients without neuro-
logical diseases also receiving ECT for psychiatric indications.
Twenty-five patients with parkinsonism were identified, 19 of
which received ECT treatment because of major depression ac-
cording to DSM-III-R diagnostic criteria. Two of the total of 25
may have suffered from drug-induced parkinsonism, while in the

others, a diagnosis of idiopathic PD was made by a qualified neu-
rologist. ECT treatment was unilateral or bilateral, patients were
given three sessions per week unless postponement or discontinu-
ation was necessary because of ECT-induced delirium. Baseline
and post-treatment ratings included the MMSE, global assessment
of functioning scale (GAF), brief psychiatric rating scale (BPRS)
and the Hamilton Rating Scales for Anxiety and for Depression
(HAM-A, HAM-D). Ratings were performed one or two days be-
fore the first ECT treatment and one or two days after the last treat-
ment. Patients with PD received a median number of 6 ECT treat-
ments and this number was 7 in the non-neurological control group.
The authors noted a significant decrease in both HAM-D and
HAM-A scores for both patients with PD and non-neurological
controls. Of the 25 patients with PD, 14 reported subjective motor
improvement following the course of ECT treatment; however,
the article does not give detailed information on concomitant drug
treatment. Patients with PD had more ECT-related complications
than the non-neurological control group (56% vs. 12%), the most
frequent being transient ECT-related delirium. The authors con-
cluded that mood disorders associated with PD are improved by
ECT without worsening of the underlying movement disorders,
and that depression and anxiety respond in a similar fashion to the
same psychiatric symptoms in a non-neurological patient group.
The authors, however, also acknowledge that their ratings were
performed by an unblinded ECT nurse coordinator introducing a
potential of bias.

SAFETY
ECT has been generally well tolerated in patients with PD. In

subjects with pre existing L-dopa-induced dyskinesias a transient
increase in their severity has been occasionally reported immedi-
ately following ECT. The most frequent adverse reactions of ECT
in PD has been related to mental status changes including confu-
sional states and transient inter-treatment delirium, affecting up to
50% of patients in some series. This complication may be more
frequent in patients with PD compared to non-parkinsonian psy-
chiatric controls.34,35

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE available to conclude on
the efficacy of ECT in the treatment of depression in patients with
PD.

SAFETY
There is INSUFFICIENT EVIDENCE to conclude on the safety

of ECT treatment of depression specifically in PD.

IMPLICATIONS FOR CLINICAL PRACTICE
Currently available evidence is insufficient to support the rou-

tine use of ECT to treat depression in PD. Its use is considered
INVESTIGATIONAL in drug-refractory patients with severe, sus-
tained major depression. There is some indication that the risk of
treatment-induced delirium may be greater in patients with PD
compared to non-neurological controls. Given the poor quality of
efficacy data, the risk-benefit ratio of ECT treatment of depression
in PD is presently unclear.

IMPLICATIONS FOR CLINICAL RESEARCH
• Properly designed prospective controlled trials are needed to
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establish the efficacy and clinical benefit of ECT treatment in PD
patients with major depression. Such studies should be restricted
to drug refractory patients and should use sham ECT as a control
measure, and blinded evaluators are needed.
• The majority of reports on the use of ECT in depressed patients
with PD also find some ECT-related improvement in motor symp-
toms, including data from one Level-I study.36 Such effects de-
serve further study.
• Functional neuroimaging studies before and after ECT may help
define mechanisms associated with affective and motoric changes.
• Controlled prospective trials of the possible efficacy of repeti-
tive transcranial magnetic stimulation (rTMS) in patients with PD
and depression are warranted.
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Drugs to treat Dementia and Psychosis

INTRODUCTION
Contrary to James Parkinson’s original belief of lack of impair-

ment of intellectual functions in his disease it is now clear that a
majority of patients with idiopathic Parkinson’s disease do show
signs of distinct and subtle cognitive dysfunction even early in
their illness.1 Many studies have detected deficits in discrete do-
mains of neuropsychological functioning in Parkinson’s disease
when compared to normal controls including frontal-executive
dysfunction1, as well as impairments of visuo-spatial abilities2, tem-
poral ordering,3 memory and attention.4 Up to 40% of patients with
Parkinson’s disease4 eventually fulfill DSM criteria for dementia
and these patients are a particular risk for drug-induced psychosis,
more rapid progression of disability and reduced survival.5

DRUGS FOR TREATING DEMENTIA IN
PARKINSON’S DISEASE

Dementia is a late feature of Parkinson’s disease where it can
affect up to 40% of patients. By contrast, the occurrence of de-
mentia as a presenting feature in a parkinsonian patient suggests
an alternative diagnosis such as dementia with Lewy bodies.6 The
prevalence of dementia in idiopathic Parkinson’s disease increases
with age and it has not been observed in patients with young onset
Parkinson’s disease.7 The underlying pathology in dementia of
Parkinson’s disease is multifactorial and includes concomitant
Alzheimer changes, diffuse neocortical Lewy body degeneration
as well as vascular co-morbidity.8

In contrast to the prevalence and impact of dementia on the pro-
gression of disability in Parkinson’s disease there is a striking lack
of clinical trials assessing interventions aimed at prevention or
symptomatic improvement of dementia. To date, no single con-
trolled study is available but this situation is likely to soon change.
Given positive evidence for efficacy of cholinesterase inhibitors
in the treatment of dementia with Lewy bodies,9 where a random-
ized placebo-controlled trial of rivastigmine demonstrated signifi-
cant improvements on a neuropsychological inventory, there is
reason the believe that this class of agents may also show some
effect in the dementia of Parkinson’s disease. This is supported by
anecdotal evidence in a small open-label series with the cholinest-
erase inhibitor tacrine.10  Level-I trials of cholinesterase inhibitors
in Parkinson’s disease are presently being planned.

DRUGS FOR TREATING PSYCHOSIS IN
PARKINSON’S DISEASE

BACKGROUND
Drug-induced psychosis is one of the major therapeutic chal-

lenges in Parkinson’s disease (PD). Drug-induced psychosis can
be a dose limiting side-effect even in early monotherapy with

levodopa or dopamine agonists in “de-novo” patients and recent
double-blind controlled studies have reported incidence figures of
up to 6% even in this uncomplicated group of patients.11-13 The
frequency of drug-induced psychosis (DIP) becomes even higher
in advanced disease and particularly in patients with dementia14,15

where up to 22% may be affected. A recent prospective study even
found a prevalence rate of 40% when “minor forms” like illusions
or transient sensations of presence of a person were included.16

Psychosis is one of the cardinal risk factors for nursing home place-
ment of patients with PD.17 The frequency of psychosis is higher
with dopamine agonists therapy compared to levodopa
monotherapy12, but anticholinergics, amantadine and deprenyl may
all contribute to DIP in patients with PD.15

It is frequently impossible to reduce the dose of antiparkinsonian
drugs to a level that will lead to resolution of psychosis while main-
taining sufficient symptomatic motor control. Such patients need
additional antipsychotic therapy to tolerate the required dose lev-
els of L-dopa or dopamine agonists or both.

RATIONALE
In recent years a number of atypical antipsychotic drugs with

low potential of causing extrapyramidal adverse reactions have
been tested in the setting of DIP in patients with PD in order to
control psychiatric symptoms without reducing motor function.

This chapter reviews the available evidence regarding antipsy-
chotic efficacy and effects on PD motor symptoms of various phar-
macological approaches used to focal DIP in patients with PD.

METHODS
KEY SEARCH TERMS

Parkinson’s disease, parkinsonism and psychosis, hallucinosis,
hallucination(s), delusion(s) and antipsychotic(s), antipsychotic
therapy, antipsychotic treatment, neuroleptic(s), neuroleptic
therapy, and neuroleptic treatment.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

Only studies where antipsychotic drugs were specifically tested
to control DIP are included in this review. Furthermore, inclusion
criteria required that studies used established scales to assess the
efficacy of therapies. Reports were excluded if there was a con-
comitant dose reduction of antiparkinsonian drugs during the trial
period, which likely confounded the outcome.

A single randomized double-blind trial18 comparing olanzapine
and clozapine was prematurely stopped and, therefore, less than
20 patients were evaluated. However, since this trial is the only
randomized, controlled study providing data on olanzapine in the
treatment of DIP, it was included in this review.
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CLOZAPINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Clozapine is a dibenzodiazepine derivative with potent antip-

sychotic properties and is classified as an atypical neuroleptic drug
because it has been shown to be virtually free of extrapyramidal
adverse reactions when used in patients with schizophrenia.19 The
exact pharmacological mechanism of action of clozapine is not
fully understood but believed to be mediated by its dopamine re-
ceptor binding affinity. Recent evidence supports mesolimbic D1
receptor binding activity with relative sparing of striatal dopamine
receptors as well as predominant binding to the D4 receptor sub-
type.20,21 Clozapine also acts as an antagonist at adrenergic, cho-
linergic, histaminergic and serotonergic receptors.

PHARMACOKINETICS
Clozapine is rapidly and almost completely absorbed following

oral administration. However, because of extensive hepatic first-
pass metabolism, only about 27-50% of an orally administered
dose reaches systemic circulation unchanged. Gastrointestinal
absorption appears to occur principally in the small intestine and
is approximately 90-95% complete within 3.5 hours after an oral
dose. Following oral administration of a single 25 mg or 100 mg
oral dose of clozapine tablets in healthy adults, it is detectable in
plasma within 25 minutes, and peak plasma clozapine concentra-
tions occur at about 1.5 hours.

Clozapine is approximately 95% bound to serum proteins.
Clozapine is almost completely metabolized prior to excretion and
only trace amounts of unchanged drug are detected in the urine
and feces. Approximately 50% of the administered dose is excreted
in the urine and 30% in the feces. The desmethylated, hydroxy-
lated, and N-oxide derivatives are the metabolized products found
in urine and feces. The desmethyl metabolite has only limited phar-
macological activity, while the hydroxylated and N-oxide deriva-
tives are inactive.

Following a single 75 mg or 100 mg oral dose, the elimination
half-life of clozapine averages about 8 hours (range: 4-12 hours).
Steady-state plasma concentrations of clozapine are achieved af-
ter 7-10 days of continuous dosing.

REVIEW OF CLINICAL STUDIES
Twenty-nine reports on clozapine were identified in the litera-

ture search. This included only two prospective, randomized, con-
trolled trials, all other reports were uncontrolled trials including
the first report by Scholz and Dichgans22 who described marked
antipsychotic efficacy without deterioration of parkinsonism in four
patients.

Level-I Studies
Up to now there are only two placebo-controlled, double-blind,

randomized, controlled trials23,24 on the use of clozapine in DIP in
PD. A third double-blind, randomized, controlled trial compared
the antipsychotic efficacy of olanzapine and clozapine in patients
with PD.

The trial conducted by the Parkinson Study Group (1999)23 in-
cluded 60 patients with idiopathic PD and DIP. The primary out-
come measures were the scores on the 7-point Clinical Global
Impression Scale (CGIS; 1 = normal; 7 = among the most se-
verely psychotic patients ever seen) for psychosis and the Uni-
fied Parkinson’s Disease Rating Scale (UPDRS). Further efficacy

parameters included the scores on the Brief Psychiatric Rating
Scale (BPRS), on a modified version of the BPRS (four items
removed, that were considered unreliable because of confound-
ing with PD, BPRS-M), on the Scale for the Assessment of Posi-
tive Symptoms (SAPS), on the Mini-Mental State Examination
(MMSE) and the motor as well as tremor score of the UPDRS.
The authors report a highly significant improvement in the
clozapine group in all psychosis rating scores. The mean (± SE)
scores on the CGIS improved by 1.6 ± 0.3 points for the patients
receiving clozapine (baseline, mean ± SD, 4.4 ± 0.8), as com-
pared with 0.5 ± 0.2 point for those receiving placebo (baseline
4.4 ± 1.0) (p<0.001); the mean scores on the BPRS improved by
9.3 ± 1.5 points for the patients receiving clozapine (baseline
33.1 ± 9.9), as compared with 2.6 ± 1.3 points for those receiving
placebo (baseline 35.0 ± 10.7) (p=0.002); the mean scores on the
BPRS-M improved by 8.6 ± 1.3 points for the patients receiving
clozapine (baseline 38.6 ± 12.1), as compared with 2.5 ± 1.2 points
for those receiving placebo (baseline 40.6 ± 12.1) (p=0.003); the
mean scores on the SAPS improved by 11.8 ± 2.0 points for the
patients receiving clozapine (baseline 20.9 ± 13.0), as compared
with 3.8 ± 1.9 points for those receiving placebo (baseline 22.4 ±
12.3) (p=0.01). Seven patients treated with clozapine had an im-
provement of at least three points on CGIS, as compared with
only one patient of the placebo-group. The MMSE score did not
change significantly in either group. At the same time there was
no evidence of motor decline as assessed by the Unified
Parkinson’s Disease Rating Scale (total score and motor score).
Tremor item 20 of UPDRS Part III showed a significant improve-
ment by clozapine. The clozapine doses necessary to produce the
observed effects were less than 25 mg/d with individual cases re-
sponding at doses as low as 6.25 mg. Among the 60 patients origi-
nally included in the trial, there were 6 dropouts, 3 in each treat-
ment arm. Two of 3 placebo-treated patients discontinued prema-
turely because of increases in psychosis, another one was hospi-
talized for pneumonia. One of the dropouts in the clozapine arm
was due to reversible leukopenia (white-cell count 2900/m3), one
because of myocardial infarction and one because of sedation. No
significant difference in the mean neutrophile white-cell blood
counts between the placebo and clozapine arm were observed.
Similarly there were no significant differences between the groups
in changes in orthostatic blood pressure. However, there was a
significant but small increase in the mean heart rate of patients on
clozapine compared to placebo (on average 3.9 beats per minute),
while there was no increase in mean resting heart rate in placebo
treated patients. Weight increased by 0.7 kg in the patients receiv-
ing clozapine and 0.1 kg in those receiving placebo. Drooling,
memory impairment, constipation, confusion, headache, fatigue
or day-time sedation occurred with similar frequency and severity
in either treatment group without statistically significant differ-
ences. This well-designed, four-week, placebo-controlled, prospec-
tive trial had a 3- month optional open-label extension in which 53
of 54 patients continued into this phase of the study. There was
one further withdrawal from clozapine due to a low white-cell count
below 3.000/m3, which returned to normal after discontinuation
of therapy. However, there was an unexpectedly high death rate in
this open-label extension phase where 6 patients died, 3 of whom
had been placed in nursing homes. Their causes of death were:
stroke (n=1), bronchitis (n=2) or unknown (n=3). Two further pa-
tients died of pneumonia and the 6th case of cardial rest shortly
after ending the three months extension treatment. None of the
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deaths observed was associated to leukopenia. This study had an
overall quality rating score of 93%.

The French Clozapine Parkinson Study Group (1999)24 also stud-
ied 60 patients with PD and DIP; this was a multicenter, four week,
double-blind, placebo-controlled trial. Similar to the study con-
ducted by the Parkinson Study Group23 in the US, the initial
clozapine dose was 6.25 mg/day and titrated to a maximum of 50
mg/day. Antiparkinsonian drug doses were kept constant, but it is
not stated in the report when attempts to decrease dopaminergic
agents had been made. The trial used established scales to rate
psychosis (a clinical global impression scale, CGI and the Posi-
tive Subscore of the Positive and Negative Syndrome Scale,
PANSS) and motor disability (UPDRS) and found significant
changes in CGI (p=0.001) and PANSS positive subscore
(p<0.001) items in favor of clozapine at week four (no detailed
scores are reported).

Although mean UPDRS motor scores impairment decreased by
3.5 points in the clozapine group versus 3.0 points in the placebo
group (no significant difference), 7 patients in the clozapine group
reported mild or transient worsening of PD. From the report it ap-
pears that such worsening may also have been observed in the
placebo group, but it is not clear how many patients reported dete-
rioration of PD. There were no discontinuations due to decreased
motor function, and there were no cases of agranulocytosis. An-
other adverse reaction observed more frequently in the clozapine
than in the placebo group was somnolence (no detailed numbers
are reported). This study had an overall quality rating score of 58%.

Goetz and colleagues (2000)18 recently reported a randomized
controlled trial comparing clozapine with olanzapine in patients
with PD and DIP. Based on statistical power calculations, 28 pa-
tients were originally planned for inclusion but the study was pre-
maturely stopped after only 15 patients had completed the study
because of unacceptable deterioration of parkinsonism in the
olanzapine arm. Primary outcome measure was the scale for As-
sessment of Positive Symptoms (SAPS) for psychotic symptoms,
and secondary outcome measures included the Visual Hallucina-
tions item from the SAPS, the Brief Psychiatric Rating Scale
(BPRS) and the ADL and motor subscale of the UPDRS. This was
a 9-week trial, and clozapine was initiated at a dose of 6.25 mg/d
while the starting dose of olanzapine was 2.5 mg/d. According to
clinical need, antipsychotic doses were adjusted to a maximum of
15 mg/d for clozapine or 15 mg/d for olanzapine over 5 weeks; all
other medications were kept unchanged for the duration of the
trial. At study completion, the mean peak dose for clozapine was
25.8 mg/d and 11.4 mg/d for olanzapine. Patients assigned to
clozapine showed statistically significant improvement from
baseline in total SAPS (from 13.5 ± 7.7 at baseline to 6.6 ± 6.2 at
study end, p = 0.016; baseline and study end scores are expressed
as mean ± SD) as well as the visual hallucination item on SAPS
(from 3.9 ± 1.0 at baseline to 1.9 ± 1.2 at study end, p = 0.013) and
the BPRS (from 31.4 ± 7.6 at baseline to 23.8 ± 3.9 at study end, p
= 0.031). UPDRS motor and ADL scores modestly improved in
clozapine-treated subjects, but this was not statistically significant
over baseline (UPDRS motor score: from 38.9 ± 14.4 at baseline
to 32.9 ± 14.4 at study end, p = 0.125; UPDRS ADL “on” score:
from 13.8 ± 9.4 at baseline to 12.8 ± 10.8 at study end, p = 0.75;
UPDRS ADL “off” score: from 27.8 ± 7.7 at baseline to 23.3 ±
12.4 at study end, p = 0.125). However, change scores (baseline to
study end) for the UPDRS assessments of motor examination and
ADL between the clozapine and olanzapine groups differed sig-

nificantly in favor of clozapine (mean change of UPDRS motor
score from baseline to study end: clozapine – 6.0 ± 8.2, olanzapine
+12.3 ± 11.5, p = 0.004; mean change of UPDRS ADL “on” score
from baseline to study end: clozapine – 1.5 ± 4.3, olanzapine +3.9
± 7.2, p = 0.017; mean change of UPDRS ADL “off” score from
baseline to study end: clozapine – 4.5 ± 10.4, olanzapine +2.4 ±
2.1, p = 0.005). Due to a small number of subjects completing the
study it was not powered to test significant differences between
clozapine and olanzapine regarding antipsychotic efficacy. How-
ever, in the olanzapine group, total SAPS and SAPS visual hallu-
cination scores did not change significantly over baseline. The
study was terminated (after 15 patients had completed the trial)
due to significant deterioration of parkinsonism in the olanzapine
group. There were no significant changes in leukocyte counts in
either group. This study had an overall quality rating score of 85%.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Three additional Level-III studies25-27 were included because they

met inclusion and exclusion criteria and provided extended fol-
low-up data (12 months or more), which was not reported in the
Level-I studies.18,23,24 A total of 129 patients with idiopathic PD
receiving clozapine treatment for DIP is reviewed in these reports.
Effective doses reported usually below 50 mg/d and thus similar
to effective doses reported in the previous randomized, placebo-
controlled, prospective trials. The antipsychotic effects were main-
tained for up to 37 months in patients remaining in follow-up.

Leukopenia was reported in 5 cases25,27. In three of these cases
leukopenia was transient, resolving with temporary discontinua-
tion of the drug. Adverse reactions consistently reported in these
three studies (even with low doses of clozapine) included seda-
tion, increased drooling and occasionally orthostatic hypotension
or “dizziness”.

REVIEW OF SAFETY
In all reports identified for this assessment, leukopenia occurred

in 12 of a total of 470 parkinsonian patients, with no reported leu-
kopenia-related death. In three of these cases leukopenia was tran-
sient, resolving with temporary discontinuation of the drug. Con-
sistently reported side effects, even with the low clozapine doses,
included sedation, increased drooling, and occasionally orthos-
tatic hypotension or “dizziness”. Clozapine therapy has been as-
sociated with potentially fatal myocarditis and cardiomyopathy in
physically healthy young adults with schizophrenia28. So far no
similar cardiac side-effects of clozapine have been reported in
patients with PD, and it is presently unclear whether cardiac moni-
toring should be recommended. In addition, recent reports have
associated clozapine treatment with acute interstitial nephritis and
venous thromboembolism in psychiatric patients without PD. The
addition of low-dose clozapine (less than 50 mg/d) is not usually
associated with deterioration of PD-related motor symptoms and
may improve parkinsonian rest tremor.29,30

CONCLUSIONS
EFFICACY

Based on two Level-I studies, low dose clozapine (less than 50
mg/d) is EFFICACIOUS in short-term (4 weeks) improvement or
clearing of drug-induced hallucinosis/psychosis in patients with
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PD. Additional Level-III data provides INSUFFICIENT EVI-
DENCE to conclude on the long-term efficacy of clozapine in pa-
tients with PD.

SAFETY
The available evidence suggests that under conditions of weekly

blood count monitoring, clozapine treatment of DIP carries an
ACCEPTABLE RISK WITH SPECIALIZED MONITORING.
The addition of low-dose clozapine (less than 50 mg/d) is not usu-
ally associated with worsening of PD-related motor symptoms and
may improve parkinsonian rest tremor.

IMPLICATIONS FOR CLINICAL PRACTICE
Clozapine is CLINICALLY USEFUL for the short-term (4

weeks) management of DIP in PD. It is also POSSIBLY USEFUL
for the long-term management of some patients. Such treatment
does not commonly induce deterioration in parkinsonism. Despite
the onerous monitoring, this is the only antipsychotic agent for
which there are Level-I studies with positive data specifically in
PD.

IMPLICATIONS FOR CLINICAL RESEARCH
• The motor effects of clozapine need further study. This applies
to the mechanisms underlying the drugs anti-tremor effect. In ad-
dition, properly controlled trials are needed to clarify clozapine’s
antidyskinetic potentials in levodopa-induced dyskinesias. Further
research is needed to develop drugs with similar antipsychotic ef-
ficacy but improved safety profile.
• Comparative studies of the efficacy and pharmacoeconomic ben-
efits of clozapine, as compared to other therapies, need to be done.

OLANZAPINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Olanzapine is a thienobenzodiazepine of similar chemical struc-

ture and antipsychotic properties as clozapine. Four major double-
blind, randomized, controlled studies (two vs. placebo, two vs.
haloperidol) have established olanzapine’s antipsychotic efficacy,
which appears to be at least equivalent to that of haloperidol.31

Also, in schizophrenic patients olanzapine induces less extrapyra-
midal side-effects than haloperidol. Its mechanism of action is
thought to be related to D2-receptor antagonism with predomi-
nant effects on the mesolimbic dopaminergic system and com-
paratively little effect on striatal dopaminergic receptors. In pre-
clinical studies olanzapine exhibited receptor affinities for all sub-
types of a D2 and D1 dopamine receptor family. Olanzapine has
greater in vitro affinity for serotonin 5HT2 than for dopamine D2
receptors. In addition, binding affinities have been shown for al-
pha-1 adrenergic, histamine H1, and cholinergic muscarinic re-
ceptors.

PHARMACOKINETICS
Olanzapine is well absorbed after oral administration

(bioavailability of approximately 80%). Peak plasma concentra-
tions after oral dosing occur within 5 to 8 hours. Olanzapine is
metabolized in the liver by conjugative and oxidative pathways.
The major circulating metabolite is the 10-N-glucuronide. Oxida-
tive metabolism leads to the formation of N-desmethyl and 2-
hydroxymethyl metabolites, both exhibiting minimal in vivo phar-

macological activity compared to the parent compound. The plasma
protein binding of olanzapine is about 93%, predominantly to al-
bumin and alpha-1-acid-glycoprotein.

The median half-life of olanzapine was 31 hours in both healthy
volunteer and patient studies, ranging from 14.5 to 79.5 hours.
Half-life tends to be prolonged in elderly compared to non-elderly
subjects and in females vs. males. Urinary clearance is the major
route of excretion for olanzapine metabolites. Steady-state plasma
concentrations of olanzapine are achieved within 7 to 12 days.

REVIEW OF CLINICAL STUDIES
Seven reports were identified, one of which was randomized

control trial comparing olanzapine to clozapine (Level-I study).
Of the 6 uncontrolled trials, 5 were excluded from final evaluation
(see Bibliography), and only one32 met all inclusion criteria for
final evaluation.

Level-I Studies
Goetz et al. (2000)18: There is one randomized, controlled trial

assessing the efficacy and safety of olanzapine in DIP in PD. In
this trial, patients were randomized to clozapine or olanzapine (see
section on Clozapine). This trial was originally planned to include
28 patients but was prematurely stopped when safety stopping rules
were invoked because of exacerbated parkinsonism in the
olanzapine-treated subjects (7 patients treated in this group). Mean
peak doses for olanzapine were 11.4 mg/d. Their UPDRS motor
scores declined significantly over baseline (from 21.4 ± 12.2 at
baseline to 33.7 ± 10.6 at study end, p = 0.016), their UPDRS ADL
scores showed a statistical trend for deterioration over baseline
(UPDRS ADL “on” score: from 11.8 ± 10.4 at baseline to 15.7 ±
8.6 at study end, p = 0.063; UPDRS ADL “off” score: from 21.3 ±
10.9 at baseline to 23.9 ± 9.8 at study end, p = 0.063); clozapine-
treated subjects reported slightly improved UPDRS motor and ADL
scores (see section on clozapine). The UPDRS changes were sig-
nificantly different between the groups (see section on clozapine).
Analysis of UPDRS motor subscores showed that the olanzapine-
associated decline in motor function was primarily related to dete-
rioration of gait and bradykinesia. At doses used in this trial
olanzapine, failed to induce statistically significant improvement
in the primary outcome measure (SAPS). Although this trial was
not powered to detect statistically significant differences in antip-
sychotic efficacy between olanzapine and clozapine, clozapine
significantly improved psychotic behavior. In combination with
the significant negative effect of olanzapine on motor function,
the results from this study favor clozapine over olanzapine for treat-
ment of DIP in patients in PD. This study had an overall quality
rating score of 85%.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Aarsland and colleagues (1999)32 performed an open-label, un-

controlled study of olanzapine in 21 patients with PD and psycho-
sis. Antiparkinsonian medication was kept constant for 1 month
prior and the first 4 weeks of the 8 week trial. Three subscales of
the neuropsychiatric inventory (NPI) for Delusions, Hallucinations,
and Agitation were used as primary efficacy parameters together
with a clinical global impression rating of psychotic symptoms.
Motor symptoms were rated according to the UPDRS Part III. Six
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of 21 patients withdrew prematurely (most of them within the first
week) due to drowsiness, which led the investigators to decrease
the starting dose from initially 5 mg/d to 2.5 mg/d, given as a single
evening dose. Maximum doses given were 10 mg/d with a “flex-
ible” non-standardized dose increment schedule. Four weeks into
the trial, upward adjustments of dopaminergic treatment were pos-
sible and finally performed in 4 of 15 patients remaining in the
study. All were on levodopa, and 14 patients received additional
antiparkinsonian agents, which were not further detailed in the
report. Therefore, it is not clear which drugs were changed in those
patients receiving increased dopaminergic therapy after 4 weeks.
The sum-score of the NPI items Delusions, Hallucinations, and
Agitation decreased by 85% in a statistically significant manner
after 8 weeks of olanzapine treatment. By this time, 5 subjects
were on 2.5 mg/d, 9 on 5 mg/d, and 1 on 10 mg/d. The mean UPDRS
III motor scores were not significantly different between baseline
and after 8 weeks of olanzapine treatment. Sedation was the major
adverse reaction leading to premature withdrawal from this trial;
additional common adverse reactions included concentration and
memory impairment, and dry mouth. The results of this study dif-
fer from the Level-I study reviewed. The absence of motor dete-
rioration may have been due to increases in antiparkinsonian drugs
that were permitted during the trial.

REVIEW OF SAFETY
In addition to the randomized, controlled trial by Goetz and col-

leagues18, several of the uncontrolled reports on olanzapine treat-
ment of DIP support olanzapine’s possible negative impact on
parkinsonian motor symptoms.33-35 A substantial number of patients
mentioned in reports by Graham et al.33 and Friedman et al.34,35

seemed to have experienced mild to marked worsening of parkin-
sonism while receiving olanzapine. Similarly, Molho and Factor36

recently reported worsened motor function in 9 of 12 patients with
PD who received olanzapine for DIP; 6 patients experience marked
exacerbations of parkinsonism. Increases in levodopa or dopam-
inergic dose may have masked motor deterioration in other tri-
als.37

Olanzapine has not been associated with hematological adverse
reaction in large controlled clinical trials and schizophrenic pa-
tients, and there are no reported cases of leukopenia in any of the
clinical studies done to date in patients with PD. However, there
are two recent case reports where olanzapine exposure in schizo-
phrenic patients was associated with non-fatal agranulocytosis. In
one of these cases, olanzapine-induced neutropenia occurred 5 days
after resolution of previous clozapine-induced neutropenia.38,39

Furthermore, Meissner and colleagues40 recently reported two par-
kinsonian patients who developed reversible leucopenia while
being treated with olanzapine, both had a history of clozapine-
induced leucopenia.

CONCLUSIONS
EFFICACY

Reported to date, there is information on 91 patients with PD
who have been treated olanzapine, only 28 of which have been
treated under clinical study situations meeting study quality crite-
ria for inclusion in this review. The only Level-I study had to be
prematurely stopped preventing full evaluation of antipsychotic
efficacy. Therefore, there is INSUFFICIENT EVIDENCE to dem-
onstrate efficacy of olanzapine in the treatment of DIP in patients
with PD.

SAFETY
Based on Level-I data, olanzapine at low conventional doses

carries an UNACCEPTABLE RISK of motor deterioration.

IMPLICATIONS FOR CLINICAL PRACTICE
Given the paucity of efficacy data, established safety concerns,

and available alternative treatments, olanzapine is considered NOT
USEFUL for the routine management of psychosis in patients with
PD.

IMPLICATIONS FOR CLINICAL RESEARCH
• Very low doses of olanzapine have not been tested. Because of
the problems with conventional low doses, well-designed, con-
trolled trials in sufficient numbers of patients with predetermined
stopping rules would be needed to assess the efficacy, safety and
clinical usefulness of olanzapine for the treatment of DIP in PD.

QUETIAPINE
BASIC PHARMACOLOGY

MECHANISM OF ACTION
Quetiapine is an atypical dibenzothiazepine structurally similar

to clozapine. It is a potent serotonin 5-HT2 receptor antagonist
and moderate dopamine D2 receptor antagonist. The mechanism
of Quetiapine’s antipsychotic action is thought to be related to its
combined serotonin 5-HT2 and dopamine D2 receptor antagonism.
In addition, quetiapine is an antagonist of serotonin 5-HT1A,
dopamine D1, histamine H1, and alpha1 and alpha2 adrenergic
receptors.41

From clinical studies, the effect of quetiapine on positive and
negative symptoms of schizophrenia appears to be similar to that
of haloperidol without causation of significant extrapyramidal
symptoms.

PHARMACOKINETICS
Quetiapine is rapidly absorbed after oral administration with

peak plasma concentrations occurring in about 1.5 hours. About
83% of the drug is bound to plasma proteins. Quetiapine is exten-
sively metabolized by the liver and major metabolites including
an inactive sulfoxide metabolite and an acid metabolite. The mean
half-life of quetiapine is about 6 hours in patients with normal he-
patic function.41

REVIEW OF CLINICAL STUDIES
Level-I Studies

No qualified studies were identified.

Level-II Studies
No such studies were identified.

Level-III Studies
Of eight uncontrolled study reports, only one met the inclusion

criteria for this review.42

Fernandez et al. (1999)42: In this trial, 35 patients with idiopathic
PD, 20 of whom were demented, received add-on treatment with
quetiapine over 4 weeks. Only 24 had not received neuroleptic
pre-treatment, 8 were switched over from previous clozapine treat-
ment, and 3 switched over from previous olanzapine treatment.
Only 10 of the previously untreated patients had both baseline as-
sessments and follow-up evaluations of antipsychotic scales
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(BPRS; mean BPRS score at baseline 32.6, at follow-up 22.8 at
follow-up, p = 0.024) and motor symptoms (UPDRS motor sec-
tion; UPDRS motor score at baseline 42.2, at follow-up 44.9, p =
0.599). The mean final quetiapine dose was 40.6 mg/day. Twenty
of 24 previously untreated patients improved (pre- versus post-
treatment BPRS scores were available for 10 patients and showed
significant improvement). The mean post-treatment UPDRS mo-
tor score was not statistically significant from baseline. Patients
pre-treated with the atypical neuroleptics, clozapine and
olanzapine, were “successfully switched” to quetiapine in 5 of 11
cases. Six patients were withdrawn from quetiapine because of
confusion, erratic behavior, and increased hallucinations (five pre-
viously receiving clozapine, one previously on olanzapine). Twenty
of 24 previously untreated patients experienced no worsening of
motor symptoms while 1 of 11 patients switched from clozapine
or olanzapine experienced increased tremor on quetiapine.

REVIEW OF SAFETY
In large controlled clinical trials of schizophrenic patients, as-

sociations of quetiapine with hematological side-effects have not
been observed and there was no leukopenia in any of the reported
clinical studies in PD disease so far.

Information on the motor effects of quetiapine is contradictory
but it has been associated with worsening of parkinsonism in a re-
port by Fernandez et al.43 extending the data on the original 35 pa-
tients to a total of 69 patients with Parkinson’s disease (44 neurolep-
tic naive and 25 switch-over patients). Eighteen percent of the pa-
tients treated with quetiapine for drug-induced psychosis experi-
enced mild to moderate worsened parkinsonism. By contrast, other
reports on quetiapine treatment of drug-induced psychosis in
Parkinson’s disease that were identified but did not fulfil all inclu-
sion criteria indicate that this drug is effective in controlling drug-
induced psychosis in PD without worsening motor  symptoms.44-48

CONCLUSIONS
EFFICACY

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of quetiapine in treating DIP in patients with PD.

SAFETY
Currently there is INSUFFICIENT EVIDENCE to conclude on

short- and long-term safety of quetiapine.

IMPLICATIONS FOR CLINICAL PRACTICE
Based on the available evidence, treatment of DIP in PD with

quetiapine is considered INVESTIGATIONAL.

IMPLICATIONS FOR CLINICAL RESEARCH
• Placebo-controlled and clozapine-controlled trials are needed
to assess the efficacy, clinical usefulness, and safety of quetiapine
treatment of DIP in PD.
• In consideration of the impact of psychoses on nursing home
placement, the pharmacoeconomic impact of quetiapine and all
antipsychotics should be assessed in appropriate long-term clini-
cal studies.

RISPERIDONE, ZOTEPINE, MIANSERIN
AND ONDANSETRON

Several additional drugs have been used to treat DIP in PD,

Drugs to treat Dementia and Psychosis

however, none of these reports met inclusion and exclusion crite-
ria for this review. Six reports were identified in the use of
risperidone in DIP of PD. All reports were uncontrolled trials, most
often in a form of case reports, and the maximum number of pa-
tients was 10.49 The use of zotepine was reported in two letters
reviewing results from 4 patients with PD, while a single report
assessed the efficacy of the 5-HT2 receptor antagonist mianserin
in 12 patients with PD and DIP. Five reports, of whom three were
on the same patient group50-52, were identified in the use of
ondansetron for DIP in PD. Only one of these studies53 included
more than 20 patients; however, this was a study, assessing the
validity, reliability, and stability of a newly developed Parkinson’s
Psychosis Rating Scale (PPRS), and did not primarily test effi-
cacy and safety of ondansetron.

CONCLUSIONS
There is INSUFFICIENT DATA for any conclusion about the

efficacy/safety for risperidone, zotepine, mianserin and
ondansetron in the treatment of drug-induced psychosis in PD.

REFERENCES
1. Lees AJ, Smith E. Cognitive deficits in the early stages of Parkinson’s disease.

Brain 1983;106:257-270.
2. Ransmayr G, Schmidhuber-Eiler B, Karamat E, et al. Visuoperception and

visuospatial and visuorotational perform in Parkinson’s disease. J Neurol
1987;235:99-101.

3. Artieda J, Pastor MA, Lacruz F, Obeso JA. Temporal discrimination is abnormal
in Parkinson’s disease. Brain 1992;115:199-210.

4. Brown RG, Marsden CD. Cognitive function in Parkinson’s disease: from de-
scription to theory. Trends Neurosci 1990;13:21-29.

5. Poewe WH, Wenning GK. The natural history of Parkinson’s disease. Ann Neurol
1998;44:S1-S9.

6. McKeith IG, Galasko D, Kosaka K, Perry EK, et al. Consensus guidelines for
the clinical and pathological diagnosis of dementia with Lewy bodies (DLB):
report of the consortium on DLB international workshop. Neurology
1996;47:1113-1124.

7. Schrag A, Ben-Shlomo Y, Brown R, Marsden CD, Quinn N. Young-onset
Parkinson’s disease revisited - clinical features, nature history, and mortality.
Mov Disord 1998;13:885-894.

8. Hughes Aj, Daniel SE, Blankson S, Lees AJ. A clinicopathologic study of 100
cases of Parkinson’s disease. Arch Neurol 1993;50:140-148.

9. McKeith I, Del Ser T, Spano P, Emre M, et al. Efficacy of rivastigmine in demen-
tia with Lewy bodies: a randomized, double-blind, placebo-controlled interna-
tional study. Lancet 2000;356:2031-2036.

10.Hutchinson M, Fazzini E. Cholinesterase inhibition in Parkinson’s disease. J
Neurol Neurosurg Psychiatry 1996:61:324-325.

11.Parkinson’s Disease Research Group in the United Kingdom. Comparisons of
therapeutic effects of levodopa, levodopa and selegiline, and bromocriptine in
patients with early, mild Parkinson’s disease: three year interim report. Parkinson’s
Disease Research Group in the United Kingdom. BMJ 1993;307:469-472.

12.Rascol O, Brooks DJ, Brunt ER, Korczyn AD, Poewe WH, Stocchi F. Ropinirole
in the treatment of early Parkinson’s disease: a 6-month interim report of a 5-
year levodopa-controlled study. 056 Study Group. Mov Disord 1998;13:39-45.

13.Rinne UK, Bracco F, Chouza C, et al. Cabergoline in the treatment of early
Parkinson’s disease: results of the first year of treatment in a double-blind com-
parison of cabergoline and levodopa. The PKDS009 Collaborative Study Group.
Neurology 1997;48:363-368.

14.Factor SA, Molho ES, Podskalny GD, Brown D. Parkinson’s disease: drug-in-
duced psychiatric states. Adv Neurol 1995;65:115-138.

15.Friedman JH. Management of psychosis in Parkinson’s disease. In: Koller WC,
Paulson G, eds. Therapy of Parkinson’s disease. New York: Marcel Dekker; 1995.
p. 521-532.

16.Fénelon G, Mahieux F, Huon R, Ziégler M. Hallucinations in Parkinson’s dis-
ease. Prevalence, phenomenology and risk factors. Brain 2000;123:733-745.

17.Goetz CG, Stebbins GT. Risk factors for nursing home placement in advanced
Parkinson’s disease. Neurology 1993;43:2227-2229.

18.Goetz CG, Blasucci LM, Leurgans S, Pappert EJ. Olanzapine and clozapine.
Comparative effects on motor function in hallucinating PD patients. Neurology
2000;55:748-749.



S126

Movement Disorders, Vol. 17, Suppl. 4, 2002

Drugs to treat Dementia and Psychosis

19.Kane J, Honigfeld G, Singer J, Meltzer H. Clozapine for the treatment-resistant
schizophrenic. A double-blind comparison with chlorpromazine. Arch Gen Psy-
chiatry 1988;45:789-796.

20.Baldessarini RJ, Frankenburg FR. Clozapine. A novel antipsychotic agent. N
Engl J Med 1991;324:746-754.

21.Van Tol HH, Bunzow JR, Guan HC, et al. Cloning of the gene for a human
dopamine D4 receptor with high affinity for the antipsychotic clozapine. Nature
1991;350:610-614.

22.Scholz E, Dichgans J. Treatment of drug-induced exogenous psychosis in par-
kinsonism with clozapine and fluperlapine. Eur Arch Psychiatry Neurol Sci
1985;235:60-64.

23.The Parkinson Study Group. Low-dose clozapine for the treatment of drug-in-
duced psychosis in Parkinson’s disease. The Parkinson Study Group. N Engl J
Med 1999;340:757-763.

24.The French Clozapine Parkinson Study Group. Clozapine in drug-induced psy-
chosis in Parkinson’s disease. The French Clozapine Parkinson Study Group.
Lancet 1999;353:2041-2042.

25.Wagner ML, Defilippi JL, Menza MA, Sage JI. Clozapine for the treatment of
psychosis in Parkinson’s disease: chart review of 49 patients. J Neuropsychiatry
Clin Neurosci 1996;8:276-280.

26.Ruggieri S, De-Pandis MF, Bonamartini A, Vacca L, Stocchi F. Low dose of
clozapine in the treatment of dopaminergic psychosis in Parkinson’s disease.
Clin Neuropharmacol 1997;20:204-209.

27.Widman LP, Burke WJ, Pfeiffer RF, McArthur CD. Use of clozapine to treat
levodopa-induced psychosis in Parkinson’s disease: retrospective review. J Geriatr
Psychiatry Neurol 1997;10:63-66.

28.Killian JG, Kerr K, Lawrence C, Celermajer DS. Myocarditis and cardiomyopa-
thy associated with clozapine. Lancet 1999;354:1841-1845.

29.Hagg S, Spigset O, Soderstrom TG. Association of venous thromboembolism
and clozapine [letter]. Lancet 2000;355:1155-1156.

30.Elias TJ, Bannister KM, Clarkson AR, Faull D, Faull RJ. Clozapine-induced
acute interstitial nephritis [letter]. Lancet 1999;354:1180-1181.

31.The European Agency for the Evaluation of Medical Products. Zyprexa. Interna-
tional Nonproprietary Name (INN): Olanzapine. Committee for Proprietary Me-
dicinal Products. European Public Assessment Report (EPAR). CPMP/646-96.
1996. (GENERIC) Ref Type: Report

32.Aarsland D, Larsen JP, Lim NG, Tandberg E. Olanzapine for psychosis in pa-
tients with Parkinson’s disease with and without dementia. J Neuropsychiatry
Clin Neurosci 1999;11:392-394.

33.Graham JM, Sussman JD, Ford KS, Sagar HJ. Olanzapine in the treatment of
hallucinosis in idiopathic Parkinson’s disease: a cautionary note. J Neurol
Neurosurg Psychiatry 1998;65:774-777.

34.Friedman J. Olanzapine in the treatment of dopaminomimetic psychosis in pa-
tients with Parkinson’s disease [letter; comment]. Neurology 1998;50:1195-1196.

35.Friedman JH, Goldstein S, Jacques C. Substituting clozapine for olanzapine in
psychiatrically stable Parkinson’s disease patients: results of an open label pilot
study. Clin Neuropharmacol 1998;21:285-288.

36.Molho ES, Factor SA. Worsening of motor features of parkinsonism with
olanzapine [In Process Citation]. Mov Disord 1999;14:1014-1016.

37.Wolters EC, Jansen EN, Tuynman QH, Bergmans PL. Olanzapine in the treat-
ment of dopaminomimetic psychosis in patients with Parkinson’s disease. Neu-
rology 1996;47:1085-1087.

38.Benedetti F, Cavallaro R, Smeraldi E. Olanzapine-induced neutropenia after
clozapine-induced neutropenia. Lancet 1999;354:567.

39.Naumann R, Felber W, Heilemann H, Reuster T. Olanzapine-induced agranulo-
cytosis. Lancet 1999;354:566-567.

40.Meissner W, Schmidt T, Kupsch A, Trottenberg T, Lempert T. Reversible leu-
copenia related to olanzapine. Mov Disord 1999;14:872-889.

41.Matheson AJ, Lamb HM. Quetiapine. A review of its clinical potential in the
managment of psychotic symptoms in Parkinson’s disease. CNS Drugs
2000;14:157-172.

42.Fernandez HH, Friedman JH, Jacques C, Rosenfeld M. Quetiapine for the treat-
ment of drug-induced psychosis in Parkinson’s disease. Mov Disord 1999;14:484-
487.

43.Fernandez HH. Quetiapine for l-dopa-induced psychosis in PD. Neurology
2000;55:899.

44.Weiner WJ, Minagar A, Shulman LM. Quetiapine for l-dopa-induced psychosis
in PD. Neurology 2000;54:1538.

45.Dewey RB, O’Suilleabhain PE. Treatment of drug-induced psychosis with
quetiapine and clozapine in Parkinson’s disease. Neurology 2000;55:1753-1754.

46.Menza MM, Palermo B, Mark M. Quetiapine as an alternative to clozapine in the
treatment of dopamimetic psychosis in patients with Parkinson’s disease. Ann
Clin Psychiatry 1999;11:141-144.

47.Targum SD, Abbott JL. Efficacy of quetiapine in Parkinson’s patients with psy-
chosis. J Clin Psychopharmacol 2000;20:54-60.

48.Parsa MA, Bastani B. Quetiapine (Seroquel) in the treatment of psychosis in
patients with Parkinson’s disease. J Neuropsychiatry Clin Neurosci 1998;10:216-
219.

49.Meco G, Alessandria A, Bonifati V, Giustini P. Risperidone for hallucinations in
levodopa-treated Parkinson’s disease patients [letter]. Lancet 1994;343:1370-1371.

50.Zoldan J, Friedberg G, Goldberg SH, Melamed E. Ondansetron for hallucinosis
in advanced Parkinson’s disease [letter]. Lancet 1993;341:562-563.

51.Zoldan J, Friedberg G, Livneh M, Melamed E. Psychosis in advanced Parkinson’s
disease: treatment with ondansetron, a 5-HT3 receptor antagonist. Neurology
1995;45:1305-1308.

52.Zoldan J, Friedberg G, Weizman A, Melamed E. Ondansetron, a 5-HT3 antago-
nist for visual hallucinations and paranoid delusional disorder associated with
chronic L-DOPA therapy in advanced Parkinson’s disease. Adv Neurol
1996;69:541-544.

53.Friedberg G, Zoldan J, Weizman A, Melamed E. Parkinson Psychosis Rating
Scale: a practical instrument for grading psychosis in Parkinson’s disease. Clin
Neuropharmacol 1998;21:280-284.

BIBLIOGRAPHY - EXCLUDED FROM
ANALYSIS

(REASON FOR EXCLUSION)
CLOZAPINE

Auzou P, Hannequin D, Landrin I, Cochin JP, Moore N. Worsening of psychotic
symptoms by clozapine in Parkinson’s disease [letter]. Lancet 1994;344:955.
(Less than 20 evaluated patients)

Bernardi F, Del-Zompo M. Clozapine in idiopathic Parkinson’s disease [letter; com-
ment]. Neurology 1990;40:1151-1152. (No standardized efficacy assessment nei-
ther for psychosis nor for parkinsonism; number of evaluated patients not men-
tioned)

Chacko RC, Hurley RA, Harper RG, Jankovic J, Cardoso F. Clozapine for acute
and maintenance treatment of psychosis in Parkinson’s disease. J Neuropsychia-
try Clin Neurosci 1995;7:471-475. (Less than 20 evaluated patients)

Dewey RB, O’Suilleabhain PE. Treatment of drug-induced psychosis with quetiapine
and clozapine in Parkinson’s disease. Neurology 2000;55:1753-1754. (No stan-
dardized efficacy assessment neither for psychosis nor for parkinsonism; no ho-
mogeneous IPD population; not mentioned if antiparkinsonian drugs were re-
duced)

Fernandez HH. Quetiapine for l-dopa-induced psychosis in PD. Neurology
2000;55:899. (No standardized efficacy assessment neither for psychosis nor for
parkinsonism; not mentioned if antiparkinsonian drugs were reduced)

Fernandez HH, Lannon MC, Friedman JH, Abbott BP. Clozapine replacement by
quetiapine for the treatment of drug-induced psychosis in Parkinson’s disease.
Mov Disord 2000;15:579-581. (Less than 20 patients evaluated)

Factor SA, Brown D, Molho ES, Podskalny GD. Clozapine: a 2-year open trial in
Parkinson’s disease patients with psychosis. Neurology 1994;44:544-546. (Less
than 20 evaluated patients)

Factor SA, Brown D. Clozapine prevents recurrence of psychosis in Parkinson’s
disease. Mov Disord 1992;7:125-131. (Less than 20 evaluated patients)

Friedman JH, Lannon MC. Clozapine in the treatment of psychosis in Parkinson’s
disease. Neurology 1989;39:1219-1221. (Less than 20 evaluated patients)

Gonski PN. The use of clozapine in Parkinson’s disease [letter]. Aust N Z J Med
1994;24:585. (Less than 20 evaluated patients)

Greene P, Cote L, Fahn S. Treatment of drug-induced psychosis in Parkinson’s dis-
ease with clozapine. Adv Neurol 1993;60:703-706. (Less than 20 evaluated pa-
tients)

Greene P. Clozapine therapeutic plunge in patient with Parkinson’s disease [letter].
Lancet 1995;345:1172-1173. (Less than 20 evaluated patients)

Kahn N, Freeman A, Juncos JL, Manning D, Watts RL. Clozapine is beneficial for
psychosis in Parkinson’s disease. Neurology 1991;41:1699-1700. (Less than 20
evaluated patients)

Lew MF, Waters CH. Clozapine treatment of parkinsonism with psychosis. J Am
Geriatr Soc 1993;41:669-671. (Less than 20 evaluated patients)

Meltzer HY, Kennedy J, Dai J, Parsa M, Riley D. Plasma clozapine levels and the
treatment of L-DOPA-induced psychosis in Parkinson’s disease. A high potency
effect of clozapine. Neuropsychopharmacology 1995;12:39-45. (Less than 20
evaluated patients)

Ostergaard K, Dupont E. Clozapine treatment of drug-induced psychotic symptoms
in late stages of Parkinson’s disease [letter]. Acta Neurol Scand 1988;78:349-
350. (Less than 20 evaluated patients)

Pfeiffer RF, Kang J, Graber B, Hofman R, Wilson J. Clozapine for psychosis in
Parkinson’s disease. Mov Disord 1990;5:239-242. (Less than 20 evaluated pa-
tients)

Pinter MM, Helscher RJ. Therapeutic effect of clozapine in psychotic decompensa-
tion in idiopathic Parkinson’s disease. J Neural Transm Park Dis Dement Sect
1993;5:135-146. (Less than 20 evaluated patients)



S127

Movement Disorders, Vol. 17, Suppl. 4, 2002

Rabey JM, Treves TA, Neufeld MY, Orlov E, Korczyn AD. Low-dose clozapine in
the treatment of levodopa-induced mental disturbances in Parkinson’s disease.
Neurology 1995;45:432-434. (Antiparkinsonian dose reduction during clozapine;
no standardized efficacy assessment for psychosis)

Roberts HE, Dean RC, Stoudemire A. Clozapine treatment of psychosis in Parkinson’s
disease. J Neuropsychiatry Clin Neurosci 1989;1:190-192. (Less than 20 evalu-
ated patients)

Rosenthal SH, Fenton ML, Harnett DS. Clozapine for the treatment of levodopa-
induced psychosis in Parkinson’s disease [letter]. Gen Hosp Psychiatry
1992;14:285-286. (Less than 20 evaluated patients)

Rudolf J, Grond M, Neveling M, Heiss WD. Clozapine-induced agranulocytosis
and thrombopenia in a patient with dopaminergic psychosis. J Neural Transm
1997;104:1305-1311. (Less than 20 evaluated patients)

Scholz E, Dichgans J. Treatment of drug-induced exogenous psychosis in parkin-
sonism with clozapine and fluperlapine. Eur Arch Psychiatry Neurol Sci
1985;235:60-64. (Less than 20 evaluated patients)

Trosch RM, Friedman JH, Lannon MC, et al. Clozapine use in Parkinson’s disease:
a retrospective analysis of a large multicentered clinical experience. Mov Disord
1998;13:377-382. (Inhomogenous study population (patients with and without
DIP); no standardized efficacy assessment neither for psychosis nor for parkin-
sonism)

Weiner WJ, Minagar A, Shulman LM. Quetiapine for l-dopa-induced psychosis in
PD. Neurology 2000;54:1538. (less than 20 evaluated patients)

Wolk SI, Douglas CJ. Clozapine treatment of psychosis in Parkinson’s disease: a
report of five consecutive cases. J Clin Psychiatry 1992;53:373-376. (Less than
20 evaluated patients)

Wolters EC, Hurwitz TA, Mak E, et al. Clozapine in the treatment of parkinsonian
patients with dopaminomimetic psychosis. Neurology 1990;40:832-834. (Less
than 20 evaluated patients)

OLANZAPINE
Wolters EC, Jansen EN, Tuynman QH, Bergmans PL. Olanzapine in the treatment

of dopaminomimetic psychosis in patients with Parkinson’s disease. Neurology
1996;47:1085-1087. (Less than 20 evaluated patients)

Friedman J. Olanzapine in the treatment of dopaminomimetic psychosis in patients
with Parkinson’s disease [letter; comment]. Neurology 1998;50:1195-1196. (No
homogeneous IPD population; antiparkinsonian dose reduction during olanzapine)

Friedman JH, Goldstein S, Jacques C. Substituting clozapine for olanzapine in psy-
chiatrically stable Parkinson’s disease patients: results of an open label pilot study.
Clin Neuropharmacol 1998;21:285-288. (Less than 20 evaluated patients)

Graham JM, Sussman JD, Ford KS, Sagar HJ. Olanzapine in the treatment of hallu-
cinosis in idiopathic Parkinson’s disease: a cautionary note. J Neurol Neurosurg
Psychiatry 1998;65:774-777. (Less than 20 evaluated patients)

Menza MM, Palermo B, Mark M. Quetiapine as an alternative to clozapine in the
treatment of dopamimetic psychosis in patients with Parkinson’s disease. Ann
Clin Psychiatry 1999;11:141-144. (Less than 20 evaluated patients)

Molho ES, Factor SA. Worsening of motor features of parkinsonism with olanzapine
[In Process Citation]. Mov Disord 1999;14:1014-1016. (Less than 20 evaluated
patients)

QUETIAPINE
Fernandez HH. Quetiapine for l-dopa-induced psychosis in PD. Neurology

2000;55:899. (Letter to the Editor)
Matheson AJ, Lamb A. Quetiapine. A review of its clinical potential in the manage-

ment of psychotic symptoms in Parkinson’s disease. CNS Drugs 2000;14:157-
172. (Review)

Menza MM, Palermo B, Mark M. Quetiapine as an alternative to clozapine in the
treatment of dopamimetic psychosis in patients with Parkinson’s disease. Ann
Clin Psychiatry 1999;11:141-144. (Less than 20 evaluated patients)

Parsa MA, Bastani B. Quetiapine (Seroquel) in the treatment of psychosis in pa-
tients with Parkinson’s disease. J Neuropsychiatry Clin Neurosci 1998;10:216-
219. (Less than 20 evaluated patients)

Targum SD, Abbott JL. Efficacy of quetiapine in Parkinson’s patients with psycho-
sis. J Clin Psychopharmacol 2000;20:54-60. (Less than 20 evaluated patients)

RISPERIDONE
Damecour CL, Turcotte JR. Therapeutic dilemma: psychosis and Parkinson’s dis-

ease [letter]. Can J Psychiatry 1995;40:640-641. (Less than 20 evaluated patients)
Ford B, Lynch T, Greene P. Risperidone in Parkinson’s disease [letter; comment].

Lancet 1994;344:681. (Less than 20 evaluated patients)
Meco G, Alessandri A, Giustini P, Bonifati V. Risperidone in levodopa-induced psy-

chosis in advanced Parkinson’s disease: an open-label, long-term study. Mov
Disord 1997;12:610-612. (Less than 20 evaluated patients)

Meco G, Alessandria A, Bonifati V, Giustini P. Risperidone for hallucinations in
levodopa-treated Parkinson’s disease patients [letter]. Lancet 1994;343:1370-1371.
(Less than 20 evaluated patients)

Drugs to treat Dementia and Psychosis

Rich SS, Friedman JH, Ott BR. Risperidone versus clozapine in the treatment of
psychosis in six patients with Parkinson’s disease and other akinetic-rigid syn-
dromes. J Clin Psychiatry 1995;56:556-559. (Less than 20 evaluated patients)

Workman-RH J, Orengo CA, Bakey AA, Molinari VA, Kunik ME. The use of
risperidone for psychosis and agitation in demented patients with Parkinson’s
disease. J Neuropsychiatry Clin Neurosci 1997;9:594-597. (Less than 20 evalu-
ated patients)

ZOTEPINE
Arnold G, Trenkwalder C, Schwarz J, Oertel WH. Zotepine reversibly induces aki-

nesia and rigidity in Parkinson’s disease patients with resting tremor or drug-
induced psychosis [letter]. Mov Disord 1994;9:238-240. (Less than 20 evaluated
patients)

Spieker S, Stetter F, Klockgether T. Zotepine in levodopa-induced Psychosis. Mov
Disord 1995;10:795-797. (Less than 20 evaluated patients)

MIANSERIN
Ikeguchi K, Kuroda A. Mianserin treatment of patients with psychosis induced by

antiparkinsonian drugs. Eur Arch Psychiatry Clin Neurosci 1995;244:320-324.
(Less than 20 evaluated patients)

ONDANSETRON
Eichhorn TE, Brunt E, Oertel WH. Ondansetron treatment of L-dopa-induced psy-

chosis [letter; comment]. Neurology 1996;47:1608-1609. (Less than 20 evalu-
ated patients)

Friedberg G, Zoldan J, Weizman A, Melamed E. Parkinson Psychosis Rating Scale:
a practical instrument for grading psychosis in Parkinson’s disease. Clin
Neuropharmacol 1998;21:280-284. (Study that not primarily test efficacy and
safety of ondansetron)

Zoldan J, Friedberg G, Goldberg SH, Melamed E. Ondansetron for hallucinosis in
advanced Parkinson’s disease [letter]. Lancet 1993;341:562-563. (Less than 20
evaluated patients)

Zoldan J, Friedberg G, Livneh M, Melamed E. Psychosis in advanced Parkinson’s
disease: treatment with ondansetron, a 5-HT3 receptor antagonist. Neurology
1995;45:1305-1308. (Less than 20 evaluated patients)

Zoldan J, Friedberg G, Weizman A, Melamed E. Ondansetron, a 5-HT3 antagonist
for visual hallucinations and paranoid delusional disorder associated with chronic
L-DOPA therapy in advanced Parkinson’s disease. Adv Neurol 1996;69:541-
544. (Less than 20 evaluated patients)



S128

Surgical Treatment for Parkinson’s Disease: Deep Brain Surgery

INTRODUCTION
BACKGROUND

The degeneration of dopaminergic and other transmitter sys-
tems in Parkinson’s disease (PD) leads to profound disturbances
in basal ganglia, thalamic, cortical and brainstem physiology, pro-
ducing striking abnormalities in motor function. For the first time,
the cellular pathophysiology of the motor dysfunction is begin-
ning to be better understood, thereby providing a stronger scien-
tific rationale for surgical interventions. Yet, to date, there are no
treatments that prevent, halt, or cure PD. At best these treatments,
including surgical strategies, offer only symptomatic relief or con-
trol of motor complications associated with drug treatment.

Both pallidotomy and thalamotomy were extensively used in
the treatment of PD in the1950’s and 1960’s. With the introduction
of levodopa (L-dopa) in the1960’s and the realization of its strik-
ing benefits, surgery was almost abandoned and used only for pa-
tients with severe tremor. Surgical therapy is now being used ear-
lier and more often due to several factors. First, medications have
shortcomings, and a large number of patients continue to be dis-
abled despite the best available drug therapy. Second, technical
improvements in brain imaging, in neurosurgical techniques and
devices, and in intraoperative electrophysiology have made pro-
cedures safer and more accurate. These advances allow for a bet-
ter understanding of the basis for intervention at specific targets,
and initial reports of improvements with surgery have spearheaded
a re-evaluation of surgery in patients with PD.

With the rediscovery of functional neurosurgical procedures for
the treatment of PD, there have been a large number of reports
testing a variety of surgical approaches to treat PD. These surgical
procedures are complex, and published reports often are from the
early stages in the acquisition of technical skills and experience
related to these operations. Due to the novelty of these surgical
approaches, there are few studies documenting their efficacy and
safety.

RATIONALE
There are currently three brain regions being considered as tar-

gets for functional neurosurgery for PD (other than transplanta-
tion). They are (1) the ventral intermediate nucleus of the thala-
mus (Vim), (2) the internal segment of the Globus Pallidus (GPi),
and (3) the subthalamic nucleus (STN). Either CNS lesions (thala-
motomy, pallidotomy or subthalamic nucleus lesions) or implants
of chronic stimulating electrodes at these sites (deep brain stimu-
lation [DBS]) are being used. In general, the Vim target is used to
treat tremor, while the pallidal and subthalamic targets are used to
treat akinesia, rigidity, gait and postural disturbances, and drug-
induced dyskinesias, in addition to tremor. Given the advances in
surgical expertise and in understanding the neurodegenerative
changes associated with PD, clinical reports are published in the
literature reporting on safety and efficacy of these procedures.

Consequently, an evidenced-based review of these reports is war-
ranted in order to establish treatment recommendations on the
safety and efficacy of surgery for treatment of PD.

METHODS
KEY SEARCH TERMS

Parkinson’s disease and surgery with pallidotomy, thalamotomy,
subthalamotomy, or pallidal, thalamic or subthalamic stimulation.

MECHANISM OF ACTION
Based on current anatomical and physiological concepts of the

basal ganglia, a scheme has been developed to integrate the func-
tional organization of the cortical-basal ganglia-thalamic-cortical
circuitry as it relates to motor function. The motor circuit origi-
nates in the precentral motor and postcentral somatosensory areas
and projects to motor areas of the basal ganglia and thalamus, re-
turning thereafter to the cortex. Cortical inputs to the basal ganglia
project through the putamen, and the output travels to the major
motor output routes, globus pallidus internus (Gpi) and the pars
reticulata of the substantia nigra by two distinct paths, called “di-
rect” and “indirect.” With the exception of the subthalamic nucleus,
all intrinsic and output projections from the basal ganglia (puta-
men, globus pallidum interna and externa, and the pars reticulata)
are mediated by gamma-aminobutyric acid and are inhibitory sys-
tems. Projections from the cortex to the putamen and from the
thalamus to the cortex are excitatory.

The known loss of dopaminergic cells in the pars compacta of
the substantia nigra that is the hallmark of PD has differential ef-
fects on the activities of the striatal cells in the direct and indirect
pathways. In the direct pathway, loss of dopamine leads to a de-
crease in inhibitory activity from the putamen to the globus pallidus
internus, whereas in the indirect pathway, loss of putaminal exci-
tation reduces activity in the globus pallidus externus. Excessive
excitation from the subthalamic nucleus and internal segment of
the globus pallidus results as well in secondary enhanced inhibi-
tion of thalamo-cortical pathways leading presumably to the par-
kinsonian signs of akinesia and rigidity.

Based on this understanding, treatment of PD through lesions
or electric stimulation-induced presumed inactivation of nuclei has
focused on three primary structures that are functionally overac-
tive as part of the basic pathophysiology of PD: the internal seg-
ment of the globus pallidus (pallidotomy and deep brain pallidal
stimulation); thalamus (thalamotomy and thalamic stimulation);
and subthalamic nucleus (deep brain stimulation). These proce-
dures are critiqued in this review.

SPECIAL EXCEPTIONS TO THE INCLUSION/
EXCLUSION CRITERIA

Due to the paucity of large randomized trials, no sample size
restriction was applied for Level-I studies. However, the standard
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minimum of 20 patients was required for Level-II and Level-III
studies. Additionally, a minimum period of 3 months after surgery
was required to allow for postoperative recovery, drug modifica-
tions, and stimulation parameter adjustments. Studies were ex-
cluded if L-dopa therapy was initiated de novo during the follow-
up period.

REVIEW OF CLINICAL STUDIES
The number of studies identified were 533, 231 on pallidotomy

and 30 on pallidal stimulation; 218 on thalamotomy and 115 on
thalamic stimulation;15 on subthalamotomy and 42 on subthalamic
stimulation. Collectively, only 26 efficacy studies were included
in this analysis: Level-I (n=3), Level-II (n=2) and Level-III data
(n=21). Two studies are listed in the table twice because they com-
pared two surgical interventions, pallidal stimulation vs. subtha-
lamic stimulation1 and thalamotomy vs. thalamic deep brain stimu-
lation.2 A few other studies of importance to safety concerns are
listed in the table as well, although they did not meet inclusion
criteria for efficacy critique.

PALLIDOTOMY
The search identified 231 published efficacy reports on

pallidotomy, of which fifteen met inclusion and exclusion criteria:
one study was Level-I, two studies were Level-II and the remain-
ing were Level III. A few other studies focusing on safety issues
are also critiqued.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
De Bie and colleagues (1999)3 conducted a prospective, single

blind, multicenter, study of 37 patients that were randomized to
either (1) unilateral pallidotomy, or (2) the best medical treatment.
Patients assigned to surgery underwent macroelectrode stimula-
tion guided pallidotomy. Lesion location and size were not veri-
fied with microelectrode guidance or postoperative imaging. Pa-
tient ages ranged from 44 to 73 years with a mean disease duration
of approximately 16 years. Patients were followed for 6 months
after surgical treatment. The mean Hoehn and Yahr stages were
4.0 in the “off phase” and 2.5 in the “on phase”. The dose of L-
dopa ranged between 86 to 925 mg/day “dopa equivalents.” The
primary outcome measure was improvement in the “off” motor
exam of the UPDRS. In the pallidotomy group, the mean UPDRS
motor score improved from a mean baseline rating of 47.0 to 32.5,
whereas the control subjects had a mean baseline score of 52.5
and deteriorated to 56.6. Other assessments included the UPDRS
2 (activities of daily living ADL section), and Schwab and En-
gland scales of daily living all showing a significant positive ef-
fect of surgery compared to the controls. Nine of the nineteen pa-
tients had adverse reactions, two with events that were considered
by the author as major, and seven that were considered as minor.
The major events in the perioperative period were dysarthria and
depressed level of consciousness in one patient and psychosis in
another. Four of the seven patients with mild adverse effects still
had them at six-month follow-up, and, of the two with major events,
one continued with dysphasia, drooling and postural instability

and the second with intermittent hallucinations and psychotic be-
havior. This study had an overall quality rating score of 72%.

Level-II Studies
Perrine et al. (1998)4 studied 28 patients over one year who un-

derwent pallidotomy and compared them to 10 control patients,
who qualified for surgery but did not desire it immediately. This
study assessed neuropsychological morbidity as its primary focus
but also collected motor data in the form of the UPDRS motor and
ADL data in the two groups. The pallidotomy group showed a
change in the mean motor scale from 33.2 at baseline to 10.0 at
one year. The control group however deteriorated from a mean
score of 27.1 to 31.6. For the ADL scores, the pallidotomy group
improved from mean values of 17.4 to 6.6, whereas the control
patients deteriorated from a mean score of 17.8 to 20.6. There was
no distinction in ON and OFF scores in this report.

Young et al. (1998)5 studied 51 patients with medically refrac-
tory PD underwent stereotactic posteromedial pallidotomy for treat-
ment of bradykinesia, rigidity, and L-DOPA-induced dyskinesias.
Two comparison groups were examined: 29 patients whose
pallidotomies were performed with the Leksell Gamma Knife; and
22 whose surgery involved the standard radiofrequency (RF)
method. Clinical assessment as well as blinded ratings of Unified
Parkinson’s Disease Rating Scale (UPDRS) scores were carried
out pre- and postoperatively. Mean follow-up time was 20.6 months
(range 6-48) and all except 4 patients were followed more than
one year. Eighty-five percent of patients with dyskinesias were
relieved of symptoms, regardless of whether the pallidotomies were
performed with the Gamma Knife or radiofrequency methods.
About 2/3 of the patients in both Gamma Knife and radiofrequency
groups showed improvements in bradykinesia and rigidity, al-
though when considered as a group neither the Gamma Knife nor
the radiofrequency group showed statistically significant improve-
ments in UPDRS scores. One patient in the Gamma Knife group
(3.4%) developed a homonymous hemianopsia 9 months follow-
ing treatment and 5 patients (27.7%) in the radiofrequency group
became transiently confused postoperatively. This study is limited
because raw data were not reported, but only percent changes and
p values. Because of the similarity of outcomes with the two pro-
cedures, the authors suggested however that Gamma Knife
pallidotomy may be as effective as radiofrequency pallidotomy in
controlling certain symptoms of PD.

Level-III Studies
Kondziolka et al. (1999)6 conducted an open label prospective

analysis of a consecutive series of 58 patients who underwent
pallidotomy and were followed for up to 1 year. The mean age
was 67 years with a disease duration of 13.3 years. The UPDRS in
“on” and “off” periods was evaluated, and this study showed a
significant improvement in the total OFF UPDRS score (mean 95.8
to 77.6). The predominant component responsible for the improve-
ment was the motor section of the UPDRS, showing a mean change
from 58.3 at baseline to 44.7 after surgery. Significant improve-
ments were also noted for tremor, rigidity, bradykinesia, and con-
tralateral dyskinesia. In the 21 patients who were evaluated after 1
year, improvements in dyskinesia and tremor were maintained.
Adverse events were mild and occurred in 9% of the patients in-
cluding dysarthria (4) and transient confusion (1).

Giller and colleagues (1998)7 reported experience with
pallidotomy and in a combined article on thalamotomies and

Surgical Treatment for Parkinson’s Disease: Deep Brain Surgery



S130

Movement Disorders, Vol. 17, Suppl. 4, 2002

pallidotomies. The only pallidotomy procedure with at least 20
subjects was unilateral and in this group there were 49 subjects, of
which 47 received extensive testing. Mean off UPDRS motor
scores improved from 42.0 preoperatively to 29.4 at six months
(N=27) and to 24.9 at 12 months (N=12). Three patients suffered
hemiparesis and one patient had cognitive deficits, infection or
confusion. The authors reported that the speech complications were
higher in patients undergoing bilateral procedures. Eight patients
out of the original 55 patients developed speech problems postop-
eratively. All but one had had bilateral surgery and in these seven,
four had serious speech problems. In the one unilateral pallidotomy
subject with speech problems, the severity of deficit was mild.

Shannon et al. (1998)8 studied 26 patients undergoing
pallidotomy, of which 22 patients had outcome measures reported
6 months post-treatment. The primary outcome measure was
UPDRS “off phase” scores which improved at 6 months from mean
49.0 at baseline to 41.7. Contralateral parkinsonian signs improved
when the investigators analyzed the collapsed components that
referred to that side (mean 16.3 at baseline vs. 12.1 at six months).
“On” ratings did not change. Significant complications included
one death, three superficial frontal lobe hemorrhages, two signifi-
cant cognitive and personality changes, one with subfluent apha-
sia, three with signs of frontal lobe dysfunction, and one report of
hemiparesis.

Samuel et al. (1998)9 reported the results from 26 patients who
underwent unilateral pallidotomy. Twenty-two subjects were as-
sessed for UPDRS motor score improvement (two patients died
and two patients were unable to carry out the UPDRS assessment).

Following the CAPIT-recommended protocol for examining
patients “on/off”over 3 months after sugery, the investigators found
that the UPDRS total Off motor score improved from a baseline
median score of 53.5 to 42.5. Most effects concerned the contralat-
eral side with improvements in rigidity, tremor and bradykinesia.
Contralateral dyskinesia also improved. Two patients had fatal
complications, one cerebral hemorrhage and one hemorrhagic in-
farction. Of the remaining subjects, 15% experienced major com-
plications including contralateral facial weakness, contralateral
motor hemineglect, severe dysarthria and dysphagia and minor
complications including visual field defect in 8%, dysarthria in
27%, dysphagia in 19%, and hypophonia in 15%.

Kishore et al. (1997)10 reported on 23 patients who underwent
unilateral pallidotomy; twenty had six-month follow-up and 11
were evaluated after 1 year. Using the CAPIT protocol recommen-
dations for patient evaluation, they studied patients in ON and OFF
states, and found that OFF UPDRS total score significantly im-
proved from a mean score of 47.3 at baseline to 30.0 (N=20) and
25.5 (N=11). The OFF ADL scores likewise showed progressive
improvement from mean baseline function of 23.6 to 17.7 at six
months and 17.2 at one year. The results were most prominent for
the contralateral side. Adverse effects included a delayed intrac-
erebral hemorrhage and death 4%, transient hemiparesis and vi-
sual field deficit 12.5% and facial paresis in 1 patient.

Krauss et al. (1997)11 reported six-month data on 36 patients
with advanced PD undergoing unilateral pallidotomy and focused
on correlations between lesion size and clinical outcome. They
documented significant improvements in motor UPDRS OFF
scores (mean 58.1 vs. 33.0), and OFF ADL scores (mean 31.4 vs.
18.2). There was no clear association with lesion size and clinical
outcome. Six patients had transient adverse effects from the sur-
gery and two infarctions were documented on MR.

Lang et al. (1997)12 described unilateral pallidotomy in 40 pa-
tients followed for 1 to 2 years. Thirty-nine were examined at six
months, 27 at one year and 11 at two years. The primary outcome
measure was UPDRS total score with secondary outcome mea-
sures, Schwab & England, ADL and UPDRS subscores for tremor,
rigidity, bradykinesia, postural instability, gait disorders, and
dyskinesias. There was a significant improvement in “off” period
UPDRS from mean 68.8 to 47.9 at six months and “on” UPDRS
from mean 27.6 to 23.6. The Schwab and England scores improved
from a mean OFF rating of 39% to 65% and a mean ON rating
from 78.2 to 85.2 at six months. All “off” features of parkinsonism
improved significantly on the side contralateral to surgery. Ipsilat-
eral tremor and rigidity were not changed, but ipsilateral bradyki-
nesia improved. Twenty-five patients had adverse effects; most of
these were mild, but many of them persisted. These included weak-
ness in two subjects, dysarthria in three, dysphagia in two and
impaired memory or concentration faculties in three. There was
one intracerebral hemorrhage.

Kazumata et al. (1997)13 correlated clinical motor outcome mea-
sures with functional brain imaging using 18F-fluorodeoxyglucose
(FDG) and positron emission tomography (PET) in 22 patients
with advanced PD receiving stereotaxic unilateral pallidotomy. The
clinical outcome following pallidotomy was assessed at three
months after surgery and also correlated with intraoperative mea-
sures of spontaneous pallidal single-unit activity as well as post-
operative MRI measurements of lesion volume and location. They
found that unilateral pallidotomy produced clinical improvement
in off-state CAPIT scores for the contralateral limbs (mean preop-
erative OFF UPDRS 75.3 vs. mean 52.8 after surgery). On the
ipsilateral side to surgery, scores also improved from mean OFF
UPDRS preoperatively of 59.8 to mean 49.9 after surgery. Clini-
cal outcome following surgery correlated significantly with pre-
operative measures of CAPIT score, change with L-dopa admin-
istration and with preoperative FDG/PET measurements of lenti-
form glucose metabolism. Operative outcome did not correlate with
intraoperative measures of spontaneous pallidal neuronal firing
rate. The authors concluded that preoperative measurements of
lentiform glucose metabolism and L-dopa responsiveness may be
useful indicators of motor improvement following pallidotomy.

Melnick et al. (1996)14 investigated the effects of pallidotomy
on postural reactions and other motor parkinsonian deficits. They
compared performance by 29 PD patients before and after
pallidotomy on tests of balance and function. They assessed the
UPDRS, activities of daily living and motor subscales (parts II
and III) and posturography before and 3 to 6 months after surgery
with patients in the practically defined off state (medication with-
held for at least 12 hours). They found a significant improvement
in UPDRS motor subscale score after pallidotomy (before surgery,
mean 52.4 vs. mean 43.9 after surgery ). There were no significant
changes in the UPDRS activities of daily living subscale or aver-
age stability scores when the group was examined as a whole.
Examination of individual data revealed that 9 (56%) of 16 pa-
tients who could stand independently before surgery showed im-
provement in either the number of falls or the average stability
score. No patient who was unable to stand independently before
surgery was able to stand independently after it. They concluded
that pallidotomy helped improve overall motor function in patients
with parkinsonism and, for some patients, also improved postural
stability.

Uitti et al. (1997)15 studied 20 consecutive patients with PD un-
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dergoing MRI/electrophysiologically-guided medial pallidotomy.
The mean age of patients was 65.5 years (median 66.5).
Pallidotomy significantly improved motor function in both “on”
and “off” states as measured by Unified Parkinson’s Disease Rat-
ing Scale (UPDRS) motor scores and timed tests (Purdue peg-
board and counter tapping) in the arm contralateral to surgery 3
months postoperatively. The total UPDRS score improved from
mean 82.6 to 63.8. Patients also improved in the UPDRS activity
of daily living and complications of therapy scoring. There was
also a reduction in L-dopa-induced dyskinesias. Six of 11 patients
who could not walk in an “off” state prior to surgery could do so
postoperatively. The improvements occurred similarly in patients
greater than (n = 11) or less than 65 years (n = 9) at surgery. Neu-
ropsychological measures indicated that although the majority of
cognitive function remained unchanged in right-handed PD pa-
tients following dominant (left) hemisphere pallidotomy, mild spe-
cific declines in word generation occurred in some patients. No
significant operative complications developed. The findings of this
study suggest that unilateral pallidotomy is safe and associated
with improved motor functioning in elderly as well as younger PD
patients experiencing significant disability despite optimal medi-
cal therapy.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
Of all results related to pallidotomy, the most consistent and

clinically significant contribution has been the control of
dyskinesias, especially contralateral to the side of the lesion.
Kondziolka6 found contralateral dyskinesia dropped from mean
scores of 1.5 to 0.9 by nine months with persistence of effects at
18 months in the 21 patients followed for that duration. In Giller’s7

report using a 0-3 severity rating system, they found dyskinesia
dropped from a mean 5.5 preoperatively to 2.1 at two weeks and
remained improved. The scores were even more dramatic when
only the contralateral dyskinesia ratings were considered (2.5 to
0.2). Shannon found similar improvements using the UPDRS-based
dyskinesia ratings, finding significant improvements in both dura-
tion score (mean baseline 2.2 vs. 1.0 at six months) and severity
score (mean 1.5 vs. 0.5). Kishore10 found contralateral dyskinesia
significantly improved (mean score 7.5 before surgery vs. 3.8 at
six months and 4.3 at one year). Krauss11 assessed percent of the
waking day with dyskinesia and documented six-month improve-
ment with a change score from baseline man 37.5 to 18.1. Uitti
and colleagues15 found the mean Goetz Dyskinesia score improved
from mean 1.4 to mean 1.2 and the Mayo Dyskinesia score from
mean 11.6 to mean 7.6 after surgery. “On” time, obtained in nine
patients only, improved from a mean 4.1 hours before surgery to
mean 8.8 hours after surgery.

CONTROL OF NON-MOTOR
COMPLICATIONS

Level-II Studies
Perrine et al. (1998)4 studied 28 patients who underwent

pallidotomy and compared them to 10 control patients, who quali-
fied for surgery but did not desire it immediately. This study as-
sessed neuropsychological morbidity and tests that included the
minimental test, Beck Depression Inventory, Stroop tests, and
Wisconsin Card Sorting Test were performed at baseline and be-

tween 3 and 12 months later. There were no significant changes in
neuropsychological outcome between these two groups. The mean
minimental state examination scores were 28.3 at baseline in the
pallidotomy group and 27.5 at retesting; the two scores for the
control group were 26.7 at baseline and 28.4 at retesting. Across
all tests administered, only five of the surgery patients showed
significant decline, and of these, non-decline on more than one
test. The pallidotomy group showed a significant improvement in
motor function, although the actual numeric changes in the UPDRS
were not given.

Level-III Studies
Trépanier et al.(1998)16 studied changes in neuropsychological

function in patients with idiopathic PD after unilateral posteroventral
pallidotomy. The study included 42 PD patients (24 right and 18 left
hemisphere). All patients were evaluated in the “on state” before
the procedure (n = 42) and at intervals of 3 (n = 26), 6 (n = 27), and
12 or more (n = 24) months after surgery. At baseline, patients had
mild to moderate executive dysfunction. Modest improvement in
sustained attention occurred as measured by the Paced Auditory
Serial Addition Task, mean preoperative score 53.9 vs. 61.0 after
surgery. In contrast, there was a decline in working memory by 6
months after surgery as measured by the Digit Span-Backwards Test,
mean 6.7 preoperatively vs. 6.1 after surgery. Left hemisphere le-
sions led to a loss of verbal learning and verbal fluency in 60% of
patients at their first evaluation at 3 or 6 months. No patients re-
turned to baseline on the verbal fluency task and most (71%) did not
recover verbal-learning ability by 12 months after surgery. Right
hemisphere lesions led to a loss of visuospatial constructional abili-
ties, which fully resolved by 12 months for all but one patient. Evi-
dence of further decline of frontal-executive functioning was noted
within other tasks but not on a “direct” test (i.e., Conditional Asso-
ciative Learning). Behavioral changes of a “frontal nature” were
reported in 25% to 30% of patients. These cognitive and emotional
costs increased dependence and in some cases restricted their abil-
ity to function properly at work or in social settings. Although pa-
tients and caregivers were generally pleased with the clinical neuro-
logical outcome of the procedure, the authors concluded that neuro-
logical benefits of unilateral pallidotomy must be weighed against
modest cognitive and behavioral risks.

Honey and colleagues (1997)17 studied 50 patients undergoing
pallidotomy for the presence of pre-operative pain related to PD.
Of these, 21 qualified with PD-related pain syndromes. These pa-
tients (age, disease severity and demographics not specified) were
interviewed with an ordinal 0-10 pain scale and their pain type
was categorized based on a modification of the Goetz classifica-
tion scheme. After pallidotomy, the pain score improved signifi-
cantly from a mean of 6 to 2 (data taken from table, no numbers
given in text) at six weeks and mean 3 at one year. Most patients
had musculoskeletal pain at baseline, but the most marked im-
provements occurred in dystonic pain (four patients at baseline,
100% improved at 6 weeks and 50% improved at one year).

REVIEW OF SAFETY
Adverse reactions are common with pallidotomy. The majority

is minor and well tolerated, but there is a risk of serious adverse
reactions including of intracerebral hemorrhage (common to all
stereotactic operations), speech impairment, especially with bilat-
eral surgery, and visual adverse reactions.

Biousse et al. (1998)18 described the incidence and types of vi-

Surgical Treatment for Parkinson’s Disease: Deep Brain Surgery



S132

Movement Disorders, Vol. 17, Suppl. 4, 2002

sual field defects after microelectrode-guided posterior GPi
pallidotomy in 40 patients with PD. Sixteen of these patients formed
the basis of a report on motor efficacy, but these data did not meet
the entry criteria of at least 20 patients, so they are not critiqued in
this report (see Baron et al. bibliography of excluded references). In
the visual field study, Goldmann visual field testing was performed
in all patients post-operatively after two different surgical techniques:
the first 18 subjects had a lesion threshold of 5 mA and the remain-
ing had an increased threshold of 1.0 mA with the lesion placed
more distant from the optic tract. Three patients (7.5%) had visual
field defects likely related to the pallidotomy. These were contralat-
eral homonymous superior quadrantanopsia, associated in two pa-
tients with small paracentral scotomas. The incidence of visual field
defects with the early technique was 11% (2/18) and decreased to
4.5% (1/22) with modification of their surgical technique.

Hariz and De Salles (1997)19 studied complications of
posteroventral pallidotomy in 138 consecutive patients who under-
went 152 pallidotomies. Transient adverse reactions, lasting less than
three months, appeared in 18% of the patients (16.5% of the surgi-
cal procedures). Long-term complications, lasting more than 6
months, were noted in 10% of the patients (9.2% of the surgical
procedures). Sixteen complications occurred alone or in various
combinations in 14 patients and included fatigue and sleepiness (2),
worsening of memory (4), depression (1), aphonia (1), dysarthria
(3), scotoma (1), slight facial and leg paresis (2) and delayed stroke
(2). Complications such as dysarthria and paresis were attributed to
MR- or CT-verified pallidal lesions encroaching on the internal cap-
sule. Two of the patients with post-operative deterioration in memory
had some memory impairment before surgery, and the aphonic pa-
tient had dysphonia preoperatively. The authors suggested that ste-
reotactic MRI and careful impedance monitoring and macro-stimu-
lation of the posteroventral pallidum area should be sufficient for
minimizing the risk of complications, concluding that pallidotomy
is a safe procedure if performed on cognitively alert patients.

Post-operative cognitive deficits have been documented in the
non-motor outcomes section above, although the study by Perrine
did not document a systematic pattern of decline from pallidotomy.
The Trépanier16 study focused on verbal language deficits and
“frontal lobe” behaviors, the latter occurring post-operatively in
approximately 25% of subjects. The study by Krauss and col-
leagues focused primarily on MR data and they found evidence of
three infarctions, two ischemic and one venous. One ischemic in-
farction was associated with subfluent aphasia, and the others were
asymptomatic.

CONCLUSIONS
EFFICACY

Pallidotomy has only been studied in patients with advanced
disease and motor complications with inadequate response to
medical management.

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of pallidotomy in the prevention of disease progression in
patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of pallidotomy in the symptomatic control of Parkinson’s dis-
ease as a sole therapy.

Adjunct therapy
Based on one Level-I study, two Level-II studies, and several

Level-III studies, unilateral Pallidotomy improves contralateral
rigidity, tremor and akinesia. Although gait disturbances of PD
also improve, the magnitude and duration of the response is lim-
ited. Therefore, unilateral pallidotomy is considered LIKELY EF-
FICACIOUS for symptomatic control of PD.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of pallidotomy regarding prevention of motor complications
in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

There are no controlled studies on the effects of pallidotomy on
motor complications. There is a consistent body of Level-III data
suggesting efficacy specifically on contralateral drug-induced
dyskinesias. There is INSUFFICIENT EVIDENCE to conclude
on the efficacy of pallidotomy in this indication.

There is INSUFFICIENT EVIDENCE to judge efficacy of bi-
lateral pallidotomy in all indications.

SAFETY
Unilateral pallidotomy carries an ACCEPTABLE RISK, WITH

SPECIALIZED MONITORING that includes choosing appropri-
ate patients and adequate surgical expertise. Studies reveal that
serious adverse events occur infrequently but that minor adverse
events are common. There is INSUFFICIENT EVIDENCE to as-
sess the safety of bilateral pallidotomy, but serious concerns have
been voiced on the risk of speech, balance, gait, and cognitive
problems consequent to bilateral surgery.

IMPLICATIONS FOR CLINICAL PRACTICE
Unilateral pallidotomy is POSSIBLY USEFUL in patients who,

despite best available medical treatment, suffer with “on” period
dyskinesias and “off” period parkinsonian motor disability. Be-
cause the positive effects in Level III Studies are consistently seen
for dyskinesia, patients without dyskinesia are generally consid-
ered less suitable candidates for surgery of this type. Although the
procedure has been performed at many medical centers, even those
without movement disorder neurological expertise, the number of
cerebrovascular accidents consequent to this surgery still should
make this procedure a serious consideration only after medication
trials to control motor fluctuations and dyskinesia have failed. Bi-
lateral pallidotomy remains INVESTIGATIONAL because it has
not been extensively studied.

IMPLICATIONS FOR CLINICAL RESEARCH
There are very limited data on the duration of benefit after uni-

lateral pallidotomy and longitudinal follow-up studies are required.
The definition of the optimal patient, the size and location of the
pallidotomy lesion, and an explanation of the mechanism through
which pallidotomy improves motor function are all areas open to
research. The safety and efficacy of bilateral procedures is un-
known, and modifications that are not associated with risk of speech
deficits would be important surgical advances.
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PALLIDAL STIMULATION
Whereas most studies related to pallidal surgery have involved

destructive lesions, the advent of deep brain stimulation techniques
has provided the option to induce physiological “lesions” through
selective electrical stimulation of the internal segment of the glo-
bus pallidus. Although stimulation procedures involve special sur-
gical techniques, leave a foreign body (wire and electrodes) within
the central nervous system, and require costly equipment, the le-
sions are theoretically reversible, because the stimulator can be
turned on and off as well as re-programmed.

REVIEW OF CLINICAL STUDIES
Of the articles reviewed, two Level-I studies were identified.

Neither had a non-surgical control arm, but rather compared out-
come from stimulator on vs. off or compared two deep brain stimu-
lation procedures, bilateral pallidal stimulation and bilateral sub-
thalamic nucleus stimulation. One of these studies also included
open-label follow-up information and therefore is discussed un-
der Level III data along with one additional open observation trial.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
Burchiel and colleagues (1999)1 conducted a small, random-

ized study of ten patients who were assigned to either bilateral
pallidal stimulation or bilateral subthalamic stimulation. All pa-
tients had severe Parkinson’s disease-related motor impairment
with motor fluctuations and peak-dose dyskinesias. The data pre-
sentation is not always clear in this manuscript because one pa-
tient randomized to subthalamic stimulation was not included in
the 12-month analysis, so that baseline values for several impor-
tant measures are not given for the analyzed group. Mean baseline
UPDRS motor scores off L-dopa were 67 in the pallidal stimula-
tion group and 49 in the subthalamic nucleus group. Assessments
were made by an investigator blinded to the patient assignment,
and baseline function was compared with scores obtained after
surgery (10 days, 3, 6, and 12 months). Complete follow-up data
were available for four patients with pallidal stimulation and five
patients with subthalamic nucleus stimulation and comparisons
were made on these patients. Almost all data analysis concerns
comparison between the outcomes in the two groups, rather than
comparisons with baseline. The UPDRS motor score without L-
dopa at 12 months improved in both groups compared to baseline
(39% improvement with pallidal stimulation vs. 44% with subtha-
lamic stimulation, specific numbers not given). No statistically sig-
nificant differences between the two surgeries were identified for
measures obtained off L-dopa. At peak L-dopa effect (“on”) with
the stimulator turned on, patients showed improvement over
baseline function, but for almost all measures, the two surgeries
improved patients similarly. Only bradykinesia changes were sig-
nificantly more improved with pallidal stimulation. Daily medica-
tion dosage of L-dopa was significantly decreased in the subtha-
lamic nucleus stimulation group (mean change from mean 735 to
360 mg/d) whereas it remained unchanged (doses not given) in
the pallidal stimulation patients. When clinical function at peak
dose effect of medication (“on”) with the stimulator turned on was
assessed at 12 months, patients with pallidal stimulation showed

significant improvement in bradykinesia compared to baseline
(mean 17.5 vs. 11.0 at 12 months) whereas no statistically signifi-
cant objective motor changes occurred in the subthalamic stimu-
lation group. This study had an overall quality rating score of 64%.

The Deep Brain Stimulation for Parkinson’s Disease Study
Group20 conducted a ten-center, 41 patient study with Level I data
on randomized double-blind crossover assessments of the acute
effects of pars interna pallidal stimulation three months after bilat-
eral electrode placement. Open-label Level III data on long-term
effects were included in the report as well (see Level III). The
pulse generators were programmed individually for maximal pa-
tient benefit in the first three months after surgery with four elec-
trode contacts, monopolar or bipolar activation, frequencies up to
185 Hz, voltage up to 10.5 V, and pulse widths up to 450 micro-
seconds. Six enrolled patients were not assessed: three did not re-
ceive bilateral surgery because of operative complications during
the first surgery, one died before the three-month assessment, and
the others withdrew participation for this acute trial.

The study design tested acute changes in early morning func-
tion without medication when the stimulator was turned on for
two hours compared to when the stimulator was turned off for two
hours. Subjects and investigators were blind to the stimulator set-
ting and in all patients, both conditions were tested in random or-
der (first, stimulator on; then, stimulator off or first, stimulator off;
then, stimulator on). The primary outcome measure was the
UPDRS motor score.

When the stimulator was turned on for two hours, UPDRS mo-
tor scores were significantly better than when the stimulator was
off (mean score off 44 ± 16 changing to 28 ±13 with the stimulator
on, p<0.001, and, when the reverse order was used, mean scores
changed from 34 ±16 with the stimulator turned on, changing to
48 ±17 with the stimulator off, p>0.001). There was no carryover
effect or period effect. Median improvement greater than 25% was
observed in nine of the ten centers participating in the study. This
study had an overall quality rating score of 84%.

 Level- III Studies
The Deep Brain Stimulation for Parkinson’s Disease Study

Group20 extended the Level I acute study to include open-label
longitudinal assessments of motor function and dyskinesias. In this
portion of their study, they used the UPDRS motor, UPDRS ac-
tivities of daily living, and a dyskinesia rating scale. They moni-
tored patients at baseline, one month, three months, and six months
after electrode placement. At the evaluations, four conditions were
assessed: off medication and off stimulation; off medication and
with the stimulator turned on, usually for thirty minutes; on medi-
cation and with the stimulator turned off; on medication and on
stimulation. Of the 38 subjects with presurgical scores, 36 com-
pleted the four evaluations in the four conditions. Comparing the
baseline to six month scores, without medication and with the
stimulator turned off, scores did not change (mean baseline UPDRS
motor score 50.8 ± 11.6 vs. 49.7 ± 14.0 at six months). In the off
medication/stimulator on condition, significant improvement oc-
curred compared to baseline (33.9 ± 12.3 at six months vs. 50.8 ±
11.6 at baseline, 33% change, p<0.001). On medication scores
without the stimulator remained stable over the trial (24.1 ± 14.6
at baseline vs. 19.4 ± 10.0 at six months). When the stimulator
was turned on and patients had taken their mediciations, patients
improved significantly (mean 16.5 ± 9.5 at six months compared
to the on medication baseline score of 24.1 ± 14.6, 27% improve-
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ment, p=0.003. The Activities of Daily Living UPDRS scores sig-
nificantly improved, as well as scores for tremor and postural sta-
bility (all p<0.001).

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
Level-I Studies

The Burchiel1 study examined effects of pallidal stimulation and
subthalamic nucleus stimulation on dyskinesias. The analysis was
confounded by significant reduction in daily L-dopa doses in the
subthalamic surgery group. At 12 months, the two groups were
not different from one another, although both had improved in
comparison to their baseline. In the pallidal stimulation group, the
mean baseline dyskinesia score was 9.5 and at 12 months was 5.0
(not statistically significant) whereas the group receiving subtha-
lamic stimulation changed significantly from a mean baseline score
of 11.6 to 3.8 at 12 months.

Level-III Studies
The Deep Brain Stimulation for Parkinson’s disease Study

Group20 trial assessed motor complications using diaries to cap-
ture “on without dyskinesia” and “off” function during the wak-
ing hours. These were completed two days prior to the office vis-
its. They also used a dyskinesia rating scale at the time of the of-
fice assessments. Between baseline and six months, the percent-
age of time with good mobility and without dyskinesias during the
waking day increased from 28% to 64% (p<0.001). The dyskine-
sia rating score improved from mean 2.1 ± 1.5 at baseline to 0.7 ±
0.8 at six months (p<0.01). The mean daily dose of levodopa
equivalents (100 mg levodopa=10 mg bromocriptine=1 mg
pergolide) did not change.

CONTROL OF NON-MOTOR
COMPLICATIONS LEVEL-I STUDIES

The Burchiel1 study also examined cognitive and affective
changes consequent to bilateral pallidal stimulation and compared
results with those obtained with bilateral subthalamic stimulation.
Memory, attention, and visuomotor processing were unchanged
from baseline 12 months after either surgery. Depression improved
from baseline when the entire study group was considered (mean
Beck Depression Inventory score 14.3 at baseline compared to
mean 7.3 at 12 months), but no breakdown by pallidal and subtha-
lamic surgery was provided.

REVIEW OF SAFETY
In the Burchiel1 report, there were no serious intraoperative com-

plications, but misplaced electrodes occurred. Post-operative com-
plications include paresthesias, balance impairment and speech
deficits when the stimulator is turned on. Inadvertent switching
off of the stimulators by external electromagnetic fields and inter-
ference with pulse generator output by theft detectors, high-power
transmitters and other appliances has occurred with these devices
(Ghika, 1999).21 Among the group in the Deep Brain Stimulation
Study Group,20 intracranial hemorrhages occurred in 4 of 41 sub-
jects, three experiencing hemiparesis and one developing seizures.
Migration of the electrode occurred in two subjects, infection in
one, and lead break in one. Enhanced dyskinesias occurred in three
and dystonia in two.

CONCLUSIONS
EFFICACY

In spite of wide clinical perceptions of efficacy for treating par-
kinsonism and motor complications, the evidence supporting this
remains limited. Similar to pallidotomy pallidal deep brain stimu-
lation has only been studied in patients with advanced disease and
motor complications with inadequate response to medical man-
agement.

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of pallidal stimulation in the prevention of disease progres-
sion in patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of pallidal stimulation in the symptomatic control of
Parkinson’s disease as a sole therapy.

Adjunct therapy
Neither of the Level-I studies had a medical control group though

randomization and blinding of evaluations was performed, in the
first, the pre- vs. post-surgery assessments were clearly known by
the raters, and in the second, the assessments evaluated acute ef-
fects of two hours of pallidal stimulation only. The long-term evi-
dence of improvement is based on Level-III data. Because these
results are consistent and positive, the evidence is sufficient to
conclude that pallidal stimulation is LIKELY EFFICACIOUS for
the treatment of parkinsonism.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of pallidal stimulation regarding prevention of motor com-
plications in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

There are no controlled studies on the effects of pallidal stimu-
lation on motor complications. There is INSUFFICIENT EVI-
DENCE to conclude on the efficacy of pallidal stimulation in this
indication.

SAFETY
From the evidence cited, numerous adverse effects can occur

but are limited to relatively small numbers of patients. However,
because the study follow-up periods are short, the likelihood that
technical problems like further migration of electrodes or lead
breaks will become more frequently reported. These risks are no
different than those for any other deep brain stimulation proce-
dure. For these reasons, pallidal stimulation carries an
ACCEPTIBLE RISK WITH SPECIALIZED MONITORING that
includes the choice of appropriate patients, adequate surgical ex-
pertise, and careful medical and neurological follow-up.

IMPLICATIONS FOR CLINICAL PRACTICE
Based on the consistent, but limited, data on improved function

after pallidal stimulation, pallidal stimulation is POSSIBLY USE-
FUL. The potential advantages of this procedure over pallidotomy
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are several and include reversibility (the stimulation can be turned
off) and the surgery can be performed bilaterally. The Burchiel
study did not show any pattern of improvement that favored pal-
lidal stimulation over subthalamic nucleus stimulation, other than
L-dopa reduction in the subthalamic surgery group. So, until a larger
body of data is collected on pallidal stimulation, the practicing
clinician will more likely turn to centers offering subthalamic stimu-
lation as an option for treating advanced PD and its complications.

IMPLICATIONS FOR CLINICAL RESEARCH
The very small body of clinical research published on pallidal

stimulation underscores the need for larger studies. No random-
ized blinded study with a medical (no surgical intervention) arm
as comparison has been conducted and this program would define
what features of PD respond better to pallidal surgery than best
medical management. Long-term follow-up of the patients receiv-
ing this surgery is essential to defining the chronic sequelae of
stimulation. Basic science and animal work must be performed to
understand if there are positive or negative long-term results on
neuronal membrane structure and function in fields of high fre-
quency electrical exposure.

THALAMOTOMY
The thalamic nuclei have been the target of studies related to

stereotaxic surgery for several decades. Whereas the nucleus ven-
tralis intermedius (Vim) is the primary target, the nucleus ventralis
lateralis, including ventro-oral-thalamic (Voa and Vop) as well as
the reticular thalamic nucleus have also been studied.

REVIEW OF CLINICAL STUDIES
Of the 218 references to thalamotomy, five studies met the re-

view criteria, one Level I and the remaining Level III, all focusing
on the treatment of motor signs of parkinsonism.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
Schuurman and colleagues (2000)2 compared the efficacy of

thalamotomy and thalamic DBS for treatment of drug-resistant
tremor in 45 patients with PD. Patients were randomized to treat-
ment, and the primary outcome measure was the change in func-
tional abilities measured by Frenchay Activities Index scores 6
months after surgery. As a secondary outcome, they measured the
tremor score from the UPDRS motor section. In both groups, the
target nucleus was the nucleus ventralis intermedius (Vim). Func-
tional status improved in both groups, and were significantly greater
in stimulation group. On the Frenchay scale, the mean score
changed from 32.0 to 32.5 in the thalamotomy group and from
31.4 to 36.3 in the stimulator group. The difference between groups
for change scores was 4.7 (95% CI 1.2, 8.0) in favor of DBS. Tremor
was more improved with stimulation as well, but the differences
between this treatment and thalamotomy was not not statistically
significant. Electrical stimulation was favored additionally because
of safety issues with 11 patients having persistent adverse effects
at six months after surgery in the thalamotomy group compared to
only 2 in the stimulation group. Among the persisting effects in

the thalamotomy subjects, cognitive deterioration, dysarthria,
hyperasthesia, gait and balance disturbance and arm ataxia oc-
curred. In the stimulator group, dysarthria was the only persisting
effect and in both cases was considered mild. One patient in the
stimulation group, however, died perioperatively after a cerebral
hemorrhage. This study had a quality score of 70%.

Level-III Studies
Duma et al. (1998)22 reported on the efficacy of gamma-knife

thalamotomy delivered to 34 elderly PD patients (mean age 73
years). In 30 subjects, the lesions were unilateral and in 4 they
were bilateral. The target was the nucleus ventralis intermedius
and the median radiation dose was 130 Gy. They assessed subjec-
tive patient reports and UPDRS tremor scores, but did not specifi-
cally analyze the unilateral surgery in contrast to the bilateral pro-
cedures. The intervention produced no change in tremor in 10.5%
of patients, mild improvement in 10.5%, good results in 29% and
excellent results in 26%. Tremor was eliminated completely in 24%.
The follow-up period was a median of 28 months, and medication
usage before or after surgery was not stated. No specific tremor
scores were given, but there was a high correlation between pa-
tient reports and tremor change scores (Pearson correlation coeffi-
cient 0.89) There were no reported neurological complications.

Jankovic et al. (1995)23 evaluated 43 PD patients undergoing
stereotaxic thalamotomy of the ventralis intermedius nucleus us-
ing a global tremor rating and the tremor score from the UPDRS.
L-dopa doses were also monitored. Thirty-nine patients had one
lesion and three had repeated operations on the same side. Two
had bilateral surgery. All these operations were considered together
for the analysis of patient outcome. In 72%, abolition of tremor
occurred and 14% showed significant improvement. One patient
died in the first week after surgery, so the data were based on 42
subjects. In addition, several permanent and transient adverse ef-
fects were reported, but their frequency in PD cannot be deter-
mined because the report included other diagnoses like essential
tremor, post-traumatic tremor, and cerebellar tremor. In the entire
series of 61 subjects, 23% had permanent and 58% had transient
complications. The permanent adverse effects included contralat-
eral weakness in nine subjects, dysarthria in 6, increased ipsilat-
eral tremor in one, blepharospasm in one.

Wester and Hauglie-Hanssen (1990)24 reported the results of
thalamotomy aimed at the ventro-oral thalamic nucleus and the
reticular thalamic nucleus in 33 patients with PD. Their outcome
measure was a 5 point scale based on a questionnaire completed
by the referring physician (good, moderate, small, no improve-
ment, worse function). At follow-up, (median time 24 months),
they reported good benefit to contralateral tremor in 64% of cases
and moderate benefit in 15%. Nine percent each showed small or
no improvement. No patient showed worse tremor than baseline.
Three patients (10%), however, had permanent serious complica-
tions including mental changes in three, dysphasia in one and dys-
arthria in two. There was a 36% occurrence of mild adverse ef-
fects not associated with serious disability including mental
changes in four subjects, hemiparesis in three, dysphasia in 4 and
dysarthria in one. The report included the results of patients with
other diagnoses than PD and in one patient with multiple sclero-
sis, a subdural hematoma occurred.

Giller et al.(1998)7 reported experience with thalamotomies aimed
at the ventral intermedius nucleus on 31 patients using a scoring
method that included four options, complete resolution, near-com-
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plete resolution, partial resolution or failure. Thirty-five thalamoto-
mies were performed on 31 subjects resulting in 27 unilateral pro-
cedures and 4 bilateral operations. Results were reported together.
At follow-up (mean 21 weeks), 65% experienced complete or near
complete resolution, 23% had partial resolution, and 13% were con-
sidered treatment failures. Six patients experienced temporary neu-
rological deficits such as hemiparesis and dysarthria (numbers not
given), balance instability in one and superficial infection in one.
No deaths occurred and no permanent residua.

PREVENTION OF MOTOR
COMPLICATIONS

No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
No qualified studies were identified.

REVIEW OF SAFETY
Transient adverse reactions are common and some patients ex-

perience permanent complications most commonly pertaining to
speech (e.g., low volume, dysarthria, dysphasia) and cognition
(e.g., confusion, mental status changes). Hemiparesis also has been
reported, but usually is transient. Rare deaths have also occurred
in PD patients during the perioperative period. Post-operative sym-
pathetic nervous system defects have been reported in patients
after thalamotomy, but the series of patients reported was not re-
viewed because it did not specifically focus on PD subjects and
included numerous other disorders with dyskinesias (see bibliog-
raphy of excluded references, Carmel 1968).

CONCLUSIONS
EFFICACY

All studies of thalamotomy have been performed in patients
with tremor insufficiently controlled by oral medications.

PREVENTION OF DISEASE PROGRESSION:
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of thalamotomy in the prevention of disease progression in
patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of thalamotomy in the symptomatic control of Parkinson’s
disease as a sole therapy.

Adjunct therapy
Data available comes only from Level-III studies that despite

being consistent are INSUFFICIENT EVIDENCE to conclude on
the efficacy of unilateral ventral intermediate nucleus thalamotomy.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of thalamotomy regarding prevention of motor complications
in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

There is INSUFFICIENCENT EVIDENCE to conclude on the

efficacy of bilateral thalamotomy or on the effect of thalamotomy
on motor complications.

SAFETY
Unilateral thalamotomy has an ACCEPTABLE RISK, WITH

SPECIALIZED MONITORING. It is important to select appro-
priate patients, and surgical expertise is required. There is INSUF-
FICIENT EVIDENCE to make safety conclusion related to bilat-
eral thalamotomy, but serious concern about high rates of speech
and cognitive complications have been voiced in selected series.

IMPLICATIONS FOR CLINICAL PRACTICE
Unilateral thalamotomy is POSSIBLY USEFUL for the control

of motor elements of PD impairment, most specifically contralat-
eral control of upper extremity tremor. Because the procedure has
been available for many years, surgeons outside of a specialized
movement disorder center may have experience with this opera-
tion. Physicians with patients who have severe and unremitting
tremor that is unresponsive to available antiparkinsonian medica-
tions, may consider referral to a neurosurgeon for evaluation of
unilateral thalamotomy. Because there is insufficient data on the
safety and efficacy of destructive lesions placed into both thalami,
bilateral thalamotomy is considered INVESTIGATIONAL.

IMPLICATIONS FOR CLINICAL RESEARCH
More Level-I studies on the efficacy and safety of thalamotomy

are needed in order to place its role in the management of parkin-
sonism along side the other available surgical interventions. The
use of non-physiological guided gamma-knife thalamotomy is new
and there is insufficient data to judge its safety or efficacy. There
are small series of patients with L-dopa-induced dyskinesia who
experience reported improvement of dyskinesia after thalamotomy,
but this antidyskinetic effect has not been studied in well-controlled
trials. The cellular substrate of changes induced by thalamotomy
has not yet been delineated, and the best nucleus to lesion has not
yet been defined.

THALAMIC DEEP BRAIN STIMULATION
(DBS)

Of the 115 articles identified by the search methodology on tha-
lamic stimulation, four met inclusion criteria. One (Schuurman2)
was discussed under thalamotomy, so this critique includes three
additional studies.

REVIEW OF CLINICAL STUDIES
PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
As reviewed above, (see full discussion in thalamotomy sec-

tion) Schuurman and colleagues (2000)2 compared the efficacy of
thalamic DBS to thalamotomy for treatment of drug-resistant tremor
(45 patients had PD). The authors concluded that thalamic DBS
and thalamotomy are equally effective in suppressing drug-resis-
tant tremor in patients with PD, but thalamic DBS is more effec-
tive than thalamotomy in restoring function. This study had a quality
score of 70%.
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In a study with mixed Level I and Level III results, Koller et al.
(1996)26 reported three month and one year results of unilateral
thalamic DBS of the ventral intermedius nucleus in 24 patients
with PD. Efficacy of the thalamic DBS was evaluated using UPDRS
tremor score as the primary outcome measure and functional rat-
ings as secondary outcomes. Follow-up with a blinded assessment
of the effects of stimulation on tremor was done at 3 months (Level
I), and an open label assessment (Level III) at 12 months. At 3
months, the patient’s stimulator was left off overnight before a
blinded evaluation was conducted. Patients first were evaluated
with the stimulator in the “off” state and then randomly assigned
to stimulators “on or off.” Lastly, they also were assessed when
stimulators were appropriately set. Because certain patients felt
transient paresthesias associated with turning on the stimulators,
the effectiveness of patient blinding was uncertain. At three months,
mean tremor score for the contralateral body changed from 3.0
with the stimulator off to 0.5 with the stimulator on (numbers taken
from the figure and not specifically provided in text). This same
pattern was maintained at 12 months. One patient did not improve.
There was no effect on tremor on the side ipsilateral to the stimu-
lator placement. There was no functional improvement in the PD
patients despite the improvements in tremor. Adverse effects could
not be determined precisely because of the mixing of ET and PD
patients, however, 6 patients or 10% did not go on to implantation
due to intraoperative events including failure to suppress tremor,
hemorrhage in two subjects, microthalamotomy effects in two, and
intraoperative consent withdrawal in one.

Level-III Studies
Limousin et al. (1999)25 reported 73 PD patients undergoing

thalamic DBS in the ventral intermedius nucleus for treatment of
drug-resistant tremor. The OFF UPDRS tremor score taken 12
hours after the last dose of parkinsonian medication was used as
the primary outcome measure and other measures of the motor
and ADL sections of the UPDRS were secondary outcomes. Im-
plantation of the electrodes without turning the stimulator on had
no effect on tremor. With the stimulator turned on, the total tremor
item score (items 20 and 21) for the side contralateral to the stimu-
lation changed from mean 7.46 to 1.73 at three months and at 12
months from 8.12 to 2.04. The side that was not stimulated also
improved at 3 months. Rigidity and akinesia on the side opposite
the stimulation significantly improved. Adverse effects were tabu-
lated for the larger series in the report that included PD patients
and other tremorous subjects (total 111 evaluated patients). One
patient had breathing difficulties during surgery and was not im-
planted. Four patients had major adverse effects considered unre-
lated to surgery, three dying from other causes and one with a stroke
on the unoperated hemisphere three months after surgery. Two
patients had subdural hematomas that resolved without interven-
tion and two developed subcutaneous hematomas. The electrode
needed to be replaced in five patients because of unsatisfactory
results. Dysarthria (seven), disequilibrium (three patients, all bi-
lateral), dystonia (one patient) developed only while the stimula-
tor was on).

Benabid et al. (1996)27 reported the results of thalamic stimula-
tion in 80 patients with PD: 38 had bilateral implantation, and eight
additional patients had had previous thalamotomy on the side that
did not receive stimulation. They used a qualitative tremor score
as well as UPDRS scores. Fifty patients were evaluated at 12
months. Of all parkinsonian signs, only tremor was helped. At three

months, with the stimulator on, 92% of patients showed complete
or near complete tremor resolution. At 12 months, 89% had these
major improvements in tremor with thalamic DBS. L-dopa doses
decreased by more than 30%. There was a higher incidence of
complications with bilateral procedures including dysarthria, dis-
equilibrium, dystonia, dysesthesias and perceptions of weakness.
These stimulation-induced complications were reversible when the
stimulator was turned off, but could recur, often immediately, when
the stimulator was switched on. Dysarthria was particularly fre-
quent (40%) in the group of patients receiving stimulation on one
side after having received a prior thalamotomy on the contralat-
eral side.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
No qualified studies were identified.

REVIEW OF SAFETY
Three types of adverse reactions are observed with thalamic

DBS:
• Events directly related to the surgical procedure (e.g., intraop-
erative confusion, intracerebral hematoma),
• Effects from stimulation (e.g., dysarthria, paresthesia, ataxia,
motor contraction), or
• Events related to the actual device (e.g., hardware erosion
through the skin, infection, breakage, battery failure, lead migra-
tion). The stimulation-induced adverse events are reversible but
may limit the therapeutic efficacy.

Based on the comparison of findings from the Level-I study of
thalamic stimulation and thalamotomy by Shuurman and col-
leagues, DBS is considered safer than lesioning of the thalamus.

CONCLUSIONS
EFFICACY

All studies of thalamic deep brain stimulation have been per-
formed in patients with tremor insufficiently controlled by medi-
cations.

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of thalamic deep brain stimulation in the prevention of dis-
ease progression in patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of thalamic deep brain stimulation in the symptomatic con-
trol of Parkinson’s disease as a sole therapy.

Adjunct therapy
Although there are consistent reports of efficacy specifically

improving contralateral arm tremor, in the absence of a Level-I
study that has a non-intervention control arm, and with only a small
number of level-III studies, there is INSUFFICIENT EVIDENCE
to conclude about the efficacy of thalamic deep brain stimulation
in the signs of PD.
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PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of thalamic deep brain stimulation regarding prevention of
motor complications in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

There is INSUFFICIENCENT EVIDENCE to conclude on the
efficacy of thalamic deep brain stimulation on motor complica-
tions.

Furthermore there is INSUFFICIENT EVIDENCE to judge the
efficacy of bilateral thalamic stimulation surgery in all indications.

SAFETY
Unilateral thalamic stimulation has an ACCEPTABLE RISK

WITH SPECIALIZED MONITORING. It is important to chose
appropriate patients, and surgical expertise is required.

IMPLICATIONS FOR CLINICAL PRACTICE
Although there is a paucity of Level-I data, the consistent re-

ports of marked improvement in contralateral tremor make unilat-
eral thalamic stimulation a POSSIBLY USEFUL option for clini-
cians faced with a tremor-predominant PD patient whose tremor
is medically refractory and predominantly on one side of the body.
The surgery requires special equipment and availability of staff to
adjust and monitor the electrode placement and clinical response,
so referral to specialized centers is essential. Community neurolo-
gists can refer their patients to such centers for special protocols
as well as clinical service. Insurance reimbursement practices vary
for this procedure. Because dysarthria and other side effects are
more prevalent in subjects receiving bilateral thalamic stimula-
tion, this procedure is no longer regularly utilized for patients with
prominent tremor on both sides of the body, and other deep brain
stimulation procedures like subthalamic stimulation are usually
used.

IMPLICATIONS FOR CLINICAL RESEARCH
Unilateral thalamic stimulation requires additional studies on

the safety and efficacy in order to provide adequate Level-I and II
evidence on its precise role in PD therapeutics. Bilateral thalamic
stimulation is of unknown safety or usefulness. Studies that inves-
tigate the mechanism by which DBS improves tremor also are
needed to delineate the cellular basis of stimulation-associated clini-
cal changes. The long-term duration of effects and the plasticity
response of the nervous system to chronic DBS has not been stud-
ied in depth and has direct implications to PD therapeutics.

SUBTHALAMIC NUCLEUS LESIONS
Although 16 articles were identified, none met inclusion crite-

ria, and, hence this topic is not critiqued.

SUBTHALAMIC NUCLEUS STIMULATION
(STN DBS)

REVIEW OF CLINICAL STUDIES
There were 43 articles identified in the search; for efficacy as-

sessments, two Level I, already cited under Pallidal Stimulation,
and two Level-III studies qualified for review. A few others are
discussed in relation to safety issues.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
A blinded, randomized comparison of pallidal stimulation and

STN DBS by Burchiel and colleagues (1999)1 involved five pa-
tients who received stimulation to the subthalamic nucleus.
Whereas the emphasis of the trial was a comparison between two
different surgical procedures, the UPDRS motor scores improved
by 44% one year after surgery in the STN DBS group. This level
of improvement was statistically equivalent to the improvement
seen with stimulation of the globus pallidus. Most of the improve-
ment seen was due to decreased rigidity (mean baseline score on
item 22 of the UPDRS motor scale 9.4 vs. 5.0 at 12 months). Medi-
cation was significantly reduced in the post-operative time and
two patients stopped L-dopa altogether. In contrast, the patients
who had received pallidal stimulation maintained their preopera-
tive doses of L-dopa.

The Deep Brain Stimulation for Parkinson’s Disease Study
Group20 conducted a 16-center (there were 18 centers overall but
2 did not perform STN DBS), 96 patient study with Level I data on
randomized double-blind crossover assessments of the acute ef-
fects of subthalamic nucleus stimulation three months after bilat-
eral electrode placement. Open-label Level III data on long-term
effects were included in the report as well (see Level III). The
pulse generators were programmed individually for maximal pa-
tient benefit in the first three months after surgery with four elec-
trode contacts, monopolar or bipolar activation, frequencies up to
185 Hz, voltage up to 10.5 V, and pulse widths up to 450 micro-
seconds.

The study design tested acute changes in early morning func-
tion without medication when the stimulator was turned on for
two hours compared to when the stimulator was turned off for two
hours. Subjects and investigators were blind to the stimulator set-
ting and in all patients, both conditions were tested in random or-
der (first, stimulator on; then, stimulator off or first, stimulator off;
then, stimulator on). The primary outcome measure was the
UPDRS motor score.

When the stimulator was turned on for two hours, UPDRS mo-
tor scores were significantly better than when the stimulator was
off (mean score off 50 ± 17 changing to 27 ± 14 with the stimula-
tor on, p<0.001. Likewise, when the first score was taken with the
stimulator on, the mean score was 31 ± 17, changing to 52 ± 17
with the stimulator was turned off, p>0.001). There was no
carryover effect or period effect. Median improvement greater than
25% was observed in 15 of the 16 centers participating in the study.

Level-III Studies
The Deep Brain Stimulation for Parkinson’s Disease Study

Group20 extended the Level I acute study to include open-label
longitudinal assessments of motor function and dyskinesias. In this
portion of their study, they used the UPDRS motor, UPDRS ac-
tivities of daily living, and a dyskinesia rating scale. They moni-
tored patients at baseline, one month, three months, and six months
after electrode placement. At the evaluations, four conditions were
assessed: off medication and off stimulation; off medication and
with the stimulator turned on, usually for thirty minutes; on medi-
cation and with the stimulator turned off; on medication and on
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stimulation. Of the 96 subjects who received bilateral subthalamic
nucleus stimulation, 91 were available for the six month evalua-
tion and completed the UPDRS motor evaluation in the four con-
ditions. Comparing the baseline to six month scores, without medi-
cation and with the stimulator turned off, scores did not change
(mean baseline UPDRS motor score 54.0 ± 15.0 vs. 53.1 ± 17.1 at
six months). In the off medication/stimulator on condition, signifi-
cant improvement occurred compared to baseline (25.7 ± 14.1 at
six months vs. 54.0 ± 15.1 at baseline, p<0.001). On medication
scores without the stimulator remained stable over the trial (23.6 ±
10.2 at baseline vs. 31.2 ± 18.8 at six months). When the stimula-
tor was turned on, patients improved significantly (mean 17.8 ±
12.2 at six months compared to the on medication baseline score
of 23.6 ± 10.2, improvement, p<0.001). Off medications but with
the stimulator turned on, the Activities of Daily Living UPDRS
scores significantly improved, as well as scores for tremor and
postural stability (all p<0.001).

Limousin et al. (1998)28 reported on 24 patients undergoing bi-
lateral STN DBS for the treatment of advanced PD. Twenty pa-
tients completed the assessment at 12 months and were the basis
of the analysis of efficacy. Patients were assessed on medication
and off medication before surgery and after surgery, evaluations
were repeated with the stimulator off in both conditions and then
on in both conditions. STN DBS significantly improved UPDRS
scores in both the on-medication and off-medication conditions.
The mean off-medication UPDRS motor score before surgery was
55 and, at one year, with the stimulator turned on without medica-
tion, the mean score was 25 (numbers derived from figure and not
given in text). The mean UPDRS on-medication before surgery
was 18 vs. 14 on-medication and stimulator-on at one year. When
the stimulator was turned off, UPDRS scores were better at one
year than before surgery in both the off-medication and on-medi-
cation conditions as well. Ten patients were followed for 24 months
and their UPDRS scores both on medication and off medication
with the stimulator turned on remained improved. L-dopa was re-
duced from a mean dose of 1224 mg/day to 615 mg/day with one
patient stopping the drug.

Four of the 24 subjects who received surgery were not included
in the efficacy analysis. Two of these had serious adverse effects
related to surgery, one with an intracerebral hematoma with per-
sistent paralysis and aphasia and one developed an infection at the
implantation site that required removal of the implant. One died of
unrelated causes at 11 months after surgery and one could not travel
for the evaluations. In eight of the 20 studied subjects, transient
mental confusion, hallucinations or abulia occurred. In 18, dyski-
nesia could be induced by increasing the stimulation voltage. Five
patients developed eyelid dyspraxia.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
In the Burchiel1 study, dyskinesias significantly improved from

a baseline mean score of 11.6 to a mean 12 month score of 3.8.
This observation occurred in the context of significantly lower
doses of L-dopa after surgery.

In the Deep Brain Stimulation Study Group report20, based on
patient diaries covering the two days before the office evaluations,
“on” time without dyskinesias increased from 27% at baseline to
74% at six months (p<.001). The mean dyskinesia scores improved

from 1.9 ± 1.1 at baseline to 0.8 ± 0.8 at six months (p<0.001).
Daily medication doses also significantly declined after surgery
from a baseline mean of 1218.8 ± 575 mg/day to 764.0 ± 507
(p<0.001) [levodopa equivalents: 100 mg levodopa=10 mg
bromocriptine=1 mg pergolide]

The Limousin30 study monitored three motor complications of
PD, painful dystonia, dyskinesias, and motor fluctuations. Among
the 16 patients with painful off-dystonia before surgery, all im-
proved and 12 experienced full resolution. L-dopa-induced
dyskinesias decreased, but the improvements did not reach statis-
tical significance. The motor fluctuation assessment (item 39 from
Part IV of the UPDRS) improved, changing from a mean score
before surgery of 2.2 to 0.6 at one year.

CONTROL OF NON-MOTOR
COMPLICATIONS

Level-I Studies
The Burchiel1 study also examined cognitive and affective

changes consequent to bilateral pallidal stimulation and compared
results with those obtained with bilateral subthalamic stimulation.
Memory, attention, and visuomotor processing were unchanged
from baseline 12 months after either surgery. Depression improved
from baseline when the entire study group was considered (mean
Beck Depression Inventory score 14.3 at baseline compared to
mean 7.3 at 12 months), but no breakdown by pallidal and subtha-
lamic surgery was provided.

Level-II Studies
Ardouin et al. (1999)29 conducted a study assessing the neurop-

sychological effects of bilateral GPi DBS or STN DBS. Overall,
49 patients received STN DBS and 13 in GPi DBS. Some of the
data reported combine the groups and therefore are difficult to in-
terpret for STN alone. The mean age of participants in the STN
group was 54.7 yrs with a disease duration of 15 years of PD. The
neuropsychological measures included the Mattis Dementia rat-
ing, Wisconsin Card Sorting, lexical fluency, graphic, and Beck
Depression Inventory, evaluated before surgery, and 3 to 6 months
after surgery with the stimulator turned on. Most measures did not
change. Stimulation improved the Trail-Making Test. Trail A scores
improved from mean 56.8 before surgery to mean 49.6 and Trail B
improved from mean 14.2 to 10.1. Depression scores improved,
but literal and total lexical fluency declined. No additional safety
data were documented specifically for the STN group, but of the
entire 62, including the GPI stimulation group, had ten patients
with intracerebral hemorrhages that resolved without long-term
deficits. The authors concluded that overall cognitive performance
was not greatly affected by STN stimulation surgery. In no instance
did patients, family or staff perceive any change in language,
memory, or cognition after surgery.

REVIEW OF SAFETY
Three types of adverse reactions are described with deep brain

stimulation of the subthalamic nucleus including those relating to:
• The surgical procedure (e.g. intraoperative confusion, intrac-
erebral hematoma, hemorrhage), with possible long-term residua
like hemiparesis or seizures.
• The effects of stimulation (e.g. increased or new dyskinesias,
dysarthria, paresthesias) which are generally considered revers-
ible but may limit therapeutic efficacy. These effects can be re-
duced by lowering the stimulation and in the case of dyskinesias,
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by reducing the levodopa daily dose.28

• The device (e.g. hardware erosion through the skin, infection,
breakage, battery failure, lead migration).

The frequencies of these problems are usually less than 5% each,
although with long-term follow-up, more technical problems may
well arise with lead migration or breaks.

CONCLUSIONS
EFFICACY

All studies of STN DBS have been performed in patients with
advanced disease and motor complications with inadequate re-
sponse to medical management.

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of STN DBS in the prevention of disease progression in pa-
tients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy STN DBS in the symptomatic control of Parkinson’s disease
as a sole therapy.

Adjunct therapy
In spite of wide clinical perceptions of efficacy for treating par-

kinsonism and motor complications the evidence supporting this
remains limited. The Level-I studies are without a non-interven-
tion arm as a control group. Based on the one Level-I comparison
between pallidal stimulation and STN DBS, the acute changes
documented with Level I methods and Level-III studies with one
of them showing a large effect for to one year, STN DBS is LIKELY
EFFICACIOUS for treatment of motor symptoms of PD.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of STN deep brain stimulation regarding prevention of motor
complications in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

The Level I and III data are consistent in showing that
dyskinesias and motor fluctuations improve with subthalamic
nucleus stimulation, but the observations on dyskinesias are con-
founded by reductions in medication. Only 3 studies of STN stimu-
lation met inclusion criteria for this review and only two of these
examined both dyskinesias and motor fluctuations. Therefore, in
specific regards to the effects of the surgery, there is INSUFFI-
CIENT EVIDENCE to conclude on the efficacy of STN DBS on
motor and non-motor complications of PD.

SAFETY
The reports suggest that bilateral STN DBS presents ACCEPT-

ABLE RISKS WITH SPECIALIZED MONITORING. Because
the procedure is bilateral and the subthalamic nuclei are located
near to vital neuroanatomic structures, surgical expertise is required.

IMPLICATIONS FOR CLINICAL PRACTICE
Based on the limited evidence published to date, the bilateral

STN DBS is POSSIBLY USEFUL for the symptomatic control of

PD. Clinicians considering this procedure can view its major ad-
vantages to include the reversible nature of stimulation surgery
and the fact that bilateral surgery is possible. Whereas tremor has
been helped, the most substantial change in the Burchiel study
was on rigidity. The use of STN stimulation to control motor com-
plications remains INVESTIGATIONAL, but it may allow
levodopa doses to be lowered and consequently drug-induced
dyskinesias to diminish. As such, the clinician facing a patient who
is progressively disabled on both sides of the body by PD with or
without tremor predominance and whose medications cannot be
increased because of dyskinesias should consider referring this
patient to a specialty center performing this procedure. Because
extensive expertise, special physiological testing machines and
careful follow-up to adjust the two separate stimulators (left and
right), the number of centers where this surgery is currently per-
formed worldwide is small.

IMPLICATIONS FOR CLINICAL RESEARCH
Level-I and Level-II studies are needed on the efficacy and safety

of STN DBS. The mechanism of action of bilateral STN DBS also
needs to be better understood. Patient selection, target selection
within the STN region, and optimization of stimulation parameters
require further study. An assessment of which parkinsonian fea-
tures respond or are resistant to STN DBS also needs to be further
investigated clinically.
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INTRODUCTION
BACKGROUND

Current treatment for Parkinson’s disease (PD) is primarily based
on a dopamine replacement strategy using levodopa with a pe-
ripheral decarboxylase inhibitor and dopaminergic agents.1 These
therapies provide clinical benefit to virtually all PD patients, but
long-term treatment is complicated by motor fluctuations and dys-
kinesia in the majority of patients.2 Further, disease progression is
associated with the development of clinical features that do not
respond to levodopa such as freezing, postural instability, auto-
nomic dysfunction, and dementia. Thus, many PD patients even-
tually experience disability that cannot be satisfactorily controlled
with medical therapy. This dilemma has led to a search for new
therapies to complement traditional pharmacological treatment. In
the surgical arena, there are two strategies: (1) lesional or inhibi-
tory, and (2) constructive or restorative in the form of
neurotransplantation.

RATIONALE
Neural and other cellular transplantation therapies are based on

several considerations. First, PD is associated with a relatively spe-
cific degeneration of dopamine neurons in the select brain region of
the substantia nigra pars compacta. Second, dopaminergic replace-
ment therapy provides dramatic clinical benefit in PD. Third, under
physiological conditions, dopamine neurons provide tonic stimula-
tion of target receptors. Fourth, there is a well-defined and relatively
large target area for implantation. Finally, grafts of dopaminergic
neurons have been shown to be capable of ameliorating the features
of experimental parkinsonism in animal models.3

Given the dopaminergic cell depletion in PD, cells that have
been used in transplantation studies are known to synthesize
dopamine, either as their primary metabolic product or as an inter-
mediary. To date, clinical interventions in PD have involved two
primary cell types, human adult cells (either adrenal medullary or
cervical sympathetic ganglion cells) from the patient, with and
without additional peripheral nerve fragments, and fetal mesen-
cephalic cells, derived from human or animal (porcine) tissue. As
indicated below (see Special Exceptions to Inclusion/Exclusion
Criteria below), only human and porcine fetal mesencephalic trans-
plants are critiqued herein.

METHODS
KEY SEARCH TERMS

Parkinson’s disease, neurotransplantation, fetal surgery, adre-
nal medulla, dopamine cells, neurosurgery, clinical trials.

SPECIAL EXCEPTIONS TO THE INCLUSION/
EXCLUSION CRITERIA

The studies critiqued in this report are restricted to those that

concern surgical procedures that are being studied in 1999-2000,
document the specific transplant variables used, and describe clini-
cal outcome using statistical methods. Whereas, most studies re-
viewed in this Movement Disorder Society effort require 20 sub-
jects for inclusion, this limitation would exclude nearly all cur-
rently published studies, and therefore this criterion has been
waived. As a result of these Inclusion/Exclusion criteria, some pro-
cedures are not critiqued for the following reasons: adrenal med-
ullary transplants with or without addition of peripheral nerve frag-
ments (no longer being performed) 4,5, autotransplants of cervical
sympathetic ganglion cells (very limited data and no statistical
analysis).6,7

HUMAN FETAL MESENCEPHALIC CELL
TRANSPLANTS

MECHANISM OF ACTION
Behavioral improvement following transplantation of human

fetal nigral cells is thought to relate primarily to survival of grafted
nigral neurons, neuritic outgrowth with synaptic connection to host
neurons, and graft-derived dopamine production.3 Clinical ben-
efits in open-label studies have been associated with a progressive
increase in striatal [18F]fluorodopa uptake8-11 and postmortem stud-
ies have demonstrated robust survival of implanted cells with
organotypic innervation of the striatum.12,13 It is possible that ben-
efit following a transplantation procedure relates to host-derived
sprouting, although host-derived sprouting has not been seen with
fetal nigral transplant even in cases with clinical benefits.12,13 Be-
cause of the extensive surgery and emotional involvement in this
area of research by patients, investigators, and families, research-
ers have been concerned that placebo effects can play a role in
post operative benefits observed with this surgery.14

REVIEW OF CLINICAL STUDIES
Several hundred transplant procedures have now been performed

across the world, demonstrating the feasibility of performing fetal
nigral transplantation in PD patients. However, many reports are
descriptively imprecise and very difficult to compare among one
another because of the absence of statistical analysis and varia-
tions in patient selection, transplant variables, rating systems em-
ployed, and clinical expertise.3

One hundred and twenty-one studies were identified through
the search process, but only 23 met the review criteria as clinical
trials for inclusion in this review. Because of the scientific interest
in this area of treatment, often several publications concern the
same patients reported on multiple occasions. For this review, re-
ports from such cohorts are collapsed, summarized and critiqued
as a single series. All included studies treated patients with ad-
vanced PD in need of enhanced symptomatic control of parkin-
sonism and improved treatment of motor complications. None has
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focused on prevention of disease progression. In all cases, fetal
transplant surgery was performed on patients already on levodopa,
sometimes with other dopaminergic agents.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
Spencer et al. (1992)15 conducted a randomized, open-label com-

parison trial of fetal transplant in four patients with clinically diag-
nosed PD. They compared treatment outcome at one year to three
patients who were treated medically over the same period and then
offered surgery. Patients received stereotactically implanted
cryopreserved fragments of mesencephalic tissue into the right
caudate nucleus. Clinical evaluations including UPDRS “on and
off” medication, Hoehn and Yahr (HY) stage, and Schwab and
England evaluations. After transplantation, no improvement in
transplanted patients occurred in comparison to medical controls.
There were isolated statistically significant improvements in some
motor function measures compared to baseline in the implanted
patients. Mean UPDRS ADL score before surgery 29.0 vs. 12.67
(18 months after surgery). One patient died and at autopsy did not
have PD. There was evidence of extremely limited survival of
implanted tissue.16 This study had an overall quality rating score
of 58%.

Kopyov et al. (1997)17 conducted a randomized controlled and
blinded trial comparing low dose implantation (one to two fetal
donors) vs. high dose implantation (three or more donors). Human
fetal tissues was placed bilaterally into both putamens in 13 pa-
tients. Preoperatively, these patients were staged using the HY scale
and stages were 1 to 3 “on” and 3 to 5 “off”. They received solid
grafts of 6 to 9 week gestational material by stereotaxic implanta-
tion. The randomization was determined by the availability of tis-
sue on the day of surgery, and the patient and evaluating team
were unaware of the dosage assignment. Post-operatively, patients
were evaluated at three-month intervals for 6 months. At 6 months,
there were significantly improved effects on UPDRS (“on” and
“off”), levodopa reduction, dyskinesias, hours “off”, and some
timed motor tasks. High dose was significantly better than low
dose for: (a) reducing hours “off” (mean 3.0 vs. 8.7), (b) dyskine-
sia intensity (mean 1.5 vs. 2.6) , and (c) dyskinesia duration (mean
1.0 vs. 2.9). The NIH is currently funding two prospective, double-
blind, randomized studies. This study had an overall quality rating
score of 68%.

Freed et al.18 performed a randomized double-blind sham-sur-
gery controlled study of fetal transplantation. They chose 40 sub-
jects, aged 34-75, with advanced Parkinson’s disease and motor
fluctuations. Half received cultured mesencephalic tissue from four
human embryos, seven to eight weeks post conception, transplanted
into the putamen bilaterally. The placebo group received a sham-
surgery that involved the placement of burr holes in the skull with-
out penetration of the dura. No patient received immunosuppres-
sive therapy. Subjects were followed for one year, and the primary
outcome was a subjective clinical global assessment by the pa-
tient assessing change from baseline. One year after surgery, pa-
tients compared their current state in comparison to pre-operative
function and chose phrases with corresponding anchor numbers
ranging from “parkinsonism markedly worse” (-3) through “no

change” (0), to “parkinsonism markedly improved” (+3). Second-
ary clinical outcomes included the Schwab and England scale and
the total and motor UPDRS scores taken in the early morning off
medication (“off scores”).

There was no difference in the global change score between the
transplantation group and the subjects who received sham-surgery
(0.0 ± 2.1 vs. -0.4 ± 1.7). The Schwab and England scale of inde-
pendent living was however significantly better after transplant
surgery (specific numbers not given in text, but, based on Figure
1, approximately 60 vs. 48 in the controls, p=0.008). Likewise,
The UPDRS motor score off medication significantly improved in
the transplantation group (pre- vs. post-surgery improvement of
18%, p=0.04). The total UPDRS score off medication improved
as well with transplant surgery, but the difference between trans-
plantation and control groups did not reach statistical significance.

When the group was divided by age at the time of surgery, the
young patients (= 60 years) showed significant improvement in
both Schwab and England (p=0.006), off-medication total UPDRS
(p=0.01) and UPDRS motor ratings (p=0.005). The older patients
showed the same pattern of improvement, but the changes did not
reach statistical significance.

Fluorodopa PET scans one year after surgery showed a signifi-
cant increase in uptake in the putamen in the group receiving im-
plants compared to the placebo surgery patients.19 Increases in
uptake were similar in both the younger and older transplant re-
cipients. Correlations between PET changes and clinical outcome
were significant for the younger patients. Significant declines in
putamen uptake occurred in the younger placebo-operated sub-
jects over one year. These findings suggest that transplantation
induces enhanced and viable dopaminergic cell function in the
first year after surgery that is not influenced by recipient age. The
behavioral outcome of this viable change, however, appears to
differ according to patient age with only the younger patients show-
ing significant clinical improvement in this time frame.

Two subjects died, one during the study from a motor vehicle
accident, and the other three years after surgery from a myocardial
infarction. At autopsy, both showed the histological findings of
Parkinson’s disease. Additionally, there were abundant dopamin-
ergic neurons in the transplant sites with extensive outgrowth into
the host tissue.

In the open-label follow-up period covering up to three years
after surgery, 15% of the transplanted patients (three from the origi-
nal transplant group and two original sham-surgery patients who
subsequently received transplants after the study completed) de-
veloped dystonia and dyskinesia that persisted after a substantial
reduction or elimination of dopaminergic therapy (see paragraph
on “motor complications”).

Level-II Studies
No qualified studies were identified.

Level-III Studies
Swedish investigators have examined fetal implantation in a

number of reports that cover ten patients, some of them examined
and reported in multiple studies.

Lindvall et al. (1989)20 were the first to report on the results of
fetal nigral grafting in PD patients. They performed a unilateral
transplantation procedure into the caudate nucleus and anterior
putamen in two PD patients using donors aged 7 to 9 weeks post-
conception. Patients exhibited a small but clinically significant
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improvement in motor performance during “off” periods (mean
time to perform 20 pronation/supination movements was approxi-
mately 29 seconds before surgery vs. 18 after surgery). There was
no change in striatal of [18F]fluorodopa uptake on PET. Follow-
up studies did not substantiate significant clinical improvement.
At 18 months follow-up, one patient continued to show statisti-
cally significant improvement in timed motor tasks (mean time to
perform 20 pronation/supination movements was approximately
29 seconds before surgery vs. 17 seconds after surgery.21 Subse-
quently, the same investigators treated two PD patients with fetal
tissue derived from donor aged 6 to 7 weeks post-conception im-
planted exclusively into the putamen using a smaller gauge
needle.9,22-24 These patients were followed for 3 years. They expe-
rienced significant clinical improvement in motor performance
during “off” episodes and a reduction in percent “off” time and in
the number of daily “off” periods. One patient changed from 40%
“off” time preoperatively to 20% after 3 years and the other changed
from 60% “off” time before surgery to 0% by the third year. Stri-
atal FD uptake on PET demonstrated a progressive increase in
tracer uptake within the grafted putamen consistent with survival
of grafted neurons coupled with a decline in tracer uptake on the
non-operated side consistent with disease progression.24 In a later
summary report that included a total of six patients including three
of those reported above, benefits persisted for as long as 6 years
and levodopa had been discontinued in two patients.8 Enhanced
benefits were attributed to implanting larger amounts of donor tis-
sue in the correct donor age window and reduced tissue trauma
due to the use of a smaller transplant needle.

Remy et al. (1995)10; Defer et al. (1996)25: This pattern of im-
provement in clinical function and in striatal [18F]fluorodopa up-
take was also observed by French researchers using a similar pro-
tocol of implanting fetal mesencephalic cells into the putamen or
caudate and putamen.10,25 In five patients studied clinically and
with PET at 12 and 24 months, they found significant improve-
ment in timed motor tasks. For a standardized pronation/supina-
tion task during “off” time changed from mean 30.5 seconds to
mean 22.7 seconds, and during “on” time, the change mean was
13.7 seconds to 12.1 seconds. These clinical benefits correlated
closely with striatal [18F]fluorodopa uptake on PET. Medical and
post-surgical complications were not discussed. Peschanski
(1994)26 examined two patients and both showed statistically sig-
nificant bilateral improvement in timed motor tasks in “on” and
“off” state after long-term follow up at 10 and 17 months. On a
timed finger dexterity task, the preoperative scores during “off”
were 19 seconds (patient 1) and 36 seconds (patient 2) and at fol-
low-up were 12 seconds (seventeen months) and 21 seconds (10
months; approximate numbers from numerical data taken from fig-
ures]).

Freeman et al. (1995)11 and Hauser et al. (1998)27 conducted a
prospective, open-label study in 6 patients who were followed for
a mean duration of 20.5 months after fetal cell implantation. All
patients received bilateral transplants into the post-commissural
putamen using fetal cells (aged 6.5 to 9 weeks post conception).
Four donors were implanted per side. Six to 8 needle tracts per
side were employed to ensure that graft deposits were separated
by no more than 5 mm throughout the three dimensional configu-
ration of the target. Benefits were seen in each patient. Total UPDRS
score in the “off” state (mean 80.3 vs. 58.0), Schwab-England dis-
ability “off” score (mean 51.3 vs. 72.5) , percent “on” time (66%
vs. 88%) and percent “on” time without dyskinesia (mean 56% vs.

96%) were all significantly improved 6 months after surgery.11

Several variables remained improved through 2 years of follow-
up including mean total UPDRS score in “off” state (mean 56.4),
and percent “on” time without dyskinesia.27 Clinical changes were
associated with a progressive and significant increase in striatal
[18F]fluorodopa uptake on PET. Changes in striatal
[18F]fluorodopa uptake were strongly correlated with clinical im-
provement on UPDRS scale and with the number of surviving fe-
tal nigral neurons at subsequent post-mortem studies in two indi-
viduals. These subjects died 18 months after surgery from unre-
lated causes, and autopsy studies demonstrated healthy appearing
grafts with survival of approximately 82,000 to 138,000 dopamin-
ergic neurons per side.12,13 Extensive striatal innervation with patch-
matrix distribution occurred along with normal staining for mark-
ers of dopamine terminals and metabolic activity.26 In situ hybrid-
ization studies demonstrated extensive TH mRNA formation in
the striatum suggesting that implanted neurons were functional.
Ultrastructure studies demonstrated normal appearing graft-host
and host-graft synaptic connections. No evidence of host-derived
sprouting was detected.28 In addition, within this series of patient
there was one asymptomatic cortical hemorrhage and one patient
with an elevated creatinine on cyclosporin treatment, leading to
cessation of cyclosporin.

Freed et al. (1990, 1992, 1992)29-31: Seven patients from the
University of Colorado received nigral grafts from a single fetus
(gestational age 7-8 weeks) and were followed for up to 46
months.29-31 Embryonic tissue was implanted unilaterally into the
caudate and putamen on the side opposite the maximal deficit in
two patients and bilaterally into the putamen in the remainder. At
12 months, there was a modest but statistically significant improve-
ment in activities of daily living in both “on” and “off” states. Im-
provement was noted in postural control, gait, and bradykinesia,
but the UPDRS motor “on” scores did not change significantly.
Levodopa dose was reduced by an average of 39%. The mean HY
stage changed from mean 3.7 to 2.5. Four of seven subjects had
immunosuppression and both groups improved. Safety was not
extensively discussed.

Lopez-Lozano et al. (1995, 1997)32,33 provided the longest pub-
lished follow-up (5 years) on a relatively large sample of ten sub-
jects with advanced PD who received fetal implantation.32,33 At
study entry, all had advanced disease (HY stages 4 and 5) and
efficacy was monitored with the UPDRS, “on-off” assessments,
and the Northwestern University Disability Scale. Significant im-
provements occurred in the UPDRS scores “on” (mean baseline
56 vs. 30 at 5 years), UPDRS “off” (mean 90 vs. 66), amount of
time “on” (mean baseline 40% vs. 70% post-operatively) and
amount of time “on” without dyskinesias (32% vs. 66%). The im-
provements occurred between 5 and 7 months after surgery with a
second phase of improvement at approximately 15 months. At 5
years, seven of ten patients remained better than baseline.
Levodopa was reduced, and in some instances, stopped.

Kopyov et al. (1996)34 studied patients who received unilateral
or bilateral fetal transplants to putamen or putamen and caudate.
Follow-up ranged from 6 to 24 months (mean 13.1 months). Al-
though the report did not give numerical scores, the authors re-
ported statistically significant improvements in UPDRS and HY
scores in both the “on” and “off” states, as well as dyskinesia in-
tensity and duration measures. Hours spent “on” also significantly
improved as well as some timed motor tasks. Surgical morbidity
was not discussed.
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Molina et al. (1993)35 performed fetal transplants in five patients
with advanced PD and documented significant improvements in
“on” UPDRS (baseline mean “on” 50 vs. 40 [numbers derived
from figure] and “off” (mean 110 vs. 60) and magnitude of re-
sponse to a standard dose of levodopa. The daily requirement of
levodopa was significantly reduced 3 months after surgery and
the mean number of “off” periods decreased from 4.4 to 1.5.

CONTROL OF MOTOR COMPLICATIONS
Level-I Studies

Spencer et al. (1992)15 and Freed (2000)18 did not assess “on-
off” times and therefore are not reviewed.

Kopyov et al. (1997)17 The high dose vs. low-dose comparison
conducted by Kopyov17 monitored intensity and duration of dys-
kinesia (using their own scale) and noted that the high-dose im-
plantation group had significantly less severe (mean high-dose
score 1.5 vs. 2.6 for low-dose transplant) and shorter duration dys-
kinesia (mean high-dose score 1.0 vs. 2.0 for the low-dose trans-
plant). Likewise, the number of hours spent “off” was significantly
less in the high-dose group compared to the low-dose group (mean
3.0 vs. 8.7). Because all patients received some form of surgical
implant, the 6 months vs. baseline results are Level-III results, and
they likewise demonstrated significant improvement, although the
numerical data were not published.

Level-II Studies
No qualified studies were identified.

Level-III Studies
Wenning et al. (1997)8; Lindvall et al. (1994)9; Hoffer et al.

(1992)21; Lindvall et al. (1990)23: In the Swedish studies8,9,21,23, sig-
nificant improvement occurred in reduced “off” time and enhanced
“on” time over the time periods studied. The analyses varied among
the reports, sometimes expressed as 95% confidence intervals. In
the French study, percent “on” time correlated with enhanced
[18F]fluorodopa uptake.10 In the Freeman et al. (1995)11 and Hauser
et al. (1999)27 studies, significant improvement occurred in per-
cent “off” time and percent “on” time without dyskinesia. The
percent “on” time improved from baseline 66% to 88% by 6 months
and still persisted to be significantly higher (80%) after one year.
Using an all-day computer assessment of “on-off” fluctuations,
Freed27 showed significantly improved “on” time at one year after
surgery (86% of the waking day vs. 69% before surgery). Kopyov
found significantly reduced “off” time at 6, 12, 18 and 24 months,
although no numerical data were given in his report.34 Likewise
Lopez-Lozano showed that even at 5 years after fetal implants,
the amount of time “on” and amount of time “on” without
dyskinesias remained significantly better than baseline: mean “on”
time at 5 years 70% vs. 40% at baseline; mean “on” time without
dyskinsia 66% vs. 32%.32,33

CONTROL OF NON-MOTOR
COMPLICATIONS

Level-III Studies
Yale study population (1992)15, and Sass (1995)36 examined the

surgically treated patients for cognitive changes over 36 months.
After surgery, verbal memory significantly improved compared to
baseline, but declined again by 26 months. At baseline, mean im-
mediate verbal memory scores were 12.7, improved to 17.1 at one
years but declined to 9.1 at 3 years; in parallel, delayed verbal

memory scores showed a mean of 9.8 at baseline, with improve-
ment to 13.3 at one and 2 years, but a decline to a mean 4.1 by 36
months. Other measures of verbal and non-verbal cognitive abili-
ties did not change. Price37 studied these same patients, along with
the original control group and two other patients who eventually
received surgery (nine patients total, no control group), for psychi-
atric changes. There was a mild increase in depression and non-
specific emotional problems, but no significant changes. Specifi-
cally, there was no increase in hallucinations or psychotic behavior.

REVIEW OF SAFETY
Fetal nigral transplantation has been well tolerated in most stud-

ies. There have been hemorrhages that are usually asymptom-
atic11,17,27,33, subdural hematoma18, transient confusion11,17,27 and
enhanced psychiatric problems.18,32,33 Cyclosporin can be associ-
ated with renal impairment11,27 or infection from immunosuppres-
sion.32,33 Fractures, motor vehicle accidents, myocardial infarctions
and a late-occurring stroke occurred in one series, but these events
were not considered likely to have been related to surgery.18 There
have been a total of 14 deaths in fetal graft recipients of which two
are thought to have been related to the transplant procedure: one
from a perioperative complication30 and one from obstructive hy-
drocephalus due to migration of the graft into the fourth ventricle
with brain stem compression.38,39 Postmortem study in the latter
case revealed that the tissue was derived from multiple germ lay-
ers and contained bone, cartilage, hair, and squamous epithelium.38

This case illustrates the dangers of inexperienced investigators
employing improper dissection and transplant techniques, and
underscores the importance of adequate training prior to perform-
ing a transplant procedure.39 On the other hand, other series have
documented abundant dopaminergic neurons in the transplant sites
with extensive outgrowth into the host tissue.18

In the Freed study, increased dyskinesia occurred more fre-
quently in the sham-operated patients than in the transplanted sub-
jects.18 In the open-label follow-up period covering up to three
years after surgery, 15% of the transplanted patients (three from
the original transplant group and two original sham-surgery pa-
tients who subsequently received transplants after the study com-
pleted) developed dystonia and dyskinesia that persisted after a
substantial reduction or elimination of dopaminergic therapy. All
were in the younger patient group, transplanted at age 60 or less.
This type of “off medicine” dyskinesia is unusual in advanced
Parkinson’s disease, but does occur without transplantation.40 Con-
cerns that this form of dyskinesia may relate to aberrant reinnerva-
tion in the striatum remains to be studied in more detail.

TRANSPLANTATION WITH ALTERNATE
SOURCES OF DOPAMINERGIC CELLS

In an effort to avoid the use of human fetal nigral cells, a limited
number of trials of transplantation with other sources of dopamin-
ergic cells have been performed. Adrenal medullary transplant tri-
als with or without additional peripheral nerve fragments aimed to
deliver nerve growth factors, have been largely abandoned and
are not reviewed here.4,5 Autologous sympathetic ganglion cells
have been performed but data have not been analyzed statistically.6,7

Other cells sources remain restricted to laboratory settings and have
not been tested in humans. Among these alternate, non-human
sources, porcine fetal mesencephalon transplants have been a fo-
cus of scientific study. One clinical trial has been reported.

Surgical Treatment for Parkinson’s Disease: Neural Transplantation
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PORCINE FETAL MESENCEPHALON
SYMPTOMATIC TREATMENT OF

PARKINSONISM
Schumacher et al. (2000)41: Twelve patients with PD received

unilateral implants of embryonic porcine mesencephalic tissue into
the caudate and putamen. Six received cyclosporin treatment for
immunosuppression and six received fetal tissue treated with a
monoclonal antibody directed against major histocompatibility
Class I.41 The groups were considered together. At one year, there
was significant improvement in “off” total UPDRS scores with a
mean improvement of 19% over baseline (mean 66.8 vs. 83.7).
Off UPDRS ADL score was also improved from mean 27.1 before
surgery to mean 20.4 one year after surgery. Only two patients,
both in the cyclosporin group, individually showed significant
improvements. [18F]fluorodopa PET scans failed to show changes
on the implanted side. In two patients who died, small numbers of
implanted cells that included dopaminergic neurons and other por-
cine neural and glial cells were detected.42 A multicenter, prospec-
tive, randomized, double-blind, placebo-controlled study, is pres-
ently underway to evaluate this therapy further.

CONTROL OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF NON-MOTOR
COMPLICATIONS

No qualified studies were identified.

REVIEW OF SAFETY
Only one study has been reported using porcine fetal material.41

One patient had a small subdural hematoma, one patient fell and
fractured a leg 12 months after surgery, one patient had confusion
that required adjustment of medications, one patient had body shak-
ing contralateral to the surgery, and one patient died of pulmonary
emboli. There was no evidence of endogenous retrovirus DNA.42

CONCLUSIONS
The scientific rationale for undertaking fetal nigral transplantation

studies in PD patients is compelling and is founded on a strong base of
laboratory information. Indeed, the prospect of restoring physiologic
dopaminergic innervation to the striatum by non-ablative procedures
is particularly appealing. However, clinical information to establish
the value of the procedure in PD patients is lacking.

EFFICACY
PREVENTION OF DISEASE PROGRESSION

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of fetal transplantation in the prevention of disease progres-
sion in patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy fetal transplantation in the symptomatic control of Parkinson’s
disease as a sole therapy.

Adjunct therapy
In view of inconsistent results in three Level-I trials there is

INSUFFICIENT EVIDENCE to conclude on the efficacy of fetal
transplantation to improve symptomatic control (or motor compli-
cations).

Another study with a sham operation control group is ongoing
(CW Olanow, principle investigator). The techniques and outcomes
are suitably different to prevent solid conclusions on efficacy. In
open-label Level-III studies, results are encouraging, but incon-
clusive in regards to clinical-derived and PET-derived outcomes.
Postmortem studies suggest, however, that following some proto-
cols, fetal transplant tissue can survive in the brain

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of fetal transplantation regarding prevention of motor com-
plications in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of fetal transplantation on motor and non-motor complica-
tions of PD.

SAFETY
Based on the multiple studies reported with monitoring safety,

fetal transplantation is considered to have ACCEPTABLE RISK
WITH SPECIALIZED MONITORING. This monitoring involves
the restriction of this work to specialized teams of experts involved
in the acquisition, dissection, and implanting of tissue and use of
cyclosporine. Specialized tests are required for screening the tis-
sue to assure that it is maximally free of contaminants and infec-
tious potential. Specialized teams that can monitor clinical effi-
cacy in the form of standardized rating scales and PET technology
are also essential to the evaluation of this experimental area of
research. Particular attention to dyskinesias before surgery and after
surgery are essential to define whether dyskinesia occurs, espe-
cially in the “off-medication” state.

IMPLICATIONS FOR CLINICAL PRACTICE
Current studies are not sufficient to permit a clear determina-

tion of the magnitude or duration of benefit or the long-term side
effects associated with fetal nigral transplantation. From a practi-
cal point of view, fetal transplantation is not recommended within
the context of routine clinical practice. Tissue transplantation is
considered INVESTIGATIONAL and should be restricted to re-
search centers performing studies under high-quality surveillance.

IMPLICATIONS FOR CLINICAL RESEARCH
Further studies are warranted in the area of transplantation for

treatment of PD because:
• Open-label trials have shown substantial benefits with minimal
adversity following fetal nigral transplantation in patients with
advanced PD who could not otherwise be improved with avail-
able medical therapies, and
• Clinical benefits have been confirmed by more objective mea-
sures such as an increase in striatal [18F]fluorodopa uptake on
PET and robust survival of implanted nigral neurons at postmor-
tem.

This arena of neuroscience opens several horizons for research
including:
• An evaluation of the benefits of transplantation with larger num-
ber of donor cells,
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• Delineation of the benefits of concomitant use of antioxidant
and/or antiapoptotic drugs,
• The role of immunosuppression, and
• Determination of clinical benefits or risks associated with trans-
plantation into alternate targets such as the substantia nigra pars
compacta.

Proof of concept studies demonstrating meaningful clinical ben-
efit with fetal nigral transplantation will undoubtedly catalyze re-
search efforts aimed at developing alternate sources of dopamin-
ergic cells that do not necessitate using human embryonic cells for
transplantation. Finally, there is considerable research interest in
the potential of extending transplant effects with stem cells and
gene therapies that over-express or upregulate dopamine, dopam-
ine decarboxylase, trophic factors, and other molecules that en-
hance survival of dopaminergic nerve cells.
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Physical and Occupational Therapy in Parkinson’s Disease

INTRODUCTION
BACKGROUND

The pronounced motor deficits associated with Parkinson’s dis-
ease has led to the long-standing empiric emphasis dating from
the nineteenth century, which includes gait and fine motor therapy
in various forms.1 The early appreciation of weakness from disuse
of muscles and arthropathies associated with Parkinson’s disease
led physicians to advocate rehabilitation efforts focused on large
and small muscle groups.2

RATIONALE
Interventions that emphasize enhanced muscle strength and

coordination may seem rational, emotionally positive, and proac-
tive, but few controlled clinical trials studies have actually tested
the impact of physical or occupational therapies for treatment in
Parkinson’s disease. The cost of such therapy is substantial, and
medical insurance does not necessarily cover all expenses, espe-
cially if the therapy is frequent (more than once weekly) and pro-
longed (more than six weeks).3 For these reasons, solid informa-
tion on the short-term and long-term benefits of physical rehabili-
tation are necessary. In this report, physical therapy (which con-
centrates primarily on large muscle groups and gait training) and
occupational therapy (which focuses on fine motor skills) are con-
sidered together.

A critique of these therapies is limited by the multiplicity of
different exercise programs all considered under the rubric “physi-
cal or occupational therapy”. Exercise programs may emphasize
spinal flexibility, enhanced strength, motor coordination and tim-
ing, or balance. No two studies cited have tested the exact same
therapy program. The factor that links them, however, is a pro-
grammatic effort to involve Parkinson’s disease subjects in some
form of regular exercise, for a prescribed period of time. Conse-
quently, motor function should be tested immediately and, in some
cases, several weeks or months thereafter.

METHODS
KEY SEARCH TERM

Parkinson’s disease, physical therapy, and occupational therapy.

SPECIAL EXCEPTION TO INCLUSIONS AND
EXCLUSION CRITERIA

Most studies reviewed in this Movement Disorder Society ef-
fort require 20 subjects for inclusion, but there are very few stud-
ies of this size in the physical/occupational therapy arena. Because
the methodology of smaller studies includes both randomization
and control groups, these studies provide a basis for review in
Parkinson’s disease therapy, and therefore, this critique includes
studies with a minimum of ten enrolled subjects.

MECHANISM OF ACTION
Physical and occupational therapies aim to strengthen muscles

involved with axial and appendicular motor function in both voli-
tional activities as well as more automatic movements like walk-
ing. Conscious retraining for techniques of standing, sitting, and
turning are included, as well as the proper usage of apparatus-like
canes, walkers, and specialized utensils such as writing and eating
implements. There are no large studies that examine issues of cen-
tral neurotransmitter changes or anatomical-functional correlates
of improved motor function after these interventions in Parkinson’s
disease.

REVIEW OF CLINICAL STUDIES
The design of physical and occupational therapies is on empiric

observations of the motoric deficits of Parkinson’s disease sub-
jects rather than on specific physiological hypotheses. No studies
have examined the anatomical or central physiological changes
that may occur after such rehabilitation interventions. Allied to
physical therapy protocols, but not reviewed in this report, are sev-
eral studies documenting the utility of various cuing devices, such
as walking canes, metronomes or other auditory stimuli, and vi-
sual lines to enhance stride length and pace walking rhythm. These
fall outside physical or occupational therapies and are often con-
sidered as behavior modification therapies. Furthermore, none of
these modalities has been tested in large, randomized (and blinded),
controlled clinical trials.

Eight studies are included in this critique, dating from 1981 to
1998, five were considered as Level-I evidence and three were
Level-II evidence. All were designed as interventions to treat symp-
tomatic control of parkinsonism.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

Level-I Studies
Palmer et al. (1986)4: Palmer and colleagues compared two types

of physical therapy, either stretching exercises as described in the
published United Parkinson Foundation exercise brochure or ac-
tive upper body karate training; each type of therapy was given
for 12 weeks. The two groups, composed of patients being treated
with antiparkinsonian medications, were matched for age, Hoehn
and Yahr (HY) stage, and gender. There was significant improve-
ment in tremor, pronator/supinator speed, and grip strength with
both forms of therapy. Timed walking speed also improved in both
groups, although the improvement was statistically significant only
with karate therapy. Rigidity did not change with either form of
therapy. Assessments ended at the completion of therapy and no
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long-term follow-up evaluations occurred. The comparable find-
ings in both therapies suggest that activity per se may be more
important to clinical improvement than any one set of muscle ton-
ing or muscle development exercises. This study had an overall
quality rating score of 40%.

Gauthier et al. (1987)5: These authors designed a study to ex-
amine patients during a five-week session of occupational therapy
given twice weekly with follow-up assessment at six months and
one year thereafter. The study enrolled 59 subjects: 30 received
therapy and 29 received no physical therapy. The outcome mea-
sures were the Barthel Index of Activities of Daily Living, the
Purdue pegboard test for dexterity, and items from the Extrapyra-
midal Symptom Rating Scale for the evaluation of motor signs.
Evaluators were blinded to treatment group. At the end of the
therapy period, the active therapy group showed significant im-
provement in bradykinesia, tremor, gait and posture ratings. Over
the subsequent six months after therapy ended, the control group
deteriorated, but the therapy group maintained the improved func-
tion over baseline. By the one-year follow-up period, the only sig-
nificant item that remained improved over baseline function was
bradykinesia. This unique study with long-term follow-up showed
that objective motor gains from therapy could be maintained for
six months as compared to the level of deterioration seen in the
control group that received no therapy. It was not specifically stated
in the report whether the patients continued to follow the exer-
cises during the one year after the formal therapy course. This study
had an overall quality rating score of 46%.

Comella et al. (1994)6: Comella and coworkers conducted a ran-
domized, single-blind, crossover study of four weeks of outpa-
tient physical therapy aimed at enhancing balance and flexibility
in large muscle groups compared to no specific therapy. The physi-
cal therapy program was designed to be comparable to regularly
prescribed treatment programs in the community and involved one-
hour sessions given three times weekly. Sixteen patients received
both phases in randomized order, and then were all re-evaluated
six months later. The primary outcome measure was the total Uni-
fied Parkinson Disease Rating Scale (UPDRS). At the end of four
weeks, the therapy group showed significant improvement in the
UPDRS, with improvement occurring in both the Motor section
and the Activities of Daily Living section. Within the motor scale,
bradykinesia and rigidity specifically improved. There were no
improvements during the control phase. Like the Gautier study,
improvements were demonstrated after the active therapy, but un-
like the first study, Comella found that improvements did not per-
sist. Six months after the study program finished, during which
time no specific therapy had been continued, all gains were lost.
In combination, the data from these two studies argue strongly for
short-term gains from physical therapy. They do not precisely
clarify the expected duration of benefit of these types of physical
therapy. This study had an overall quality rating score of 57%.

Katsikitis and Pilowsky (1996)7: An unusual form of therapy
involved a study that focused on exercises of facial muscles. In
this randomized evaluation of 16 patients, one half received four
weeks of one-hour sessions of orofacial physiotherapy given twice
weekly, and one half received no treatment. Isolated indices of
increased facial mobility improved in the treatment group, but there
were many measures and the investigators did not statistically cor-
rect for multiple comparisons. Nonetheless, the improvements
persisted four weeks after the therapy stopped. This study had an
overall quality rating score of 43%.

Schenkman et al. (1998)8: Schenkman performed a randomized,
controlled evaluation of physical therapy with attempted blinded
evaluations, although some patients revealed their therapies acci-
dentally. Forty-six patients with Parkinson’s disease were randomly
assigned to active physical therapy or no therapy for 10 weeks.
The exercises specifically focused on spinal flexibility and im-
proved physical performance as measured by a functional reach-
ing task and a timed supine-to-standing test. The group was mixed
in terms of their medication requirements (14 on no medications,
32 on levodopa), and ranged from HY stage 2 to 3. Significant
improvement occurred in functional axial rotation and function
reaching. Because no long-term follow-up evaluations were per-
formed, the duration of these benefits was not determined. This
study had an overall quality rating score of 45%.

Level-II Studies
Gibberd et al. (1981)9: Gibberd and colleagues performed a

crossover study to compare four weeks of active physical therapy
with the same period of normal activity without therapy. Although
no single primary outcome measure was described, they rated
speech, gait, balance, tremor, rigidity and timed motor tasks and
found no improvement with physical therapy. The report was
sketchy in terms of descriptions of the therapy sessions and the
statistical methods used for analysis. Evaluations were made im-
mediately after therapy was completed, and there were no follow-
up evaluations. Medications were not specified in this study, but
the authors indicated that the medications were not changed dur-
ing the trial.

Formisano et al. (1992)10: A second Level-II study10 examined
physical therapy compared to no therapy and focused primarily
on subjective assessments using components of the Northwestern
University Disability Scale for primary outcomes. Formisano and
colleagues (1992)10 studied two groups of Parkinson’s disease
patients, balanced for age, disease duration, and disease severity.
They compared active/passive physical therapy given as an out-
patient program over four months versus no specific therapy but
equal staff attention time and encouragement. Whereas most mea-
sures did not improve, walking speed was significantly better in
the therapy group. Because most therapy programs in the commu-
nity do not last for four months, the data from this study are not
easily extrapolated to usual medical practice in Parkinson’s dis-
ease management.

Dam et al. (1996)11: This study gathered two groups of
Parkinson’s disease subjects balanced for HY stage, gender, dis-
ease duration, and current age, and compared two types of physi-
cal therapy interventions: conventional exercises versus the same
exercises with additional sensory enhancement. This enhancement
included performing physical therapy in front of a mirror, using
special colored blocks and other visual cues during the exercises
and listening to audio-cued tapes. The advantage of this study is
that it was long-term and involved patients receiving therapy for
one month, then a rest period for 3 months, then a repeat of the
therapy with rest, and a third one-month treatment followed by
rest for three months. This design closely mimics outpatient treat-
ment available for many patients with Parkinson’s disease, whose
insurance does not permit continual therapy, but does permit treat-
ment for short periods after a hiatus of interruption. Raters, blinded
to treatment assignment, evaluated subjects. After one month of
therapy, both groups improved, and there was no significant ben-
efit of the specially cued therapy program. One month after the
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second and third therapy sessions, the conventional therapy groups
were no better than baseline. The sensory-enhanced group contin-
ued to function with subjectively derived gait and motor scores
from the Northwestern University Disability Scale at a higher level
than baseline. Because this form of physical therapy is unusual
and not readily available, it is difficult to extrapolate these find-
ings to an average clinical setting.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
AND NON-MOTOR COMPLICATIONS

No qualified studies were identified.

REVIEW OF SAFETY
The interventions discussed are exercises that were conducted

under supervision. Conceivably, during the therapy, patients could
have fallen and injured themselves or sprained muscles that were
not actively used prior to the intervention. In all the studies cited,
no morbidity was reported, but the absence of morbidity was not
specifically documented.

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of physical or occupational therapy in the prevention of dis-
ease progression in patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is no single study assessing physiotherapy as monotherapy

- thus there is INSUFFICIENT EVIDENCE to conclude on its
potential efficacy as sole treatment in any indication in Parkinson’s
disease.

Adjunct therapy
Low quality Level-I and Level-II data suggest a positive effect

of physical/occupational therapy, as a class of treatment for im-
proving motor impairments in Parkinson’s disease when adminis-
tered as adjunct to pharmacotherapy. It is not established if there is
any long-term benefit after physical/occupational therapy con-
cludes.

The number of studies on any single intervention is limited, and
the studies do not include all groups of Parkinson’s disease pa-
tients examined (e.g., medication-free versus on medication, young
versus elderly, severely affected versus mildly affected), and only
one study used the “gold standard” of the UPDRS. Furthermore,
the interventions are varied as to specific exercises and muscle
therapies. Therefore, conclusions regarding any single interven-
tion therapy are not possible at this time. There is INSUFFICIENT
EVIDENCE to conclude on the efficacy of physical/occupation
therapy as adjunct treatment.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of physical/occupation therapy regarding prevention of mo-
tor complications in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy physical/occupation therapy on motor and non-motor com-
plications of PD.

SAFETY
Although none of the reports focused on safety, the consistent

absence of any mention of problems related to the interventions
suggests that physical and occupational therapy has an ACCEPT-
ABLE RISK, WITHOUT SPECIALIZED MONITORING.

IMPLICATIONS FOR CLINICAL PRACTICE
In the practical therapeutic setting, physical/occupational therapy

is POSSIBLY USEFUL. To date, it has been primarily studied in
patients with mild-to-moderate severity of disability (HY stages 2
and 3) that are already on antiparkinsonian medications. Most treat-
ments are approximately one to three months and involve com-
bined active and passive exercises. No single type of physical/
occupational therapy program has been shown to be superior to
another. Motor gains can be expected in patients at the end of the
therapy session, but patients and physicians should not assume
that gains will be maintained after the therapy sessions end.

IMPLICATIONS FOR CLINICAL RESEARCH
Because physical/occupational therapy studies have been posi-

tive but have been relatively few and without large numbers of
patients, larger, randomized, prospective controlled trials with
longer follow-up are needed. Further, because the reports published
to date sometimes involved therapy that extends beyond the typi-
cal treatments that patients receive in the community, trials of physi-
cal/occupational therapy protocols that are closer to typically avail-
able therapy would define the overall clinical usefulness of physi-
cal therapy to patients with Parkinson’s disease.

There are different forms of occupational/physical therapy and
several have been reported to be beneficial to Parkinson’s disease
patients, therefore, comparative trials must be conducted to estab-
lish if one can be recommended over another. Additional areas of
research include development of validated research tools, and over-
coming the difficulties of adequate blinding, and placebo effects.
Neuroimaging studies examining patients before and after physi-
cal/occupational therapy will help define the anatomical basis of
physical impairments in Parkinson’s disease that respond to physi-
cal/occupational therapy.

REFERENCES
1. Weiner WJ, Singer C. Parkinson’s disease and non-pharmacologic treatment pro-

grams J Am Geriatr Soc 1989;37:359-363.
2. Charcot JM. De la paralysie agitante. Oeuvres complètes, Vol. 1 (Leçon 5). Paris:

Bureaux du Progrès Mèdical, 1892. In English: Charcot JM. On Parkinson’s
disease. The diseases of the nervous system delivered at the Salpêtrière. (Trans-
lator, G. Sigerson.) London: New Sydenham Society, 1877.

3. Dodel RC Eggert KM, Singer MS, Eichhorn TE, Pogarell O, Oertel WH. Cost of
drug treatment in Parkinson’s disease. Mov Disord 1998;13:249-254.

4. Palmer SS, Mortimer JA, Webster DD, Bistevins R, Dickinson GL. Exercise
therapy for Parkinson’s disease. Arch Phys Med Rehabil 1986;67:741-745.

5. Gautier L, Dalziel S, Gautier S. The benefits of group occupational therapy for
patients with Parkinson’s disease. Am J Occup Ther 1987;41:360-365.

6. Comella CL, Stebbins GT, Brown-Toms N, Goetz CG. Physical therapy and
Parkinson’s disease: a controlled clinical trial. Neurology 1994;44:376-378.

7. Katsikitis M, Pilowsky I. A controlled study of facial mobility treatment in
Parkinson’s disease. J Psychosom Res 1996;40:387-396.

Physical and Occupational Therapy in Parkinson’s Disease



S159

Movement Disorders, Vol. 17, Suppl. 4, 2002

8. Schenkman M, Cutson TM, Kuchibhatla M, et al. Exercise to improve spinal
flexibility and function for people with Parkinson’s disease: a randomized, con-
trolled study. J Am Geriatr Soc 1998;46:1207-1216.

9. Gibberd FB, Page NG, Spencer KM, Kinnear E, Hawksworth JB. Controlled
trial of physiotherapy and occupational therapy for Parkinson’s disease. Br Med
J 1981;282:1196.

10.Formisano R, Pratesi L, Modarelli FT, Bonifati V, Meco G. Rehabilitation and
Parkinson’s disease. Scand J Rehabil Med 1992;24:157-160.

11.Dam M, Tonin P, Casson S, et al. Effects of conventional and sensory-enhanced
physiotherapy on disability of Parkinson’s disease patients. Adv Neurol
1996;69:551-555.

BIBLIOGRAPHY - EXCLUDED FROM
ANALYSIS

(REASON FOR EXCLUSION)
Andrews K. Rehabilitation of conditions associated with old age. Int Rehabil Med

1985;7:125-129. (No specific data given)
Blonsky ER, Minnigh EC. The modifying influence of L-dopa on the physical therapy

program in Parkinson’s disease. Prog Phys Ther 1970;1:55-74. (Examines the
effect of levodopa on physical therapy in general)

Bohannon RW. Physical rehabilitation in neurologic diseases. Curr Opin Neurol
1993;6:765-772. (General review, but no new data given in this report)

Burford K. The physiotherapists role in Parkinson’s disease. Geriatr Nurs and Home
Care 1988;8:14-16. (Commentary without data)

Davis JC. Team management of Parkinson’s disease. Am J Occup Therapy
1997;31(5):300-308. (Several recommendations given, but no data on physical
therapy)

Dietz MA, Goetz CG, Stebbins GT. Evaluation of a modified inverted walking stick
as a treatment for parkinsonian freezing episodes. Mov Disord 1990;5(3):243-
247. (No physical/occupational therapy. Examines effect of a walking stick, used
as a visual cue on freezing)

Ebeling P. The medical management of Parkinson’s disease before the introduction
of L-dopa. Aust N Z J Med 1971 1(1):35-38. (Refers to physical therapy, but no
data given)

Feldman MC, DiScipio WJ. Integrating physical therapy with behavior therapy. A
case study. Phys Ther 1972; 52(12):1283-1285. (Case report)

Franklyn S, Stern GM. Controlled trial of physiotherapy and occupational therapy
for Parkinson’s disease [Letter]. Br Med J 1981;282:1969-1970. (Letter, anectodal
reporting)

Gibberd FB. The management of Parkinson’s disease. Practitioner 1986;230:139-
146. (General discussion, but no specific data on physical therapy)

Hammond JL, Henriksen JD. Use of track table for upper extremity exercises. Arch
Phys Med Rehabil 1970;51:242-244. (No specific data-suggestion for a new ap-
paratus)

Handford F. Towards a rational basis for physiotherapy in Parkinson’s disease.
Baillière’s Clin Neurol 1993;2(1):141-158. (Justifies use of physical therapy, no
data given on intervention results)

Henneberg A. Additional therapies in Parkinson’s disease patients: useful tools for
the improvement of the quality of life or senseless loss of resources? J Neurol
1998;245(suppl 1):S23-S27. (Discussion of scales used to assess motor disabil-
ity-no interventions)

Hömberg V. Motor training in the therapy of Parkinson’s disease. Neurology
1993;43(suppl 6):S45-S46. (General discussion, but no data given)

Jones DL, Phillips JG, Bradshaw JL, Iansek R, Bradshaw JA. Impairment in bilat-
eral alternating movements in Parkinson’s disease. J Neurol Neurosurg Psychia-
try 1992;55:503-506. (Motor control study, but no physical therapy intervention)
Kokko S-M, Paltamaa J, Ahola E, Mälkiä E. The assessment of functional ability
in patients with Parkinson’s disease: the PLM-test and three clinical tests. Physiother
Res Int 1997;2(2):29-45. (Discussion of new tests for motor function, but no
physical therapy intervention)

Koller WC, Glatt S, Vetere-Overfield B, Hassanein R. Falls and Parkinson’s dis-
ease. Clin Neuropharmacol 1989;12(2):98-105. (Overview of falls and Parkinson
disease, but not specifically about physical therapy)

MacKay-Lyons M, Turnbull G. Physical therapy in Parkinson’s disease [Letter].
Neurology 1995;45:205. (Letter with commentary, but no data)

Minnigh EC. The changing picture of parkinsonism. II. The Northwestern Univer-
sity concept of rehabilitation through group physical therapy. Rehabil Lit
1971;32(2):38-39. (Recommendations but not study)

Mohr B, Pulvermuller F, Mittelstadt K, Rayman J. Multiple simultaneous stimulus
presentation facilitates lexical processing. Neuropsychologia 1996;34(10):1003-
1013. (No physical/occupational therapy. Behavioral modification)

Montgomery EB, Lieberman A, Singh G, Fries JF.Patient education and health pro-
motion can be effective in Parkinson’s disease: a randomized controlled trial.
PROPATH Advisory Board. Am J Med 1994;97(5):429-435. (Patient education
is tested, not specific physical/occupational therapy)

Morris ME, Matyas TA, Iansek R, Summers JJ. Temporal stability of gait in
Parkinson’s disease. Phys Ther 1996;76(7):763-780. (Study of gait function, no
therapy interventions)

Muller V, Mohr B, Rosin R, Pulvermuller F, Muller F, Birbaumer N. Short-term
effects of behavioral treatment on movement initiation and postural control in
Parkinson’’ disease: a controlled clinical study. Mov Disord 1997;12(3):306-314.
(Behavioral modification: structured learning, relaxation, social skill training)

Mutch QJ, Strudwick A, Roy SK, Downie AW. Parkinson’s disease: Disability, re-
view, and management. Br Med J 1986; 293:675-677. (Review of motoric dis-
ability in Parkinson’s disease, but no physical therapy intervention)

Pascual-Leone A, Valls-Solé J, Brasil-Neto JP, Cohen LG, Hallett M. Akinesia in
Parkinson’s disease. I. Shortening of simple reaction time with focal, single-
pulse transcranial magnetic stimulation. Neurology 1994; 44:884-891.
(Transcranial magnetic stimulation - not physical/occupational therapy)

Pearce V, Jones R. Total care in Parkinson’s disease. The Practitioner 1994; 238:142-
145. (General review of therapies, no specific data)

Pedersen SW, Oberg B, Insulander A. Group training in parkinsonism: quantitative
measurements of treatment. Scand J Rehab Med 1990;22:207-211. (Level III
study)

Platz T, Brown RG, Marsden CD. Training improves the speed of aimed move-
ments in Parkinson’s disease. Brain 1998;121:505-514. (One-hour training of
motor tasks to test effect of learning. This one-hour testing is not specifically
physical/occupational therapy)

Schenkman M, Laub KC, Kuchibhatla M, Ray L, Shinberg M. Measures of shoul-
der protraction and thoracolumbar rotation. J Orthop Sports Phys Ther
1997;25(5):329-335. (No specific study, case histories and empiric recommen-
dations)

Schenkman M, Donovan J, Tsubota J, Kluss M, Stebbins P, Butler RB. Manage-
ment of individuals with Parkinson’s disease: rationale and case studies. Phys
Ther 1989;69(11):944-955. (Not a therapy intervention study. Description of new
methods of measurement)

Smithson F, Morris ME, Iansek R. Performance on clinical tests of balance in
Parkinson’s Disease. Phys Ther 1998;78(6):577-592. (Study focused on best tests
to assess balance, no therapy intervention)

Soliveri P, Brown RG, Jahanshahi M, Marsden CD. Effect of practice on perfor-
mance of a skilled motor task in patients with Parkinson’s disease. J Neurol
Neurosurg Psychiatry 1992;55:454-460. (Effects on repetitive practice of a mo-
tor task tested immediately thereafter; not specifically physical/occupational
therapy.)

Steiner T, Flewitt B. Controlled trial of physiotherapy and occupational therapy for
Parkinson’s disease [Letter]. Br Med J 1981;282:1969-1970. (Letter, anectodal
reporting)

Stern PH, McDowell F, Miller JM, Robinson M. Levodopa and physical therapy in
treatment of patients with Parkinson’s disease. Arch Phys Med Rehabil
1970;51:273-277. (No specific data)

Szekely BC, Kosanovich NN, Sheppard W. Adjunctive treatment in Parkinson’s
disease: physical therapy and comprehensive group therapy. Rehabil Lit
1982;43(3-4):72-76. (Clinical observations on 7 Parkinson’s disease patients un-
dergoing physical therapy - no controls)

Thaut MH, McIntosh GC, Rice RR, Miller RA, Rathbun J, Brault JM. Rhythmic
auditory stimulation in gait training for Parkinson’s disease patients. Mov Disord
1996;11(2):193-200. Testing external auditory cues, not physical/occupational
therapy)

Ulm G. The current significance of physiotherapeutic measures in the treatment of
Parkinson’s disease. J Neural Transm Suppl 1995;46:455-460. (No new data in
this report)

Weiner WJ, Singer C. Parkinson’s disease and nonpharmacologic treatment pro-
grams. J Am Geriatr Soc 1989;37:359-363. (No specific data)

Wroe M, Greer M. Parkinson’s disease and physical therapy management. Phys
Ther 1973;53(8):849-855. (General recommendations without specific data)

Physical and Occupational Therapy in Parkinson’s Disease



S160

Psychosocial Counseling in Parkinson’s Disease

INTRODUCTION
BACKGROUND

Parkinson’s disease (PD) is a neurodegenerative disorder that
poses a burden to the patient, family, and society.1,2 James Parkinson
described patients as “unhappy”, “dejected”, and “melancholic”.3

Once diagnosed with PD, the affected individuals and family
are confronted with numerous psychosocial issues that may ben-
efit from intervention. PD is an evolving disease, and the relevant
psychosocial issues change in content and often intensity over time,
requiring numerous readjustments in coping skills for patient,
spouse, family and caregivers.

RATIONALE
Medical and surgical therapies have a clear and visible effect

on the motor signs of disease. However, psychosocial functioning
also may have an impact on the physical functioning of patients
with neurodegenerative disorders. This critique will review the
reports in which psychosocial intervention is used as a therapeutic
treatment in the management of the PD patient.

METHODS
KEY SEARCH TERMS

Parkinson or Parkinson’s disease and: coping or psychosocial
or psychosocial support or behavior therapy or support group. All
citations with a title suggesting information on the psychosocial
status of PD patients, either with or without an abstract, were re-
viewed. Studies of depression in PD were specifically excluded
from this review and are detailed in the chapter on Depression.

REVIEW OF CLINICAL STUDIES
The results from the literature search identified 279 reports; of

these, 44 were related to the psychosocial aspects of PD. Forty-
two involved description of psychosocial problems, the develop-
ment of rating scales to measure such problems, or empiric sug-
gestions on coping strategies. Only two reports specifically ad-
dressed psychosocial techniques as a therapeutic intervention in
PD, and these two studies are the focus of this critique.

PREVENTION OF DISEASE PROGRESSION
No qualified studies were identified.

SYMPTOMATIC CONTROL OF
PARKINSONISM

MONOTHERAPY AND ADJUNCT THERAPY
(COMBINED)

Level-I Studies
Montgomery et al. (1994)4: This study reported the results from

a randomized, controlled trial that evaluated the effectiveness of
patient education as a part of the PROPATH health promotion pro-

gram (N=298). This educational program, which was targeted to
patients taking bromocriptine, was delivered by mail and focused
on disease-specific questions completed by the patient or caregiver
at 0, 2, 4, and 6 months. The questions gathered information de-
rived primarily from the ADL section (Part II) of the UPDRS as
well as patient estimates of amount of time off and medication
doses. One group of patients received the questionnaires followed
by computer-generated reports and personalized letters sent to the
patients and their physicians after each assessment (intervention
group), and the control group received only the questionnaires. At
6 months, both groups received the original questionnaire. The
intervention group remained stable in ADL function whereas the
control group had progression of impairment. The mean “on” ADL
score in the intervention group changed from 21.7 to 22.1 whereas
the control group significantly declined from a mean score of 21.6
to 24.6. Likewise, the mean “off” ADL score in the intervention
group changed from 31.1 to 30.6, whereas the control group sig-
nificantly declined from a mean score of 32.0 to 35.2 (misprinted
as 64.0 in Table 2) Additionally, the mean required levodopa sig-
nificantly increased by 66.1 mg/day in the control group over the
six-month study whereas the interventional group mean dose de-
creased by a mean 1 mg/day. A total “Self Efficacy” assessment
that combined impressions of symptoms, motor fluctuations and
management at the six-month evaluation favored the intervention
group with statistically significant differences in the scores (mean
904 vs 795). These data suggest that an intervention program, ad-
ministered by mail to patients and their physicians may be an ef-
fective stabilizing intervention in PD. Although it is included here
as a psychosocial study, in fact, the program provided general
medical information on disease management to patients and phy-
sicians, and therefore, the observed changes cannot be solely as-
cribed to the psychosocial benefits of interactive communication.
This study had an overall quality rating score of 38%.

Muller et al. (1997)5: This study examined the impact of spe-
cific behavioral therapy on movement initiation and postural con-
trol in PD subjects. Their randomized controlled-study examined
29 PD subjects, 15 patients assigned to behavioral interventions
posited to improve gait and 14 subjects receiving non-specific psy-
chological and physical treatment as a control group. Neither pa-
tient nor evaluating raters were aware of the group assignment.
Treatments lasted ten weeks with two 90-minute sessions each
week. Subjects were tested with clinical rating scales and an elec-
tronic movement analysis system before and after the treatments.
The specific psychosocial behavioral intervention tested was a
behavioral modification technique with muscle relaxation exer-
cises, “chaining” or sequential breakdown of complex movements
into simple movements with positive reinforcement, and encour-
agement to use such skills in social situations outside the specific
training sessions. After treatment, the group with behavioral inter-
vention significantly improved in Hoehn and Yahr stage, improv-
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ing from mean 2.13 at baseline to 1.93 at follow-up. The UPDRS
motor and ADL scores improved significantly as well, although
the numbers printed in the text may not be correct (mean UPDRS
motor 1.37 at baseline vs 1.18, and mean UPDRS ADL 1.06 at
baseline vs 0.89). No motor elements of the UPDRS changed in
the control group. For the movement analysis data, no significant
improvements occurred with the behavioral intervention, although
there were trends towards improved gait initiation and movement
coordination. This study had an overall quality rating score of 54%.

Level-III Studies
Ellgring (1993)6: Ellgring conducted a non-randomized cohort

study of the impact on overall patient and caregiver function of a
series of five two-hour group seminars over a 2 to 3 month inter-
val. There was no control group. These seminars addressed the
development of skills for coping in difficult social situations, edu-
cation about stress and disease, methods for increasing activity,
initiative and independence, and ways to change attitudes about
the disease. This study included stress management, cognitive re-
structuring, social skills training, modeling and role-playing, re-
laxation training, and transfer of contents into daily activity. An
independent assessor evaluated the transfer of techniques to ev-
eryday life as an index of outcome of therapy one month after the
last session. The results from 34 patients who completed five semi-
nars assessment demonstrated effective use of newly learned skills
in 74% of patients. The actual measurement scales were not given.
The authors also reported on the impact of three sessions of indi-
vidual psychological counseling on 12 PD patients. Of the spe-
cific problems addressed during therapy, 64% improved with
therapy, and, even among the problems not specifically addressed
during therapy 50% improved. In terms of safety, 23% of the prob-
lems being actively addressed during therapy actually worsened
with therapy and 23% of problems not being addressed during
therapy likewise worsened. This report favors psychological in-
terventions for dealing with numerous issues of stress and social
dysfunction in PD, but the paucity of numbers, absence of a con-
trol group, and lack of statistical analysis precludes solid conclu-
sions.

PREVENTION OF MOTOR COMPLICATIONS
No qualified studies were identified.

CONTROL OF MOTOR COMPLICATIONS
No qualified studies were identified.

REVIEW OF SAFETY
The studies reviewed did not specifically address safety issues

that might be associated with psychosocial intervention.

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of psychosocial intervention in the prevention of disease pro-
gression in patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of psychosocial intervention as sole treatment in any indica-
tion in Parkinson’s disease.

Adjunct therapy
 There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of psychosocial intervention as adjunct treatment to medica-
tions in the symptomatic control of Parkinson’s disease.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of psychosocial intervention regarding prevention of motor
complications in patients with PD.

CONTROL OF MOTOR COMPLICATIONS OR
OTHER COMPLICATIONS

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of psychosocial intervention on motor and non-motor com-
plications of PD.

SAFETY
Similarly, there is INSUFFICIENT EVIDENCE to conclude on

the safety of psychosocial counseling in the treatment of PD.

IMPLICATIONS FOR CLINICAL PRACTICE
In the practical therapeutic setting, psychosocial therapy is IN-

VESTIGATIONAL. A wide variety of patient support groups and
special-interest gatherings currently exists locally throughout the
world and are especially frequent in the United States. On the one
hand, such gatherings may provide patients and families with a
ready outlet for the expression of their psychosocial stresses and
concerns. On the other hand, such gatherings frequently cluster
subjects with very advanced disease and desperate social situa-
tions that may frighten or exasperate patients with less disability
or shorter disease duration. The clinician is therefore called to un-
derstand the psychosocial needs of individual patients and to know
the available psychosocial therapeutic options available in the
community and medical system before recommending such an
intervention. Because psychosocial treatments can be short or long
term, a clear definition of the goals of recommended interventions
is particularly important to the evaluation of efficacy and safety in
a clinical practice setting.

IMPLICATIONS FOR CLINICAL RESEARCH
The impact of psychosocial intervention in either individual or

group counseling has not been adequately studied. In particular,
there is a lack of clinical trials, and basic methodological aspects
have not been defined. Although there are reports of patient per-
spectives of beneficial effects7 and recommendations, resources,
and guidelines have been empirically provided3,8-11, new studies
are needed that will include the impact of psychosocial interven-
tion on the (a) patient, (b) caregiver, (c) utilization of health care
services, and (d) the economic impact on the patient and family.
Studies identifying which individuals are most likely to benefit
from psychosocial intervention also are needed. It is also impor-
tant to define which psychosocial interventions will provide the
most benefit for patients with PD. These clinical trials will be dif-
ficult to conduct because standardized tools to assess outcomes in
this area are lacking.

Psychosocial Counseling in Parkinson’s Disease
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Speech Therapy in Parkinson’s Disease

INTRODUCTION
BACKGROUND

Seventy-five percent of patients with Parkinson’s disease (PD)
have speech impairment during some part of their disease and for
many, this deficit limits their effective integration into society.1-3

The characteristics of speech impairment include reduced volume,
monotonous pitch and loudness, imprecise articulation, and disor-
dered speech rate.4,5 Impaired speech has been variably reported
to improve with levodopa therapy, and in such cases, especially in
subjects with motor fluctuations, speech improves during? “ON”
medication effects and deficits reappear during “OFF” episodes.4,6,7

Speech can also be adversely affected by medication therapies
due to lingual facial buccal choreic movements or tongue or jaw
dystonia.

RATIONALE
Speech therapies are highly variable in technique, and exercises

specializing in addressing the various enumerated features of
speech impairment in PD have been developed.8 Many reports exist
that laud the benefits of speech therapy. But, because they have
included only very small numbers of patients and contain serious
study design problems, these articles must be considered as obser-
vational reports rather than clinical trials. Over the last decade,
agreed-upon outcome measures have been developed in the speech
pathology literature, so that testing the efficacy of specified speech
programs can now be performed with accepted primary outcome
variables. Using such methods, a few relatively rigorous studies
have recently been reported.

A critique of these therapies is limited by the multiplicity of
different therapy programs all considered under the rubric “speech
therapy”. Programs may emphasize prosody, intelligibility, vol-
ume, or timing rates. No two studies cited have tested the exact
same therapy program. The factor that links them, however, is a
programmatic effort to involve PD subjects in some form of regu-
lar speech rehabilitation for a prescribed period of time and then
test their speaking function immediately and in some cases sev-
eral weeks or months thereafter.

METHODS
KEY SEARCH TERMS

Parkinson’s disease, speech, speech therapy, and dysphasia.

SPECIAL EXCEPTIONS TO INCLUSION/
EXCLUSION CRITERIA

Whereas most studies reviewed in this Movement Disorder So-
ciety effort require 20 subjects for inclusion, the overall number of
speech therapy studies that fit the above criteria are so few and
generally very short-term that the minimal criteria for numbers of
patients and study duration were waived.

MECHANISM OF ACTION
Speech therapy aims to strengthen muscles involved with vol-

ume production and articulation. Conscious retraining of timing
for speech production and attention to clarity are also included in
some therapies. There are no large studies that examine issues of
central neurotransmitter changes or anatomical-functional corre-
lates of improved speech in PD

REVIEW OF CLINICAL STUDIES
All English language articles were examined along with their

bibliographies. The referenced studies that are critiqued in this re-
port are restricted to randomized controlled studies with a dura-
tion of at least two weeks of therapy, a study population of idio-
pathic PD patients, and at least 10 enrolled subjects. All cited studies
report objective assessments of speech with comparisons before
and after speech therapy intervention. Book chapters and abstracts
have not been included.

The selected studies for discussion are organized as four re-
ports, although one combines multiple reports that used the same
or overlapping groups of patients.9-11 All reports focused on the
utility of speech therapies for symptomatic control of parkinsonism,
and none studied the use of this intervention for prevention of dis-
ease progression, prevention of motor complications, or control of
motor or other treatment complications of PD. The design of speech
therapies has been based on empiric observations of clinical defi-
cits of PD subjects rather than on specific physiological hypoth-
eses. No studies have examined the central anatomical or physi-
ological changes that are associated with speech aberrations or
changes that may occur after such rehabilitation interventions.
Preference has been given to those with randomization and a con-
trol PD group not receiving any speech therapy, but followed for
the same period. Likewise, more emphasis has been placed on a
study if the evaluations were performed by blinded observers and
if there was a long follow-up period to assess the duration of ben-
efit.

SYMPTOMATIC CONTROL OF
PARKINSONISM

There are four Level-I studies that will be critiqued, two com-
paring speech therapy to no specific intervention and two compar-
ing two different types of therapies.

Robertson and Thomson (1984)12: These authors studied 18 PD
subjects, 12 assigned to speech therapy and six randomized to no
treatment. The speech therapy involved two weeks of daily exer-
cises focusing on respiratory, coordination and voice control train-
ing that emphasized prosody, each lasting 3.5 to 4.0 hours daily.
The disability level of the patients was not specified although all
subjects were on antiparkinsonian medications. The control group
was originally larger (ten subjects) but four dropped out and were
not available for follow-up comparison studies. The primary out-
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come measure was the Dysarthria Profile that showed a signifi-
cant improvement in the subjects after speech therapy, an improve-
ment that was still demonstrable three months after the speech pro-
gram. The control subjects showed no change from baseline. In
spite of the positive and long-lasting benefit, the study was weak-
ened by a serious methodological flaw in that different evaluators
studied the two groups of patients. Whereas the study group re-
ceiving speech therapy was evaluated by raters unfamiliar with
the hypothesis, the control subjects were scored by the investiga-
tors themselves, introducing a serious concern of bias. This study
had an overall quality rating score of 24%.

Johnson and Prang (1990)13: A similar set of exercises was stud-
ied in a four-week speech program.13 Twelve PD patients, six re-
ceiving prosody-focused therapy for four weeks, and six receiv-
ing no therapy, were evaluated at baseline and at five weeks, one
week after the speech therapy group finished their program. The
group assignments were randomized to create two similar patient
groups in terms of age and gender. To correct the prior concerns of
bias, this study was completely blinded and raters evaluated tapes
of speech. The primary outcome variable in this study was the
Frenchay Dysarthria Scale, and other variables included Loudest
Volume, Fundamental Frequency, and Pitch Range. After four
weeks of therapy, the speech therapy group showed significant
improvement in the primary and several other secondary speech
measures. The control group showed decline. There was no long-
term follow-up in either group. Together these studies demonstrate
that exercises focusing on prosody benefit patients immediately
after the therapy and for at least one week. They are intensive thera-
pies in terms of time commitment (more than twice weekly in both
instances). This study had an overall quality rating score of 43%.

Scott and Cairn (1983)5: The two other studies did not use a
control group receiving no therapy, but rather compared two dif-
ferent types of treatments. Scott and Cairn5 randomized patients to
either regular speech therapy or to the same therapy with the addi-
tion of a Vocalite apparatus that was used as a vocal reinforcement
tool. Prior to either intervention, they followed the patients for two
weeks without any intervention and speech scores were stable.
The evaluation tools were the Prosodic Abnormality Score and
the Intelligibility Score, two measures regularly used in the speech
literature. Ratings were performed by two specialists, one blinded
to treatment assignment and the other aware of treatment group
with the final data being the mean of these two raters. Treatment
sessions were identical in timing, occurring 2-3 times weekly for
approximately three weeks. Patients were assigned in random or-
der with 13 subjects in each group. With both therapies, there was
significant improvement in both outcome measures; no additional
benefit occurred with the vocal reinforcement. This study also in-
cluded a second post-treatment evaluation three months after
completion of therapy. At this follow-up visit, the primary outcome
measures were still significantly better over baseline in the sen-
sory-enhanced treatment group, but the improvement had not been
maintained in the regular speech therapy group. This study had an
overall quality rating score of 28%.

Ramig et al. (1996)10: Ramig also did not use a control group,
but tested two therapies, respiratory exercises and respiratory train-
ing along with voice therapy. The former was termed placebo in
this report, but another report by this author considered both to be
active interventions.9 The combined respiratory and speech therapy
was termed the Lee Silverman Voice Therapy program (LSVT).
Thirty-five PD subjects were randomly assigned to the two thera-

pies and treatment of each lasted one month and involved 16 ses-
sions.10 LSVT was aimed to increase vocal cord adduction and
loudness. The total study lasted 13 months, because follow-up
evaluations occurred at 6 and 12 months after completion of the
two comparative therapy arms. The groups were matched for PD
duration, age and HY disability, and no medication changes oc-
curred during the one-month speech therapies. Vocal intensity sig-
nificantly improved with the combined vocal/respiratory therapy
after one month of treatment and this improvement over baseline
persisted at 6 and 12 months. The most significant changes oc-
curred in sustained phonation with less substantial improvements
in speech volume. The group that received respiratory therapy alone
showed no improvement at one month and actual speech deterio-
ration at 12 months. Whereas these data are published in the neu-
rological literature, a study by the same authors (possibly with sig-
nificant subject overlap) from the speech pathology literature and
with larger patient numbers used somewhat different analytic tech-
niques and concluded that both forms of therapy induced signifi-
cant short-term improvement.9 Both of these studies had an over-
all quality rating score of 48%.

Smith et al. (1995)11: Another publication reported on
laryngostroboscopic findings in PD patients receiving these thera-
pies, and after four weeks of combined vocal/respiratory treatment,
patients showed improved glottal competence. Although there were
gains in other areas, no change in voice intensity occurred in the
group receiving respiratory therapy alone. The mean vocal inten-
sity increase with vocal/respiratory treatment was 12.5 dB com-
pared to only 1.9 dB in the respiratory therapy group. In all reports
by this group, the combined vocal/respiratory therapy group ben-
efited more than the group receiving respiratory training alone. A
NIH-funded multicenter clinical trial of the Ramig method of voice
therapy is currently organized by the American Speech-Language-
Hearing Association.

REVIEW OF SAFETY
The interventions discussed are exercises that have no implicit

risk. No specific data on morbidity of speech therapy were pro-
vided in these studies.

CONCLUSIONS
EFFICACY

PREVENTION OF DISEASE PROGRESSION
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of speech therapy in the prevention of disease progression in
patients with PD.

SYMPTOMATIC CONTROL OF PARKINSON’S
DISEASE

Monotherapy
Very few well-controlled studies of speech therapy have been

performed. None of them assessed speech therapy administered
as monotherapy. There is INSUFFICIENT EVIDENCE to con-
clude on the efficacy of speech therapy as sole treatment in any
indication in Parkinson’s disease.

Adjunct therapy
Randomized, controlled (Level I) clinical evidence of low qual-

ity suggests that speech therapy emphasizes prosody and perhaps
speech loudness given as adjunct to antiparkinsonian drug treat-
ment. There are not enough data at the present time to comment

Speech Therapy in Parkinson’s Disease
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on the duration of benefit nor on the type of patient (stable vs.
fluctuating disease) most amenable to this type of intervention. In
all studies cited, the speech therapy involved frequent therapy ses-
sions (at least three times weekly) during the treatment phase. There
is INSUFFICIENT EVIDENCE for speech improvement.

PREVENTION OF MOTOR COMPLICATIONS
There is INSUFFICIENT EVIDENCE to conclude on the effi-

cacy of speech therapy regarding prevention of motor complica-
tions in patients with PD.

CONTROL OF MOTOR COMPLICATIONS AND
NON-MOTOR COMPLICATIONS

There is INSUFFICIENT EVIDENCE to conclude on the effi-
cacy of speech therapy on motor and non-motor complications of
PD.

SAFETY
Based on the Level-I evidence and the absence of morbidity

associated with the reports of speech therapy in PD, speech therapy
is SAFE and has an ACCEPTABLE RISK, WITHOUT SPECIAL-
IZED MONITORING.

IMPLICATIONS FOR CLINICAL PRACTICE
In the practical therapeutic setting, because most reported speech

therapy has been very intensive and outside the range of sessions
usually prescribed in the community, speech therapy is consid-
ered INVESTIGATIONAL. For patients seeking improved short-
term speech function, speech therapy should therefore be inten-
sive and emphasize prosody and speech loudness. After 2 to 4
weeks, testing should be repeated to document objective changes.
There are insufficient data to recommend continuation of therapy
after four weeks.

 IMPLICATIONS FOR CLINICAL RESEARCH
Although speech therapy reports have been positive, there have

been so few studies done. Studies that are larger (more patient
numbers), expanded, randomized, prospective and controlled with
longer follow-up periods are essential. Further, because the reports
published to date involved intensive speech therapy that extends
beyond the treatments that patients often receive in the commu-
nity, trials of speech therapy protocols that more closely mimic
typically available therapy would define the overall clinical use-
fulness of speech therapy to patients with PD. Functional
neuroimaging studies examining patients before and after speech
therapy may help define the anatomical basis of speech impair-
ment in PD and changes related to speech therapy.

REFERENCES
1. Darley FL, Aronson AE, Brown JR. Differential diagnostic patterns of dysar-

thria. J Speech Hear Res 1969a;12:246-269.
2. Darley FL, Aronson AE, Brown JR. Clusters of deviant speech dimensions in the

dysarthrias. J Speech Hear Res 1969b;12:462-496.
3. Logemann JA, Fisher HB, Boshes B, Blonsky ER. Frequency and cooccurrence

of vocal tract dysfunctions in the speech of a large sample of Parkinson’s disease
patients. J Speech Hear Disord 1978;43:47-57.

4. Ramig LO, Dromey C. Aerodynamic mechanisms underlying treatment-related
changes in vocal intensity in patients with Parkinson’s disease. J Speech Hear
Res 1996;39:798-807.

5. Scott S, Caird FI. Speech therapy for Parkinson’s disease. J Neurol Neurosurg
Psychiatry 1983;46:140-144.

6. Leanderson R, Meyerson BA, Persson A. Effect of L-dopa on speech in Parkin-
sonism. An EMG study of labial articulatory function. J Neurol Neurosurg Psy-
chiatry 1971;34:679-681.

7. Nakano KK, Zubrick H, Tyler HR. Speech defects of parkinsonian patients. Ef-
fects of levodopa therapy on speech intelligibility. Neurology 1973;23:865-870.

8. de Angelis EC, Mourao LF, Ferraz HB, Behlau MS, Pontes PA, Andrade LA.
Effect of voice rehabilitation on oral communication of Parkinson’s disease pa-
tients. Acta Neurol Scand 1997;96:199-205.

9. Ramig LO, Countryman S, Thompson LL, Horii Y. Comparison of two forms of
intensive speech treatment for Parkinson’s disease. J Speech Hear Res
1995;38:1232-1251.

10.Ramig LO, Countryman S, O’Brien. Intensive speech treatment for patients with
Parkinson’s disease. Neurology 1996;47:1496-1504.

11.Smith ME, Ramig LO, Dromey C. Perez KS, Samandari R. Intensive voice treat-
ment in Parkinson’s disease: laryngostroboscopic findings. J Voice 1995;9:453-
459.

12.Robertson SJ, Thomson F. Speech therapy in Parkinson’s disease: a study of the
efficacy and long term effects of intensive treatment. Br J Disord Commun
1984;19:213-224.

13.Johnson JA, Pring TR. Speech therapy and Parkinson’s disease: a review and
further data. Br J Disord Commun 1990;25:183-184.

BIBLIOGRAPHY - EXCLUDED FROM
ANALYSIS

(REASON FOR EXCLUSION)
Allan CM. Treatment of non fluent speech resulting from neurological disease-treat-

ment of dysarthria. Br J Disord Commun 1970;5(1):3-5. (Not specifically about
Parkinson’s disease)

Buckman GF Jr. Speech rehabilitation for the geriatric patient. J Am Geriatr Soc
1971;19(12):996-999. (General discussion of speech in the elderly, not specifi-
cally Parkinson’s disease)

Caird FI. Non-drug therapy of Parkinson’s disease. Scott Med J 1986;31(2):129-
132. (General discussion, no specific data on speech clinical trials)

Clarke CE, Gullaksen E, Macdonald S, Lowe F. Referral criteria for speech and
language therapy assessment of dysphagia caused by idiopathic Parkinson’s dis-
ease. Acta Neurol Scand 1998;97:27-35. (Not a clinical trial)

Coppen A, Metcalfe M, Carroll JD, Morris JG. Levodopa and L-tryptophan therapy
in parkinsonism. Lancet 1972;1(7752):654-658. (Not a clinical trial)

Cooper IS, Riklan M, Stellar S, et al. A multidisciplinary investigation of neurosur-
gical rehabilitation in bilateral parkinsonism. J Am Geriatr Soc 1968;16(11):1177-
1306. (General discussion of rehabilitation efforts in association with neurosur-
gery for Parkinson’s disease)

de Angelis EC, Mourao LF, Ferraz HB, Behlau MS, Pontes PA, Andrade LA. Effect
of voice rehabilitation on oral communication of Parkinson’s disease patients.
Acta Neurol Scand 1997;96:199-205. (Open label, no control group, no blind-
ing)

Downie AW, Low JM, Lindsay DD. Speech disorder in parkinsonism; of delayed
auditory feedback in selected cases [Letter]. J Neurol Neurosurg Psychiatry
1981;44:852. (Case histories only)

Dupuis M. [Functional rehabilitation in Parkinson’s Disease] [French]. Union Med
Can 1970;99(9):1642-1649. (Not a clinical trial)

Erb E. Improving speech in Parkinson’s disease. Am J Nurs 1973;73(11):1910-
1911. (General discussion, but no specific data)

Greene MC, Watson BW, Gay P, Townsend DB. A therapeutic speech amplifier and
its use in speech therapy. J Laryngol Otol 1972;86(6):595-605. (Description of
voice amplification, but not a clinical trial)

Hammen VL, Yorkston KM, Minifie FD. Effects of temporal alterations on speech
intelligibility in parkinsonian dysarthria. J Speech Hear Res 1994;37:244-253.
(Only 6 patients)

Hartelius L, Svensson P. Speech and swallowing symptoms associated with
Parkinson’s disease and multiple sclerosis: a survey. Folia Phoniatr Logop
1994;46(1):9-17. (General discussion, but not focused on therapeutic trials)

Hartman DE, Abbs JH. The response of the apparent receptive speech disorder of
Parkinsonism to speech therapy. J Neurol Neurosurg Psychiatry 1985;48:606.
(Letter, not a clinical trial)

Henneberg A. Additional therapies in Parkinson’s disease patients: useful tools for
the improvement of the quality of life or senseless loss of resources. J Neurol
1998;245(suppl1):S23-S27. (Work in progress, not a full report)

Lang AE. Fishbein V. The “pacing board” in selected speech disorders of Parkinson’s
disease [Letter]. J Neurol Neurosurg Psychiatry 1983;46(8):789. (Letter, not a
clinical trial)

Leder SB. Adult onset of stuttering as a presenting sign in a parkinsonian-like syn-
drome: a case report. J Commun Disord 1996;29(6):471-478. (Concerns stutter-
ing and not therapy)

Le Dorze G, Dionne L, Ryalls J, Julien M, Ouellet L. The effects of speech and
language therapy for a case of dysarthria associated with Parkinson’s disease.
Eur J Disord Commun 1992;27(4):313-324. (Single subject case report)



S166

Movement Disorders, Vol. 17, Suppl. 4, 2002

Rubow R. Swift E. A microcomputer-based wearable biofeedback device to im-
prove transfer of treatment in Parkinsonian dysarthria. J Speech Hear Disord
1985;50(2):178-185. (Open label observations without a control group)

Sarno MT. Speech impairment in Parkinson’s disease. Arch Phys Med Rehabil
1968;49(5):269-275. (General discussion, but no specific data on treatment out-
comes)

Scott S, Caird FI. Speech therapy for patients with Parkinson’s disease. Br Med J
1981;283:1088. (Only 9 subjects)

Scott S, Caird FI. The Response of the apparent receptive speech disorder of
Parkinson’s disease to speech therapy. J Neurol Neurosurg Psychiatry
1984;47:302-304. (Open label observations with no control group)

Weiner WJ, Singer C. Parkinson’s disease and nonpharmacologic treatment pro-
grams. J Am Geriatr Soc 1989;37(4):359-363. (General discussion of non-phar-
macological therapies)


